


NAVY DEPARTMENT 

BUREAU OF SHIPS 

DIVING MANUAL 

1943 

UNITED STATES 

C:.OVERNMENT PRINTING OFFICE 

WASHINGTON , ~~~ 



DIVING MANUAL 

TABLE OF CONTENTS 

I. Foreword .•• -------- -- - ----- • •••• .. __ . •.•. •.• .. •..•... ........ vu 
Chapter J. De,•elopment of diving and training o( Navy divers... • . . . . I 
Cb&pter IT. Physical qualifications of diven1.. ... .............. . . . . . I 0 
Cb&pter III. Navy standard diving outfits ••..•••.•.••• . ••• . ..• -- - --- 15 
ChApter IV. Deaeription of Navy ata.ndard diving gear...... .. . . . . . 18 
Chapter V. Shallow 11•ater diving apparatus... . .. . . ....... ... . . . • 96 
Cbapter VI. Care, survey, and requisitioning of diving gear.... . . . . . 104 
Chapter VU. Phyalcaofdivlng. ....... .. .. . . . ...... .. .. . .. . ... . . . 123 
Chapter VIII. Diving- PlAnning and arranging... . . . . . . . .. . . . . . . 128 
ChApte.r IX. Diving- Diver's air supply (normal a.lr) .. . . . . • . . . . . . . 136 
ChApter X.-Diving-Dreaalng the diver....... . . .. . . ... .. . ..... .. . 148 
Chapter XI. Diving-The deaee.nt. .. .. .. ..• . . .. . . . . . . . . . .. . . . . . . . . . 151 
Cha.pter XII. Diving-Tending the diver...... .. . . . . . ... .. . ..... . . 163 
ChApter Xlll. Diving-Working on the bottom.. . . . . . . . . . . . . . . . . . . I fl7 
ChApter XIV. Diving-The ascent. . .•.. __ . .. ___ .. . .... .. ... . .. .... . 1117 
Chapter XV. Diving-Diving with the helmet only and shallow-water 

diving ..••• ----- - --- - - ·- -- ---- ·--- -------------- ------- --- -- -·-- 176 
Chapter XVI. Diving-CompJ'elllled-airillne......... .. ....... . .. ... 180 
ChApter XVU. Dh·lng-Diving ac.:identa.. ..... . ... . . . . • . . . . . . . . •. 190 
Chapter XVIII. Dlvlng-Deeper diving by use of oxy-belium mixture.. . 199 
Chapter XIX. Diving-Salvage, aalvage vCB&cls, and special gear... . . . . 236 
Chapter XX. Divlng-Giosaary of terms.......................... . .. 255 
ChApter XXI. Diving-Index •• •• •••• • ..•• -· -·- -- - -......... . ..... . 260 

LlST OF ILLUSTRATIONS 

Plate I. Section of first floor of E:tperimt!ntal Diving Unit showing diver's 
recompresaion chamber (on left) and diving water tank (in background).. 4 

Plate 2: 
(1) Diver entering diving water tank, diving schooL. .. ... .. . . . . . . . 5 
(2) Diver in water diving tank sawing through a scqtion of at~l 

piping................................. ...... . . ..... . . .. 5 
Plate 3: 

( 1) Lecture on circuits of various above water and under-water electri· 
cal tools and equipment.. .. .............................. 6 

(2) Dre88ing student diver preparatory to descent in river...... . ... 6 
(3) Student dh·er descending In river from diving-school boat Crilley. 6 

Plate 4: 
(I) Diving school- Diving water tank- Observing the diver in tank 

and regulating the pressure to correspond wiih water pressures 
at desired depths.......... .. ........... ............. ... .. 7 

(2) Diving school reeompreasion chamber-Reeompreesing and de· 
compressing the diver. __ . • . • . . . . • • . • • • • . • • • . • . • . . .. . . . . . . 7 

Ill 



rv TABLE OF CONTENTS 

Plate 5. Diving school training: Po&e 
(1) Training in above water burning aa a prelude to under•water 

cutting .. ·----- - - - - - - -- - --- ----- - ----------------- --- - . 8 
(2) Diving suit repair work · -- - --- -- ---------- - ----------- --··· - 8 
(3) Sample or flanges fitted under water by student divers.. .. ..... . 8 

Plate 6. Diver completely dreMed: Attendant with telephone......... . . 19 
Plate 7. Diver partly drell!led-Front view . ............... .. . ..•••.• ;. 20 
Plate 8. Diver partly drelll)e(i-Back view. . . ........... . . . ........ . . . 21 
Plate 9. Diver partly dre88ed-Showing underwear.. . . . . . . • . • . • • • • • • • • 22 

Plate 10. Tool bag ..••• -- - - - - -- - -- - ---- - ------ · - - - - - ---- · ·· ···- · •• 23 
Plate 11. Diver's .,·eighted belt. .•••• .........•. .•. . . . . •.. ••••• . _.... 18 
Plate-12. Boxes, tin, for piston leathers and for spare parts • ••• . . •• _.... 23 
Plate 13. Buoys, cork . ....... .......... . ............. . . .. . ... . ..... 24 
Plate 14. Standard rubber-covered combination telephone and lite-Une 

cable .•.•.......... ... .•• ... ••.••• - •••• •. . •. • .• . . . . .... -- - - .... : 26 
Plate 15. Diving outfit chest-Inside view___ __ _______________________ 27 
Plate 16. Dh·ing outfit chest-Front view •......... ___ .. ____ ..... ____ 27 
PlAte 17. Helmet cbeo~t-Jnside view showing cradles ..... -----........ 28 
Plate 18. Helmet chest-Front view·-------------------------- - - -- -- 28 
Plate 19. Helmet cushion, cuff e_xpander.\, rubber lubmg, and rubber 

wrist band.! ..•••.... ................... . . ---. ....... ... . .. . .... . 30 
Plate 20. Standard diving dre8S, with culf8 a ttached- Front view..... . . 31 
Plate 21. Standard cuffs for Navy diving d!'CS!<.. . .. . . . . . . . . . . • • . . . • • . • 32 
Plate 22. Standard divinf{ dre.o•, with gloves attached-Front view... . . 33 
Plate 23. Standard divcn<' and tenders' glove...... ..... . . .. . ......... 34 
Plate 24. Diving holm~t. Mark V, Mod. I.-Front view........ .. . ..... 35 
Plate 24A. Diving helmet, Mark V, Mod. l-8ide view.... . .. ....... .. 3,; 
Plate 25. Helmet lock.... ..... ...................... .. . .. ..... ..... 37 
Plate 25A. Welding lens and frame, helmet......... . . .............. .. 38 
Plate 26. Helmet, nonroturn air val )'e. .. • . • . .. . . . • • . • . • • • • • • • . • . . . . . 39 
Plate 27. Helmet, air-regulating esca'pe valve assembled.. ........ ... ... 40 
Plate 27 A. Helmet, air regulating escape valve, di8&BB!'ntbled ... _..... .. 41 
Plate 28. Grooving tool for iruotaUing air-~gulating e.•cape valvtl.. ... . . . 43 
Plate 29. Diving air ho!!e ............ -... ......... .... •• • . • • .. . . .. • . 44 
Plate 30. Diving air hose couplings and clamp~ ••.•.•• . •••••..•••• _. ... 46 
Plate 31. Diving air hose special fittings ... . . ......... ..... ·-• . • __ .••. 47 
Plate 32. Diving air hose double female coupling . . ....... ......... __ . . 47 
Plate 33. Diver's knife. .... . ...... .. ..... ..... . ............ ........ 48 
Plate 34. Diving ladder... ..... . . .................................. 60 
Plate 36. Divin~t ladder details •• .•• • ••••••.••••. •• •...•.••.. - -... . .. 51 
Plate 36. 
Plete 37. 
Plate 38. 
Plate 39. 
Pl"te 40. 
Plate 41. 
Plate 42. t:oderwater visibillty-8tudded steel plates as they appear to 
Plate 43. the eye under water in unfiltered and filtered light. . . . . . . • . . 53-59 
Plate 44. 
Plate 45. 
Plate 46. 
Plate 47. 
Plate 48. 
Plate 49. 



TABLE OF CONTENTS V 

Pqe 

Plate 60. Diving light, Weatingholllle Lamp Co. type-Al!Sembled...... . 62 
Plate 51. Diving light, Westinghouse Lamp Co. type-Disassembled.... 62 
Plate 52. Diving light, A. J. Morse dt Co. type-Assembled..... . ...... . 63 
Plate 63. Diving light, A. J. Morse .t Co. type-Disas1!embled. . . . . .... . 63 
Plate 64. Diver's control valve and air manifold. .. ... ......... .... .. . . 66 
Plate 66. Navy standard diving air pump, Mark Ill, r,ssembled-Front 

view. ...... . ......................... . ............ . ..... ....... 66 
Plate 66. Navy standard diving air pump, Mark 111, assembled- Back 

view·------· - -- - ------- ---- ----· · - -- - -- · --·------------ ------- - 67 
Plate 57. Navy standard diving air pump, Mark III, with top raleed and 

front cover removed . ...... . . . . . . . . • . • . . . . . . . . . . . . • . . • . . . . . • . . . . . 68 
Plate 58. Navy standard diving air pump, Mark III, arranged to supply 

air for two divers.. . . ........ ........ . . . ......... ................ 66 
Plate 59. Navy etandard diving air pump, Mark III, removed from case. 69 
Plate 60. Navy atandard diving air pump, Mark III, removed from caae 

and showing pump wheels, hAndles, oil separator!, and enlarged view of 
pUIDpgagea.. . ..................... ...... ................... . . .. 70 

Plate61. Navy standard diving pump piaton. . ...... .... ........ . . . . 71 
Plate 62. Navy atandard diving pump piston uaembling tool.. . ........ 74 
Plate 63. Oil aeparato!'-Asaembled ..• • •• .. __ . __ ... . ... . . . . . . .. . . . . . • 75 
Plate 64. 011 aeparatoi'-Diaaeaembled.......... . .... ..... . .... .. .. . . 76 
Plate 66. Navy standard diving shoes .•. . . . __ . . . •• .. -- --·... . . . . ..... 77 
Plate 66. Decompression stage, small, front and plan view ••• _.. . . . ... . . 78 
Plate 67. Decompreeslon stage, large, front view.. ...... .. ..... . . ... . . 79 
Plate 68. Decompre88ion stage, large, plan view.... • • • • • •. • . • • • • . . • • • • 80 
Plate 69. Diver"s stool. ......... .. ............... . ................. 81 
Plate 70. Diving telephone, batteryle88 t ype........ • • • • . • • • • • • . • • • • . • 83 
Plate 7o-A. Diving telephone, batterylesa type-Control box........... 83 
Plate 71. Diving telephon~. amplifier type.. .......................... 86 
Plate 71- A. Diving tel~phone coupling, double female conneelion- As-

aembled... . ......... . ... ...... ... . . ....... . .... . . ........... . . . 87 
Plate 71- B. Diving telephone ooupling, double female eonnection-Dls-

asaembled. . ...... . ........... .... . ... . ....... . ...... . . ... . . . . .. 87 
Plate 71-C. Diving telephone connection. IIUlle (jack plug houRlng)-As-

&ernbled . •. ••. __ . __ ... _____ . __ __ . __ . __ . • ___ _ .. .•..•. .• . . . .• 88 
Plate 71-D. Diving telephone connP.Ction, male (jack plug houeing)- Dis-

888elnbled ................................................ . ..... 88 
Plate 71- E . Diving telephone coupling, for helmet gooaeneek (female 
conneetion)-A~~&embled................... .. . . . . . . . •• •• . . . . . . • • . . 89 

Plate 71- F. Diving telephone coupling, for helmet gooaeneck (female 
connection)-Di-mbled . • . . __ .. . •.. . __ . ___ . . _______ .. . . . .. . . . . 89 

Plate 72. Diving telephone, battery ty pe, and eennet-covered combination 
telephone and life-line cable ... .. . . . ... . ------ ....... ••. . --- - -... . 90 

Plate 73. Diving telephone, battery type-Wiring diagram for....... . . 91 
Plate 73-A. Diving amplifier equipment-Amplifier and tender's repro-

ducer front and right side .•••• ·-···········-······-·- -·- · - ------· 92 
Plate 73-B. Diving: amplifie.r equipment-Diver's reprod ucer and power 

cable~---···· · ·· -·--·-------- - -· ·- --- - - - -- --- -·- - -- ----- -· --- - - · 93 
Plate 74. Diver's o veralls . . .. . ..... __ . ... . . __ . ______ . . .. ___ . . ... ..• _ 94 
Plate 74-A. Tank, test, fordivlngairsyatem..... .. .. .. .. .. . . ... .. . . . 95 
Pla te 75. Weights ___ __ . ... . . . .. __ . . ... . . . .. __ . __ . • ..•• __ .. .. .. __ •. 88 
Plate 76. ShAllow water diving apparatu-Millcr-Dunn type. . . .. .. .. . . 98 



VI TABLE OF CONTENTS 

P• .. 
Plaw 77. Shallowwaterdivingapparatuo-A.J. Morae Co. type.......... 100 
Plate 77- A. Shallow water diving apparatus-Ohio Rubber Co. type. __ . 101 
Plaw 78. Pa\tern, glove patching-Glove p&lm section L....... ....... 121 
Plaw 79. Patwrn , glove patching- Patch for glove thumb ••..• _........ 121 
Plate 80. Pattern, strip for aecuring glove or cuff to sle&ve and wood plug 

for holding sleeve._ .•••• __ •••• _ ••••• ••••••••..•.• •• • _.. .. . ....... 122 
Plate 81. Patwrn, glove.patching- Glove palm section Il.............. 122 
PiaU. 81 A. G88ollne-driven &ir comprCMOr •.. _ _" __ .. ___ . . . • ........ _... 123 
Plate 82. ·Turnbuckle for securing diving pumps in launch.. ............ 135 
PIAU. 83. Type plan-Installation of diving pump in launch ••.. . ---.... 134 
Plate 84. ·Arrangement of diving ladder, decompreaaion •t&8e, and de-

scending line on diving launch •••••........ ___ ---- ... ----- ..... __ • . 136 
Plate 85. Arrangement or air ftaaks and connections for divere in motor 

launches." ••• --- •. . -- .. -- - .. ----.--- ... .. -----.................. . 134 
Plate 86. Cha~Dew point wmperature curve and table of weights in 

grains of the aqueous vapor contained in a cubic foot of air ___ • • .. ____ .. 148 
Plate 87. Schaeffer prone presaure method of artificial respiration.. ..... . 196 
Plate 88. Schaeffer prone preasure method of artificial respiration •• :.... . 196 
Plate 89. Schaeffer prone pressure method of artificial reapiration . -----.. 196 
Plate 90. Electrically heawd underwear for diving with oxy-helium mix-

ture•- ----------- -------- - - --- --- --- - ----- -- -------- - -- · ------·· 216 
Plate 91. Haldane-Hcndenoon gas analysis apparatus... ... . . . . . . . . . . . 218 
Plate 92. Helmet oxygen-helium (front view)..... . . . . . . . . . . . . . . . . . . . 223 
Plate 93. Helmet oxygen-helium (side view) left.... . . . . . . . . . • . . . . . 224 
Plate 94. Helmet oxygen-helium (•ide view) right. .. _... .... . . . . . . . . . 224 
Plate 95. Hehnat oxygen-helium (rear view). _._ .. •• ..• __ . ... .. ...•... 225 
Plate 96. Helmet oxygen-helium, section of recirculating •yet~m, •bowing 

CO, absorbent, caniAWr and location Of baffle.................... ... 229 
Plate 97. Helmet oxygen-helium, cross oection of aspirator and discharge 

nozzle venturi..--- -_.-----. ----- ...... ___ ..... ___ . . •. . . _........ 229 
Plate 98. Oxygen-helium d! ••lug manifold front (cud) view... .. • . • . . . . . . 230 
Plate 99. Oxygen-helium di •·lug tnan if old ~id~ view ... ... .. .. ..... _. . . . 232 
Plate 100. Navy •t..ndard reeompre.-.1lon chamber. . ...... . . .... ..... . 240 
Plate 101. Diving and sal \'age air lin<'-" on •ubtnariue rescuf vt'tlsel8.. ... . 241 
Plate 102. Diagrammatic arrangement of pontoon.... ...... ... . . ... . .. 243 
Plat~ 103. Oxy-hydrogeu under-water cutting torch.. .. . . ........ . .. ... 242 
Plate 104. Velocity power pipe bonding pre~<.• .. •..••...... .... -----... 244 
Plat-e 105. Velocity power driver ...•.... ... ·· ··· ··· ··· · ---- - - ---·-- 245 
Plate I 06. Velneity power cable cutter .•.. . .. .•..•••••••.•.. ..... _.. . 245 
Plate 107. Washing nouJp-Falcon type.. . • ••••••..•••.... ... .. . . 246 
Plate 108. Self-propcUing circular pipe lance . . ...... • . • • • . . . . . . . . . . 248 
Plate 109. C .. mentguu.... . .. ........ ... ......... ••. •. .. . ...... . 249 
Plate 110. Salvage of U. S. S. Squolu•- .. 'rrangc:oncut o: poutoouoo-lift of 

July 13, 1939............ .... . ....... ...... .. ..... . ......••••. . 252 
Plate Ill. Salvage of U.S. S. Squalu&-Arrangcment of I>Ontoou.-lift of 

August 12, 1939. ........ . . ..... ........................ ..... .. .. 253 
Plate 112. SalVafi:e of G. S. S. Squalu.-Arrang<!tnent of pontoon- lift of 

Allfi:USt 17, 1939 •• ••. -------.- - -- --- --- - -. - .. - -- ·- --.- -- ·---- ---- 253 
Plate 113. Arrang('lllent of salvage gear used on sah·agc of G. S. S. Omaha. 21i4 



FOREWORD 

This l\ianual supersedes the 1924 t-dition of th~ Diving Manual and 
will be t>ffective upon receipt. 
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CHAPTER I 
DEVELOPMENT OF DIVING AND THE 

TRAINING OF NAVY DIVERS 
Be<-ord~ do not ~1Pnrly "how th~ urlglu or dh'IJII( In Uw United aio .. rr. 

Stutes Nnvy. \Vhlle th~re nrc f•\'lcl~m~ of ~·•ceJil'nt work bar .. 
lug bet>n pertormffi nt ~bnlhow d•l•th• In the ~nrly cloy$ of dh·­
lng, l'l'ry little \\'U~ nt'C<IIUJIJISioetl Ut dl'(>f) d<'llfh"- 1111<1 wlfiJ tbl' 
crud~ no~thco<bo nud nt>lourutWI uYilllalit~. ottempt$ nt the latter 
u~uully rt'tmlt~ In the dh·er'ti C<lntruc·tlon of ··t>end.s.'• 

The ort of dh·lug lhruughunt the world gnln('(l nutlrenhle lm· 
petus In 1006-7 Cr<•m the tludhol:'! of Brlll"b Allmlrnlty dh·lug 
~xperlmPiltH. whl<'lo Jodlruted that u tl<'r;;,ou ,.,..nld wltbstaud with 
renS<Iunhle Hlltety a rnpld dounge uf high absolute prei!Sure to 
propurllnnntety lowl'r ul,qulute pr~ill!lll'Pl<. I. e. tc> such pressures 
thnt the rutlo or thto hhrh nl>ll<>lute lli'W!Sllre I• to the redut'ed 
absolute prt'SSnre· ns 2.3: 1. 'fhls tn~nut that o. dl\'er working 
at deep depths could be brought up qulckl)' to a ('Ompnrath·ely 
shallow depth without stopr•log, and from thl'reou to tbe surCare 
with ~tops at ~'·ery 10 Cl'et, Ju lieu of the llr~'·lous nnd for 
11!1!8 salo method or nll<-endlng ot a uultunn rate trom the bot­
tom. Tho fttultngs ut the British Admlrulty bc<•nme kuown ns 
the Rlloge nM•thOd ot tl"'!omJorll>'Rion. lu JlriMll>le It I~ now al­
most unh'encully Pmpluyed In do•op dh·lng. 

A definite program of d~v•IOIJID<•ut of dh'hog WRJ! nel1vely be­
gun by the United Sture• NO\')' In 191~. when PXtensh·e tt•Sts 
were c:undueted In dh·1JJg tanks URhore. unci Inter. 011 the U. S. :-;, 
H' alke, In Long !><lund Sound, to determine the suitability of 
the •tu~e method of decOWI>re.ostou ond HI Imp"'"" the sllln<lao d 
Na,·y dJ\·Ing gear to enable deeper diving. The value of the 
ftndlDI:'! was gnb:<l'quently "''ldeu<'t'<l In tb~ Knh·oll(e o(lf'rntJon8 
of the U. S. S. F-·4 orr Honolulu. In whleh dlvors descended to 
depths or 3<H !l'et- 11 depth which Is helle,·ed to be still n record 
In dl~lng In the ordinary dl\'lug sull, using normal ulr for the 
diver's nlr supply. 

The nbu~e-menlloned te•t8 were followed l;ly prer111rutlon and 
l83oe of u United State< NO\')' Oh·ltog Mnuunl oi1d the estab· 
ll~bment of th~ ISn\'Y '"''lng rs<·hool at lll~ no.-ul torpedo stotlou 
ot NeW110rt, R. I. Tbl~ •cloool was sub""'IUI•ntly dli!Conthlued 
upon tbP Plltry or th~ t'nlt~d ~tult'fl lntll tb• Wllfld Wllr. l't'r­
sonnel ot chi~ sehool nnd snml· of lt21 graduniP.R formro n nucleus 
Cor the o1·ersens so!Trt{:e dh·l~lon which was ~•tnhll•h~d as n 
unit of United States :"iuval For<.<>s abroad, and whkb throughout 
the wflr rendered ,-aluubiP s.>n·ke In snh·uge Olleratlons nlong till' 
l>reucb coast. 

Wltb mOdern ~ubrnarlnes being eon<tructed to operate at erer­
lncreaslng tleptbij aud tloe pus•lblllty of bavlng to salvage HUCb 

l 

£s-perf11MD't&l 
Dhtn• U~tl1. 
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''essels It suuk, woys nnd menus of enabling divers to attain 
ewn ~:r<:ntet· d~pths thnn IJI!l'ctotore wt•re made tb~ subJect of 
spe<:lul ln,·estlgatlon by the Bureau of Cunstructlon nnd Repair 
In the lntte_r 1•nrt of 1025, ut which time the Uulted States Na.-y 
experlruentlll diving unit wtt• created. ~his unit, composed ot 
on,-nl PI'Fl!Onnel, wns established ul the Bureau of Mines Ex· 
perlmeaual Statlou. l'lttsburgb, l'u., to determine, lu collaboration 
wttb the Bureau ot Mines, the fef!Riblllty of using oxygen-bellum 
mixtures ns a substitute for ordltll\ry nlr lo dl\'ltlg. 

Preliminary exll"rlments on auln11\l>1 bu vlug ludlcuted rert.alo 
ntlvnntllges iu tue """ ut this KYntht•ll•· nir o\·er the nlr ordinarily 
used ns u dh·cr's ~upply, the \'XI>erlnwntnl dl,-lug unit was sub­
~nenrly truuflf~rred to tb .. WU!ihhtJttuu Ntwr Yxrd u.; n pPr­
tuonent nctlvlly uuder the fhtrenu of t· .. m~trnl'tlou IUtd Repair 
to t.'Ol1tlnue the ox)'geu-belhun lnv~stlgu.UoUR nnd other dc\'elOp· 
rucnt work luchlenllll to Improved tJI,-Iug prnctlc(>S ond P.Qnlp­
ment. 'rh~ uperim~ntol diving unit hns tunrtloned accordingly, 
up to the P"es<>nt time. l'lnrb meth()()ij prescribed In tbls edition 
1\S deJ)Ilrt from jA•t practf<oes, tUld new dlvlug nntl ijulvnge equip­
ment obown are, In the mujorlty (If cnsr6, tbc rc•ults ot findings 
of the •Xt>erim.~ntul diving unit, the diving ocbool, or the ex­
perlem-e gnlu!'d from Jlll<t Nllhmnrlne sn lmge 01~rntlons. 

01•1•• Sdoool. Dh·lug Is arduous uud hu7.nrdous work and the nrt can be 

Dl.,lna St'hool 
f•~au,. 

Dh·in.- Sc-hool 
ell .. .blu. 

tullstered only by tmlnlng. '!'be rotlngs In tbe United States 
:-;u,·r ure 1 l) tnu•t~•· dh·~r: 121 dlvra·, ftrt~t clnss: (3) <lih'llge 
1llv~r: (4) dlwr, ""'"""} dnss. Mn~t~r dh·el'l! und dh·ers, flr•t 
dn<'l!, liTo' qnnllftod 111 llw f:le<>1> Sc•u Diving School, Hnlvnj!e divers 
OJ"¥ truin~d Jtntl t)Unllried nt tbt' ~R\'"Y Sntnage Truinin~ nod 
Oi\~Jng ~clwul , ~~w Yul'k City. llin•rs, ~Hntl <·la~N. ur·~ QUUlltied 
within the Jleet, ordlunrlly ou board the snbmorlue re.cue \·es­
i-:.c•ls. Qaulf :t-el uu1~tt'l' clln•rg 1111d 11l\'t-~ tl:r~1 c•l~tAA. uno trutne<t 
nnrl tK•rmiUc·tl to din,. to tl~J1fliN duwn to auo t~·t. Diver$, ~ 
c)nd cln~~. un\ IJI'ffh ihitt->U from tti\·iug IU (ltJpth,.., 111 PXf'..,.l't.S nt liiO 
feet. 

'l'h~ I ll'l'll !';"'' Dh·in~t !';l'lwul wu• r<'t'•tabll•h~d In t!~lfl ul tbe 
\\'n<hlngtou Ntl\')' Yurd. Thill IOI'utlou wns chosen with thP 
view that 11~ pr·Oxhntty to the eKJwrlrutl'ntnl clh·lng unit would 
Jwrmit (':tl)('<lillt•n~ "l'IJU<•utlou ot nt1}Jro,·~1 ~xverlmentol findings 
tu !:tWIIclnrd truining t.·urrh•1thuu. '.n1c ftt'lwul 1~ op<'rUtt>d uutle·r 
rlw c·o~ulznn<"t• t•t th( .. llm·pnu nt NU\'HI I'C'r:o;olllll'l. :\'n,·y Depart· 
uwnt, but the diving Cucllltlt>S, (;f'ttr, uud dh>lug lxmt nre f ur · 
ulshrd und mniurnim~l hy the Hurtouu of ~hlpR. 

'J'Iu· rm·nlt y ,,c tht• dh·lug ~llcJ••l ul;Uilllr t•on$il"ll't ttf n com· 
ml~~iuut.•d utftet•r in cthrr~:t~ with thr runk uf lteutennnt or Abo\'e, 
uue u>t><11o·n l utllrrr. thrl't• <•hlet twtty otllc.!r• qunllftl'll ns mnster 
diver;.~, 1\\'fl t·hit'f J•t•tty ottker~ •1nnlltl•'d n~ dh·<•rf{, first class, 
unr huat ~w;du':oc mJiiP. Jll'st t•ln~~. om1 OlJt! phllrmut•i:d's Jllatc, 
tla·,.-t l'lu~. both ur tht! Jnttf*r h~ht~ cau.aHflc.-•d tlrst·CIU$!S dlvcrR. 

~:ll~ihlc• rnr clhing lrululn,~; ure :<t'ICCI<•d from mlnute..r boat-
lo:\\'ttln'!:' IUUII_.~. JCUIHWI''Jol 1UJllt .. :4. l5hipHtlt.'I'K. CIIT\'It·•llf~r·g ruat~S, 

m•u·htnll"f'l! nmfP:ot, nutl turp•r•tlurnrn. Jln•C('rPI\{'tl l.wlns: gh·eu to xhlp. 
tttt...-rs lu1\'lug tJrC',.Ion!"i •~xtxlri~lll'\'! lu Hl'c. weldlug. J'rlor to l:le· 
c~plunt'i'. endt cnndltlnt~ om~t lul,'e pa•sNI th~ rigid physleat 
t·xnmhuttfnu untlln~d in t•batHt>t' II . A ~JWC"•inl c:•mr"'e tnt· medlc~~tl 
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Oftleere laatlng from 10 to 12 weeks Ia aliiO a~alloble. Tbe dura· 
lion of the sta ndard course Is 20 weelu! und the clal!8ell usually 
tonBitt of f rom 9 to 16 &llldent& 

The currlc:uluDJ ut the •taollard course ac the dl~lnt: ocboul 
Includes the tullo.-·Jog: 

Work 

I. p,._u,.. dlvlna (ur lo 3(X) ree-t) ••••••••••• •••• 
2. Optn·wft t.cr d l, ·lnr wt•: tmpl'ction nr $hips' 

bott.oma. tospecdoo or tht~· proptUen 1uut 
rudd,.., at&tcblntr. flttlrJf ftao•es. bto .. -tna up 
pontooa, uodttwa.ter eu ttor •·ttb hyclr(lf:fn 

Loeotlon 

Uh·lna tank .......... . 
In Potomac tth·•.,., 

tfl"tllh 20 leN. 

torch a.od UDdtf'W'att'r •·Mhlnc:. 
J. Opea-wal« d lvloa tuU: IOipl'(:tioo u! tub- l'otnmac Rh•t'r .••••• 

marine ftnloll. and aJr-Uoe eonoteCioN to 
• ubmartoe.. ~hln.• lu .,._,.,. mud and 
lick. 

4. Cadflrwelet burnln,J (Ot)PQ-h)'drnct'D tord'l).. l>h lnt lank •• 
u-... .... """'"" , • .,..,.., tartbl. .•. ..• • L·· 
Un.,.,_ weld In( (olo<lrl< l«dd). . ••.. . ..... . •••••••••.•••••••••• 

I. BumJac:aad «'tkUOI ..... . ... .......... ..... .. Surf~ •••••••••••••• 
L Sobawlao ••luJls•• trolnlllr.. • ••••••.••••• ••• 1 Tant .. . •..•...•• 
1. R8coe bn::albltlt a ppvalt.D tralninJ. •• •••••••• Sur taft' . • .......... . 
a. '!lftMDW11D4ltucdnn and train~ rn thfo tol· 

lowlall""b~· 
(1) Calllnnd~u!t"and trut·mtnl. 
(b) T~ry nl wtldiQJ. Y.k-mentnry .-fftotrfc­

elrculu. 
(e) Care aod upk~N>p nr !lUI"'· htlD'lN:t, rmll 

Attal'hmtltiU. 
(cf) Dlvlntr ~IUI1f)!.; tare, upkM'fl, Pfll\"rlrRl 

oomr,utAIIon n/ diver's fllr IUPt•lY nn1l 
LtM.S of equlumrnl 

(e) Tolevh(M)t'!a: em Mnd upkeep nt "arino~ 
lYPt'S el~mrntar}' thcOf)' f'f rlrrull1, 
P'*'&foal WMk In 0\~rhJUJl, \'"('QUIU tuiK' 
ampllftMtlon or prlnuu·y rircuit 

(/) Veloc:lly pnwer \onJ~. J)raotiCA I work . 
(f) Bureau or flihiPI Dlv""- Ma.nufl!. 
(i) 8t.)'f"Nf\ mt.thod.J and cqu1pmrnl ClPCOturtotl. 
CO Oznen fHnH! btf'athlrq: apparatu." carr 

aod malnttoa~. 
U> SubmNiae _..~ •pparatns .. run,: .. : eAr• ' 

aod mafaWnaJK!it. .. 

TlnM 
rtquiltld. 
Pl!f .liWl 

.,days. 
13 d a}·t. 

12 baww.. 
Vo. 

31 baww.. 
Do. 

Shoun. 
7hours. 

&me Of Jbe opo•rotlon• lmd work PIIIC"J!<'<I In by • tUdi'DIO f)( 

the dh·lng ~houl ,.,.., l!bown In plates 2 to G. lnclu•lve. 
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1'1 . ,1 r :t- •·•··•n• 1 - lA"t·tnr•· •m t"lr••tut• ui ''urhna11 •l~tl\t• 
'A41 .. r •u•t tll++l••r '«tHrr .. t.~·Jrh·al tiMth ami '"'ltlll•lllt'IU 

l't-\Tt :t t-•••·• at: :!.-l•f"li'>.. .. ln;: •lilt)"'" fli\o·r l•r-•·JIIflrlltuf) 
tu tlt ... •"'t'lll '" rlu·r 

I'I..HJ: !'I J'u;n:r- 3.-~IOth·ut tJ.ht_·f tlt·P,.,'U+IIPK tQ rU,·r 
(rUIQ ..th ln.: llfho .. vJ ~.at f 'rtltrtt 
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'111~ taellltl~s of lh<1 uperhneutal dh·tug uult and the dl\·ln; 
school are pracUeally tbe 1111me 1!0 fAr M eoocen•• design and 
principle of operation. Th~)' ronsl8t tlrlnrlpotlly of a diving 
..... rer tank, a dln•r"' I'C'<'Omprel!aiou chHmber. 8tundard dt~lng 
anita and gear, underwater cutting and welding equipment, spe­
dal toola, air "-nke. Rlr compri'HOre. and a dlvlns boat. The 
latter Ia ulted JoluUy by tbe acbool and thP uoh aa occasions 
require. Plate 1 abowa a perwpectlve ~ltw of thl' divers' recom· 
pression chamber and diving wuer tank with lltlloga and at. 
ttnt:ant air and water piping as Installed at lbe diving &ebool 
and the experimental dh'lrllt unl!. Tb~ wnter umk Is a ciOOJed tank 
with 11 hinged •~ blltrh at tbt> top to permit entrall«' of the 
diver. Tbe tank for thP ~~tbool I• 11bout 9 teet In dlatueter by 
12 feet blgb and 18 provhlfd wl!h 111aaa porta to permit ob<!e~a· 
tlo'n of ot('IJ)l8nta. Tbe tank Ia dHl~ed tn withstand an Internal 
working p11'!11lure of 1:10 pnunds and equivalent water dtptbtr are 
•lmulatecl by parllnlly ftlllng It wllb wato•r, l'ltOflllllt !b~ bJttrb, and 
Introducing air nt noy ti('OIIrl'<1 pn'l!llure within the working <'H· 

PHcliY of thp tank. The lnrerlnr of thl' rnnk I• tllh'll wlrh telP. 
pbone, wnter an~ electrle lltthl rooni'Ctlooe. Rlld ai!JO ett>aw rolle 
ro runlntaln deolred water II'III(JI'rnlun!•. Tb~ recomp_,.lon 
chambeT for tbe SChool II II IWO•tomportru~ot diJUDb4>r, deelgnl'd 
nod eon~tructed for working pi'I'K8nrt't o, :!()() ponnda per I!QUBN! 
Inch. Th~ diving wnter tank and the M'<'HIIIprCS~~Iun cbumb<!r of tbe 
experimental cllvlug nnlt llrl' ot the 11111oe over•all size and dealgo 
as tbe diving school'• but nre mode stronger 80 n• to wltbetaod 
lbe greater JlreMSIIfet! which ObvhJUKI)' 111\\'() to be emrlloyed In 
experlmeutnl work. A detnllffi cle•c,.lptlon ot the re<"wprCtiSloo 
chnmb4>r '" ron!Rined In chnptcr XIX. At thiK llrn<l n new build· 
lug IK IJ<olnJ: rornpletf'<l for u8C by thl' I ~e<op !les Diving &:boot und 
tbe <'XJl"rhm•ntal diving null. TbiM building will ennble the diT· 
log school to train up ro 12.'1 dl"'rtl ftM!t clu~ 111 one time and 
~>·Ill double the 11!1W'arrb c·apoclt)' of tbe experlmentnl diving nnlt. 
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CHAPTER II 
PHYSICAL QUALIFICATIONS OF DIVERS 

All ca11dldates tor dh·Jng IO(:IIool trnlulng ·shall be examined by 
a na.-al medico! officer prior to their Lranster, In R('('Ordnnce 

wllll the Instructions s••t forth herein 11nd In the mllnual ot the 
.Medlco.l Depurtmeot, United States Na.-r. Failure to do tbls 
may result In subsequent ~Jectlon h)' the diving school. there­
by Incurring needlt>Ss expeu~~> and lo"" of time lu traof!P()rtlng 
the meu !rom and to their orlgiiUll stotlon. A dh·er, to berome 
eligible tor training at the diving scllool, must possess the tol· 
lowing quollftcatlooa: 

1. 11!' must be ti>IIIJ)(>rllt<? a11tl pull....,.s' the i>byslcnl qnnll6cR· 
!Ions nect•,..ory to meet the standnrds rt'Qulred. 

2. Ht- UHINt d~u.uuuurutP his ttblltly to witlllltnnd ftl r vr~AA\trt'S 
of !.\ll pound>! (goge) lu the recompression ~hamber, without detri­
ment to t11e t>ars or respiratory trnets. The•e chambers are 
ftl'nllahle on ull suhrnurlne reReue- v~~llf, nt. submarine ·~lung" 
trKiolnJ,: tonk><. the experimental dh·l.ug unit, m•d the deep-""tl 
dl•·ln~ school. 

The Jlhyslcnl stundnrd.• nre ue<:es.arlly hlgb be<:nuae of the 
rigorous natnN! of n diver's dulles. 'l'he lde11l physlcnl type Is 
tbe young, slender. wiry, pblegmntlc lndl<lduot. 

Th" most l1n·orable age for trnlulng In dl'ep.aen dh·lng Is 
trom 20 to 30 yenrs. CnndldoteM for dh•lng trnlnlnj! Rhould not 
bl;' fn •·orubly considered If over 30 YPOMI of ngt>. Dh·crs, lli'Rt 
claSt<, ~omlnl( over 40 yeurs of :lgl' or he<·omln~t nntlt to dl.-e 
In dea>Lhs In exce•s o.t !10 ft'et arP. nutomntlcally dhsqualllled as 
dh·er. flr!'l:t clui"N, hue wux (•onthtut-' n~ •JI'· .. r, ~oud rlnSK. ~cl luug 
us lhry remnlu physically tit for tlhiu~t to rbe~ restrlt·ted 
tletllhs. Tho up)l('r·oge llmll In the cnsc Of m•dlcnl om•·ers nod 
Jw•pltol t'Ortlllm••n assigned for dh·lng lustructlon~ or os medical 
nttendllnt~ lcJ •ni\'Oge otlt'ratlons or other llh·irlg ot>Crnrlou• In· 
\'Oivlng snb)edlun of tbcm•elvt>s to Jlrt>><•ure Nhnll he tnkcn 1111 
40 yenr8. 'J'he res1olrntory exchange In yuuug men I~ tnst.er thotn 
In those of middle nge, bent'e tbt> fnrm(•t cun rid their bodle.8 
of e:<('t."Ss nltrogf'u more rftpldly, und lhvretore 1'lrc h'f>S SUS<'ell' 
llble to co111J1Nll<Sed·nlr lllnr!'.•. Sinrc the ~lllcl~nt'Y of the blood 
,.ni!Culnr •Y•t~rn decr<'a'*'s with ndmn~lng y~nrs and ns ~:nseoua 
exchnuge within the txxl~· Is ''!tally ronc~rned with the elllclency 
ot the heart o.nd blood "e•ll<•l•. the )'Oonger mo.n I• better snlled 
In this re$1X!(!I for diving. ~"urtbcr, with the OJlt>rOnch ot middle 
nge tbere Is u tendency on tbe pn rt of the body to at-en mula te 
more fat. 

Recnuse ot the relntl\'ely poor blood 8npply uf tnt. fa.t absorbs 
nnd ellmlnntPI! nltro~en nt n slow<'r rote thnn nny other tissue. 
Since fat when snturntro at any gh·en pres~ure will take utl 
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weight tor weight about 70 percent more nltroceo tbno the 
blood under the same t-ondiUoDJI, It Is BPP"reut tbnt tbe amount 
of nlrr~o held ID tbe body when It 13 ~ompletely gaturated at 
ouy (1.-~u preoaure wlU be roOlllderabl;r ln~reaiM!d by any In· 
ueaaed amount of Cat. Therefore, ~udldatl'fl welgblng more 
than 12 pereenl ubO•·e the weight P"""'rlbed In rt!latlou to belgbt 
In the following tuble, MRII be exclndl'd uuleao tbo;lr overweight 
111 l1u·gely due to mn8<'le and bOne. In ord•r lO •nit the diving 
&PI>aratua, men under 5\11 feet, and mucl1 o•·er 6 reet In height 
sballuut Ill' lltlh'cted liS dlve•·s. Sp..clftc gra1·1ty muy I><• ullllrA!<llf 
fucllllleM ore Ul'ulluble. 

Boicbl Uncheo) 

10 ................................. M ........................... .. 
30 ... . ......... H ................... Mand uod« M . ............. .•..•.... 
30 .... . .......•......••.•.... ........ •and undet iO .•••••••••••••••••••••• 
tO. -··.········ ...... ····· ----- . .... - 10 I.Dd u.odtr 72.- . .•.••....••...... --
:ao •...... ..... .... .................. 72eod u:oder74~···· ....•.•..•...... » .................................... 14 '-0 16+ _______ ·········-············ 
21 .......................... ..... ... . ....... . . ... ... ....................... . 
21 ............. ._ ... _ ................ MatKI Ulldere8 .. .................... . 
21 ••• ~---···························· 88aa.d u:ndfl' 10 ••••••••••.••••• ••··•• 
21 _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 10 pc~ u11cler n ...................... . 
21 •••• , ••••••.••••••••••••• .•• . •••• i2&adUDdtf74 ··•••••••••••••••• •••• 
2) ,,,,,,.,,., ••••••••••••• ••••• ••••• 7f&.G76 .... .•...•.• ••••••• ooooooOoou 

22 1.0 2S ... .. .......... ............. M ........................... ........ . 
221.024 ............................ 06and undHW •• • ............. .. 
22 to » .. .. . . . . • . • . • . • . •• . •. . • . . • . . . 88 and u:adrr 70 .................... .. 
22 1.0 26.. . . . . • . • . . • . • . . . . . . . . . . . . . . 70 and uodrr n . . . . . . . . ........ . 
22\0~ ............•.•........ . . .. . 7'2andundtr74 .. . ..... ..••. 
22to26 .............................. 74'016 ... . ...•. ............ 
!11110:111 .............................. .. ..... ..................... ......... . 
2111.0 211 .............................. M ........ .. . ........................ .. 
28to28 ........... ••••·······------ && ........ ............ : •• ··~· ....... . 

:!: : :::: =~ :::::::::::::::::::: ::~. ~::: :.::::::::::::: ~ :::::::::::::::::: 
•to28 .... ....................... .. . f'9 .•.. . ........................... -· 

~ !! ! ..... ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·.·.·. 70 ................................ .. --- 71 . . . . . .. ............. ............... . 
ac.o211... . ....................... n .... ..... ........................... . 
1&1.028 .. .................. ••••••· •• 73 . ••••• ............................ •co • .......................... 74 . .................................. .. 
311'-021t ............................. 76 ................................... . 
.... 211_ ............................ 76.. .. ....... ........................ .. 
10 ....... ..... ........................ .... ................................... .. 
:111.. ................................. e.s ................................. .. 
JO .................... ............... ............... . ..................... .. 
JO ......... .............. .......... .. WI .... ............................... .. 
JO ............. . . ....... .. ........... ...... ..... . . ......................... . 
Jl) ................................... 111 ............ - ..................... . 
JO • ••••• ............................. 70 • •••••••••••••••••••••••••••••••••••• 
JO .. _ ................ ...... .... ..... 71, . ....... .. ... . ............ ....... .. . 
10 .... ................. .............. 72 ... .. . ............................... . 

: :::::::::::::::::::::::::::::::: ~:: ;::::: :::::::::::::.:::::::::::::::::: ~ 
: :::::::::::::::::::::::::::::::: :::j ~::::: :: :::::::::::::::::::.::::.:::::: 
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A dl\·er Vb<>Uid be Of thP phli!j.'111JitiC M quiet IIIIPXf'llllbiP f)')ll' T • ., .. ,._ot. 
of pel'ltotlallty, for ex~ltemeot and trlgbt ore oet.'Qmpunll'd by o 
qulckeutog of the pnlae and a rill<' lu hloocl pre!lllnre; and &JJ 

the rate of llfttnratlon and deMturatlon of the ti311UI'I Ia directly 
lnftuenl't"d by the cln-nlMtoey rate. 1t phlegmatic diver I~ le88 
llllely to develo11 romp~·alr llln..,.. Utau ftll en•IIY excltl'd 
dh·er. 

Dh'erl! should he """' menially ·~ well •• flhY•IC"ltll)' ftc. as Kootal uill17• 
the type ot work to be perfonnl'd often l'('(fUireM quirk. aceunHe 
judrmeot and Initiative-traits of above-a•·eruge mentality. Ex-
perience baa been lndl~athe tbat there Ia a relatlonahlp between 
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low-mental ability and early failure In attempted performance or 
work under condiUona of Increased air pre88ure. 
Dlnr~ must ~ men ot moderate bablta bl>cause alcoholism, 

1081! of sleep, or dissipation t'Ontrlbutes to SUSI.'t'l>tlhlllty to com­
pressed.alr lllne""' 

The lleld of operations In submrrged work Is ordinarily Inade­
quately Illuminated dl."'plte the use ot diving lamp, and since It 
Is Jmpraellcable to wear glnHSeS In tbe diving helmet, a good 
degn>e of vllllon Is e81lentlal. A mlntmum of 20/20 vision In each 
eye shall be required for candWates for tbe designation ot diver. 
Tbe minimum requirement for medical omcera and boapltal COl'Jl8· 
men sball be lli/20 In cacb eye. Central color vision &ball be 
normaL 

Candidate• should be capable of holding tbe breatb atter full 
e:r;plratlon and Inspiration, for a period of at least 55 seconds. 
Tbta abaU ~ based on tbe tl\'erl!ge results of three testa. The 
lungs perform tbe all-lmportnnt function ot prodding a stlll lon 
tor tbc exebange of goses between the a tmospltere and tbe blood 
stream, and to perform thla task well tbey must be free from 
disease. Tbus any evldeuce o.f pulmonRry dlseue wnranta dla­
quallllmtlou In a prOHIJ('Ctlve diver. Further, Individuals wltb 
arrested pulmonary disease are not Ot subJects for dlvlnJ ~uae 
blgb atmospheric pre88ures tend to bave an Irritant effect on tbe 
lungs. 

'rhe Het up test for mrdi0\'88eUI!It function consl•t• of 20 step ups 
un u platform 18 lucbes bll(h !)l'rlorml'd during R period of 30 - ­
ondl!. Pulses are ..,..nrded sitting at ret<t, for ii minutes. 0 to 
IS 8f'<:Onds :r; 4 (A), G to 20 llt'<--onds after exel't'lse (B), and 120 to 
l31:i seconds after exercise (C) . 

The cardhlvaS<·ular &<'Ore Iii etm•puted from the expression 
B- 70+:-1 ((}-A). The t'lev11tlon or the puts .. rute 11fter· exerclse 
and the puffie rnte dl'(·llne. govern the >;(.'Ore M (<:-A). any results 
4 or IE"Ss, are considered zero ( 0). 

Tbe IK'Ore Is rnted In tbe following manner: below 1')1. good: 
1\1 to U, fair ; und above 7i, poor. ThPre $hould be no tendPncy 
tuword ,·urll'Ose ''eln!i ur bemorrhoidH.. El"ldell{'e Hf nrttll'lo~le-­

n>•ls Is su.fficlent to di15QUBllfy. 
Men subJect to gastrointestinal disturbance•. wltb a tendt'ncy 

to ex('<'S.• gas formtttlvn In the stnnutcl> und lntPMtine., dbould 
not be Q('(!f'l)ted. The marked expansion or such gas ou o!!<."!nd· 
lng, e\'en from mod('rate depthS, mHy Induce •e•·ere symptoms If 
not readily expelled. For the same reason u dh·er should not 
be allowed to dh·e "'hen t-onstlpated. 

In addition to the •tuai!Jicatlons diS<'u~sed In the foregoing, 
It Is dl'l!lruble tbnt the t'llndldntc fur dl\'er be Nll.lrely free from 
bodily dlsenoe. One or the Dl<k<t Important of the dll!IIUUlltylng 
dlseltBI'l! IR middle eAr dl"e"""· In thh• mnlndy not only is hMr­
lug dltnlntsbed bm often the Eu~tncblon tube Is blocked. The 
Elll!tachluu tube, the membrounn• lube exumdlug from the mid· 
die ear Into the throat. allo"'" for {'()Uollzutlon of prCJ<>Oure on 
hotb sld"" of tbe ear drum. Air under lucreu"''d pres.•ure en­
ters the t•xternnl cor uud d~presse~ the llPdhle ear drum ln­
wardlr. The nlr Al!!O enters the nose nnd mouth and wlll euler 
tbe Inner end of the Eu.tacblan tube If It Is patent. By trn\'er~-
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log the tube the air reaches the Inner surface of the drum 
through the mJddle ear, and the preiiSure on the two sides of 
the drum are thus equalized and the drum sways outward to 
Its normnt posltlou. If the htbe Is bloeked , the Increasing pret~· 
sure on the outside of the drum will continue to depress the 
elastic drum until It ruptures. Rowerer, mpture of the drum 
from this cause rarely oecur• because the palo from tbe de­
preesed and stretched drum I• "" ln ten~~e that the diver ~onnot 
COntinue hU. des<-ent and nmst return to the snrfu<'c. Frequently 
mnl'O\IS or local luOuwmatory condltlono •ucb 8J! coldo or 110re 
throats will cause temporary blockuge of the IIJb<>. If mucous 
be th" blocking u~teut, II cnn u~ually he ""'llt'lled by huhllng tho! 
11))6 and nostrils closed and Pxertlng prcsilure with a forced 
P:rplrntlon, but If there IH nn lnO..mnoatory t•undlllon pre,..nt. thl~ 
forced explrHtory l'lrorr may futl-e Infected material through the 
tube Into the middle ~ar and produce otitis media or lnfectlou 
uf the middle ear. Tbrrefore If n cold or other local lnOammo· 
tory condition he Jlre.eut 111 tbe uppl'r r~•plrutvr.)' rra<'l. nne 
abnuld not attempt ezpo;;ure to loCI"''..Iloed nlr pte!'Siue until these 
abnormolltll.'jj bll\'e subsided. Ablllty to equKllze [lreoMure In the 
ears wUJ form part of the physlcnl uamJnntlon. Tbls ability 
Is ascertalul'cl hy exp<Jo4lng Ill~ t'lltldldnt~ UJ 50 I>Ollltd• of alr prll>!· 
sure lu R recompN!l!l!luu o•hambPr. Not uuly ur~ lndlvldual• wl!h 
middle-ear dl•~•oe uol ftt Hubje<'l• fnr tlh-lng, but ludh·ldunl• 
with any dtronlc dl,..>rd~r uf tb4' lll>tx•r re•t•lrolory rrnrt aurh 
as tonstiltiH, chroulc sur~ throaL Ireuuenl cuiW.. Ulll'lll oblotrm·· 
tlons, or ldn..,ltiH ar" likely It• lltt\'e l'illllllte8 In the IIS!'Ue>< of 
the noee and throat re8nltlug lu blockuge of the Eusruchlan tube. 
nud tbn11 ellmtnnte l.brm Rll t'llndldJttcx for dh'lnJ:. Active aklu 
or venereal dlseniK' l3 t•ouse for lmtlledlnte reJe<:tlon. A b!Jitory 
of any of t11e following Is disqualifying: 

1. Syphilis. 
2. AMthtna. 
3. Persl•tent blgh pulae rate. 
4. Pt~,vchoneurOIIIM. 

:;. Repented ntlackQ ot slnusltls, Nc. 
6. Chronic gnstrolotet~rlnnl dlsrurbanL'\'8-
Qoallfted divers shall be reexnmlnl'cl perlodl<nlly, In order to 

deti'Ct any dhoqunlltyln~t defet·t• that uouy bn\'e de\'t>lvped since 
the last e:ramlnntlon. A SIJI'Cinl exumlnntlon ~hnll he 100de prior 
to each diving opern tlon In ~>:t'i'HS of 36 r~t. The ...,, ... u. of this 
exnmlnntlon •honld '"' re<"Orded In the dh·hJJ: log and the medl~nl 
officer should lnltlnl the log nfrer thl• entry, nl the l!<llmt> time 
exprCl!slng his U!llnlon ns to the ludl,•ldnnl's lltneH.• for dh·lng on 
tbot purtlcular day. A tt>mpurnry physical defe<·r shall not be 
considered o cansr for dllj()unllfitatlon but •hnll excuse the dh·er 
from being ordered to dive, lt, In the OJihlion of the medk-al 
officer, his COtldltlon warrant~ it. 

At tbllr time tbe divers ure nl"" examined fur l'\'ld~nre of l"lds 
or other upper N'Aplrarury lnff>Cth>n. A Rhort history of rhe 
activity during the vu~r 24 hour• Is <•btnlnl'cl, In which the follo,·lng 
tocts are Hlrt>Ssed : 

1. Amount of sleep. Leos thno 8 hours' sle~p the night prevl· 
ous to dh·lng Is thought to predlstlUse to compressed·olr illness. 
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2. Alcohol. Divers are not allowed to dl<e U any alcohol 
hu been con~umed In tbe last 2~ hour& 

3. Constipation seelll8 111 ha,·e a debilitating etreet on tb6 
!liver and lock of bowel mo¥ement In :!4 bours may predtspoo;e 
to an attack of caiBSOn disease. 

4. In addition to lbe nose and throat uumloatloo tbe dl,.er Is 
nsked If be ha• nny S)'rnptoms of eltber l-olds or sore tbroa t. 

All the foregoing ln!urmatll)n Is tec"Orded oo a diving form 
tbe ln• t line of "'bleb should conttlln un expre88lon of opinion 
by the medlcnl officer 88 to tbe dh·er's physlcnl lltneos to di"<e 
on t11at particular day. 

While It I• not luti'uded to restrict Ilroeedure In tbe reexamlna· 
tlou of qunlltled dh·ers, It IIPIM'Hnl tbnt tbe foregoing etted 
method I!IUI>Ioyl'<l nt the exrx•rtm~ntal dh·lng null and the dh·ing 
sc!Jool could well be followed In the llcet. 

Althou~;h a certnirt bttltnde ffii\Y be allowed for n dl¥er ot long 
experience null n high degree of efflelt•lll'Y In diYing. be must 
be free fronl nuy diseuses ot the eardiO\'R!ICUlnr. resplrntory. 
gustrolnl estlnal, or genllourlunry s)'stems, nnd of the ear; and 
bls ability to t>quall~ pre.,.ure must be mnlutnlned. A $light 
dQgrce of o•·crweight may be disregurded if tbe diver Is other· 
wll!ll •·ignrous and aCtl\'e. 

Wben long snl,·age Ot)erntlons are In pnlgl't'>IS, It bas beE'u 
found thnt better n!jjUJts are obtulul'<l If the 111\·er• are relle\'E'd 
tJerlodknlly from duty aud n•woved frum ut.Ung eovlronmi)Ut. 
At'<'urdlngly, where dully diving O\'er lvng vcrlod• of time 1$ In· 
\'oh·ed uotl there are suftldent divers. llherty In lndh·ldual oo!W>I 
!!hlluld be given ns often ns prncticnble. However, tbe dh·ers 
should be cnutloued as to the d~trhneutal ~aeeta of tbe Jot<S ot 
•Jeep. aleobul, etc., to tbelr well·belng In dl,·log. It admonish· 
ment d<o<>8 nfJl •uftl('C, II I• be•L tu prohibit llberly In lndh·lduul 
Cllses the duy preceding the dl'l"e. 

If the number of dh·er• permits, dh·is lou lntll tbrce groups 1.8 
od<lsable. t' vo groupN dh·tng for a period of 11 week while one 
ltfOUP I• given len\'e. Encb group. bowc mr, s hould be sufficiently 
lnrg<• to t!unble c-outlnuouw dh·h•~t In medium drlllhK, In relays 
ot three diY('r~. who nuder ordlnn ry ~tl ,·oge pro<."Ptlure, are usu ... 
ully snblllPrged slwultnueon• ly, 

Dh·ers should n11l he m11d~ 1o di\'P tur 111 least 1 bour aftt!r a 
light men I nnd 2 hour~ after 11 bcu•·y ~m•ul. 



CHAPTER Ill 
NAVY STANDARD DIVING OUTFITS 

The s!Jlndllrd dh·lng outllt• ui'M by flat Nan·y con~IMt of n1•o 
cla~see. They nrc the de(!ll·dlvlug nu11h• und the •hullow·wull•r­
dh· lng outfit>!. 

De<>p-dlvlng outfit• nrf of three IYtlt'fl commonly known as 
outllt.H No. l, 1\u. :!, and H Mpedal outlll which will h~m-etorth 
be known u nUi ftt No. 3. Shullow·water-dlvlng uutft!JI are of 
one general type. 

Dlvtng outftl No. 1 corudsts of I'QUipmeut o~'et!Mry for two 
dl-reNO, Including 11 tw<K•yllnder. dnubt ... actln~t. IIIKnnMIIy uperatecJ, 
air pump and an adequate number ot SPAre PArts. 

Dh·lnJ outUt No. 2 IB slm118r to lbe No. l oauftt, nCt.'1)t t.bat II 
Is Pl'•11ded wllb only ooe helmet. 

Dh· lng outfit So. 3 CODJjlsUl o! s~lal equlpnaent uMed ooly by 
~ubmarlne reacoe -rt"'l!els. 

The ra~w BtHndurd sbnlluw water outftt ronal•ts ot a VIctor Berge 
type tart> mn•l<. u Mhalluw water dl.-er'K air p<IIIIJ). volume tank, 
hOtce, und~rwettr, t4neuker!'4, nonreturn \'uh·e. lrunrn<'tltt~a mnnunJ 

• and etown~te box. 
The old Hhullow-wuter-dll' lng outJit con~IRt8 ut n llt;ht· welght 

e<tpper helnwt with 6Ultnble II'Plgbts ulluchPd. n huanl-ol)erntPd ulr 
pump. lind n liO-toot length of nlr h....,. 

Dl~lng oultlts Nus. 1 and 2 ure ouhsble fur 1111e In both 
deep and ~hKIIO"' wnter. Shallow·water-dh·ha~t outllla nre tor 
nse In temperate and tropical waters ot depU•• not t•xceetllng 
36 feet when using tbe hand pump. Greauer depiiU< ""' Pt'MIIItted 
In co•rtaln ~•- •• !let forth lo dlapter XV. 

Dl~lng ooUitK No. 1 are turnlsbed to tend<>r~. ftf.'<'t 111811- reiJfllr 
sblpe. 111luge Yt!81M!Il!. 11nd ftoatlng dry d~lu!, or tu otht'r ' 'e88t'ls 
who~ ml,...lun r.,qulrt'tl lbem to be t'H{llthle uf nnd~r111kln1t l'!tten· 
oh·e dlvlna OIK'rattlono. 

No. 2 tll•lng outnta atre sui)J)IIed tn ouxlllnrii'M uaul l•mahntnnt 
ohlpo~, whlc.b would only ne<d n dlvlnll llutnt Ill 1141rfua·m minor 
N:J)IIIr or ln,pe<·tlon~. 

No. 3 alh·lu~: uniiiiK nrv Mlli>Jllll'd 111 •nlmanrlne rt'I<Ctu' ··•·~>Will. 
The ahnllow· wuter-dlvlng outftt 111 snltable for uHc of only one 

diver aat a tltne. 
WIUI a few UC't'ptlons diving outft!M Nns. ], 2. and 3 are 

Initially 1811\lcd In their entirety. The exoeptlona llrt' ( l) In ca'*"' 
where the diving work engaged In Ia of too minor n tuature or 
too Infrequent to warrant the lllsue of <-omplete outftts. nod (2) 
where tbe r requl!ucy of the work and Its nature ore "ucb ao to 
~ulre more equlpoJeot lbao Is contained In one oultlt but 11'88 
tban that contained In two complete outftta. The Bureau ot 
Ships auo .. ·ance llaL, designate the type of diving outftta and the 
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quantltll'S or th~ respectl,•e Items comprising such outftts to be 
carried by vessels ot various type•. 

ArtiC'~ t:nll e 
.:: 

- ----
I B&ltl, t.ool. . ~ • • • • • • • • • • • • • . • . . • . • • • • • . . • • • . • • • . . N um bet .• 
2 S.lu, w•(J!bkod . •••..•••....• •. • •......... . .•... do •.• .• 
:s Bos,spartK»rta. .. . •.• •. •.•••• •••. • .• do •.• 
4 Cf'mPnl, rubbtr .•••....••.• .. .••• __ • ••.• Quaru •.•••• 
6 C'bt'4U, ht-lml't...... . • .• • . .•. .. .•.. .. Numbfr .•.. 
e C'bt'8t,outnt. ...... ........ .do 
7 C"lamps.. alr hOflt. 'P6f'e • . • . . • . . • do • 
8 Clolh., rubtl.rr1 patchtnx: .• Yatd.J . ... •• 
\1 C'oupllna, &Jr nOM, ff'mal«'. - Sum~r • ••• 

10 <"'oupt~. -lir b(W;', maht. . .... .•.. . . ... . • •. . du ..•••• 
11 <'ouptLn~. air how, douhlt, ftmal•·-- . ..•.........• . .. do .. ••. 
12 r ounllAJ1 l!r hott, double, mlllt . •• .••. •.•. • .• du ..... . 
13 l"urfar ruotwr. • •• ..... . . . ......... .. ..•.... Pain .... .. 
1<1 f'WhlOna, htlmi'C.. ...... . ••••.. .• •• • . . . . •• Number .• •• 
16 Drawcn, untltr, wooh!n, slt('M ......... u.. Palr.t .•.•••• 
16 Dretten, undl"'r, woo\tn, Mu 38 ..... . ....... . . ... . . . • do . ..•••• 
17 Drawen, under. •·ooJtn, slu 40. ••• . ... . ....... . .. do ...... . 
18 Dl't'fi!WJS, dlvtnr No. l.. . . .. ... •. •.. .... • . •. . .. Sum~r .. . 
Ul Drt.'S:leS, d!vlq So. 2.. •. • ...... . .• . . .. . ... .. .. ... do ..... . 
~ D~ dlvJna 1\"o. 3 .......................... . ...... do ... . . 
21 Faotpl"*· complete ..... ... ...... ... .. .. ........... . do .... .. 
22 Paceplaw. wt ldln . ............ .......... . .... . . .. . .. do .. •.•. 
:13 Fila. llf.k•r... ...... .... .. .• . . . . . • •••• • •. .• do ____ . 
24 ON.kets. race pia~. 21(lal't' ...... , • . . ...... .. .. ... do ..... 
25 Ouketl, hrlmt"t, JKthtr, ~f)llfet... .. . • . • .. •. .. . . . . . . . do 
2& Ouktc.s, nonrf'tUrn val\'e '"'t, ruhbt-r • , . • . ... do •. . . 
7i 01138ef, belmtt. tace.. ......... .... ....... ....... . do _ 
'28 Ola&YJ, hrlmtt, sldt ............ . ............ .. . do 
2':t OlA."!tt. hElmet, &.op .... ... ..... .. •. • .do . 
311 Otovf'!t, dh·t"t'I- Ld)df'r. oomb1natlon ........... PaJrs .... .. 
31 (Jio\·~1 wooh:n ........... .... , ... .......... .. .. . . do .. 
32 Ol)•oerwr.. ...... ....... .• .. .. .. Plnt.t . . . . .. 
33 UaUJR-trl, Sl«nal. .. ... .. . . ..... ...... .... . • Pr'!:t ... .. 
3f H~lm,.,.s, oomplt te . .......... . . .... .. .... ... Sumbtr .. .. 
U lltt.'lt' , a.lr, h~b pn"!''ult', 3-h. ltturtbs.. . .... ..... . ... do . . . 
3ll IIUM", aJr, hllh pN'IIiSUrt, ~tl. lfnac.hJ ..... ..... ..do ..... 
3i Knlvtsand~ ................ ·~·-- •••• do ... 
3A Laddtor, lron.nlnnlz:ed .... . ..... .. ............. do ... . 
3\J LNd, JOUndln.r-7 lb ••.• .. ...... ... .. ......... do .. .. . 
4'1 ~ W\",di.UC r-:o. f.............. ... .... . ..d o 
41 Ltna~. wtldtna 'So. fL. ...... . ... .... . .. . .. 4o .. . 
42 Leru6 . ..-eJdlnv No. fl .. . . .... •. .• •. _ .. . , du .... . 
i.-1 Llrh1 <•·nthuproor .J«.kt"ll p-uard fur 100-wau •. do ... . .. 

bulb and 2.X).fl, cab! .. ) , 
44 Llabt, trltb Xlll-ft. t'llbko.... . .. .. .. ............ .. . do ..... .. 
40 MnnJJDids.. . .. . . . ... . ... ...... .... .. .. . • .• • .do .. . 
4& Llot.tou.ndlaa. ~ rt .......... -..... .... .. . . .. ..... do • . 
47 Lltbargt ... ... .. • ....... ..... Pounds .. .. 
t8 Lint'S, dt!ttndto,.. :Dl-fL lf!nat.h ... ··· ··-·~ .. r-:um~r ••. 
49 Llnes.di~t.anct , eo..rt . l•a•tb .. .._ ......... ... ,do .. . 
60 Mft.nuJ.i. dh·tn& .. . .. . .. • .. • .. •• .. • .. do .. . . 
$1 Nut$, ,rtn.a. breaurJatf', t•tt•. .. .. . .. . . . .. .. do •• 
~2 Nuts. wing, brPAJtplatt-.sm.'dl . ... • .. ....... . . . do .... . 
$3 on. N'~t· ... root ........... .. .......... Quart~ .. . .. 
M Paekln~, air controt \'ah·• . OA~o-W' _. .. . .. P,oundJ& • 
M Pump ( band- or va~-drlvtn) • .. ....... . . NumiM>r . 
56 Reducer 1ypt' " S'' .. ..... • ... .. •• t1o 
51 R('<t.Uctft.)'l~ "T"... . .. . . .. .. • .• ilfJ ..... 
~ S~~:fetr latch. hf;>lm\Jl , JP&f't' . . do 
.'\0 Scrrwt, ma~hlor, bran , * 'I 3~ 1 Sh" Jlo'<t·~ 
60 &-panuor. oil . ~umbfor 
61 Stop&rat.or, oil ftlh•t, lt()M"(• .• •to 
i\7 ::kopantor. oil RL .. bl" • .!l)~r•• I •lo 
1)1 SfoJ)&I"ttOr, Oil WMhtrs, ~part• •. .. flo 
tU ShOt'S, WftiJht«J PlllN 
6,\ ~h06. 11Khtwrt&·ht • rlo 
00 So(k~. wuolrn • • . du 
67 Sr~op. norulat ln~ P!K"'t\fk' \'ah···· prinu'lty nnd Xumbtor. _ 

!IIHOnd.!U'>' spe_~s. 
68 St.t"~~t'S, deC'Ompml!fnn • . . .• . .. .•..•.. 
69 ~tra~.INf~r with huctlf <ror dh'l flll' •Jovf11 • 
70 !-~.top Wltc.h • • .. ..... .. . ... ..... • ..... .. 
~I $tUdl, b~tpllllf',shOrt . . ............... ..... .. 

'Pints. 

.. d o ... 
PRint . .. . 
Sumbl·r ••. 

. • . do ...... 

~ 
~ ~ ., 'Z 

6 i " " .. " ci 

"' • ;;: 
0 
;;: 

- - --
2 

i 
& 

2 g 
I I ····-i2 2 '2 
I I 
:1 2 

12 12 
2 I I 
2 I fi 
2 I 6 
2 I • 2 I 6 
8 2 .... ·a 
2 I 
6 a 4 • a 12 • 3 I 
I I 4 
3 I 12 
2 I 4 
I I • 1 ... ... -~-
1 .. i" 2 6 • 2 10 
4 ft 
2 I 6 
I I • 1 I 3 
~ 2 24 
4 2 18 
I 

:II " i' 2 ; 
3 I 12 

12 4 M 
2 I 10 
1 l I 
I .. . ...... 

12 . . .. .... . . 
3 
3 "i ..... 

.. .... 
I 
t I ~ 
1 
2 
2 
~ 
I 
4 2 .. 
8 • 30 
2 I 
h 
I I 
4 2 18 
2 I 8 
I 
1 ··a ~ 

• 4 
o ' • 12 12 
2 6 
I ·a ··;s 12 
6 2 12 

I 2 
2 2 ·-· ... 
1 

•• . ' II 
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CHAPTER IV 
DESCRIPTION OF NAVY STANDARD DIVING 

GEAR 
1. The dlnr·K tool bug (pl. lU) Is Jllllde of !':o. 6 canvas. The 

bottom Is Jll'rfornted wlrh tl~e No. 4 spur grommets. The<!e grom­
mets allow the hu~: to tlood or druln rapidly. Tbls bull Is strong 
('nough to carry any tool the dl~er run:v need or Is capable of ualng, 
{'Jttoept 1t <TOwbar. It wlll curry weights up to approximRtely 
20U IXlundS. V{'ry ~mall artlCI{'I< ohould be secured to the bag by 
indlvidnnl lt'ngthM of ruHrllne and ti('d eltb"r to the handle or 
tbr<•ugh thl' grunomt'ts. Wbt'n rbe tool bag l• normally loaded. 
It l• cJU"rl('d "'·er the ri~ht arm: wben heavily lOaded, It should be 
:-tour down tbt' dt>N<1•ndlng Hn()'. 

The welgbted belt (pl. 11) lB ua('d to furnll!h negative buoy­
ancy wlu>n tbc dh·cr'" dr""'" I• moderately lnllated. Tbe belt Is 
mude of 'A ·Inch watert>roofed, double-bucked, chrome tanned 
leather. The lead weights ure secured to the belt wltb h· by 2· 
Inch cmmtersuuk H<'rew•, the henda of wblcb PRI!8 through special 
No. 4 Rpur gromltll'tS ln~~erted In tbt> l~nther: thus thl'y mny be 
removl'd or replnr<'d en~Uy, as the occasion may require. Metal 
strnp llnllgers are cast In four of the weights. the two renter 
on"" being ""t ur angles to gh·e proper leads to shoulder 
which pal!8 cwrr thr breaotplate of the behuet oucl et'Ol!8 In the 
hno•k ~" ns to counternet nn>· tentleory the belt mny hn•·e to shift 

"" tJO•IItou. 
Tiul JIX'k ~<trnp IJ< prm·tded for th~ dunl purJ)()Se of holding the 

belt down In Irs llrDt><'r loc:ntlon and to pn'VI'Ilt the helmet from 
rising <>l'er the dh·er·• bend whlrh It would do If elongation of 
lbe dre•s through thl• m·rrlnHatlnn were not Jlte••eut('d. 

'rhe pro•••nt diving brlt Is tbe ""'nit of progr()l;1<h·e deveiOJI­
mont m·er n ronslderable nerlod of time. Substitutes such as 
ploln lend dh·tng weights of various shapes. or metal blnged 
belts nod lead w~lgbted bl'lts made of strong webblug, boTe 
h<'<'ll te~ll~l nnd found UIIMtl~factory. ExperleuC<) bas lndlcat('d 
that the pr(\:;put Nnvy stondnrd diving belt Is more comfortable. 
more• c·llpabh• of udJusrmrnt. nnd t•ontrlbutt>S to o bl'lter hnlance 
of the dh·er thau belts of noy other design or construction luvestl­
gntro to date. 

Tilt' ll<lX fur •J>nr~ tllllllp piKton lt>lllht'rs (pl. 12). tll(lln> a. I• lUll til' 
ur 27-Jllll.'e tln. All joints. lnl'ludlog those In til~ rop. ore sold­
ett'd to prevt'nt the nent'•·foot oil In which the II'Rthers ar" 
so11ked trom lenklnl!' out. ThiS cyllodri<'81 box Is 4¥, Inches high 
and 4 lncloes in dlumeter. The box wilh Its contents shOuld be 
K!<u't'd In tbe wo"'len sill hullt Into the back and at the top of 
th<> pumtl ca>'t'. Ent·b lwJx •houltl rontnln two piston cup leathers 
nntl three leuther piston wnshem 
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J>ur .. lH.-Toot hoc:. 

Ttw fiPUrtl P.lrhf IMtA, (r•l. l.:.!l ftt.:un~ 2. Is mnd•• etC :!7 .. ~:uJ.:+' tin. 
~1fdt.>N'<I nli\11!! t!tP hutiUm UIUJ tth ltJS tu prP\' f'll l h•ukn,.:t• or tJll 

thu r rnny clrulu f••um llw :-lllltr ... INirl!!l. 'rlu• IM•X Itt l'irt"ulut· uutl J,a 
:1 luchPR hl~h loy :I'll. lnl'lovs In diu nwlcr. 

Thl• lJcox l'llllaln' llw followblg •J••rl' Jlllrl• 11( oil\ In!!' <'<JUIJ~ 
mrnt: .f pump \'Ul\'t•~ : 12 lm•··tl \\'a:-oht"r .. : 4 ~o~w•tltuJ \'Ul\'t~ ~u"'k•·•~: 

2 outiN \tal\!- K"""'"''"' : -t :.nNiou \'n ln• f•urt ~otn'k••t ..;: 1 ,-ul\'t• .. lcut 
wnil.tw~: :.! h<"tiJ)hltt• nuts: 2 outlet ,-uh·e c'UJl l:''""'''h 

Th£' <"'rk hawys turnbb~l ";lb dh·lJtg <mtlh~ ur,• uf tlw bt~l a •• , .. 
quollry sl~t.,•t (•nrk nud un· f•lflwr l)>·rnrnhlnl Ita .. tu'l"'· ""' -.:huwn 
Cut tllute 1:k c1r o\·al. Tbt'l nre mode nt oru._• ur wor•• ph"f.'\"'"1: u( 
tork $t.l~Cured hy n 1...,-lnd1 tllnmt.'l(llr gnh·oulr...-..1 lrnn chrouJ.th l~t11t 

ftllecJ Ul eo~h t•nd Wllh 0 glllmuil'A~I Wll•lll'r, ~:uch •nd o( lhe 
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Cable Nmblna• 
lion •ctlepbone 
a nd ur .. lint'. 

Dl\1NG MANlJAL 

through bolt rr•rultnntc., lu on ryr• or 1-lncl• luslde dlnmeter. 
Om• ~Y~ I• Kwin:lc'<l. Tho buoy hit• 1111 tnitiJll buoynucy lu snll 
wotcr ur nwr(IXhuuwty ~'() IJUUII(ls. 'J'hl' 0\' 01 buoy Is Otlt>r.:>Xi· 
mUIC'I.\' 7\'..! lu<'lu.~s lu dltJuu~Cl•r ot h .'4i mld~tiun. h$ lcugth ht..._ 
IWt'f:lt wntthrno 1:-c IIJJJU'dXImutt•ly lH 11\(•ht~. Tl1•• JJYrtunldul lmoy 

Is upa>rvxlnuttrl,\' Jl1 IIU'h(•!'l l uu~. 8 lnC'ItPS tbkk ut Its mldsect1uu~ 

utttl !i'{! lncl.l~tJ ~quure ut lil'f ('Utls. 

The tt>l .. ulmut~ cuhiP =-'t' r\'{.'1:! lhl· clunl ttut'lHlt-(' or u fl!lepboulc 
\'fJUUI11111h ·~ltiml lrir~·ult uucl :1 Ufl" llu(·. Jt h, kuuwn Hts 11 tOOl· 

llhuHion h11t.•phvnf• Uwl llft.l.oliuc cnhle. 
At tho tlrl'l!(;lll time thel'(l ure IW<I dltc~ reut !)'Ill>:; or diving 

tPh.•J)bUitf•Ji lu s.Pr\·kt.• 1Htd f'nll~l\ll'll fl~· two ttlfT~r~Ut lSI~~ Of 
f"nl,lc-. 'l~h~ m:ljnrlty .. r tlw •·nltli• nuw In 11~· t'X<.,.~pt on ~nb­
mnrhw r~·~·• H:' "'·' "-""t'l:o£ If' lftt• fwno1 t•vfln'rNI .._.nlJI~ furmlnJ;! n t>nJ'l 
nf uld lt~~lft•l',r · lfflt• tt•le11hosno:o: wh h·h wrore s tuudut"fl 111 th•-- N'uvy 

"'' mH11 lilt• 1". :0: :$ .• ..:- } ,ouiYm.;~ ~"~Pt'nltlout~. Thl~ c.·ul•le C<.ln· 
>'i~tJt nf lbr•·~ l'lt•c•lrJ(•ul t'tflldtu.'lor~ uusrkt•cl rt."CI. whlh•. und blttc. 
re~p~·Un~l~· . l"t'lmrut£•tl tiJr•mglwut 11)(' h·n~rh or cuhlf• hy n brown 
thrt-.n•l h~urt. The• (''Hiihu··•or.~ nnd rh~ hr·nrl nr(• eucnsl.l(l ln 11 

won•n ('U\'t•r. tlw wl11~1~ n:o--,.,l·lllh1Y ht-Jnn- ('UdO~l"lt II~· Neuutt·lntd 
OlllPr CO\'t-.r , :l'hC's(' (·nhiE-:o hnw• no (.__~Jurnl SHNJS:th member. 
•nu.\i r ut1 Jtuu l£' !<oii'Pugtll is 11H'r~fu~ UuH whic-h 1~ u ffordcd by 
tb(' t.'tlll(hll'tur:(. ~N Jk•J'i<'m't: hu" IIHW'ait e>d tbut tlwir U:W.\Ximuru 

"Lren~11J ut u uly ulJullt :~.-.4, twmuls ls. not sutJic:il nr tu witbsUtn.d 
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the atrel!- lmpoeed on them uoder 10me coudlt!ona attendAnt 
on aahqe operat!oD& 'lbe copper condoctors have a tendeuer 
to atretcb permaneuiJr under he&'f'l' loads. Tbla elongation 18 
not uollorm lo the reepect:ln condu.:tors, and the rHult Ia i.llat 
ooe conductor uauaU7 18 subJected to the tuU load with aabae­
queot f&Unre. When present atocltB of lh1a l)'pe cable are 
exhausted, 118 laue will be dleeootloued. 

Durlog the salnge operatloua of the 1.). S. s. 8-~ there waa 
developed o rubber~vered cuble of approximately %-loch dl· 
umeter with a breaking strength ot about 6,000 pouoda. Tbe 
cable consisted of o phosphor bronze wire rubber~vered centra I 
member around which six Insulated copper conductors were 
spltnlly lnld and covered with a tough outer rubber molded 
cover. The conductors were coooected In parallel and 110 a r· 
ranged that fracture of any one of them up to a total of four 
would not break the circuit. These cables were made In eoo. 
uod 200-toot lengtha. They were ~ thron&hout the 111lvage 
operatloiiJI of tbe \J. S. 8. 8-4 and found auperlor to the eennlt· 
covered cablea dt'8erlbed above. Bowenr, aobeequent and con· 
Unaed u.e of Jbeee cables Indicated thtm to be unoe<!e~Sarlly 

heav7 and at11r. Some or these cables ore etlll In uee but ,... 
plenlsbmeot of a~ka Ia being made with cables of llcbter welcht. 
The7 are not suitable for nee with the old batter7·type telephone• 
nor wlth tbe preeent standard telephones. 

Subsequent to the u. s. s. 8-..f salvage operations there wae 
developed a dlvlnr telephone cable of an overall diameter ot 
% loeb hutnc a breaking streorth of appro:tlmately 8,000 
pounds. The cable Ia somewhat almllar 1o conatructlon to the 
;(.-loch cable deaerlbed above except that It baa only four con· 
doctors and the core or hoisting member Ia of eorroaloo·real8t· 
Inc ateel lo Ueu of phcspbor broose. Tbl8 cable Ia alao tu,... 
nlabed In 000. and 200-foot lengths. lt hu been In ae"lce tor 
several reara and the COIUieDIIua of oplD!on lJt that It Ia superior 
to au preYioua tn~e~ turolabed. Tbla cable hat been adapted 
as Nu7 ataodard dlYID& cable. WhUe developed primarily for 
uee with the ampliAer t:yp& of telephones descdbed lo thla cha~ 
ter, the coD.DeCtiODI are equipped with adapters which pennlt 
a.atlafactory uae or the cable with old better7-t7pe telephones. 
Plate 72 llhowa the aenolt-covered eablea and plate 14 the light· 
wela:bt rubber-co•ered eablea described &bove. 

Belmet and diving-gear outfit cbeats (pis. 15 to ta, lnclualve) 
are made of '%·loch thick wblte aah. Tbe aldea ore dovetailed 
and the entire chest Ia reinforced around the bottom and top 
of the aides with a 3% by 'h·lneh baseboard and a 2 by ~·lncb 
htadloa. loalde measurements of the belmet cheat are approxl· 
matel7 40 by 20 lncbes with a depth of 21~ luchee and It Ia 
divided equally toto two compartments. The ln11lde meaeure­
menta of the ourllt chest are 44% by 17% Inches with a deptb 
ot 17 ~ Inches. 

The bel met CUIIhlon {pl. 19), llgure S aa the name lmplletl, Is a 
cuablon on which the helmet rt!t!l8. thereby protectlna the dher's 
ahonldera when he Ia out of the water and Ia aupportloc the total 
wel&:bt of the helmet and attached parts, wblcb Ia well o•er 100 
pouods. The cuablon Ia made ut tan~lored kuoce drill, padded 

Jli0924-fll--8 
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I'I ,.A'I'P~ 11" -ll rlul1'll'ht•l'i~ luJthlt• \If"\\ ~1•ov..tng tn&tlle~~. 
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wtth a laJer ot belt qualltJ hair felt 1 Inch In thld<neee. It 
II worn around the ned< lnllde the di~lnc drea 

The Nav:r diVIJ16 d.reea (piA. 6, 7, 8, 20, and 22) Ia made of the Dl•.,.. .,. ... 

beet wbJte American divine dreu fabric and 11 eo conatructed 
that It encloaea the enUre bodJ except the bead aDd hand .. 
The dirin& dr- fabriC! conalatl of YUicaulaed &beet rubber boo-
tween la:rer.~ of cotton twiU-thla construction reoderlnc the 
fabrle water &Jid a.lr tlcbL Tbe dresl Ia relllto!Ud at the polnl.tl 
ot wear by eballnc patches of the same mater!al cemented In 
piA~ The ~~eel< ot the dreea Ia lilted with a rubber pUct 
lhroach wbkh bolea have been molded to lit the 1tucla of the 
breaatp!Ate. Tbe calllet II lltted with a dnclc rellltONine 'lfeb-
b!Dc that 1tartll, aa near ae practicable, a t the bead aod e.nerull' 
laterallJ bait the width of the collar. Tbe lnoer edp of the 
collar haa a molded bead of rubber on the outalde. TbU 
atrenctbeolnc beed tlta acalnat the bl'ftatplate atrape. A par· 
tlon of tabrle called the bib Ia aleo -urecl llllllcle the ned< 
of the dreu. The helmet breaetpla te lila between the rubber 
&Uket and the bib. Tb'e bib lite looaely and comea up well In· 
elde the neckpleee of the breaatplate and aenea to prevent anr 
water that may enter the helmet tbroucb tbe valvea from con· 
tactlnc the dlver'e bodJ. 

lillutlc rubber colr1 are cemented to the sleeves of the dreiiS a~ Cda. 

required to make waterllgbt the joint at tbe wrlall. Tbe cults (pl. 
2ll which are of molded rubber, are 8 lncbes long, S% Inches wide 
at the bottom, and 6 lncbee wldo at tbe top. Tbe cwr tuper~ 
toward the bouom 1 loeb In II lnche8 to a point li Inches from 
the top and from thla point Iepere 1% Inches In 1 Y.o locbe~. 

At the diver's wrist where tbe wrlatband terminates, tbe culfa 
are reinforced with a flattened ridge of rubber approximately 
.!Jio Inch thlek and % Inch wide. In the caae of dlvera having 
very large wrlste, the culls of tbe dlvlnc dreu will 110metllnt>s 
lit too tlgbll.F and Interfere with circulation ot blood to the 
banda. In such cuea the remedy Is to cot a Uttle oft the ends 
ot the rubber cull's until I he jolnt1 are made comfortable. 

n.e legs In the Na-y atenclard dl•·lnc dreuee are aborter and 
the body of the Nu:r dldnc dreu longer than tboee of com· 
merclal divine d-. These characterletlca ot the Navy dress 
are aometlma erltlclaed Ill lfttrlctlnc the dlnr wben mounting 
the di~fnl ladder, aearcblng on the bottom, etc. Tbe abort lep 
ot the Navy ~ not ooly prevents tbe Jock atrap trom bearfnc 
on the dlnr'a crotch but 111110 alforcla auJIIclent elaclc In the haclc 
of the suit to permit the diver to atoop u necesary--.,haracter· 
latles wbleb &t'e conalderecl euenttel In tbe deep diving Involved 
In Navy submarine reacue and salvage operatlooa. 

FI&Jlll for laclnc the dreu to the dlver'a lege are provided on 
the tore legs &Jid upper !ega of the dress to prevent an ac­
cumulation ot air In the lower portlon ot the dreea. Tbla 
pro..Won tends to leuen the daopr 01 accldenlal "blow-up" 
and rlllla lncldentel to CllJllllslng. · A diver should never be put 
Into the water unleaa the ftaPII are anuciY laced. 

Navy diYing dreaaee are made to ftt tbe Mark V- Mod. t belmet 
a .nd are tllrnlahed In three 8114.'8 : ••l:t .. No. 1. small; ~o. 2. me· 
dlum; and No. 3, large. Tbe No. I dress Is d"lgoed to ftt divers 
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5 feet 7 hrclJeij to lS !eet 9 Inches t.nll. The No. 2 drells IJ; de­
signed to Ot dln>rs 5 te<at 9 Inches to lS !eet 11 lnebcs tall. The 
No. 3 dreJ!S Is tor divers 5 feet 11 Inches to 6 feet 2 Inches Ulll. 
Dlvln~ dreljljCS ha ''C !.be followlog moosore.1oents: 

~o. I No. :l .No.3 
---------------1------
trotH center StO..tn......frum eeater or tbe center hole- In c.ho 

ooUu to the crCit.ch 14Gm .... 
Hack Qt'nt.er team-from eentcr ut t..CCi.OitiOC:Ylli"iU'~;.;· 

2-SJ. v•. a.1'· 
OC er~b_. ___ ---· .•••. ____ ---- ·-- •• •••.• · ·---··--·- 28-+t m. 3&!1 

Lea .&e6m-twm h«'l to oeoter •:rotcb • • • -u•· ...... 32 33 "" Arm se~~m-fl'om :eaw under llm1J)It lfJ ed!U! ~~ cru.tt (upper 
lldtol----------··-···-····- ·-- --· ·- ·······-- 15}; 16); l': h 

llleevo abouJrter mc.w.uretMQt (h"lverH •• • ............. . II II II 
Moa.<Su.renu!ntarouod bod~t r::nt. htillway belweeu chell 

ntl!lll!ununent and 121ne. t vt C!rotob._ ..•.•••••. •..•. 48 <II "' Chwat rn-eMuromeut at ba~ohrmhole • •• • ... ... ...... $1 $4 $4 

In worklut; urouud wretkt1gc or in exu:nth,.'(). dh·lug operutlou.• .. 
overnll trous"liS s hown on (pl. i4) and ole.'!CriiJed nt the end vr 
this clulpter ure worn over the dh·er dreJ!S 10 rrnt CCI the <ln.,.,. 
rrc>m chare nnd wear. 

2 z 

l't..ATm 19.-lldnwt C'UJiblou, cutr ~fiO.nilt!r1. ruttb~·r tublnt:, anti rullll'f•.t wrist lusndL 
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C a.-o. pruo­
••re. aJr pllmp. 

CJo.-o. com· 
bin.atlo.n d1nr-• 
and ttnder"• .. 

DIVING MANUAL. 

Two pressure gtlgeS ot the type ll'hown on plate 60 (Fig. 7) nrt> 
ln~talled on aU diving lilr pump8 of deep-diving oulflts. Wben 
the pumJ)S ru-e operated, these gages rerord both tb.e preSBure or 
nl:r being delh·cred and the corresponding depth or water when 
tbe diver's alr-eontrol vnlve Is open. 

Glo.-es o! tbe type ~own on plate 23 were designed for thl' 
uae ot dh·ers nnd diver~~• ten<lel'l!. They n:re made of rubber. 
molded to shape, and reinforced with heavy cloth In the palm 
e:t1eodlng to the wrist joint Tile glo.-e bas two lingers and u 
thumb which nrc rllso reinforced with Uac $lime cloth lll11terlal 
extending well over the tops. The glo•·es nre molded 60 thnt 
the fingers arn perma.nenUy cun•ed as In a hall-closed hand, 
thus ellminnUng stroln on tlle lingers. which would otherwtse 
c:>ecur when the diver is perfonnlns: work requiring use ot his 

hnnd~. The fll•lm ot the giOn! Is shnped so thnllt still ~'Onforms 
10 the sbape of Lhe dl~er's palm when the band Is closed. Tbe 
glove 11! oande In one ~lze only but Is Iorge enough to be worn 
over 11 woolen glove. It Dts the diver's wrl~t ~nugly. At a 
lo~ntlou of uhout 2 Inches on ihe Corcnrm the gloYe-wrlst Is 
not more tbnn 3'h haches '"" less lhlln 3\11 Inch~~ wide. ll 
then tapers to 7 'h Inches In n length ot 7 Inches and termlnntes 
In a band which Is reinforced Ollt!dde wltll drill. The glo•·es 
should be attached to the dress and used when diving lo eold 
woier nod when operotlng the ei~Jetrlc underwater cutting or 
wNtllng torch. The orms or lbe dress wltb the gloves attached 
are not adjustnble nod been use ot thU!, :;orne dh·erl! bnvc dltnculty 
keeping tbc hands nil the woy In the giV\'es. In order to overcome 
this condition, wriSI $lt81)f; mnde or chrome tanned lentller are 
furnished. 

Clov ... woot•n. Woolen gloves are provided for USC under tbe t'<>mblnntlon 
dh·er's and tender's rubber glove d£'scrlbed In the foregoing, In 
cold·wntcr work. They ore dnrk blne In color nnd nre mode in 
flC't'(H'dfl.D('C wHh llw tni('~l iSsue of NU\'"Y nr,)flrtnl(\111 spec;lfil'fl• 
r Ions ror ordlnn ry woolen s:1on~!'ll. On rk colora arc pretcrnbJc 
when the woolen ~;loves are worn without the rubbur ~:Jove.s. 
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'l'be diving belm~t (pl. 2·1) adopted as standard tor the NHY 
Cor deep dll'lug Is d~~lgna1~ as "Dh·log belmet-Mark V, Mod. 
!.'' H couslsts or <1 tinned cOp!)(>r ~pb~rlcnl helmet, wblch In­
closes tbe dl\'er's bead, nml a breastplate. 'The 6ttlugs nre ot 
gun metal. Tile coune01loo between the helmet nud breastplate 
Is made by no lutcrrupttod screw joint. A leather gasket fitted 
lu a recess~ gasket sent on the breastplate Insu res a watertight 
Julnt when the helmet I~ nuacbed. Wbeu screw~ In place on 

· the breastplate. n snCety catch, lucutt'<l ou tile bock ot the bel· 
1uec, Is turned down luto u r<.'CC~S cut lulo tbo neck fia.uge ot 
the lorenstplnle to pre•·ent the helmet being accldenlally detach~. 

'l'v prcl'enl the sntdy t·ntclt tt•otu neeldeotaUy dropping out or 
t11c rece~s Uy gro.,•tty or oLlterwi~e. Llu."rc ls pro\'lded a clamp 
wbldt In It• luckt:u J>Osltlou ciOS('S the gnp to the t-et-ess. Delligo 
und dimcn~lon~ or rtw dtuup are sbown on plut~ ~a. 'l'b1s clamp 
f~ Joi11U p4'f..l lu ('Oil(m•m W(tlJ thf~ tUr\·n ture O! the hi'~'R!itplate nea 
ilange. It is hinge<! lit orte eutl 1o tbe ue<·k flange ur the brenet· 
plate au<l luekl'tl at tlw ollll'r end In tire lluu~e with u :Y.~·incll 
"Jllll Jllll through 11 s111nll hoi~ Cil'lll~•l th rougb Lhe !lunge. Manu· 
tactur~ und ln><tftllatl<•n OC I he t·lrlHIJl 13 t'OMidered to be within tlle 
cupoclty of sblps' Coree• nnd I( dh·luli( helmet$ on looord nrc not 
nlrendy so lltt~d. the clorJip should be mnde and Install~ before 
lite diving belmet Is used. 
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Tbe helmet 18 lltted wltb tour windows. Tbe one directly lo 
front of the diver's fa~ la called the faceplate. Tbe faceplate 
Ia blnged and 18 beld In a closed position by means of a swing­
Ing bolt and wing nut eeeured to the helmet and acting through 
two lugs on the fact>plate. The wing nut of the bolt wbeu 
screwed down llts Into a countersunk rec<.'83 In the two lugs of 
the fa~ptate, thereby preventing slippage or ac<:ldentsl displace­
ment of the bolt from the faceplate, Tbe countersunk receea 
referred to aboold be In the faceplate of all dh1ng betmeta. lr 
the fact>plate on any dlvlng helmet In service la discovered to be 
without thla feature, It should be counterllllllk by the ablp's force 
before the helmets are used. Tbe Joint made by the faceplate 
!Ionge and the helmet, wben the faceplate Ia Closed, Ia made 
watertight by a rubber gasket. 

Tbe other three windows of the helmet are located as follow a: 
one on each side of tbe helmet on a level with tbe faceplate 
to enable the diver to see laterally; and the third on tbe mid­
line of tbe helmet above the faceplate to allow upward vision. 
The aide and top gla88e8 nre glazed In Rod made watertight by 
red lead, held securely by gun-metal trames. The gla89e8 of all 
windows and the fact'plute are protected against breakage by 
gun-metal gratings. 

An atr-l.nlet connection Is located at tbe back of the behDE>t 
nod to the right, aod Ia curved downward to gl¥~ tbe proper lead 
to the diver's air bose. The air safety or nonreturn valve 
(pl. 26) Ia screwed onto the end of this gooseneck and the 
air bose In turn Ia coupled to the mate-threaded portion of the 
valve. The air bose la then Jed under the diver's left arm 
and connected to the alr~ntrot valve located on the front of 
the suit. The proper functioning of the safety or nonretorn 
valve Is ot utmost Importance. Ita purpose Is to pre~ent the 
diver from being Injured by "Squeeze" to the event that bl.!l air 
bose burets or the air supply s:vstem becomes so seriously dam· 
aged as to fall to maintain an alr pressure within the dress 
suJIIclent to counteract the external water pressure. Under 
either of these condltlonJJ the ntr pressure In the bose would 
fall auddentr and If there were no aafety valve In pia~ or If 
It failed to function, the compressed alr In the helmet and dress 
would escape through the air bose. Therefore the pressure 
within the helmet and dress would become leas thAn the ex· 
terns! wliler preaaure. The helmet being rigid and the dress 
being llulhle, the e1fect ot the greater external pressure would 
be to sque('ze the diver's body Into hls helmet In the aame man­
ner as a cork 18 forced Into any empty bottle when towered 
Into deep water. Even a sllgbt excess pressure under these 
conditions bas been known to be loataotly fatal to the diver. 

The combination telephone aod tlte-lloe cable connection Ia 
placed to the left at the back ot the helmet. The conoectlon ls 
curved downward to give R fair lead tor the cable, wblch crosses 
the air hose and passes under the diver's right arm (plate 6) . 

AD alr-regulatlog exbanat valve Is lltted below the window 
along the rlgbt side of the belmet, together wltb an eseape 
channel, so that the point of exhaust Ia toward the rear of the 
helmet. Tbla position of the exhaust pre~nte air bubbles trom 
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p .. a1111 In tl'ont of the face plate llDd obftrucUoc tbe dlver 'a 
Ylew. 

Tbe porpoee of the alr-reculalill« escape •al~e Ia to auto­
maUcallJ malotaiD the air pret!BUre ID the c11~1ns helmet In 
equilibrium with the outB!de water pres~~ure and to provide a 
means wbereb7 the dulce can regulate the lallation of bJ.s 
drea and cooaequeoU7 hta buo,aney. Aa the dl•er enters the 
water, the diving dte81! Ia subj~ted tn an external preaaure which 
tends to force the air ln the d fftiS up Into Ute helmet ana Uten 
out ot the aJr .regulatlng eecape valve. It the eecape of tbla 
air Ia not retard.ed, or the air supply Ia InAdeQuate, the drei)H 
will collaplle and t.be dlver'a breathing lnterfered wltb. With 
a normal atr auppl,y and oo means to reJUl&te properl,y Its 1low 
from the helmet, too C~t an ln11at1oo or the dress wUI reeult 
and be followed b7 an excea.s of poeltlve bUOJADCJ a.nd a con­
sequent "blowlnc·up" of the diver to the aurtace_ Jt a c11ver 
1loda It neceaaary to tocreue bla buo,a.ney, be accompllabea tbla 
b7 cloaiDc tbe alr•reculatlng etiC&pe nl•e the neceaaar1 amount. 
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thna lncrea.slng the lllllatlon of bla dress. U the danger of over­
ln11atlon becomes apparent, be decreases It by opeu1ng tlle valve 
by operation of the valve chin button. The throw of the valve 
stem, through the medium of the chin buttou, abould be such 
us to permit lmmecllate discharge of all excess olr. lt the flow 
Is lnsuJllclenl, the only resort In the pall! bas been to cut olf 
the air supply or to adjust further the air-regulating esca.pe 
mJve by operation o.t the outside regulating screw. This re­
quires an apprec.lable period o.t time and D>ellnwhlle the over­
Inflation ot the dress may progress to the point where the dl.-.,r 
becomes excessively buoyant. At the beginning of "blowlng·'I-P •. 
the helmet IItts as tar as the loclc strap will permit and It is 
then diJllcult tor the diver to reach the vnh·e chin button with 
bls chin. With the rapidly Increasing ID11atton bls arms may 
become ln•olnntorlly distended, with the result that be Is unable 
to reach his air supply valve or the rt>gulatlng scrt>w ot tbe 
HCape valve. 

It Is obvious from the foregoing that the air-regulating Heape 
valve Is one ot tbt> ooost Important features of tbt> diving helmet 
and a nlve of proper <'Onstructlon, principle of operation. and 
reliability Ia esaentlnl to proper )Jerformn nc~ of dh·lng work n nd 
snfety ot the dl•er. 
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Tbe air-regulating eJiCnpe nh·e at pre;;cnt Ul!Cd by the Nuy 
was adopted •• •tandnrd In 1931. lr was dt'tilll'nl'CI to o~en:ome 
tbe dlllknlti<'S d<-ocrlbed abo.-e and llli coootrucled tbe objection· 
able featur<'S of previous type •·al~es ba..-e ~n eliminated. The 
nlve with Ita ron&tltuent p:~rts Is shown on plate 27. A descrip­
tion or It follows: 

The Internal pressure Ito 11 dh·er's dress Is normuttr about ~­
tlOUud l)(!r I!Qnorc Inch In excci!S ol tbe e.xtcmul water pressure. 
Tho• vntvc Is ~lo~d ngulu8t this •,~ pound ulr prcl!l!ure by n tight 
spring (K). 'rite outer end ot this • prlng bMrs ugnlnst the 
f<; llowcr disk (N) which lltlllnto the end M n ~C'COmlury ~11rtng 
10). 'l'hls sceon<lory spring Is destgued and constructed to mnlu· 
tnln n dllfcrclltlni tension of 2 pounds per ~t!IIMC Inch when 
the l'nlvc Ia Cully closed, o· condition 1vblch cxl~t8 wMn the 
N'gulntln~ ~rcw 18 !!<:rewed In untU the follower dl$k (N) bears 

O:t 
I 2 3 4 

directly lljlolln•t the 1'111..-e 8t~m ndjUBtlug Pll'4li'C ~L~rew ( M). 
'l' he \'Ol<c $t~"' ndJustlug l!lccve (J) permits the length oC tbe 
1"tthe "tem to tw odJu~uod tts deslr·ed, so thnL lhc- (''Chnu't \'ftlvt' 
"'"Y be llurd to otuy h~lmet In sen-tee, regoruless or vnrlutloos 
In dimensions I hut may exist. The slee••c (.!) •croll'S on the 
•·ol<'e Btcm ( BJ nnd Its loogltuilluut trnvcl In t•lthcr tllrt>Ctlon 
~o:h't>~< the de~lred Sl\lthlg for l•ngth. When tltr proper •~ttlng 
Is obtnhu'!l, the •H•twe I~ lot•kt-d In place by the FOtJ!Cn:•w (M) 
which ~Cri'IV~ Into 0 thrt>nded bole In Ill<' Puc! n( th~ vnh't• SICDI 
When ln8tnlllng Utr 'nl•e In the helmet, the le•u;th of the valve 
awm should be nciJu•ted so thnt the dl~k follower disk ( N) 
come~ In rontnct with the l!elSCJ'('W ( M) when the ndju•tlo~; 
wlwel (G) I' nbout ODI'-i>lghth of a turn ~hc>rt lit I hr fulls·rlol'<'<l 
t>O~It I on. 

When lhl' •·aln~ I• ft•IIY openl'd. tb~ <buuHcr ''" the unol~ntld~ 
nC the cblu butt till (A) ~trikes n.2nln-t the 1nln• ,tt•m ,.,ldt> and 
tbua prc•·ent• the cb1n button rrmo p.~rlly cl08'1ng tttr lbe air 
po~g~ with I'UMe<JUeot rl'>trl('tlon of nlr Oow. 
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The regulating screw (1") 1\! pro••lded with n handwheel ot 
Improved deslgn which permits n diver who l8 wearing gloves 
to !lTDl<Jl It more eJU;IIy nod to eatlmutc the degree of turn more 
rendlly thnn with wbeets or toonvenUonn l type. A. dowel pin on 
the underalde or U1e llltndwheel strikes against another dowel 
pln 011 lhe bonbet when the valve Is In the tully cloSed position 
und Lbu~ prevenLS the wheel from continuing Its trnvel untll 
It bec(lmes jn mmed against the bonnet. 

The valve Ia ndJusted hy menD$ of the regulating screw (F 1 
nod hnndvrheel (0), lhe normnl rlegrce o! opening Q( Lhe ..-nln> 

UgOiliSI the pre<!l1tre O! U, IIOUIJd per Squnre loeb fSPrlng (K) 
being dCt><•utlent upon the ciMrnllce which &l$ts between lhe 
••oh·c Sl<•m udjusrlng sK'<!ve SPiserew (ll) ond Lbe secondary 
\'DI>e SJlrlng follower diPk (N). 'fltc uh·er Is nllle to attain 
nus ~~~~Ired degree ot nlr flow Lhrou~h t!J~ ' 'nh•e by manlpuJn . 
tJou o! the huudwhcnl. lt lh~ clenruuce between the adJusting 
$le<:·v~ S<·t•crew (ll ) nnd the sr.coadory \'TIIve h'J)rlng toll<>wcr 
dl•k (N) Is zero. os Is the CJJ~ when lhe ndj1u<1lug screw Is 
screwed In liB !nr a~ IXI~€1ble, the vnh·c L~ In lh~ tloscd position 
1tnd lhc vuh•c 1rtem Is being b<•ld n~;nln't Its sent hy tbe 2-pound 
811rlng lnstcutl (>t the J,/rfHlllnd 81Jrlng, It Is thus po~s:lble r.o 
hulld UJl llll ~"'''"~ pre&~ure or 2 t"lUUdi< t~r oi!(Uili'C Inch wltbln 
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the suit, which L< more thuu .. utucleut to give the dl•er uuy 
huoyaucy required lu l!<'r• Icc. .At the 61lrue time, no mnll~r what 
rhe tiett:lng oC the rt'gulallng screw lllll)' be, It Is olwa)s IJOI'Siblt 
to obtain lmliW.'dlntely the run opening ot thl' nh ~ by dep~lng 
lhe rhln button (.A), tor lllltt the ~1!-pound St)rlo,; Is rowp..-1 
until the ~et~rew (M) brings up ngnln11 the f<•lluwer dlsl: 
(N), the longitudinAl motion oC the vnrvc stNn run)' be tOntlnuNI 
to lhe maximum d~gree or travel by compresslntr the :!-pouud 
~prlng (0). 

N 

J .. 

All pnrl8 or the mh·e nre mude ot eorroslon.rc~l~tlng mnte­
rlnl. Pnrl1 (A), (B), (Ill, nod (J l nrc Monel metal. Ptlt'l 
( N) Ia ot Tobin bronle and ports (1)), (El. (II'), (0). n.nd ( 1.1 
ltre oC Ofti'OI bronu. The •Jlrlllg$ (K) nod ((\) nrc or J)hosphor 
bronu . 

.All diving hchnNs In strvl~ nrc suppo<ed t<• be rqulpped wltb 
the standard vAhe d••scrlbcd abo•·c, and the lnlllnl <JU&ntlty of 
•·alves obtained and lt<!!ut'd ""'" su.lllel~nl tor till• JlUl'JlOS<!. In 
tbe Old·IJ'J)e vAlves pr.,<lcm,ly u~ the buttom I)( lh~ regulMtlng 
serE'\\" came In direct <'fmtftct with the end ut tlw \Riw •tern nod 
con.o;equently tbe extent tu wWcb the •·nhc cuul•l '"' Ot><·ncd 
Willi limited by lhC bl'ltlng or lhe re!fUIUtiO)! !<Crew 'fh<·"<' Old· 

1(;002•- trl- ---4 

41 



42 DIVING MANUAL 

type valves, It fouo4 oo an7 dlvtng belmeta tn eervlce, should 
be remo~ed ond dl~rded and the amodard valve lnJtalled In 
their place before the dlvtng helmet 18 agatn need. 

To tnstall the Improved-type valve In the helmet, refer to plate 
21 and proceed a8 followt : 

1. Remove old valve from helmet. 
2. With the epeclal rotary tool shown on plate 28 cut groove 

around periphery of the valve sent boas on the divine helmet. 
the groove to be cut a8 deeply u the tool permit&. 

S. Thoroughly dean out sbavlnp. 
4. Plecea (G), (EJ. (D), (N), (0), aud (LJ and pieces (H), 

(J), (H), and (A) are delivered assembled. Piece (K) 18 de­
livered separately. Unscrew piece (A) and loatall -mhl7 (L), 
(1), ond (H) tn valve hooatnr (bOssl on helmet, tnilerttnr neek 
(B) tn valve stem guide (P), letting valve (B) aeat In ~&lt"e 
bousloc (0). 

6. Screw piece (A) to (B). 
6. Connect assembly (0) , (E), (D), (0), (N), and (L) to 

''alve housing (C) by screwing cap (E) to same. 
7. To set valve properly screw nh·e adluatlog wheel (G) In 

os far aa poaslble. 
8. Bold stem assembly (M). (K), (fi), and (A) so that valve 

seal8 ln valve housing (0). ' 
9. If In tbls position the ndjustlng eet ac:rew (M) just toucbee 

piece (N), the vnlve Is properly set. 
10. It the adJusting screw (M) does not touch piece (N). 

ndjust It untll It does touch. 
11. Un8Crew plece (E) , Insert spring (K) ond reaasemble. 
New diving helmets when purchased wUI have the air-regulat­

Ing el!Ctlpe valve boss grooved as Indicated In operation (2} of 
the preceding paragraph. If It becomes u~sary to groove or 
regroove helmets lo service, tbe Bu•eau of Sblpe should be advlaed 
aod arrangements will be made to furoltlb temvorsrlly for tble 
purpose one of the D~llY grooving tools. There are only foor 
of these tools at present avaOable lo aervlce and the limited num­
ber neceasltates their belor used alternately b)' ship& Tbe tool 
Is shown oo plate 28 and Its method of use Is as tollowe: 

1. Screw cutting tool (AJ In by t.urnlnr wheel {B) «mnter­
elockwlse as fu as possible. 

2. Remove lock screw (C) and relea~~e thrust out (DI counter­
elockwlse 3 I""''· 

3. Asaemble tool ( G J to val~e housing In helmet securely b:y 
uslog pin 8}l8noer wrench (turnltlbed). 

•- Be sure tool bolder (E) d<K'B not bind oo val~e seat. Re­
lease thrust nut (D) farther It neceasary. 

5. Screw In thrust nut (D) so that tool bolder (E) touchea 
<al~e 11e0t. 

6. Release thrust out (D) 3 notches to obtalo proper Clearance. 
7. Replace lock serew (0}. 
S. Screw teed lug wheel ( R) In until tool starts cutting; turn­

Ing crank (F) clockwise one complete revolntlon for ee.ch cut. 
0. Turn fN'dlug "'bt>el (B) on<> untch at a time (Indicated by 

Audible click). 
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10 lleJ)l'ot ol)t'rallon until tool ~urs groo,-e as dt'('pJy nt tool 
pennlt.d. 

11. J.)Q lUll turn cruuk H'r COUIII••rclockwl"k' B~ tbl• will dull 
t•uttlng t'<lg;· or tuol. 

12. :;crew •·uttlnr; tool I A I bu~k lu, ns !n r '" I""''IIJh· b) turn· 
lui! !c'l'dln~ "be<>i' ( Il l <'<)nntl'relookwbc, bc!or~ r(•<nm In): tool 
from ,~ntv~ huu.;lug,. 

1!1, Thuruughly clrnu !IUl •hO\')n~.., of l'tllllng l•rol hl'!ure 111-
lllnllln~ •O!PI) ulr·e"''"l"' '" ltc. 

~+----F 

A littJlplt'uwuwry n•llt•r 'uln: ( ... ph ••uek). p.art ~. 11lnll' :!-L 1~ 

I,"H~otNI dlnmctrlc..•nlly • • I•Jmo~"lt~ lhe nlr·regulntlu~: , . ..,,."l•l' \Uh't•. 
Tbhc \1tth·c h" IJJWI':&t~d by tile tll\'er Ls UU'I\IIM or u h.*\'(•r ~~ Jl(! 

httutJh.o und not (JIIJ,v fl('ttulhi u flu•~ Ulljusluu·nl ut hl-. huoynu\'Y 
lJUt !liSt> UH' f'XttUI~Inu .-r wnll1r wiJidt lt\U}! hit\'(\ '-'OII(•t·tefl hlbhlc 
ur the b~llll'll by the hlh .. r rhc itr•o•t\l(. 

'l'htJ dh·er·~ tNctrhou~ trrmFJul!ll•r Ill uf o~lo l hntl<'r) l)li~) m· 
c.:•rntJtned n.~c:cl\'er tuu1 ttnur-mJtt~r uuil rlf ut nmtlllf1l't l'J)t'l Is 
l'ecurMI Inside Ill~ h(•Jmet ulru,-e nntl tn 11 ... lclt ot the !o<'\>lllutc. 
Al~o lnold~ tb~ h;•lnt(·l on nlr Inlet chnnn•l lh ""''11"1 to the 
top o t the h~hntt whh hrnnclu'8 lrnrlh•g w ontl l~rmlnullll!( Jtt•t 
of'er the rop nml tflde wlndo\t·s to d•'fit't·t lht" lnt-<1mlus.: a1r rrum 
the cJh·er's head 

l'late 25-A ~b<>ws Ull IIII'IIIAry llttlng (.,r thP ,rnndurd olhlo2 
helmet, wblch N>nf'lbt• of u metal fnmw, t"4mtnh•hu: "~tn·lul .. 
claM and n m~nos Cor nttnrblng It In Cront ur th1• la·hllH tncc 
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plate to filter out the bright rays ot light when underwater 
cntUng or weldlog work Is belog performed. These frames are 
Issued only with the No. ' 1 outfit, however, tbey can easily be 
manufactured at tbe navy yards. Further details on thls subject 
ore covered In this cbnpter under "Ugbt.os ancl underwater 
Illumination." 

The brenstplate, part 3, plate 24, IK Lbat portion or the dlvlDg 
suit which connects tbe helmet to the diving dress. It Is made 
or the same metal as tbe diving helmet and 1.8 shaped eo that 
Its lower portlou firs l'Omfortably over the shoulders, a cush­
Ion, figure 3, plate 20. being Interposed between tbe shoulders 
and tbe breastplate. Twelve screw studs and tour metal straps 
are provided tor attaching tbe dlvlog dress. '!'be straps are 
held down agalost the rubber gasket of the diving d1'1!sa by ~lght 
small and four large wing nut& Located on the front ot tbe 
breastplate are two metal eyelets to wblcb the life line and air 
hose are stopped on tbelr 1'1!SPOCtlve sides. 

The diver's air hose, plate 29, Is of a &lnk!Dg type, having an 
Internal nominal diameter or one-hulf Inch and external diameter 
of 1'Ae Inches, with a permissible manufacturing tolerance of 
pins or minus lh: loeb. It consists of a vulcanized rubber tube 
reinforced by three piles of braided cotton reenforcement laid on 
the bias to prevent tbe hose from wriggling, twlatlng, or turning, 
while under pressure. The r~n!orcement Is well embedded In 
a rubber compound to protect It from chafe or wear. The bose 
Is furnished In both 8-foot and 50-foot lengths. Tltc 3-foot lengths 
ure used tor the special purpose of connecting tbe air-control 
valve to tb.e air safety or nonreturn valve nt the cllver·a helmet. 
The ends of each length of nlr hose are copped wltb a rnhber 
compound ~o loch thick to prevent moisture comlog lD contact 
with tbe cotton reinforcement. The tensile strengths of the rub­
ber tube and rubber cover of the bose when new are 1.400 and 
1,200 pOunds per aquare loch, respectively. Dlvlog hose when 
manufncturecl Is requlrccl to withstand working 11ressure of 500 
pouotls and a hurstlng prel!Sure Of 2.000 pounds. In addition. 
representative llllmples are required to withstand a hydrostatic 
~ur\! of 1.000 pounds per SQIU\re Inch without bursting. At a 
pOint nJll)roxlrnntely 4 reet from each end of the 50-foot lengths 
ot diving ho~e Is located a molcled bruud of distinctive color coo­
talnlDg lhe word "Divers'." A shnllnr brand appears mldlengtb 
of the 3-Coot Kectlons of bose. li'or details us to the Ufe of diving 
bose nod Its care and maintenance see chapter VI. Dl\'lng air 
bose Is provided In GO-foot lengths. I n connecting up tbe leo~ths 
It should be remembered that the length of hose nearest the diver 
will be subJeered to the least dllfereo<:e hi pressure, and, there­
tore, tt there Is any preference, the best bose should be on the 
end nearest the surface. 

The various air-hose fittings ore shown on plates 29. 30, 31, and 
32. The ends of each length of alr bo~e are fitted alternately 
with mole and female couplings. Tbese couplings are machined 
from bars or naval brass. The couplings and clamps are made 
in nccor<lnnce with tbe design nnd cllmeoslons ahown on plate 
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31). In ftn.log I be couplings on tbe b~, three clnmJ)O! are allpped 
over tbe end of I he hO!IC; tbcn the shunk of n <"OIIIlllllll b coo ted 
wltb rubber l't'mem nnd for~ into the bore umll Ira @boulder Is 
n~<t~lnst U•~ eud of tbe bose. Tbe bO!'<' rlam1"' nre next plared 
Into J)(H'Utou. n ~moll chtu l."''pper wa11ht'"r tw•lru: pln,,,_, untlt•r Mll'h 

""'l't'\V IH)It• ICI llr~\'l'lll llle <."IJ\mp ~f'tlws frutu tntrhu: Into the 
n•hb<>r <'<WCr of lh~ b"•e; then tbe Orst clnonpls !l<'l lulo tbl' vi~P. 
~·rcwlng uv em th~ 'L~ tompres...._~s Uar clnrua• nml thus: Urlo..:.l-1' 
thP H'n•w hoi~~ lu llue.. '£h(t dump ~·rew ll'f thi'U ~·r£~wt."tl lu 
&tln4.-"'f' Hrut tlw tliW'rnt lon r~r~rltt'fl on thP 1H'.Xt rltuntl. .\~ the 

' --4811,. ...... 

vun 29~-0i•tor 11r boe;e. 

shunk uf I liP ""'JIIIII~ I• •ll~tbtly larger In dlnnwt~r thno I he hore 
ot the b~ uutl auc tilt' dnmt• is smnllf•r 11111n nw r-Yt(lrnnl dlom~ 

eter. ron·ln~: tht.· htt:l'>•· unto rhc cornt~urlon"' ur tiH· t~hnnk nml 
KTIJiplu~ th:hrly Wllb ''"' •·lump• "111 lni'Ure 1lw <'illl(IIII1J.: n flruo 
buhl OU thf• t•Utl uf Ill(' hu~. .A tlrnJ bOld f~ Uh!(4thlll•ly Of't'\'}oi.."~Ury 

Ill V1('\\" nf llti• ~f'l'l4\lt14 f"tt11,.4't]llt!nl't.._~ IIUI I Wnllltl rt..•,.nlt ~huuhl ll 

("f\\l)lltUg Jlllll Hill ur tlu• IH)Jol4.• wh(•U II Clh•t• r i~ UIUH•r WUtt•r. 'rllt' 
jolnt_oc i..H:'h\'~"1'11 IIIIth.' lllld (t>OUilf• JlHrf,.. U( thP tulM(• I .. HIJ11111,1l ilh' 

mlltle WfiCertlght hy HU'illbt Of lt•nlltf"r Wlt~ll(•rq I )nUhll• 111111+'- IUit l 

fllmolc ifiUutlltrt.l nlr-lltt'-t• '"Htpllu~'" ar~ pro' ldt-"fl fnr u .. ,. \\ lu-u 11 
Is fl(»ttlrf"fl to mnkP n ~lt«'<"lnl l"CtUUiX'tlf,u. I. 1•., \\Jwn IIH' nlt••nan 
t1nM of mul~ nntJ !t.•moiP rt')OIIt.l('11on-. nrr tiHI •·unthtutm ... 

Diving olr b0!'4• redll(t'l"'! (odAJll~rsl nrt• ~h<>\\11 1111 1•lore S! 
Thr redu~rl! nn> rumlshl'd In 1wt> Fizf'-; ,·1• I) I"' ··r· noul •n•· 
··s:· Tbe 1)'1)1' "'T" reducer bas one pnd rut wllb a •uhm11rln·· 
mnlt thread and tb<- oppo!lt~ cud with a :Sn,·y •lnndnrd rMh• 
torpedo-alr·pl~ thrl'8d The type .. ~·· l't'llul'l'r~ hn'" <>n~ ~nd 
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tbrendCII wiLl< 11 submarine mnle U>rclld nnd t h~ Ollposlt~ end 
tbrended with n Onltl'd Slltles s rondnrtl tron-J>IJ>e-8i%e tbrcud. 
'.rbe rypo " 'I'" re<luc.'Cr$ nre used for connecting diver 's nlr hose 
to tor]l(.'tlo charging linea when torpedo chorglog fllr Is used for 
tbe dh•l•r s :llr supr<IY- l'bc tn~e "a·· reducers are n tM.'<l tor con­
necting tllvlug nlr hosr to tbc low-prcJ<Sure nlr line on sub­
runrluett. shouhl It he fl('t:C&S.'lTY H'l u tlllz~ th~ nlr 8~'RU~1• hu :5uch 
''e8!11!1s for dh·lng nlr. 

Knl•n, dl•rr•' · 'J'hc lntcSL LY!>e nt <lh·lug knife Is ohuwn on 1>1111~ :13. The 
~htd~ Is uuule of ~utlt'ry gTIIIl~ C<lrrus lun-rcsh<llug stw l, l•n~·ouel 
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shaped, " 'lth one edge sharpened tor cutting and tbe other toothed 
fo r S>IWIDJI. The 8bot1tb Is or bl'1lll8, cyllodrlrally shaped wltb 
a roolcal bouom. Tbe hortom or the sbeutb Ia drUJed \vltb o 
\4·1ncb diameter hole tO permit the entrance or water ftU41 rollln­
taln negative buoyancy or tbe kDlfe. 'l'be top end or the sbeat,h 

----... 
,...,.,. "T"oou-.a I'IAL& ""'•" ..... 
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IJl . .lTC :ii.- Dh·lnl aJr ho&e I Pf<'hat t1ttlnac•. 

OOUII.L ni'I .. I.C COUf'l-

1-*UT.E 32.- Dh'Lu& alr ho•e double ftmate t!OUJ)llng. 
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DESCRIPTION OF NAVY STANDARD DIVING GEAR 

Ia threaded to take the thread.8 on the bllt of the lrolte blade. 
Tbe hao41e of the lr:nlte Ia made of maple, ch&fed u abowo with 
ama11 lateral croo•es tol'1Din& equally spaced corrU«atiO"- to 
contribute to llrm handhold. The handle Ia deelcned to be bel­
anced 10 that the knife It dropped a.ny distance will fall point 
llraL 'l'be handle nut and the abeath not are made of brau. 
A leather belt 1 loeb wide by 2-l l.ochee loofl 11nd %2 loeb thick, 
with braN llnuek.le, completes the alliK!mbly. 

Prior to adoption of the standard di•lnfl kolte Uloatrated 
therein, the llat ebee.th bayonet type of knife waa ueed. Bow­
eYer, In 141veral ulvaf!C operations considerable cumculty was 
experienced by the dlvera In ebeathlng tb.e knife and lon of U1e 
blade waa a common occurrence. CoDAiderable experimentation 
wu conducted on various types of kolvea before adoplloo of th~ 
preeent etandard knife Illustrated herein. lt baa been found tbat 
blades will trequent11 break wben used for prylna, and In order 
that the lr:nlte. other than the blade, will not be diecarded, a ot.xll 
ot apare blades Ia maintained at the distributing y~rd. 

The dh1.nc ladder, plates 3t and 3:), Ia desl10ed for oae o•·er 
the ld.de of motor launches. It Is adjuatable and ma1 be oaed 
to lit either 36. 40, or 5()-foot lauoche.. The otrut that ches thl! 
correct Inclination of the ladder when lo oae may be folded lo 
the ladder after removal of the aecurlng bolta, tbut facilitating 
stowage. The ladder Ia made of wrought Iron nnd Ia henvll)' 
cnl•nnlzed. 

Probably the grenteot handicap experienced by dlvera Ia re­
d~ed vlalon under water, which may ranfiC from 0 to 00 
percent normal, depending on the turbidity of the water. On ex­
lremelJ muddy bottoms, wtth attendant mud ond ettt In BUB­

pension. the d!Yer works to almoat total da rkni'M and under 
aucb conditione baa to depend moatly on his ~~enae of tourh for 
ldeoliAcaUon of obJects. 

The ut~nt of llgbt penetration or diiTuldon of llcbt under 
water depends prlnclpally on tbe amooot ot opaque matter IIWI­

pended lo the water lnaamucb as the opaque matter rellecm the 
llflbt back to Ita source. Thla condition Ia largely responsible for 
the limited radlua of dUfuslon of Ught onder water. Intteaaln& 
the power or the light lncrea~~ea the lntenalt,y of tuumlnatlon but 
doee oot materially Increase the radius of dllfualon nor does 
the use of rellectora to proJect the rllYe contribute materially 
to rreater penetration. Rellectora are, however, beaelletal In 
protectlna the diver's eyes from the (llare of the llgbt at Ita 
IOur<:e. 

While the radtua ot dllfoaion ot light Is governed by the clarity 
ot the water, dlace!'Diblllty under water Ia conelderably contrib­
uted to or blndered b7 the color of the object beloa obeened. 
BrlabU,. colored obJects are more clearly aeeo by the nailed ue 
or throuc.b ordlnaf1 alue than dark obJecU. Thla hu been 
mbetaotlated b7 team recently conducted by the Navy, the reeolta 
of which dellnltel7 Indicated that lo underwater arttllclsl lila· 
mloatlon. dark-colored oblec!U may be dlacerned In more detail 
It the bl't«bt (glaring ) rays of the artlllclal IIcht are filtered 
oot. The lftolta of eome of these experlmenta are u follows : 
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52 DIVING MANUAL 

Prellmlna17 experiments were ftrat conducted In the water 
dlvlng tank Of the experimental diving unit, where aubme.rged 
objects, utumlnated with a 200-watt clear lncaod-nt tamp, 
were viewed through th.e observation port, both with Jlltera In Une 
of vlalon and removed. It was found that only those ftltet'll, the 
maximum ttanamiBBion of which was In the yellow or orange, 
were of value. FUlera In the greens and blues were. detrimental 
to good vision. Ot this series of lifters three were chosen for 
extended obSer,•o!lons; namely, C<Jrnlng 011\Ss C.o., No. 338 
"Novlol," 8bade 0 (lemon yellow), shade No. 246 (amber), and 
a bade HR red (orange red). Tb- tllters were used by a large 
number of dlven In the dlvlng tank and In the river, and of 
the three shades, the "Novlol," shade 0, was found to improve 
dlacemtbllil.l' the gyeatest extent. To loaure that the diver's 
ftodlugs were actually physical and not pay<!bologlcal, a corroded 
steel plate with holes punched In It and nuts and bolta attached 
was submerged In the tank In au<!h a position as to be visible 
throllllb an observation por t. The plate was then illuminated b:r 
a source ot radiation so placed that throUJib the port It waa not 
visible to the eye or camera. Fourteen photographs were taken 
under constant condltloos of turbidity, distance, and times ot 
expol!ure. The results are reproduced on plates 36 to 49, Inclu­
sive. ln plates 86 to 42, Inclusive. the submerged obJect WR.II 

placed ao Inches from the observation port and the source ot 
IUumlnatlon placed 20 Inches from the object. Plates 48 and f4 
show the appearance of the submerged plate after It bad beeu 
moved 00 Inches trow tbe observation port with the source of llsbt 
50 ln~hes f rom Ute object. Plates 45 to 49, Inclusive, obow th" 
plate after water In the tank had been ebauged and the plate 
moved again to within 30 lnehes of the obeervauon port. Th" 
sharpness of the details of the corroded plate wltb Its nuts and 
bolts as shown on the respective photographs was then taken as 
a criterion of the value of the type of lllumlnatlon used. 

Plate 36 shows the corroded steel plate In the tank Illuminated 
with a 200-watt "Photoflood No. 1" lamp rlnce<l In the diving 
lamp casing with no optical filters In tlte light path. To the eye, 
the Intervening water appeared to be ftlltd with a brlgbt haze 
due to the light scattered by the suspended matter. Tbla bright 
ha:t..e contused very markedly the vision of tbe pl'rson looking Into 
the observation port. Tbe sharp edges of the punched boles, the 
slots In lbe bolt beads, and the edges of the nuts became less 
dlatlngulaltable. However, after excbanglllg the clear bulb In 
tl•e lamp tor a 250-watt amber-colored bulb, the bright baZ4> 
between tbe observer's eye and the submerged nbject became 
mu~h less and the deLalla of the plnte stood out more dearly. 
Plate 37 shows the photographic eltect of thls type ot 
Illumination. 

The amber bulb wu next replaced with a 200-watt "Photo­
flood" lamp No. 1 and on optical ftlter made of Coming No. m 
gloss placed In front. Tbls glasa Is a yellowish amber color . 
Plate 38 exhibits the appearanr.. or the object under water when 
lllumlna ted by the radlntlon through the No. 246 slasa. Tbe 
bright scattered light was absent and the lletulls of the plate 
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•torod out quite cleflrly. !'late 3!l shows the plutc wben Ulumi­
UHted wtU1 the some 200-'1\•att "Photoflood" tamp No. 1 with a 
l.'omlng "Novlol" shade C (lemon )'cllow) lllter lntei'J)Of'ed he­
tween U•e lamp and the plnre. Again the mRl!ll or aeattel'l'd llpt 
woe absent sod the c.JetaUe o! the plate oppeai'Pd to become mo .... 
dlocernlblc. 

Plates ~0. 41. and 42 were taken wltb tbA •nbmPrg('(l plate IUnml­
natl"d b)' the rtear bulb "Pbotoftood" No. 1 lump t•lncl"d In the 
ou;lng of a Nnvy at·amlard diving html• and the optlcul lUter 
tJIOt-ed before the lena of the C81lll!l'8. Plate 41) •howe tbe el'l'ec:t 
ot the Coming "Novlol" sbatle C, plate 41. <'••rnlng No. 240. and 
plate 4:!, a filter mt1de of reddish nmber-cnlol'('(l glass known 8.8 

Coming HR red. Vl~ual ob<!ervntlon und t•ltot!lgraphlc examl­
nulloo lndk'8tt'd that from an optlettl ~rnndpolnt It makea no 
<Uire•'\'nc:e In the results, whether the Hiler Is placed In rtont of 
the lump or belt! IM)!ore the rye. 

Plate 4B ~howe the subnwrgt'd plnte wh~>n It wu• mo\'l"d ~a('k 
from the tl<>r t to n dlstunr.e of 60 lnche!O and lllumtnated hy t b e 
clear !!.')().wutt lam1> pla~d 00 lochef! from lt. The watPr coo­
llllnl"d con~ldentble suspended mutt~r. •lue to the activities o f 
the dlvero working In the hlllk. 'I'he •Ill wns ollowl"d to S<'ttle 
until a constunt rondltlon nt turbi<llty wu.• fi'llclwd before t be 
photol(rnt•h "'"" tnken. Wh~>n the t•lut~ wns obser-·ett through 
tb~ pOrt lllmnlnnted hy thP t'lear lorup, the I'Cutter('(l Ugbt wall 
1<0 lnten~ thnt the ~ye wus blhl•l tn surh un extPnt the dPtalls 
ut the plnte Wt>rc •tlllte lndl•tln•·t. Thri'C llltPrM, nanl<'ly, Corning 
'':So•·tnl" sbndP. C, Coruil•g Nn. ~411. and Cornln,~: Hll r<ltl, were 
In turn phwt'll before the dh·ln~e htmt•· In "'~"" •·n~P !lw brl)<llt 
"''atter...:t ll~ht li<'Citme nn11·h ,..,.. l""""""e<>tl unc.l tlw detnll• of 
the plate>~ l~cume UIIH'e di•!IHI(III~hnblt•, al!luutJ.dl ur <"Un<c mul'lt 
leJ"! t!(l than whPn the t•lute "'"" 30 Inches from the pOI't. Phtte 
+I show,; the plnt c wberl Illuminated by rudlntlun l'rom the ciPa•· 
lu.m1• which hurl sms:o;t"il th1·uu~h lhe ''Nu\'lu1'' ~btule C tUtE-r. 
With this lllumtuntion thP nut~ nnd holt hentht were more ~lesrly 
:-~~n. 

Plttte 4 :> Nhnws the R(l(M-'flrmn•e ,,f the I!I'Hhme•·~-ed Jlhlte wb<'u 
lllumiuatNI wi th n lnrgt• Gt•l)oral l•:t!'<•trlc ~n!llum \'HJ)Or larup 
cnoln><e<l In n wntPrtlght t•usln~r. Tu th~ rye the plate nnd lb! 
d~tull• w••·•• vpt·y clenrly viNible cuul th<' ,cnUN'ed light IM'twren 
the c•t,.or>·er nnd the uhJP<'I tllrl nut ""'""ur to he ''ery luteniOI!. 
Plate ~!I xhows tlu• xuhmc•·~~·cl pint• HJ:IIID l llumlnuled with tbe 
rndiutlon trum tht• :cudhnu 1h;ht with 1111 Eawtruuu K- .'-4 Hlter ln 
front nf the eam{'J'U lt-n:o~. 

f'ltttc 47 ~l•ows tbt• :mlurwr·,.: ... d uhjt•t•f ugaln Hlmulnnt('(l lJy thl" 
c.·JtolH' llLmJl in (rout nf whida wmt tlltt"r nf Cnrnlog ''Novlol'' shad('> 
C. A t'OillJ)DI'h«Hl (I( plniPf'l; ·IH lttUI 47 shnws the t\VO E-'OOrt'eS o( 

lllnmlnutlon to ho "'""" .. r ~·1nnl vnlur. wl1lrh ob!lt>r<'ntlon Is 
supportEd hy vl1!11fll rrlul.;. ln plrlle 41! nu l•:natm:~u K-3 ftlter 
was plored In rr.mt u! the ('!llllel·a ll'n• With on nr)tit'eshle eft'c>et. 

l:'lat,e 40 ~hows the submer~:ed plate lllumhutt~d hy rat!Jatlon 
ta·om n hlgh·JmWtH't•l.l G. Jo~ . mt-n"<•nry '"npor lnmp enclosed In a 
wuterll.:ht cu~lng. As wn~ rxpet:ted. to the eye the details of 
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the plate "'e~ quite lodlatfnct, aln<'fl the ~1e IOifA Ita wnaltlvltY 
quite rapldl7 u tbe -velength of r~~d.latlon d-: •nd. u 
Ia well lmowo, the mercury U'C Ia rleb In radiation In tbe blne 
rectoo. De pbototP'Ilphle plate, wblcb Ia amalthe to tbe lower 
wneleJIIIh" would be expected to abow aoo'ut aw 01orh contra81 
u with ot.bt-r IJ'Ilell of lllomlnatloo. 

WbUe tbelle teate deAnltely eatllbllabed Ute tact that wh~ 
clarity or water Ia aucb as to permit U11ht peuHratlon, an op­
tlce.l filter with maximum traosm.l.t!llloo lo tbe y~llow materially 
lmpro•·ea the dleeernlblllt:F of aubmt'rged obJecla by the diver. 
On the otber band, wben tbe qua11Uty of eediiiM'nt In the water 
,.,.(W(j. a certain value, optical IItten! ure of no value. !leo tar 
aa conce111.1 tbelr u&e under conclltlou" attPutlant on Nuy dh·· 
log. eodlum vapor noel mercury llgbta utr .. r nu aclvanlace m·~>r 
I be N&vy ltllndard diving llgbt. 

Aa a l'ellnlt of the above uperlm~nlll. an nptlftll IIIIer of 
''NoYiol" lhade 0 1ta.,., lltled In a frame, plate ~A. wbldl can 
be readU7 attached to tbe t.aeeplale of lbe cllvln1 helmet. baa 
b«D adopt~ for 088 In work loTolvlul uoderwater cuttiDI and 
wellil.q. 

De dlvln1 l(lbt adopted tor NaYy woe Ill lhe result of denlop- u.kto, ti.-.. 
ment throu1b eeveral actual AI vase operatlone. De lllbt con-
llfata of a 1,()0()-watt lamp, a lamp bolder of aeamlell braaa tubiiiC, 
and a chromlum·plat~ copper (2.0 B. It S. aa~) rellector lilted 
with a wire-meal>~ IQ8rd. The lampe are made Of epeclal gl11.1111 
clealgned 10 wllbetand pr~rea equivalent to tboee at CSOO.foot 
cl4'pi.Juj. The 11111111 are of t"o typee na llluatraled on platea 110 
to 113, lncluelve. Tbe U1ht sbo"n on platea 110 and 51 11 known 
aa tile Weat101bouae type. Tbat lhown on plfttea 52 and 53 
Ia known u lbe Moree type. Tbe Weallogbouee lype rellector I• 
..,.uodrtcaUt shaped with a dome top, the dlanteter at the baae 
beJUI approximately U Inches, wbereu the Moree type Ia pera· 
bollcal In lhape and wltb a baae approiimateiJ 10 locbea In ell· 
amettor. Tl\e ... n~ront ot bolh InK'S a re mouolecl on a cyll!1clrkal 
noowaterl.l&bt metlll ftl!'flve lltlecl at the outer end wllb a nut 
and rubber buahln« for aecurlng the lamp and cable. The Weat· 
lnabou.ee lamp IIJ railed witb a 3-foot length of twin eonductor 
cable formln1 an lntPgral part of lbe lamp Ulllt. Tbe lamp unit 
lw taped wllb rubber lnsulntlo1 tape to form a watertllbt a• 
eembiJ wblcb Ia bouiM by tbe JDt'tal eleeYe referred to above. 
De lamp wllb tbe 8 feet or cable taped ae deecrlbed 18 l88uecl 
a.~~~~embled 01 o unll. Wben In uMC. tbe fr<*! entl ot tbe S·foot 
aeettou of cable forming a part of the unlt Ia 1pllced and taped 
to twin eondu~tor ~able ot the length required for a particular 
dl•W. operarlon. In replA~Iog tbe lamp with the 3-foot eectlon 
ot cable, the lockiDI out on the end of tbe elee•e of the lllbt Ia 
baclled off, and the lamp unlt In Ita enllret,r ~moved from Ita 

- 110ua1o1- In the Moree type Ugbt the S.foot lenltb of cable Ia 
~at the rellector end to a threaded receptacle wblcb accom· 
modatea lamp bnlba of atandarcl •·rew type, the cable Joints and 
receptacle belnl ei!CAlled In a aott rubber aleeve, tbe t ree end ot 
wblc:b anapa over and Ia clamped aronnd lbe neck of tbe lamp 
bulb formlnl a watert11bt CUTer for tbe tennlnala. 
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The Iampo; of tlh·lng lights l!boul<l never be lighted lnlllr a~ lb .. 
beat generllted burna out the bulb filament In a few seconds. 
The ll&bt should be submcrg<!d before llgbtlng and the current 
should be turned off before the light Ia boleted from the water. 

Llnee used In dhlng and sal•age operations are those extend· 
lng from the surra~.., ship to or In •·lclnlty of tbt> diver. ln 
general, they are as follows : 

BIIXDi"11 ~o,..-Biowlng hose Is used tor blowing and venting 
air lo and from rompartments. tnnks, etc., under water. Tbe 
bose usually nsed for this pu:rpo6e Ill the 1 'A. -loeb diameter pneu­
matic air hose ~upplled io rescue nod salvage vessela. The 
%-Ineh dJametcr diving hose Is also used for this purpose where 
the opt>rotlons are not of the magnitude requlrlng the uee of l~U1l"r 
size hose. 

Ducmuting Un•t.-Descendlng lil1es are the medium by which 
the diver deseends to the bottom. In rescue and salvage work. 
after the sunken vellt!el bas been 10<.'8ted. a line Is usually At­
tached to the wreck by the dh·f>r and taken to the diving vessel. 
In subsequent dJves the dh·er slides down this descending ilue 
In order to reo.eh the desired pOint on the wreck. For descents 
In ordinary diving: viz., for S('arcbl.ng, obaervatlons, ete., the 
d~ndlng line Is lowered dlrt>et to the bottom by shackling It,; 
end Into the eye of a lOQ.pound weight (pl. 'Tll). In strong llde­
wan. should the lOQ.pound weight uot remain on the bottom, 
additional weights must be ndd<!d. • 

Standard descending Unes are made oC :J..Ineh clrcumtereut.,.. 
manila rope. The lines ore 200 ft>et long and are cable laid to 
prewot twtst nod to make ldentllkootlon by the diver easy. 

Dlltonoe llnu.- Distance lines are made of 11>-thread eable­
lald manila 60 feet In length. The line Is bent onto the descend · 
lng line just aboTe the des<:endlng line weight. It 18 used by the 
<llver lo rotary senrchlng ond as a guide tor relocating the 
descending line when h~ lo ready to R@eend. Standard dlsta~ 
llntlll nre mnole u11 hllo looiSE' "oils for con••enleuce (If the diver. 

H~"ll"fl lln~•.-llnullng lines mny lle either wire rope up I<> 
o/o·ln~h dlumeter or manUn line up to 1'1.>-lncb clrenmference. 
Houlln~: llues urP UHI!d by Murfut-e attendttnts to nsslst the diver tn 
II tung or mo\'"1 ng henvy objects on the bottom. 

Dit•inl)·liuhl tn-blr.-Th<• <liYing-llght cnhle Is the electric rehlt> 
rnrrylng the COIIJI<'r o•onduct<>rs Cor the cli.-lng llgll1. This cable 
iR nJlllro:rlmately ~~ lnrb lu diameter. 

J,ifr li>•~ ond. nir IHJ•r.-Tbe liCe line und nlr-hose llnP IM llutt 
t·omblnnl'iou Ht ll!e line or lclet>hnuc r:thle nnd the dJvlng air 
h""E' which iti lu"hrll tngrlhcr by mnrllnc nt st4ted Intervals 
n((mg Its eullre length nnd by n cnn•·Rs sllcalh at the lower "od. 

f,Qt«'f'infl lincl.-l.owerlng lh1es vnry In s ize from 4-lbcb 
monllo to 9- or 12·thread mnterlnl. They are the lines lhat o.re 
utta.ehl!d to objects being sent to the bottom nnd are also used 
tor the purpose ot controlling the mo.-ement or pOsition ot these 
obJe<:te. 

Rret'inu lirws.-Reevlng line$ orr tbe romblnntlons of 1%·, ~-. 
h ami 6-lncb mauiln, and l -Inch wire roiJ(', which are pa88ed 
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throUCh ~be tunnela bloWD under IJUDken .. _,Ia prepenatory to 
baullDC throup tbe pontoon dlalDL (See cb. XIX.) 

81•11• H..e.t.-Stace llDell are made of 3-lndl and +1Mb 11Wl11a 
and are UMCl to ral.ee and lower the diYID& deoomp~on mea 
Aa turnlabed with the amaU atacee they are of &-loeb manna 
and 112 teet lone, With mara 10 teet apart correepondiDc to 
deoomp~lon atope; the drat mark belnl 110 located aa to be 10 
teet from the bottom of the ataae platform when abacl<led to 
the platform. The upper ends of the lines are whipped to pre­
vent traylnr. Tbe lower ends are dtted with thimbles and elater 
boou (or •hackles) for attaching the IIDea to tbe ellnp of the 
alai\'. Two linea are \laed with the amall stage. 

Tbe atace llue for the larger atacce Ia made of <l·lncb manila. 
Aa aboWD by plate 87 only one IIDe Ill required for each ataae. 
'l'bey are made up oo board ahlp In l"'lltlu! ronalatent with the 
depth of the din. 

Tbe etage IIDe. for the smaller atace are mark('(! with metal 
tap perforated or formed In atrlpe, as UlUitrated on plat• 6!1. 
to Indicate ~be depth of mbmergen<:e of the o<tage. The lines 
of the large stare are UID&IIl' merited will• rolored rap (lla& 
buotinr) to loclleale the depth of snbmeri'I!IM!e, aa follows: 

10 feet. lc:loth tac (red). 
20 feet, 1 cloth tag (yt>Uow), 
30 feet, 1 cloth tar (blue). 
40 feet, 2 cloth tap (red). 
00 feet. 2 cloth tap (l'ellow). 
00 teet, 2 doth taP (blue). 
70 teet, 8 cloth tap ( (red). 
80 feet, 3 cloth tap (yeUow). 

00 teet, 8 cloth tap (blue). 
tOO teet, 4 cloth tap (red). 
110 teet, 4 cloth tap (;fellow). 
00 feet, 4 cloth tap (blue). 
180 teet,lS clotb tap (red). 
140 feet, II cloth tap (yellow). 
100 feet, 5 cloth tap (blue) . 

Dher'a air manlfoldll (pl. ~) are braea caatlup. Tbey ban 
one I.Dlet and three outlet nipples, and a .. lNIIAble tor n-.. In 
connectinr the delivery air of three dlmc pumpe to a atnale 
ill nr'a air bole or vice vena. 

'l'be 11t&D4&r4 diYIDJ air pump, zarlr. IlL platea 56 to 00, In· 
clual•l', Ia a twln.qllnder, doobl&ttctlnc, manually operated 
pump. Tbe complete pump ronslsla or the followluc prtodtoel 
parte: 

,.,.._,-TbP. frame, plate 159, Ia of rlrtd deatro and conetrncted 
of c:aat Iron. The manutarturer'a ~~erial uumber of the pump 
le plalol7 atamped In vlelble ftgurea on the 11pper center of the 
upper rall·rod 1uppc>rt. The tru.rue Is ~treogtbcned by borbontal 
braces eupport1D1 the crankshaft and b<>dplute. It 18 dnnly ae­
cured to the pump case by four bran boldln&·down bolll which 
P8M tbrourh the foot lop of the fnlme 1 DC! the b?ttom of the 
cue. 

Beci,IAte . .....JX'be be4plate Is made of gun metal, bolted to the 
pump mme, and formll a true baJ!t• and support t or the ('JIIudera. 
Out IDr.-t with the bedplate and lot'&ted on Ita under ll!de 
are two oblo111 boxes or 11r fel!(>nolra which ore lltted with 
cover plates bolted In place and made elrtlaht by mNne ot 
leather paktte. 
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0 

l.tun: G &.-DITet's eon trot nl,.,. aud alr maniC old. 

P I..Ar& Go:J..-~a,·t .. lantbN tll'"IOIC a.lr JIUru&,l, )t 1rlc Ill aa..erublfd­
Wrout \ltw. 



DERCiliP'l' l(l:\" OY N.~n· STAXUAIIU Dl\'1:'\(; GEAR 

C11lfnd<r¥.- 'rhe t•yllnde"' boTe nn Internal dlnmet~r of 4% 
lucloe., wllh n nroke uf 7~. lnebes. Their cnk'ulnted or Lheor~ll· 
c·nl nuqlnt l~t IU,; t•ul,h· lm'.hett ot fn.~ nlr Jl(-r n•\'n1ullun. The 
I'('(}Uir<'tl emi'INo~y of n new pomp when opo.>nlled llJrnlnst n pres­
"""' or 11)(1 ·~·uud~ J)('r I!I)U&re loch Is hO Jl('r~nt. wllb a ror· 
r<'tltooudltog lucrense or clllclency nt lower pressures. The cyllu· 
tlt•rl!., wbl~h ore muole <J! ~:uu wetnl. ure bolted 01111 swt•nll'<l (l('r· 
rnnnenlly to the bt'<lplute. Tloey nrc ltWnted pnrnllel to ench 
"'her nntl fllll~ht•d tleud smootb l11s.lde to l'xnct dlmcn~lon'l. 

FI.ATC :Wl SA\j llliutulnnl tlh·ln,t: nlr pump, ~ll'lrlt 111, ft.N!O~tubl('(l--. 

Uoc::k ylf'w. 

r•uJII~th·r ''rJvr,·.-.-'l'lu.~ t')'llutl(lr ~un~rts nr1• nuuiH of ~-:uu meLnl. 
urc lutcrehn ugl'Uf,Jt~, nucJ nrc boltrd to lhc Uuu,:ces on tbc t•yl. 
i11d~rJ1. 'J'bey 11 re 111 1<'<1 wltb lnlPl 1111~ otlllct ''" h•r•. C)'lltuler 
oil Cllfl'l, nud 111~1<•n·rod "luffing horrs. The lulrt nlr !lpcnin~:>~, 
on ~Ufl", nnd Nlutllng·box glands ore ei~''Pted above lb~ wtll~r 
'"' ertlow oo1IN ••t lhe " ·n1er elsceru. The cyllotler-cover Joint. 
ore ronde nlrl!Rbl by l~ulber J,"ft,;ket<. Alr lll'~·nf(e~ arc driUed 
through 11 rib,.,..,."" lhe front ot encb cylinder, 11111~ t'<lnnectlng 
lhe olr BJ)Il<·~~ ur 1he npJ)Pr outlet •·ni\'CS wiUo lh~ ulr ""'crvolr 
uu tbe under •Ide 11f lhP hl'<llohuc. Eorh air rN•n•olr ...,.,..h·es 
nlr from hs re"Jll•'llvc cylinder. The lower ontlrt •·alve.. are 
hlCated, one eurb, Inside the olr reservoirs. 
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l_.•~'n :,o;o. Sn'.) •••w•lnrd • ll ,'"i u~ nlr J!Utup, ) hHk 111, "- llh IOI"' rnlfl(>(1 And r ronr ('f)\'f'r 
l'NIIII\t"' l 

J•wrc ~.r. . Su\) tH• Julurd tll\'hH.t ulr a•ututl, ~urk I ll. urru lll;l'\l lt) lfll llJIIY 11lr for 1WO tH,erJ. 



0El'\CIUP1'1()'1; Of' NAI'Y WrA~OAHil lliVIN(l OEAl! 

l 11lakc a11d f.l'lwutr r•uit'''lt. 1bc intake nmt exhO.uiJt.. \'tlln~s 

mude or hroroze hre lutcrcluougeuiJic null ore taced wltb leJHioer 
on eltber side. 'rloe ''llh·o .. nrc hrld on their !!('3l.8 by splml 
bmss springs uudt>r l l~ht lnlllnl H•nslon: th~ •nl.-c 8lNns mo•·· 
lng In guhles rormf'd In the Tnh·e casing oC Uoe •nlve bOOI~ The 
vah·e bodies ur<? l'ftt'h mndt> In two porta; one (lnrlot eocb belog 
l)enDftnently ~SeCurl'tl o•·or n •·nh·e Ol~·nlnt: Into n t•yllnder. tbus 
forming 1111 lnt~rtol ll<lrl or the comblut'tl ~yllndl·r~ and bedplale. 
The remomhle 1111rt <If tloe •nlvc body I• tl'rm<?d a •·al.-e-body 
cap. This arran~:eont•nt I• •lml•l••. o•ftkolt•ut. 1111!1 provhlt'l< an eaS)' 
Ut'f"e"-.., tH tbe 1"BIVett, 

All" N'•trnnr•.- Tlw olr n-...f'f\Hir .. nrt• fittt-d wltb o1t-delh·e_r-y 
n0%%les, to t•ut·h uf \\hh·h An olt .... 1aurn1ur I" ""'rewed beforv usllig 
the flUID!) to furul"h nlr hi tll\l'r.. 'l'lw dher's olr h....e Is 
t"'Uplt:c1 to I he nut It• J-~UIHU11 rhw I h rt1uth"tl l"'rlluu oC the ull :.epa· 
nt!Or (piS. 6:.1 and tl-1) . 'riW oh-1 h t•r) IIOUit'' U ro> CNO'"·l't!IIIWCl<?IJ. 
and u two-wny tmu~-of••r \·niH• "ich \·nht• rt~ nud ~lliCtlug bundle 
ll:f fitted In thP <"rH/'o"~' 4'11111WtHou nmt l<o~ ~u urruu.,:{t;:\ lhnt the ulr 
truw eucll ••yllwh•r tiiU> 1,,. tlln-.·tt•tl ••til lh rl'"'~t .. •••th•• f.lc.lhcry 
noztle or tbt• ulr rrtJtll huth t.•.rlhuh•r-c. mu> Itt• tllrt'4'h>tl out the 
Jclt tle fh'fry UU2.:C1t•. tf t ~ll\t', whh flH' JIUUIJ) lwlmt Utn'rHt<•tJ Ul 
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urd1naey 8peed, air may be ~uwlll!tl l.u two ulv.n, wurklng ln 
moderately deep wnl~>r (60 to 80 feet). 

'fran•ffJf' vult,c.-The trani!!er ~alvc Is ot Lbe plug-e<~ek type 
wlt11 a T-opwlog. 'fbe vnh·e stem Is made sbort uud s )uu.re lu 
seetfonM. A long vllll'e coun~'(:tlng roil Is Jllted ut Its upper eud 
wllb 11 nlvt~opernllng bnnille und nl the l11wer end wltb n IS\)nnre 
fcn>nle socket thot slips over lbe short V81ve stem. 'l'he lTnll!l!er 
vntve nnd Its connecting rod ure bonsed Inside tlae pump cose; 
the "ah'IHl[lefntlug IC\'er being locoted t<> UJe front twd ot Lite 
JlUUlJI cnw L'O\'Cr joint ut wbleh p0lt1t u dlr<!I!Lion p lnlc Is located 
tbtal lndl~tltcs the pOslUon of the vnh·e J10rts. 

1 1 

PLATt: 00.-Na \7 $tll Ddnrt1 t}f\1lng nfr pomp, i\Jn rk 0 ( , tfflTIO\'('IJ {fOUl case 11 nd &bowing {.UQIJl 
wtu!'C.IJt:. Jumdle~t. ol16.f'llllr•uor~. o11t1 t•ttltiiJ!•'il \ it'\\p ur 1111n\H 1-:W.:'"t,j· 

PisloM.- Tiie [lh.loo;; (pl. 0'1 1 tln' c·u m1••·••d uf lll\'l•rled cup 
letttltl'rl< fUlu IPn tber tll:ik>; Unit! lv~<:tlu•r h.r nk'IJII hiOcks screwed 
I!!Ct·blllldt'tlly ont·o lbc resp<~·tlvc pi-1om rotls, 1111d nre l>rc,·cntcu 
!rom hncklng orr hy lock nuts nuu set •crews. I 11 ope mUon, !h~ 
nlr bol~a (~ee lllnsl rtttlon) ndwlt 11lr I•• the grr .. ,wN L'Ul uronnd 
the perlpl,.,rs of t:atb block ; lllttll wh~<~~ th•• pre--nrt· 1, tJ,.,•ei"J""I, 
lbe air fo rc•c• tb~ l~tllh~rs n~~;ttiu•t tlw wall< i>t I he c.r llmlc r s uud 
pre,·e.nt.s Jeukuge Ot tllr [Rlbl Lbe pL~t(lltS. 'lbt' Jllto~lLIH CI CUr:utce~ 

t~rc ndj nstPd as clo~c ~~~ p<o:;slble, HO lhn l 011 o•ut·h &I rokc prnc-
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UOLII7 all the air tbat Ia compreeaed by tbe C1l1Ddera Ia foroe<J 
out. 

PWI<m ro4•.-Tbe ptalon rods pua through the C7110der~•er 
stulllng bone aad the pletoo-rod guides located Ia separate culdc 
rmpporte taeteoed to the angle braces of the pomp frame. Con· 
necttog allogJ are pivoted to the square sectloo"' oo the rcxls wbteh, 
In turn. are t'Onnerted to br8BS bearing blocks on tbe craokahlf t. 

~ 1 5TON ~OIS 
'J'WO:GYLtHQP,B QOUI\.1!. -AS,IU::Ja QIYitti A!!t ,.,..,, 

MA!Sk. m 
Pt.an 8L-Nav7 tta:Dda..rd dhi.D.I pump P1t toa. 
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Cf"GGIklli<>ft.-The crankshaft of forged steel n.•·olves In tlw 
journal bearings on the pump frame. The cranka are eet at 
approximately oo• from each other and the end& ot the oha.fl 
project from the pump case on either side su1'llcleotly to pronde 
room tor the flywheels. The ends or the shatt are threaded and 
fitted with turned brass nuts for holding the flywheels In place. 
Brase on drip cupe pecked with wiSPS or hair felt are fitted to 
each upper bearing brass of the crankshaft. 

FllfteMei6.- Tbe f!J"whe.>ls nre of enRt Iron wllb wrougbt-iron 
spokes. A pro-rlslon Is made to secure elU•.~r lOng or abort pump­
whl'(>l handles dlrt'Ctly to lbe wheel rim~. Tblo' 1\'beels ~IP 
150 poundA en.,h, and bav~ a squnre bl>le macbh1ed through the 
hub whlrb fttK n <-orrellj)Vndlng i!Qnnr• ,.....th•n un lbe ends of 
the rrank&boft. Tbe @Qunre ~ndij of '""' <•rankAbaft taper 
slightly to taclllt~tte remora! or BPJlllcatloo of the IIJWb<!ela 
'J.'be flywheels are tntercbMgeable. 

-"-'"'P""heel /inndles.- Tbe lmpro••ed type of pump-wh""l 
bandies ( pia. 157 and 60) uf multiple quUI type Is tumlsbed In 
two sizes: No. 1, or large size, and No. 2. or small slJJe. 'l"M 
lnrge size acrommodall?ll Blx men at the pump, while the &llUIII 

size provides room for only tour men. Tbe handles bolt direcU1 
Into tbe rl.ms of lbe dywbeels, and consist of lignum-vita. 
quills each mounted wltb brass ferrules on a alee! Abaft In such 
o manner that eacb quill turns Independently. The ~t of sbon 
handlE'S are ~tored Inside and at the back of the PDIDP case, 
1\'berPas the long handles are secured In brackets In the tront 
romer11 of the case. 

Cillem.-A. wuter t'lstern made of sheet copJX:r beaTUy tinned 
IMide and outside surround& the JJliDlP cyUntleN>. and Is lli<'Cnred 
to the bedplate. 'l'be cistern Is of sumclent height to permit the 
contained cooUog water to llood tht> top ond ~ldl'll of tbe cylin­
ders. At the back of the vump case, ne<.-e.~sary wnter connec­
tions ore provided tor Oiling. drnlnlng, or overllowlng o.f tbe 
cistern. Wben the pnmp I~ n~ In wnl')ll weether, the wal•r 
doten1 mu~t be 11111.'11 with l'Oltl wntcr and 1111' wnter changed •~ 
often ss It warms; otherwise, tbe nlr furul".hed the diver or 
dlYera will be heatt>d lo such an estent no to endanger their 
physical well-Jl('ln,:. Au Cl\'l'rftow noz.tle elmllur to a male bm;e 
c~mm!'Ctlon fH furnhd1t•cl to lend clt.\or ot the pmnp nny ov~t· 

flow nf the cooling water. 
Pump ••a•t·.-Thc t>ump •·n.;e Is made ot blgh-gradc, well-s<'•· 

Mnt><l, tlm·~rnlnPd whliP n•h. 'l'be "hiP& nre dovetailed together 
nt flu• ~orner><. the cornPr• nre bouud wllb angle braM. The 
hottoou l'<lg""' nre prnti'C!E'd by brll"-8 •hoPS. The ._,v~r Ia hinged 
nt t he lmrk and I• hPid In the open Jl''"lllon by cover BUll" 
porrs. A lnrge removnble door Is tltrl'd In an opening at tbe 
front or the case through which opening some parte ot tbe 
pump nre more readily nC<"esslblc tbau from the top. The pump 
e:ages (pis. :;sand 00) nre located on the Inside ot tbe case wl!b 
their dials 1·lslble through drculnr opeulng~ cut In the front o! 
the case. Th<·se dials nre protected by brnss co..-ers hinged on the 
out•lde and front or the pump cnse. Wben not In use, tht 
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ends ot tbe crankebaft are vrot~ted by caps bolted to the 
pump cue. Tbeee prot@Ctlog (81)8 should never be used for lltt· 
Ins tbe pump cue. Wronght-lron lifting rlnp orl' aecured on 
front and beck of the caae for auch purpoaetl. Their bolts pus 
Ulroogb the wooden frame aod nre ruteoed Into a atllfenfnl 
Iroo !bat eoclrdea tile lntllde of the case. Tile openlnl at lbe 
bottom ot tbe cue 18 cloeed b7 a bra .. cover beld lo place b7 
a number of wing nuts. The plate I• cllehed ao !bat lbe drip 
plor oU or water will be drained towotrda tbe center, wb~re a 
dnlln plus Ia located. 

In tbe upper part of tbe cue at the back, a wooden lUI Ia 
provided for tbe following toola and SJlllt'e powp parts, wbleb 
abouJd be kept oo band at aU Umea: 

2 paketa. C7llnder·bead. 
1 noule, ourftow. 
1 out. pump handle, spare. 
l nut. pump wheel, spare. 
1 pound packiDr . platon rod. 
1 bor contalntnc 8p&re leathers In oil tor one pll>ton. 
1 tool, IIJaembllnc. pilton. 
1 tool, Joct nut. platon. 
2 TAivea, pump, complete, apnre. 
4 washers, pump, nlve bocly. 
1 wreocb, double open cud, t or crnukabftft bearinc bolt 

and nuts. 
1 wrencb, double open em!, tor cronkahntt untl cylinder oil 

cupa, aod belmet trnnamltlcr f!t'CIIrlng nnt•. 
I "·rencb, open t>nd, tor nnt• on pump air mRnlfnld. 
1 wreucb, aocket-typf', tor cylinder hcnd bull•. 
1 wttocb, spanner, race, piAtlln. 
1 " """ch, 8p&nner, pump. 

P/11011 o11embllno looi.- Tbc IIM!9mbllnl! tool (pl. 62) for usc 
In lnatallinr tile piHtona Into the t•yllnd~rs of the dh•lng pump Is 
mode or gun metal, In two parla hlnced tottether. nnd IR fttted 
wllb a damplq Krew and wlnlt nut. New piston~. when n>~­

MI'mbled, lit tbe cyllnd~ra Tery neatly, tbua molclng the n;;e oC 
thie tool nccetl88r1 to a•old InJury to the l'dgMI ot lbe lower 
t'Ufl leatbeno. Wbeu tbe plllona are dlll'lcult to Insert, p.--ure 
mu.ot be applied; tbert>tore, It IJt ~rY. to provide a lenrth 
ot pipe to lit o•er the p!J!ton rod, upon whlcb prt'fillre may be 
&J1Plled without InJury to tile pl"ton rnd. Tblt pipe Ia of a 11'111· 
porar7 nature and abould be longer tb11n lbe pleton rod with 
Its loww end reallq upon tbe metal part of lbe piston. 

The oU separators (pia. 63 and 64) are tumltbed lo prevent 
oil that lbe air may carry o,·er trom lbe pumping sYstem f rom 
belns blown Into lbe air b<N!e. Eaclo acperator Is made of two 
bronse cope acrewed together Bl&lnet n leather gasket. Tbe air 
<:nrrent wllbtn lbe acparator Ia directed b7 a bome tbrougb a 
toter lpongl', sewed with line copper wire, wbleb ftltere lbe air 
before entrance Into tbe air hoae. 

1(1()924-i3-o 
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Tbe weighted diving Bboes adop~ as standard by the NaTJ 
are sbown on plate 6.'5. Tbe sboH are turnl8bed In pairs. Eacll 
aboo welgba appro:rlmately twenty pounds and Is ot the following 
dimen-lons : I · · 

J.engtb ln8lde, appro:dmately 13 lncbea. 
Height Inside of bee!, approximately 11%2 lnebes. 
Helgbt Inside, 'h !ncb from Inside surface of toe, H~ 

Inc bee. 
Oelgbt Inside, 5 Inches from lnllide surtoee of toe. 2% 

lnebes. 
Helgbt Inside, 4 'h lncbes from Inside surtoee of toe, 2% 

loeb ea. 

Each shoo consists of a lead sole, 8 bardwood upper sole nud 
leather uppers. Tbe lead !!Ole Is 8 one-piece casting % loeb tbl<'l• 
and 14% lnebes long, containing six drilled boles 2144 loeb In 
diameter, countetbored for the Y.-lncb diameter by 'AI·Inch 
thick rivet bends and washers wblcb secure the npper sole to 
lhe lend soli'. The upper snle Is made of 1',~-lnch !hick mnple, 
tree from knots, worm boles, cracks. etc., rAbbeted around ill! 
upper peripheral edge wltb a rabbet '/.1 Inch deep by % Inch 
wide. Tbe upper aole Is drllled and counterbored wltb atx rivet 
holes to coincide wltb tbe rivet boles In the lead sole. Tbe up­
per sole Is riveted to the lead sole by six Tobin bronze cold­
drawn rivets. the top of the head or the rivets being ftnsb with 
tbe top surtnce of tbe Inner BOle. Tbe ends of the rivets terml-
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n1ne Ill lhe counteroore of Ule lead ¥ole ood ore eo•·b Hlled wlt.b 
bronu wasber sud then SUlOOLhly Jl<->elll'<l u•·er tbc wu•h<!r by 
splllnlng. 'fbe wOOden >'(lies before u-.uhl)' flrt' mncl• wn1 ~,.. 

p roof by bOUing for II IJ<•rllld Of 3 IWUrS Ill llltrUtflll. 
Thl' ll'ulllrr UJlll<'"" Ort' nllltlO of the .,..,., QUultt~· Steer bide. 

tu117 tnuued b7 tbP mlnrrulutu l"oc"s.. fn>t• rrom ucld. ulkoll!i. 
or mu.ke welgbr.g olht•r chnu the tiller llt~-t~ .. snr) l<J mttkc Lhc­
leulber w:liPrproor. ThP oulllltle ~urfttt'l! Is bhoek. The leatlter. 
before u<'<.'<'plnn<'t'. '" noolulred lO ho•·e 11 leu•fle •trenglb, before 
spllltlng, or not I~'~>< lh~u 4.0<•1 pomul• lll!r "'IIIILre Inch; tbe 
elongation In 0 lenj:tb or :! lndo('oo 1101 10 I'Aro<'tl ao pcrwul anti 
wlthsltl.ud lmmendon ln u neUintl t'Oiuthm ur ~-., sx•rccnt water 
ond SO lli',.....IIL ,;ly«'rlow nt • lernlll'nllo~re of !!j:;• f '. Cnr 1 hnur 
wllhoul tiNerlunotlon. 

The uppers nre pnwldNI wiLh ll•ntb{'r tortgul),. nruJ Lbn..-e r,._.Jncll 
wid~ h~oU1er ~ru ... ~ ~tnliWI on flm• bh.le nutl IIJrt"t• ll1n·hteh brtt. ... ~ 
lmckles of tbe <"eutl'r·l•ln l.fl"' ou U1~ olh~r. Til~ leuther part> 
nre slltcloed togetlt~r with n .... >llt~h•• Jll'.f ludt ur •nltabl~ 

wn"ed Nos. 6 nod 7 bind< lhrt'rul wllb trl11le ~um nbOnt :;, mt·h 
UJIAtl. 1n nddllhllt 111 .ewln~. buckle Atnops nnd cr08!! stru1.s ur~ 
"'"'h rl~eted "''" 1w11 ~~~·Inch tllume~,•r lubulur llru!>.> rhets. 
Three tubulur bnu·s rhets ore nbo utK'd In the tougue !Clrnp and 
pull ~trnp. 'l'hc llJlJX•r> nrt' uttn<·hl'<l 10 llt~ rnhlH•t rd~e &eetlon 
of the npJII'r sole by""'""" of ~Otlll<'r nnlls nu~ o cvppcr binding 
strip. Tile lcnttll'r ls nnlll'<l 10 1 he l!ltle with one ""' of 211 
'"l'tx!l' null~ 'h ln~h lon!f, ~·lnrll rllnmeter llnl·lt•·oul, 1r, gug,.. 
through copper wnsbel'll of npprotlmutely %,-loch o•·eroll di­
ometer, SftRCed equally nrouod Ute l!boc. The copper titrlp Is 
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lh~u nn lied o<cr tho 11'111 her with 31 l"JtJl<'r 1'. -Inch dltuuet~1· 

Ont·hCu<l, 13-gage C<•Jlll('t nulla t'C)unlly 8J1Rt•f'll lJCtW"' " Ute 6Jm~•" 
uf tbe unde.r rt'"' or nnll..:. •nw m1l1 lttth•s lu the wOOden sol~ 

null t'OJlJ!et nrl11 urc drilled with 11 Xu. r,o drill lwrore tlrh·hag 

In thl' onU.. Tlw '"'~"'' lll'nollng •trll• I~ ur t~oft t"l'l"'r Y, Inch 
wlrte No. 20 B. & R. l(n~c. The UJ)J~'r ·~l~c o r lht• NIPJlCf ~trip 
l~ rounded nod. u~ lu•lltlled, till' ends butt ut 1114! '"" c~~d ttf th~ 
t<bue. 

The toe ot 1bP shoe I• JtrOt('(•t•~l by n t•H.'Jlhttt•. c:n~ of br\flv.<' 
n nd polb!lll'd. Tltc plu11• Is •a: Inch tblck ond I• ~hoped to fit 
lbe toe end of lhe uprw•r aolt• uod to nllow n t.'ll'flrnu<"C uC !!10 

inch nbove tbe l(>lllh~r J()(> or the >hOI'. The bollom l'<ls:c of tbe 
toe plnte Is ftn•b "I tit tht• front ~1111 or lbP lend ~le. It Is 
utta~be<l ro tb~ wood ,...,r .. hy nwnul§ u( fh·e llAt·hPnd 1 lnc:-b ~o. 

J•l hnuo."t M:rC\\S. .\ ll('\lli' IHlr "'httt•, ,.hnllur ''' th~ JeniJil'r .. IJ,ft"JI( us 
tHr as lbe dlmenf'llnniil but wndc ut <·OU\11~. ht ,.._ ... In~: llth:aptrtl for 
Na''1 u~. Till" :ohu.~ hn't n .,...,nar•• hl4." utHI (,. t"Ofl!"lructt'fl ~ thut 
nny fi( tb(l t'OUtptUUlltt put .... lt-r•d ,.oJt-.. wu~ttl 'uh• ur t'HII\':1~ Ufllll.·r, 
muy be tPJ>I&l'ell 

The groouners ur t•)t•lt•l'"" ur,• ••t brt1 .......... tnmtnrtl :\o. :J. uf lbe 

outer- and Inner-ring type. with ln•hl~ dlnm1•11•r '" hll'h. 
The dh•ln~ df•<··ompftl'«q-lon ... la~er-... nn• ""h'''' 11 •u• Jtlah·' tjO_. 61, 

rtnd 68. Th£"f nr~ turul:;hed lu two "'tu•~o~; n htn:•• .. hw f 1.1' hy 
GO lnche:o:l and n ... nwlll sb..e C I' h> :tu hlt'ht""Ct. U.1Jb ~tng~ ure 
ldenrll.'1ll In (!QU"'1rU('IIuu and \'Ur) oul> lu 11IZP. The t>lotCorm,.c 
or both sl:re lilllj:t•• Hr<' mntle or 111.2· t••mlll ''"''I Jllut., J••rronllt'<l 
wiUJ 1-J-Incb tlluull.'h'r lwlc-- J lnt•h l•·t wo,..n .,.,.,, •• ., On lite 
lilllllll l!tO«e tb~ 1'dlfo•s nf lh~ plulfnrm l•hHilfl' 11rc l••nt down nt 
fl 9()• IIOt(l{' UIOtiJ: It,. l~lllt'l h tO prt~\ 1111• l:r••Hh•r lntrrnl SU[JJX,rt 
nnd nn opeu bM!t.• fur 1h~ l•hutorrn Clu clw hlr~(' ~IU~f! thr pint· 
form ts weldM.t to :J .. hy :!· hy 1 ~ hll'h !IIIJ.:1t!~ ror file ~HIH~ pur· 

110se. Sl:r gn l mnl'l<~l ''·''' h•ll• u! npproxlmutcly \'. ·lucb dl· 
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nmeter W'lre lllld 1 'Ji·lnell ln.slde diameter eye nre secured to the 
plntform, one o.t each eomer and one In the middle ot each eDt! 
by rlvetin&- The eoroer ere bolts are for connecting the lep 
c•f the balls. The center eyebolts In the ends of the sta&e are 
ror attaching guy ropee ror atead.l'lng the stage aod for ~­

lug wellbts to the stage. 
The atage balls are made of round galvnnl.zecJ.Iron rod belli 

Into the shape of a.n ln\'erted V with a rounded apex. The lower 
ends ot the two balls tenoloate In eYes wblcb !IUS through the 
eyes of the eoroer bolts on the stnge. This constrnetlon per­
mits the balls to swing down IID.t against the stage In stowage. 

The SIDilll stage Ia lowered to desired depths by 3-lnch manila 
Uoes, each 115 teet long, as allown on plate 66. 

The large stage (pis. 61 and 88) Is wmallr lowc>retl by o,.. 
4-luch manna lloe, a bridle, and an lnterpoeeo.l IJllre&der. ~ 
llp1'1'0der Is 42 locbe.~ wide with etoogatecl eyes at earn end. 
through which are 8E'C!Ured the It'll! of the bridle and one eod 
of each of two 80-lucb lengths of %·Inch diameter wire rope, 
tblmbled and l!<'rvM ut t>nch end. The other end of <l&Ch of 
these two llf'Ctloos of ropt> l~ shackled to tbe e1e of the 8t.8p 
1~111. The bridle Is of one plf'ce of %-Inch diameter wire, W'lth 
" bight l!elzed In the center to form an eye. Tbe length of the 
wire Is •neb lUI to form a triangle 36 Inches lu belgbt. 

'rho 11lntfonn• of these stag<'s I!Ome years ngo were made of 
!lltlvaolzed llat Iron bars spaced nllout 1 Inch apart. It was 
found that It wu J)0881ble for n dlver to come liP wsder the 
stage and foul some of the helmet fttUnp between tbe bars or 
the stage. The perforated plate was accordingly adopted na the 
standa.rd platform. 

A detailed description or tbe decompression stage lowerlns llae-< 
Ia given In tb!JI ehapter under "Stage Unea." 

'l'he diver's dreaMing stool (pl. 011) Is 19 Inches blgb, made of 
l ·lncb yellow pl.ne, and painted with clet>r vaml.8h. Under the 
14· by 13-l.ncb sent a ahel.f IS built In wblcb should be stoN'd the 
wlnl{ nut T wrencbt'S, wing nuts, copper washers, breastplate 
segments, a pair of pliers, and n 1 %-loeb open-end wrencb. 

Testing to.nlr8 (pl. 74-A) nre made of steel, are of 1 cubte foot 
111110ctty, and nrc ftttecl with a gage registering 800 pound&, prt 
rock, Inlet nod outlet nipples wblcb are snbmarl11e threaded to 
take the dlvlng alr bON!, tTalll!llOrtaUoo bnndles, and a na­
l'late marked with the eapaclty, date, and place of mllDllfnctun-. 
ood the test pressure to whleb the tank bas been eubjeeted. The 
tanks are required to withstand an Internal test preaore ot 600 
pounds per llQnare loeb before Its acceptance from manufacturer. 
It Is n8ed for proving tbe eftlclency of diving air pumpe and llJI 

an exp~LMion tank or tow-pressure receiver wben diving W'lth 
compres!led air SUPI'lled from air ftasks or alr-llask banlt8 aueb 
as used In some dlvlog tanncbes. 

Communication between submerged dlven._ mul their surface 
tenders may be aceom11llsbf'd by (1) telepMnJc transmlaBion, {2) 
mechanical transmission of hand signals by pnlls on the lite llne. 
llDd (8) messages written on slates or the equivalent, lowerecl 
and bolllted to and tro trom declt to diver, 
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Tbe practlcablllty of hand signaling obviously Ia dependent on 
a clear ll!e line and even then the acope of communication Ia 
limited to such single words or short pbrases as· can be eully 
memorized ond repr~hted by numertca.l pulls on the line. Also 
to deep diving the long length ot the ll!e line and Its attendant 
welgbt makes de),l<'ndable communication by tbta metbod dlmcult. 
Written communication r~ulrea considerable time. Tbe lower-

y__ 
- - ' ... - - - -l-¥"- -1 

• • 

DECOMPRESSION STAGE 
('UTA 68.- 0ecompresslon eta_(e:, l111:e, piiD YI(!W, 
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Ing llnl'!<; i11~e :"ttafo:t.<eptfhl(' lu fonJhig- mad the d1t'~'r is htmdlt·ni•JK!tl 
lu w-rl l lug ttnd dhllht)..'ltlRblng ~m'h messA~4:$ hy rPstrlcled ''lsi· 
blllty. <I C<'>r<lingly, whllj' t>lther M the~ ll\'oJ pro<.-edures mny 
llf' reJ<Ortl'd to In nn l'mc•·guncy. the dh•ln~t reH•phon<' or <llvln~: 
umplltl~r equipment lA nmln ly IIPJ'f'ntiNlnJl(ln f<•r 'I'O<'fll cmnmunl· 
Clltlon with tlw diver. 
Pl'rft~ti<>n <:tf dh'lng IPIPJ>hnne~ nud uniiPrmHrr communiNttion 

lu18 be~n th~ subject oC cnrllloliH•us r~•j'jlt~h "ncl UJll'rl men Ln tloo 
hy f hP 13m•rn u 11f Cfmsl nu,•tinu :H1t l HvJ 1~1 i r _(rllllt 1!)12 en lMO urul 

It;\' Lhe Dtu't"'HU t•( Sltlps rrmn 1~0 Cu tlw lll't':>St-1111 1 htu•. llr~· ·~·ll 

haliPJ'Y, 5oltnrfl,&..'1• hulh'rl", hHUerrh•~io{, HIHI n'rnptl0t-JI' tr~ ot l('lf•­

lthOJWfl In flu• nrtll•r nutnt'tl hn w· t"H•t~>u ltlSf Pi I u uti Uf'Ptl 1 n SC"f\' l<••l, 

4\(1(<1-1' yt•urg O( SCr\'iCC tl:'totl£i:, thC COIJ!"o\PUSUS Wn!l lhlll fir rtll (\f tht• 

IYTleS unmt lw '•"'d, th~ uiHJ1IIUt.•r type •Jt t.-.lmntunlratlon gnrc ttuo 
must sall$tJu.•tf'lt'Y resulls.. .\t·••tlrdln~l), tht· fll\"lng nmplltlel' 
t"Qnlpuuult has Uef•u aduptl~l n,.; t lH• =':uy ,.:1urulnrfl dh·iug rom­
muoltHt l••u cquJpuwnt und ~tttt'l:l( tu'<• l1\'lng 11Jf{l(l Wf lh Uti~ 1~11~· 

o( eqU(J)II.tl'nt. I~UI"' or nll lfh•iug tr•h•piHHit'~ hus hf'C•n di!otf'tlll• 
llnUlt() nnd u11 t~ulpuwhl IJ~Ing h.::~uf!ll at 1h1' lll't')l.l'lll tim~ ~~ t)r 

lbe •ll'l'ln,; nmpllller lyJll'. Otm·~"er, n~ "'""" 11f thl• tl'l~phttlll'>' 
Are l'itll\lu ser'C"1ce nrHl wlll h\-"" t~.mtluuecl lu t .... w•1•d uurll Ht• l uug-.. r· 
fi:if'rvll-eflbl~, the (OrJOWIII:.t fiP'4•J'Jpt I"IIR i1f t"nt•ll tntt• ll l '4' th;'S!ruhl~ 

ror l!lenllllcni iQrt nntl lnrorntllllvu. 
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The dry-cell battery type of telephone Is shown on plate 12. lt 
000818!8 Of the battery boX, the diver'S beAd set, the diver's tranH­
rnltter, the attendotnt's outfit, nnd the telephone eable nnd 
coupllop. 

Batlcryt b04!.-Tbe buttery oox contains the battery of 12 dry 
t-ells which are conn('('ted to tbe terminals of no on-olf onvltch. 
Coopllngs are provided on the box !or the diver's and tbe attend­
not's teleJibooe c.nbles. 

Divm·'• ltead •et.-The diver's head set conslsta of an adjust· 
nhle canvas rap to which the telephone r('('Clvel'!l are attocb~J. 
1'be cnp fits llrmly on the tUver'a bend and the rubher ear piect."! 
ur tlte r<oceh·ers nre held snugly against the dlvt>r's ears by the 
tension exerted by 8 ebht strap. The receivers nre connected In 
tutrnllel by n telephone cord. The tree end of Hils cord Is fttled 
with a plug tbat connects Into n receptacle tocnted permanently 
Inside the helmt>t. 

IJfver'• lt·ammltter.-The dl~er's transmitter Is l<><'nted In n re· 
<e011ed bolt on the Inside of the helmet, tu !he IP.Ct uud slls:lllly 
nbo\'e the !ut..,[lhlle. 

DivPr'• ullendunt'• 0111/11.- The attendant's ontnt consists of " 
•Ingle receiver fttted to 8 spring besd band, a trllnSrnltter, R tele­
phone cord, nod a coupling that Is attaebed to nn ouUet on the 
battery box. Wbt>n not In ust>, the nttendont's outftt and the 
diver's b~d set are stowed In the YllCnnt compnrtmt>nt of the bat­
tery box. 

Teleplwne cab/c.- The telt>phone cable originally forming n 
part of the battery-type telephone •Y&tem Is a combined telepho.ne 
cable and lite line, consisting of thr«! conductors whlcb form the 
benrt of the cable nnd roro•·lcle electrical connection !rom the 
tender to the dlv~r. The outPr woven cover of the cable !l<'rve.< 
nR n ll!e line nn<l 118 n proti'C.'tlnn fc>r the conductors. The t!ntlrt> 
oH'fllllg~>mPnt Is o combination uf two simple telephone circuit•. 
with one transmitter oud one or more receivers In eocb <!l.rcult. 
Although thl! two clrcuib botve !«'p&rnte l>ntterles, !bey bave only 
n sln~:le commvn return. Cnbll.'>! of this tyJle. which nre shown 
ou plate 72. when nt>w bn"n a hreHklng slren~:tb nf ouly nhout 31',0 
pounds. Tbey nre no lon~rer cnrrled In stoek althongb there ur~ 
MUll SOme! In servt<. .. ·•. 'Whf'n t·tab1e-s of thhc IYI"'" ure uu long .. r 
:,:ervlct•nble, n!IJint-emo•nl l• hl>ing mnde with the ruiJIM>r-<,ov<'rP<I 
cables, plate 14, ldentlcnl to Uooae used with the cllvlng nmpllfier 
equipment, eX<'ept tbnt llwy Ill'<' tltted witb udnpteo·• deslguP.d tu 
flt the tt>rmlnnls on the hnlt~ry IM>X. 

The batteryless diving tele11hone wbldo Is uo Iunger snpplh>d Is 
~bown on plates 70 nn<l 7()-A. It con,.lst.s of the diver's outfit, 
lite tender's outftt, the lel~ttllone cable, o fiber mrrylng case, and 
u control box. This oppnratus-ns Its nnmc lmpUes-d()(>S not 
require batteries nor any otber external power supply. 

The diver's outfit consists ot l wo t-eceh·t>r units mounted In a 
suug-llttlng leather cnp nn<l a trnusmltt<!J' uult mounted In tbe 
belrnet and equ.lpped with 8 speaking tnbe nnd mouthpiece. '!be 
diver's receiver and trnno;mitter units are connected In parallel 
aeross two conductors ot the telt>pbone cable. 

Tbe tender's outftt conslsta of two receiver unlta mounted In a 
head set and a transmitter unit mounted on a breastplate. The 
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tender's rec.>lver uud trnul!mlttPr unit~ nre •·onue<'l..U In parnll•l 
acr068 the same two conductors of the telephone cable, lea or1D1 
two spare conductors. 

The six battel')'le$S units, which comprise the two statiolll!l. aro 
uf permanent m&Jnet, noncorrosive steel, dlaphragoHype con· 
OJtructlon and n!Q.Uire no [>OWer tor the transmtaslon an\1 rep~ 
ductlon of speech other Utun the voltage generated In the coil 
b)· the magnetic Impulses set up by the vibrations of u dlaphrap 
relative to tbe permanent magnets. All of the units are ldenUc;~t 
nnd any nult will function 88 either o Nl(.-eiver or 8 transmltt~r 

without change In connections. Thus. t11e system may still ope<· 
ate with two lnopemllve units nt each end of the line. Com· 
Jounlcnllon mar be mulntnlned by using the remaining unll •' 

· each end ns both transmitter and receiver. 
The comblnnllon telephone nod llfe-llno cable originally for· 

nlsltP.tl with lh~ lluueryless telephone system wos a rubber...,or. 
t•rt"d cuhh··. with :-ci s (II' $!l'Em lneutated ('oppe·r-wlrt.~ (•onductun: 
~vlrolly wound around tt <.'<'nlrlll phOllphor·bronze wire Cllble. Tb<­
llnlabed cable h11d a breaking strength of r;,OOO pounds. The 
weight of this type of coble proved exce..,lve fur deep dlvee aod 
•; as later superseded by Ute lightweight cable Ahown ou plate H 
which Is stuudard Cor tll!<l with the vnriOW! types of telepboneo 
und tile tllvlng umplill~r equlpnumt dP!l<'rlhed herein. 

Submarine n>scue nod sulntge operations sometimes n!QIIln' 

lite slmultan"''ll" tle-.ut of o~ runny us lbree dh·ers. Tbe IJSt 
tt>ryleSB telephone systetnll furnished salvage •·es.<el• lndude a 
speclul control box which C<;runlnR plugs und •wllchPH that JM!nnit 
comtnu_nlrntiOu With U 111UXI11Hltu 0( three dh'e~"S. 

The volume of sound produced b~· batteryie!IS telephone srst"'"" 
I~ usuolly lusufllclent fur <·leur reception by tbe dlvt>r In ti"''P 
<lives due to the blaB of tile air sttPttly ID tb~ b~ltnet. Tho..._ II 
Is often necessary to MtC>Jl the ulr supply during conversation. 
Au urnpllfltH' th~Hignetl to incrcus~ the vnlnme ot !ttlnnd was pr• .. 
vldetl •uhmnl'lne r<,!!<·ue ve><."<Cis. WbUe the receptlou was som ... 
whnt IUII>ru•·..U hy n~<e of tills supplemPntul equipment, the sy•· 
lt'tn •1111 hilS •~•·erut ob)L•·tlonolJI() ft•niUI'ffl oot t-ommon lo tht• 
umptlfl~r l:VJle 1•! diving IPie)lhnne or the present diving umpll· 
n~r. MaJor objections nre 11111t the dlv~r·s head set which, tbougb 
J«>tl, is t'I0><4! tlltlug, un~'\lrufortnhlt•, nnd su~ceptlble t·o accldt•otsl 
,JiRu rrnug~m('n t. 

'fhe oropllder type of tllvlng leh•pboue was the drat succes8flll 
•l~l>ilrture from Jltrnight telephone comulnnlcaUon tor dlvlog 
Ol>erullooR. The equlltm\'nl is ,·err slmllur to the present dll'lnt 
nmpiiJler l'qnlpmeut nnd Its l'bmp<ment ports ure rhe amp\JftPr 
with n bullt·ln lrnn>mllt er-reprodttli!r, lhe dh•er•s lrii.DSmltt~r· 

receiver. the I>Ower ~ubles nnd the combinutlon dlvlug amp!lfie•· 
nnd life-line CHbll' . 

.tmpli/fer.-Tbe HIUI>IIOer wn~ supplil'd In two types, accordlnc 
to tbe power suttllly. Ty]le A opet·ates from 6 \'Olta D. 0 . or by 
weans of o serl~s resistor from n 110-•·olt D . C. line. Type B 
werates only from o llO·•·olt D. C. Line. l'lote 71, part 1, shows 
the type B amplifier wbloh I• ldentlcnl t() I he I JIM' A exe<>pt tor 1M 
dltret"em"t.' In pttwt>r t'nppUe.s. 
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Tbe ampllller Is or a low-gain type designed tor communication 
lletwe<>n the tender and three divers and Is arranged oo Ibn! divers 
nmy tnlk to each other. A portHble metal case lll!rtl'S to hou,., 
the nmp!IOer, the tender's transmltter· re<:elver. iloe t'Ontrol panel. 
nn<t the receptncll'll. Receptades are pro,·tded for three diving 
<"ables, one or two power cnblee, and a 25-foot cable ror 8 portable 
tran81Ditler-recetver unit for Ulle ou tbe tender. All reeeptedee 
ore provided with 8 rover for protection when not to uee. Tbre<• 
talk keys for selecting divers are mounted on the control panel 
with the power awltcb. Tbla srstem retains Its relation to th<· 
teh•pboue s:rotem In that whl'u tbe transmitter-receiver units a"' 
Interconnected, they wlll opoorntc 118 a batteryless telephone ~y•t<'_m. 

Helmel tranlmllter-recclcer.-A transmltter-receh·er unit Is 
1•ruvlded for the dl•·er. Thlg unJt ha.s n Jlexlblc vol~e tube which Is 
ne<-essary to provide sulllclent volume ot sound tor successful com­
munication. 
Cable~.-Tbe power cable used In this system Is shown as part 

10. plate 71. The d l<lng ('ftbte le deBCrlbed below under "standard 
divlug cable." 

Tbe equipment uow being Issued for LIM<l ns tbe means of com· 
mun lcatlon between a diver and bls tend~r I• known oa diving 
nmpllll<!r equipment. This t'QUipment Is tbc result of the develop­
ment ot tbe telephone equipment pre<IO\l8ly de""rlbed. 1t consists 
of the diYing ampllller, the diver's trnnsmltter-rl'pro<lucer unit, 
tbe power .-nble•, and the oomblnnllon diving nmpllfter nnd life­
line eabte. 'J'hls equipment IH a cnmplcte depnrtLtre from tim 
telephone type of ~y•t~m und conrnln3 thP oulvuoraac~ or n'<'t•nl 
olt'v<.'lopruenls lu mnplllle<l speech •·•>UIIUltnlcutiou. Till' mutn dlf· 
ft>rt'Oct!f! In this prl'o<eur system nud Irs lmmeollure pn'<l"""'"'<>t uro• 
1 h<' u>M~ or a n•ln t lvely high powered umpllller, rontroll<'d volume <>f 
>'liet!Ch In CIWh ollre<:llon !l;lpurnt~ly, nml ttmtrull<'d tre<JIIl'lWY 
reRJK>IlliC tor ·~b In each dlr<'Ctloo. TbP. high \"Oiume provldr~ 
~ufHcleut uudlble I!IJIUJd to over<'nnt> tlw nmblt•nt hl•• due to air ~n­
t<"rhlll' the loelmet with the r<'tinll thnr o·oiQlmunlcatlnn may be enslly 
mRLntallwd wiU10nt •hulllnp: niT tho• nlr. Controlled (Tloqnency r-e­
~pouNe Is ~MlCinlly lmJl()rtnnt nuder cundltlons of deep dh•lng 
wbere blgh pl'e1'>0nr<• nnd lu~llum-oxygpn ntmOI!Iphert'll cauAe the 
buman vulce to !M><·ocue exlrt>mely blgb pltc.bed. 

Dioi11g nmplifi('I·.-Tiw di\'IUJ: nmpiiJler I• tile heurt or the 
~ystem and IM'rve~ tn RIUI>IIty the ,·oice In euch direction, provides 
n conveUlt'nt cuntrul plluPI, no·t~ as a tpo·mtn•ll tx~ard for the 
dl.-lng t·obl~. and suppnr!R the teodPr·~ lrnn~mllter-rpprodncer 
omit, F'..och ampllftPr Is d<?81gned to provlole two-way speech !rom 
tile H•nder to a maximum ot three divers. 

The case Is of strong metal construction nnd Is provided with 
handles tor eeay carrying. Three jacks tor connecting to tbe 
ollvlog cables, three jacks tor oonnectlng to power supply cables, 
n o d .a control panel ore mounted oo the case. All jacks have 
~'TI!W covers tor protection wheo not ln use. The tender's traOll· 
mltter-reprodocer Is mountM rigidly to tbe top of the ampllfter 
cot~e The entire unit IH •plnshproof nod will wltbstaod dump 
81111 air wllbout dnmoge. 

The ompllOer will opel'ate from nny ""'~ ot lhree poower supplies, 

Dl'fln• 
• •Pliler 
eqalp-ruat. 
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unmely, Uf) \'Oi ts (60 cycl~s) single pbllse AC, lll) volts D. 0., or 
12 volu• D. C. It cons18t.s of one cbtum~l so urraug<'tl tbnt nll 
dh·en; mny tnlk to the tcndt•r ttt 11uy t.imc excetlt when ooe or the 
tnlk kPYS is pressed. :S[><'<.'Ch from the !<•ndcr Is trllnsmlued to 
•·ncb diver sepnrntely us eoc!J or tbe thr~-e talk keys Is dcp..,.,;ed, 
t<nJ!klent umtollJk't tlnu our! ~'l!nlrol of (~equeu<·y r.,;;pon•e Is pro· 
\'i<l~d to nllow the sysJcm to be ul!Cd In tut ntmospbere o! olr 
n1· hclh]m-o.xygen nnd under extremo pressures. 'l'wo tooe und 
two volume c'Onrrols nrc !Jff!\' ided In order tbnt the freqnmoc~· rc­
"JJOuge nnd ,·otume mny be conrrol l(-<1 s<>pnr>uely for SVl'CCb In 
o•uch direction. The lltupllfier wltb the concrol llllnel. tender's 
transmi t rer·repo·ollutoer, nno1 llm.>e rt'Ccptll('les I$ sh<lwn In plate 
73A. 

Di Ct"'~'.A 1 n"'''~"'" t;, •• ,.,.,,.od rt{'Cr tw il.-'l'lle dh·er's uult L"()nSlStt' 
nt ll JlerWnJlCJlt mnguet lOud .. SpCalter tltUt :.\e-rveFi huth UB U truJa.S· 
mlll(.)r UJJd repro<hll~r. 'l'hr. unlt rf.tftnh·~ Hnly twn wlres: !1·nm 1lw 
l!!mler to th!! oll,·<·r. 'l'hc unit Is IIJOIUtl.ed In the dh·~r·s h~lmet '""' 
i• ~n~twntlf•d In t'uhlwr ~ushlous. I t IH th!!<l!,'TII!tl 111 '""" hxll•tul ~nil 
w:l ter w l r hou t tlumugll. 

f'tnr><Jt' t~tl>le•.-'rbt'<le 31Hoot ,~,w~r ~uhle• nrc supt>Ul~l with 
thl" flfiUlpmf'JU. EaCh b!ltl H HJ.ieeitll a)l'•lariY.f'tl plog a net ig nmrkt>d 
rm· l hr- t)'lJ'I' ur ftUW~r I'HlJlJIIy wi l h whh·l• It Js 1ft 1')(• u:>4-'d. Tht.! 

fl h·~r'" lr:ut~mltlt•r·r••Jtr~)(:(w-er tuul tJ1c J;('"'''r cuiJlc~ ur, .. ,.hOWtl •>n 
11hl11' 7:U'\. A~ rllu rllugM uU Lht! :tmullfl••r ''llf1 .,r rhc Jle.IW~r t'Hhlf!lol 
S.'l'\' e u:.. swJtdae:; Cur ~Jtl\'crthag lb~ umrtllfh-r tfJ t-he d~lr('{l ptlwcl' 

surtuly, lu~rrlon uf IUurt• thnu OIH" phiC' ur nw .. rime wfl l 1·unse 

:-;.bort clrcu.lls: tuuJ so.rlous dunu1ge. Cut-e t=hr>uhl be tt1t!rC1~ so 
ti.Ju l 1non• Untn one i)O\\"{)r c·ublo will ne,·er he l'UIHl('Cted tf• Tbe 
:unJlJllirr at rhc .tmruc thue. 

7'ftc f)tJUibinutiQn t/it:inv amplifip,- (rild l•(r ··lluo r11Mo t ("Qml~hHJ· 

,,,.," ll'lt'phrm,.. tmrl li{f'·llnf' ('rJlif,, 1,- Stuudurd dh•lnJ.r t:_Ohh! $UJ)o 

plf,.·<l w1tb lllUJ)Iill••rs Is now SltttHhonl ror """ with ull l<'lcpbnnl,':<, 
!18 wcll as with tbc ::;tundurd dh·in~o:" nmp1iflf-•J'. A Kt:>('lft\11 nf lhr 

('llble is Shown on plut~ 14. Diving cnhlt~ Is (!lrn1sh<.'cl ht :!00-!ont 
1ror1_eth~ nnd ('()OSists or n hntsrln.a- uH\mlwr rot'll l in~o: n C't111TruJ eo~. 

' 
PL.A.T~ Tl .-Dh•lnl" telepbooc, ampUtiu t.fl,le. 
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n rubber ~re )ftckel. four ~le<:trlt wires, lnsulatt'tl "lib ft ':,;:·lnch 
rubll<>r JuckN nml un omLer ""'o•r of IOngb rublwr. l'tw lnchlltiUn 
nf four CVIUIUI'Itln! In 1M L'llbl~ JlfOVlde!! IWII 8JIUI'e Wlfl'>' Th1• 
h ohstiDg Jn{'lllh4•r IM fHriU("C] Uf ~tmod('(l C"f\ITVttiOB·r•lfoi"'ttng MH"t•l 
Wlr<' IWl'fi!M'fl lu II muldffi·rubber )IICkel Of nhout 3<11 lnrh lhlck. 
Tloe elt'<'lrlc wlrt·~ t'll~h l'()ll:Oi:,t (I( from ~~I ltl :!.i i«•H·•Irn•.-u 
1111lhml-'tt c.•c.tiiJM:r wlrt.• stnaotls wUb ruur tlt•Htl·~Jfl c"()rroslnn· 
rt._>ti:lt'tht,: BIK•I wlrr- "'trum1s wllll a J-lneh luy. 1'1h' \\lrt"3 tu-t• 
, . .,f,Jr-.._··ot l{\rtl whitt"', rt'fl. hhu:k. nnd g:n ... oen .. The four r.mdut·lors nrt• 
~ptnlll,\' womHI nllltHt llw r~nrrn1 core wil l! ~mut• ~l1wk ~" chnt ltl l 
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tf'lt~llr• ~lruln JIIIH'\'tl , .. , tilt' ''t1bh· U.. l;(lrlw hy tlw t-.•111 rnl t•nr•· 
Tlw '"ftulntl h••htln$: wlrt•, ••nmhH•t.-•r wirl' .... nml h111••r JM•kt•lllf nr•· 
clu·u tout.•n..,.••l n~o t11u• uuh lu 1111 uule-r ruhtlot;'r juc:k••l UJlllrrl\huuh·l~ 
·~, loch lhkk 'f'l1t~ t':1hlt• '"' :alJUUL ~ llwh 1u tll:uuH••r. \\dKh"' 
nhout O.a.:t ftlilllltl JM'r lhuoar ruot. nm.l hn~ ll hr,)aklug ~trt•Hglh ij( 
rappro.xlmu ttol' :t .. ·.a•• •••tuuJ .... 

&.1rh len~·llo uf dl•· tug o.ohh• 1,., l'l'lllfli~H· wllh '"" •t••·hll bru.~ 
plugs Blld Olll' rouplln~ Th~ pluo:s ore J11'rDlllllt'llll)' nllnrhed IO 
t:1cb end uf 1h~ t•nlole mod wiU make a s1rung wuh•fllghl m•'C'hftnl­
cal conn~tJon nnol n t iOSIIh·e etectr1cal conoectlun lU lbe diver's 



Preraullon to 
be ••ken when 
u.aln,- any 
dlrinl' com· 
nuanlcadoo 
l"(fuJpm•n•. 
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helm\il uud l" chv mnvlllit!r. \VIu•u otldiUonnl t"U~Ie lenglh lA 
d~sfred. the I.'Otlllllng Is ul'l<!<l t.> NllllleeL two or more 200-foot 
l~ugtl"' rJ( cuble togelh"''· Tbe <'unt>flngs and Lhelr constituent 
pu.rrs ure shown on plntN; 71-A to Tt- F, tnclu:~hr('l, 

\\'bvn dh·log fl}lel'tltluu~ :u·,. ~ ·vn• l oercd 1'1'001 wu<Jtleu nl.!u, 
bulls, or duck•, the electrkul "'<tlllpru"nr lti uftt•u lnsuluted (row 
tho gt·ountl. . \ s u result of this. a strulc ele<-trlc c.burge S<>roe­
tlnu ... -s ~xlshi: betw('l\'u tile et}UIJmumt und g'r<Htnel. and when 11u~ 

helmet Is plored clll 11Je diVfil', thts rfinrgo will tli~hnr~-:·•) lhron.J,!h 
h l!i body pr()(lncl ug J'Wrinns (!Jeelrie shO<·k. 

0 
3 

I 
8 ' 

13 , .. 

Tu prt'\'Clflt cbJ..; c•mflll-ltm, Th .. rH,·tu; h-,·h1phnnc or clh·lng 
nloplltlt•r c.:u:x! shQnht bt• g('('!umh•(l 1•,\' Th{· ('()nn,•t·l f•m of n co-ppotor 
wlte trow u :SC' I'('W In Llw (·ast~ lu uny owtul thut I!" iu cont1nuun~ 
contnct wlllo th~ wuteo-. ' l"h<' wire ~h<>O ol <l be No. 10 U. und !;. 
ga,gc or lnrger. 'tJw din:r's nt!•tnl lnd•lct• will ~Jft(l'u St.•I'\'C 8.8 :a 
g:rJod h,'l'•mudlug point. 1f nn>· ruCHll slu?utbPtl CflbiP is used to 
muke connecrtvu to o Shf)re l'''wf'r BU()pls, tile :s1ut:Hh ~tumid l•l' 
s•·oumlec.l in n s:imitnr mnnncr. 
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DESCRIPTION OF NAVY STANDARD DIVI);(; GEAR 

l'be overall trousers (pl. 74) nre made ot Ugbt canvas, wltb 
tut.lu.stable strnps fttted with brns.• buckles amd eyelet8. two 
poekets. reenforced with pntche.~ over tbe knvl!l<, nnd provided 
with llaps nnd lbong• !ur lnclnlt up the legs. Tbe overnll 
trowrers are used to l>rOfloet th~ dh·lng clreto$ from chafe uud 
wear. 

The air-control valve (pl. 76) Is of the needle-valve design, nod 
I~ used to control the Inlet of air to the diver's helmet. The 
valve body II! n brn38 ca•llug, npproxlrnutt'l)' ~'!. inches In length. 
with n liOI'8 cost ot n sv• angle to toke the valve stem, stlllllug 
liltS, ghtnd, und ro11 nut. A retuhtlng yoke pre,·ents the vnl\'e-

Val.,., air 
f!Ctl\CNl. 
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J'f.ATr.: 71- f:,- llh'IHK tf'lf'lJJIOOC t."'UJ,iln.JC. rvr h~1 mt't &OOtWJ\t'\'k 4 ft-UUtl~ t'OnU{t('liC\11 ) ­
AHStCIIthJE>Cl. 

I ~0 3 
0 ... -~---...,------100 
2 .4 •• 

t•t.A"l'E 71 - F.-- Dh'lntt tel~a,honA rouplliuc. ror hl'-hUl'l J.:'unJtNit."''k (ft•m;lle t'(lnn.-.·lll•u t­
J )ll'l:ftJf).!~lllhh"'l, 

8tcm stuftlug-box car• nut !r<Jm backing ot!. COUI>IIng nuts ure 
spun ou bot.b ends uf the mh'e body to take tbe mule (,'OUpHugs 
or the air l>olll'. The rww ~·marol \'nlve h•~ nutte tltr~•ull:l on both 
ends t<J t•ke the te.ruuh• r.nUJiilng o.t the nlr hose. Tbi~ ntlve I• 
heJd to the dl~er'~> <In>><< by meuns of n link ond bracket chnln tbnt 
Is pia('<!(! und<>r, n11<1 ....:·ur~•l by, the wing nut on the long stud nt 
the lower Jeft·hnnd •id<' of. th., hreuli!Jllnt<>. 

Cast-Iron weights (pl. 76\ >Ire provided In three slws. 1. e .. 25, w.;1~to. 
50. Rrtd )()t) J)lJUilclfi, tl"twy JH .. nf IIHHt-hi'H1HH P.:hn1~. thh'4t wilh 
steel pad t~y.:-s U!'l :Obown. mul ttr':" t)lllnftlt1 hhu·k. Th(l' 21l-r••nuul 
weights are usually, used tls rnnrker·buoy welgh!H. Th~ r~l-ponnd 

weights nre used with the dccomJ)re•~lon stngp;o. Tilt> 100-J>Otmd 
weights nre genernlly used n• ciP.•ct>ndhtg line weight$. 

tr.oo-!4-4~--7 
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DESCLUPT.ION OF XAI'Y STAXUARU DI\111\G GEAR 91 

NAVY Pl-llNE CONNECT'Iall5 

,..,.~,,-·~­
CAIY 0 .. '-" 

..... 

DIVERS SET 
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SprdaJ a ear 
not • rel(ular 
IUU't of •tand• 
Atd diYifiR j(('IU '. 

DIVIXG ~1A1\'LAL 

Woolens consl%t ot woolen nudcrsblrts. druwcrs. •ock~. nnd 
gloves.. Tlle shirts ruld drn wers tHO woru nsunll~· m·er tl1e dh·cr's­
ordlnnry clothing when working iu cold wntcr. WOOI~n ~:lonl:; 

nrt! worn Inside llle n1bbcr ~rlo\'CS to J)rotcc::L ria~ lwuds !rout 
cold. 'l'be woolens nrc furnished Ju rnst-dyr.<l do rk <'<Jiot•s. Til~ 

shirts nud drnwers are rurnif'l:hed In siT.t"$\ rr·orn 3G In 44. fthl,'(•~ 

nr~ turolshed Ju Sl7.e.s 9 to 11. 

Ccrtuln other genr. such u.s untlt~rwntt.•r cutUnt: rorchc:w:, uttdt'r· 
wtlter weldlug ouilllS. UJJd~rwuter cool,;. etc .. c~eu11al to suh•ng~ 
n1>ernllons <lre not Included In .;tHndt1r<l tlldu!: Oulfi tJ; hut ure 
furuJ.shed ns sepnrnfe nnd S'(leeln l Items hl tmhmnrlllf' rescue nmt 
Ra.J\·nge n .. ssels. Thf5i SJ)e<::Jnl (lc.auhu•u;tnt ts dl'~·rltwd In chnpte1· 
XIX. 
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ru:t£ 74--A.-'rank, tr.sl, (or tltVIng ulr lf)'l'item. 



CHAP'l'ER V 
SHALLOW-WATER DIVING APPARATUS 

1\nv)' shallow-water diving aJlparatus ronrdsts of tbn>e IYPP.S­
one known as the Mlll~r-Dnnu t;rJ)I', une as the Morse t~·pe, und 
one na the Ohio Rnboor Co. type. Bt>lng llgbt In wetgbt and 
<'OIIIJJHCt th~y o·nn oo trun~purtro uud stowt'd ~••Illy. While sb&l· 
tow-water diving dll<!J< not pri'Sent the lut••ml" lnvolvo'd In deep­
Mt•u tlh•lug. n real hn7 .. nrtJ dfM124 t;~Xitott tv rh~ mnu nufuuaithtr with tbe 
metbods and buslc physiological principles of <leep-sea diving. 
Thla equipment shnuld he uf<ed ouly by lrtilued dh'<!ro ur un<ler the 
HUpPn·tslon ut u I'Oill(lett'nt vtflt-er or enHHh'<l Ul/Ul trulned in 
thl• fteld. The dh·ers ~hould IJ4' gO<Id ~wlmmer•. Th<'y are u~~e­
Cul In worm water In pertonntng such work us t'X&tnlntng ami 
dt'unlng •hll>"' struhot•t.,., Jlrllpl'llt>r work, etc. The ~lol'l!e and 
Miller-Dunn IYIK'S en<·h con•l~tts of a helmet, lead weights at· 
tnl'l>ed to tbe helmal, :.o fet"t t>f nthber nlr bose, o,nd n mnnu· 
ally~•IK>roted hand pump. 'J'bPir prlnrll>le of OJM>rnflon I• the 
same. Air hl ijUppltL'II to the helmet b)' Ot>erntlon of the band 
pnmp ut n pl'('$81lre grent~r than the surn•undlng water pressure 
nt shullow dvptbs. 'l'h{' exCt'~ nil· pres~~ure In the helmet prevO'ots 
tbe water, wblrh of <'Ottr>«' hu nt'CPSH through the bottom 
of the lwlmet. fr<>m rlslnl! obove the le,·cl of the air Inlet It 
fij for lltig reni!Oll that the ulr Inlet I• lOL·ated nror the bottom of 
the helmet. l~xcess ulr e&-tt[M!H tlmmgh the bottom of the bel­
met. It the helmet IH lUted too far from the ,·ertlcal, there Is 
danger of an uf t.he ulr In the hclmrt e-copln,; ond the helmet 
tilling " 'lth water. While the dh·er DVIY stoop slightly wttbout 
Ibis Ol'(•Jlrrlug .• 1111)' t lltllljC of thP b~hiiP! In O'Xt ....... • of 4;,•· will 
allow the water to rise In the hL•lutH above the lc,·el of the 
dh•er'• mouth lind nose. Ukewl•r., If the pre81!ure of the air 
supplied to the belm•t I~ JeSR thou the prC>l•nre ut the water 
Hnrruundln~: the helnwt, thP. wntO'r le\'PI rises In llu• hPimP.t until 
tbc lnterunl and external pressures t'C)Unllre. A<·conllugly, rare 
should oo taken tholl the drpth• tn wblch dh·vs nrr mnde nre not 
greKter Ullin r.ho"<! to whl<-h the pump can supply nlr, In volume 
nn<J prel!sure commen•tJJ'atr wltb requirement~. T!te Ohio Rub­

ber l'o. lyJit' ""'"lkUI o>f a rub!K'r !at-e mask, out> uunretllrn nth·c. 
:l pRJnl of diTer·~ nnclt~·wf>ur, 2 pulrJoC Hf ruhtwr ~rwuke~ one tsO-tuot 
length of air ho!S(', one 3-fooOt trogth of nlr hose,"" upunelon tnnk. 
and a monuolly-11perntro hood pump of the snme type as supplied 
with the ~11111'1·Dnun or the Mor8e tYIJe apparntu!l. Detailed In· 
structlons nre fnrnl•bt'd with the fllt'e mnsk outfit. With fbi$ 
type apparatus. tbe dh·rr l>as grPntrr tr~om of movrm<'nt, nod 
can assum~ any t>OSitlon wllhont lvate-r eoterlog the tnce mask. 
provided nlr of pr<>per pressure Is eonttnuously •npplled to the 
mask. It Is nl><o t;"nSI~>r tor tbe diver to mnlntoln an upright 
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SHALLOW-WATER DIVING APPARATUS 

po<~IUon with tbls type of outJ!t thoo wltb thf' bchnf't I)'Jll'"· 
For Xuy wnrlc, Ulle o f ahRIIow-wnt~r dl~lng outOr~ Ia ret~trleti'<l 
to dt'plluo or :JII ff'l' t or h'Oit<. A dt>tullt"l! d..,ocrlllllllll or I'IU'lo tyJ't• 
f ollows: 

The lllllcr-Unon Na,·y IYJ>e shnllow-wnh•r dh·lnJC oulllt Is Mtu ... o .... 
sbown on plate 76. N"' .,.,.. 

Helmei.-'Cbe helmet or 17-<>uriC<', bnrd-rollf'd COf)IM.'r Is eylln­
drlcal In sbope, domed on 1<>1•· nml mrade with n rolled <~lltl' ot 
tbe bottom to conform with nnd tit eomrortnhly ron the 111\'~r·s 
shou lder~, 111>16 ch••t, nnd rnwk. 'l'bp unwl'lghh•d lwlmet w~lghs 
26'h pound•. but wh~u 11roperly w~lghtt"l!, IL wd~h• 1)(1 1~11111<1•. 
A houdle lij rh·ctt~l to the top of th(' lwhurt 10 fu1•111111to han· 
dllur. 

Tl1P trout ot rtw ht•hnt-1 1!4 flttt"il with u hltn\')• hrun1A-• fruuw 
ln wbtcb tWO plutt'-glR08 'f\'IUdU\Vg 111'1.' hM'IIII~l. 'l1u; wludoWg 
are mnde wuterllght by being '"-'l ln ..,n wkklng "'"'k''Cl with 
whitt' leoti, o.nd are lleCured by right· nnd h•r t-hnudt"l! ttecurlnll 
f1'1lmetl held to tbt> helmet by l U beL~gouul-hPncl"'l •tu<l bolt~. 
Each window la 10 hy !i lncb('ll, nud eith~r gin•~ IJUI)' he "'"'"''t'd 
Cur N.'placemeut without lllsturblug the otber. A long-tup. ahurl · 
bottom guord protects the ~:luos from brenlcAge. A mnle-thl'<•uclc-ct 
nlr tul~t cunnLoctlun, termt'd the guoseucclt. I• rh·eh'<l uoll MWenh'll 
on the right aide of tb~ belmt>t near the bollom nncl lw cun'<'ll 
downward toward tbc renr nt a sr.• ongle 110 "" 10 S:l\'1~ n rulr 
lead to the nlr bt»<e. An ey" I• Corme<l on the <'llf\'C of the 
l()(>llellt'Cic for 81'Curlng the bight ut the nlr hQ~c. 

A copper bnmu pint£· sweutell over the ulr Inlet Inside the 
helmet dttiectK thf' nlr ur•on ent nml"l'. t·nu,du~e IC tu I"•"'" O\'l'r ttw 
fnc.•epluttt anti thus t•r~\'ttUl lt:4 fugJ.:tu~:. }o:uUJll llult•t~ l•l~rt't'41 lu 
tho> botlnno port uf the helmet 1•·rmlt the ....,IIIII.' uf L'XCI'>'II nh· 
lo ndttltlun w cl.Jnt whll:h ~·aJM-t~ uf'fmnd Cbl' t4ltuuhlt1 nc. UrnHtl 
ro()flt•r errup. ""' rh·~tt'tl to the t rnnt nnct luiO'k JJintc"' ur tlw 
bru!I>C cllllOI muhll'<l lu tb•• l~ud weights. 

F our 8\4 ·pcmu<l lend WE'Igbta nrc bung nn the weight stra[lll or 
the heiUH't, t'f\'O In rrnnt nud two nt the l .. ck. tu Jlrc~ent the 
helmet from llttlng olf tile dh·cr'ft ~boulders. They are eec:urt'd 
to tbe helmet by mo.rllue •tuJlll pn">!ett tbrougb hull'S pi'OI'Idcd In 
the weiJbta. 

Pvmp.-TIIP nlr tmmp lo n twln-cyllnd~r. olnglc--ncllon tmmp 
tiUII I• mnnunlly-cl(ll•rntt•cl by n l~ver :r. llu·h..,. lou~. lltll'<l wllh n 
bnrdwood hon<lle. TlcP w~lr:ht ot tbc snunp t'Uml>letc l~t 2M 
pound!-, nnd 1H deHigrwd null con~trul't('d to snJ•ttly un nd~tunl~ 
nmuunt ot ulr dnwu ru dt>JUh~t t.tf uhutu 10 fttrt-t. 

Tbc boUum p1nte Ut nu lrrt'jUtlnr .. ~hJlt)Ct1 lrou tu"'th1J.;" lut\'lng 
o vertlml JJhtmlnrtl 111 tile ("f"Utt!r 10 which l~t Jlhml'tl u ru(·kt·r 
nrm or I.H!tun ••f Clw MOUlt~ mut~J·tul. Thl~ r•.M'k(lr nrm or l~·nu\ 
baA n drill~ fnrk ~nd tu whlclc ure tllnnl'll thP UJIJ't·r ~tul• ur 
lh<' Jlllton totlJI. A ,utt·k:Pt oJ.!'CO furmetl In thl• ttN'k•'r·nrm t'O!-It · 

lur; pro~ld..S o "'"""" fur huldln~: the pump bundle tb111 I• lll'ld 
In 111aee br n ,...t o~t•n•w. 

n1e \"ertlc:olly ntunnlt'il f'",YllndP,.,., n~ ot ~nmh_hl4l tlruwn Lnu·~. 
3.375 IJIC'bt'• 111 dlamf'lrr. nnd hn~r nn lnslllc ll<·l>lh nr r. lnc·hc.,., 
Each rrllndcr I• dCll!ed nt rbe bntlnm h)' n "''"'l•••ltlcln m~tnl 
head tterewfl'() and ~W~Rll"tl ll'l'ntWJif!JHly lu l'hu~•. eu~t wllh 

97 



98 DIYIXG MAN'UAL 

Uu; bolioru c.flltader hcocl Is o hlng(-d Ita~: b)• m~Jlus ••f wnieu 
the cyllnt.lcrl< n rf• phu,.,J lU Uac bottum Qt Ill~ Jlln t c. This method 
of &eenrlug the t•yli ndt·r~ permits them to mo•·e slightly In n 
•·erllt,ll )liOn<' In order I'O cPUlPr lhelr o.xl" wltb the ends or 
tit<' rookN· nr_w ur henm tJutt makrH :t \'ertlcul nrc on lhe U(lWnrd 

uml tlowuwu rtl ~trukcs of l'ilC rl~ton. There h; n drlll~'ll. lbrcuded 
exlru,.;itJII nn tbe lx,tiom cylludt!r lwud:; In which [S t:<'rewed tbe 
uJr i•lld cum~<ocliou enst In om! w-llb tlw l'lth 'e body. luslde t.lJo.> 
hulturu c:ylimler heud, tlll tLir duumeJ hi ~cured uuc Uutt lentlt;. 
In rhc- nlr t'llllltN"tlOaL The top cyUruler heut1 ls Hrrcadcd ttnd 
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eerewed on tbe C:.YIInder. Lugs ca1t In one with thl8 bead ma.Y 
be eogaged by a book SPAnner wrench tor Ushtenlng or removaL 
Bealde~~ the CM~ter hole for the pilton rod's pusage. tour other 
bolea arc drilled U>rouch tbe top cylinder bead. 'l'bese boles 
not oni.Y pre .. ent cuablonlng ou the upward atroke of the plstoDl!, 
hot also allow tor oiling of the platon leather. for beat dlllslf)O· 
tlon. aod tor Ughtoea. 

The platon c:onsbta of two cast dlska wltb a cup leather loter­
pofled between tbem. And when properi.Y aMembled the platon 
baa a thlaneaa of 1 Inch. Len11th of Ita ltroke lA 3.711 Indies 
and stroke delivery when 100 percent elllcleot lij 33.55 cubic 
Inches of aJr. 

The piston rod Ia 6.37:i Inches In length. 0.625 loeb In dllllDe­
ter, and p&.-. tbrougb the center bole In t.be cyllndn bead 
that torma a KUide tor 11. The platoo rod Ia threaded on the 
l ower end and pa- thrOuJ!b a ~ntrnl hole In the upper disk 
and cop leather lind ecreWll Into the threaded bole In tbe lower 
disk of the platon. 

The vertical I)O'lltlon valve bodlet~ are Interconnected by a 
7·1ocb leo1th or ftexlble rubw boee thus <"OoaUtullng tbe pump 
lllanltold. Near the mAnifold air connection to CAcb bottom CYI· 
Ioder head Ia n •mall IICrew tbat may be rPmoved to dralu 
ony exceAS oil formed lo the cylinders. The upper ends ot tbe 
valve b<ldlee are c!Oiled by nuts. When facing tbe pump man!· 
f old, the rlcbt·bond '"alve body nut has an air connection tor 
the male end lltttng or the diving hOI!e. Ill the lower end of 
each valve body 18 IICrewed n nut thot boa a %·loeb bole dr1Ued 
tbroogh Ita center. This holr forma the 8UcUon Intake tor each 
qllnder, nnd tbe upper IMide f'l'lrt of t11e out forms a sent tor 
tile Inlet "f'Bive. The lloatlng·type Inlet valve hna 11 short·ftnted 
stem and • leather•WA8ber-toced. aat eeat. This <alve la held 
seated due to It" own weight lind the pfl!l!sure of delivery nlr 
•ben Ita reapecUve cylinder Ia under c:ompreulon. The valve 
llfl!l on the anctloo atroke permlttlnc Air to euler the bottom of 
tbe c,yllnder. An outlet ulve •hnllar In abope and &l&e to tile 
Inlet oralve Is located In the upper part of each '"alve body 
nod resta on Ita seat formed In the wolve body. The compression 
stroke caoeea thla 1"8l'fe to 11!1, and tbe air discharges Into the 
lllr boee. 

Al<" ~oae.-Tbe air hOO!e Ia a llulllle mlcaniJ<ed rubber tube 
wnounded by a two-ply. braided. duck coverln1 laid lo rubber 
tbat. In turn. Ia covered b)' a smootb outer layer of rubber. The 
hMe Is :SO feet lo length. welgbs 16. 7!5 paunda, aod has au Inside 
<.llameter of 0..$ Inch and an outelde diameter of 1 loeb. One 
end of the b011e Is fttted wltll a commercial threaded. brass male 
coupling that coonecta to tile pump manl!old. The other end 
Ia lilted with a femal~type coupling that connecta to the goose­
neck at the helmet. The hoee Is marked FOil SHALLOW w A· 
TER DIVING. about 2 teet from eltber end wltb Inlaid letter11o 
The IJI)eClal thre11d need on tbe couplings and tllla Inlaid mark· 
log on the air hoee are precautions taken to prevent tile uoe 
of tbe aballow·water dl'flng bOOM! wltb tbe etaodard No. 1 aod 
No. 2 deep-- dlvlog ootata. 

Tbe 10004600 llotOoqe bOz meuoree approximately 111 by 12 
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A. J. Moru 
Nuy lypr. 

hy •l2 luclw>~, tuul l:c furui~hNI n:o: u I"Ui rl nt tlw \HIItlt. Tutnl 
weight uf tile CUUlllldf• IK!X~'() unUh l l< UJIJU'<lx-illwlh,)ly ltt.'f llOUIId!l. 

ThP Mo..,.~ typ~ nf l!hnll"w-wuter cth·l11g uutftt I~ • hown on 
J!IUi c 11. 

Ilc:lmct.- Tbc J1f\huN \\'l• l~:h~ HIJflruxlmulely· 20 J.aund~ untl 
~~ mcuh· ur ~)JIIII ('~Ill"-'"· 'l'lcc UJIIK'r IKirtlou Q( lice lwlmt!l '" 
• nlwrlt•al lu s lctllril 1111rl Uw luw~r I"Jrlll•U Is s lcnttt•l I!> fit c·nm 

l 'l \l l ti.- S'ltlll u~~t~• "'ttt••r dh lm: nmmniiU~ot-.\. J , .\t••n-.t• 1· ••• t,nw. 

(P r tuhly un the tltw·•·'-; :-.h" HIIIi•r.-c. Uf1111' 1" l'lw;t!l nnd hn~·k. 111C 
lu,.id P "lu uwh•r ot tlw 1wdc purf1• .u IJ( tl w lwhm.•t Is 0 % 1uc lJ(>f.. 
wh~·n·us rhu r c•f till' ~pllt•rkll l p11rti••u i:o~ lur~c ttll(nt~h tu t~r· 

fllif tlu• tSh·~·~ · ro rnoH• 111~ b' •utl fl't•t•l>. T lu• (run t nf the h <'lnwt 
il' fi t tt"' l with u ~j mdt' c•tun•ll whulow mud(• of shn l t crproo( 
a: IH~~. 

4 r lu• whu l,;w 1:\ mmle wntt•n h:ht 1;.'' ht:1u~ embedded Jn 
n •d· h•Hrl (IHIIy, lu n hNwt, nrHl ~{'(·m·p£1 h.\· n lu-nuw trnme ih:u 
i)l lwl'l ftt ~l 111 1he tu11;c•l h.\' tu·u~"' t-rrC\\~.. t\•• tlh·io.: lo"!'llAnl 1:: 
fll lf'(l rn lh(l htmiHnh•tl J,:la,.:l'C wi tultlw, Hut a lH' fhQt ptarc ttiOW~l~ 

~unrtl 1 ... IJ1'0\'1th1d. i~1 pruh•t•t tht• window wlwu llw heltuN ls uo·1 
{II UI-t' : i l j.. IJ Ut•tl vH•r t i ll' WhHluW fiiHl lH'hl h t Jl iO('f\ 11)' IWO 

1 humh :o;t•n•w:-o. fJlbc- J!'ln:--, i~ 12f; luclh•!': hm.:, i 'li Lut·h~ \\~Jcl f\. 

Hllll 1d ~fn~h tbirk. nud the cvruers nre roulh letl wltll u :!~'l·lm•b 
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radlua. The top of the wiodow 1.8 tipped all&btly forward to 
give the dlnr greater rnnre of downward vlaloo. Air Ia ad­
mitted to the helmet through a oo• elbow, turned downward 
at llbont 30' to a:h-e a faJr lead to the air hose. After the air 
pasaes through this elbow located at the bacll: of the helmet, It 
Is conducted by two 2-lncb pusageways opening at either side 
of lbe window. A bronse awioglug handle Ia aecuzecl to the 
top of t.be helmet to tac:Uitate bondlloif. Au eyelet placed OD 
lbe lett-baud aide of the helmet provides au anchorage tor se­
rorlng the nlr bose after It pa811e8 under the diver's Jell arm. 

Air pvmp.-'l'he'nJr pump Is a tw~yUuder, alngle-actlon, mal>­
uallf-<lperated pump that wPigbs appruxlmJltf'ly \12 pouoda. The 
e,-lludera, base, and bttndle pivot are mMde of a B111gle brolllle 
caatlug. 

T11e cylinder blocll: 1.8 secured to a plank that Is 12 lnebe. In 
width and of suftlclent length to extend approximately 12 lucbeos 
ou ellber aide of tbe block. This plnnk exteuslou provldee the 
operator with atnndlng tootroom when operatlug the pump, there­
by stendylor It The Inside diameter of each cylblder Is 3.625 
Inches. 

'llle plstous ure O.'llllncb thick, and are 0.062(1 Inch smaUer In 
diameter than the bore ot the cyllndera. They buve a AtrOke ot 
3.5 locbes, aod n theoretical dell..-ery per stroke of 72.84 ·cable 
lncbet~. The w&Rte room Ia approximately 0.4 loeb. Sacb pls· 
ton 1R rigidly connected to Its re&peetlve e&Bt-bron:re piston rod, 
und baa cut In It a single anoular rroove Oli625 loeb deep. Tbl• 
groove Ia Jlot on the pres1111re side and Is cur\•ed on the oppoelte 
face. Ele•·en 0.228-lncb diameter boles are drilled on t.be Jll't'f'· 
•ure side to meet the b8ae of the amove. Into the croove 18 
plnced an oil-saturated leather ring tbot stretches o\'er the taee 
nf lbe piston and settles toto the groove. Tile abape of the 
groove prevent& the ring from reocblng th" bottom of tbe groov<'. 
The thk'knt!SS of the leather ring 1.8 allgblly Ieee thRn the wldtb 
ot the groove. 011 porta are provided for olllll( the piston 
leathers. 

From the forerolng, It will be noted that the platon ring Ia 
nl1<0 tbe Inlet valve. The \'alve cbumber Is cast Integral with 
each cylinder hPod. On the lntnke stroke, nlr Ia drawn from 
the rear of the piston, ))1181 the leather ring that Ia forced arotnat 
the llot wall of the groove, nod through the pal!l!ageway lett 
to the rellr of the leather ring. under It, out through tbe 11 boles. 
nod Into lbe cylinder. On the renrse stroke, the leather dog 
clumps Ughlly against the curved rear face of the ring groove, 
nnd forces tbe nlr through the check valve placed In close pro%­
lmlty to the end of the cylinder. Tbe air Is then delivered 
through tbe re6pectlve outlet valve Into the section of brass pipe 
thot connects the outlets with a T casting. This T casting beP 
two opeologa: One tor the air-hose conoectlon, and the other 
tor the pressure-gage connection. The prell8ure gage when to 
position 18 oet ot oo angle 1!0 It may be read easily by the pump 
man. 

The piston rod Is 1.11 Inches In d lometer, Ia cored tor ltrbtneaa. 
nod Ia milled at Its center to receh·e the forked ~ud ot the 
rCX'Irer nrm. ThiM rod runs In no nmple bearl~~g thot 11 caat In-
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tegral with the cylinder blOCk, and bOred at the Mllllle setting to 
neaure perfect alluemenL 011 puosages ore provided for oiling 
the piston rod IK'arlDgs. 

The manganese bronze rocker arm Is plvot(od Oil a o.~IDcb 
pin anchored In the cylinder block casllog. This rocker nrm 
operates tbe rigid unit coiDj)(lsed of tbe two pistons nnd the l'On· 
nectll~« piston rods. nnd bns on upward extension provided wltb 
n 0.71>lnch cn~t key. This cxte111<1on llts the lower seetlou of 
the malleable Iron operating rod. 'l'be two f!eCtlooa of the op­
erntlug rod are similarly keyed and are Mid together. by two 
bolts. 

An 8-lncb wooden cross bundle Is lilted ot the top of tbe upper 
ae;:tlou of the opera tlng rod. The length of the assembled handle 
f rom Its pivot IS 3 teet 15 Inches. 

Air hote a"d cAut.-The olr bose. bose connr.ctlons, nnd th<! 
etoroge Cbt>st for the Morse nppnrotus ,ore slmllor to those de­
scribed In the foregoing as forming a part of the Mlllcr-Dttnn type 
of apparo tus. 

Tbe Ohio Rubber Co. IYlJe shallow woter dlvlog outfit Is ahown 
on piQte 77 A. 

Foce motk.-'l'be face mask ( pnrt 1) Is a molded rublK'r face­
piece seeuxed to the toce with robber strRJI!!. Thet~e atrnps nre 
seeured t<>gether with a buckle at the ~nr. The eyepleees are 
of tempered ~tlnss. A "demnnd" type breathing v1dve Is secured 
to the front of the rnuak. abOut the level of tba cbln nnd L, so 
designed tbot with a constant air supply of 90 ponud• pri'1!Sure 
this vnlve will CIJK!O only when the ilh·er Inhales. Ou exhnlnllon, 
the Tnh·e ~molns clooed. The vnlve IR also provided wlt.b n 
pW!h button vnh·a wblcb It tlURbcd wUI open the demand valve 
thereby tnmlsblng an easy and qnlck menns of obtnlulog an 
n~ of olr In tbe mnsk. The air BtiJll>lY line (TJttrt 2) IK 
ronnected to the demand valve. A bypall8 valve Ia provided 
by wbldl the dh·er may receive 11 continuous llow of nlr us In 
any other diving outfit. The mask howe•·er can be u!Oed without 
the demand rype valve hy ronne••llng the air bo:<e direct to the 
air llttlng on the miUlk. When so connected exhaust air escapes 
aroood the edge of the uu1sk. In order to prev~nt the dh·er·~ rnce 
f rom IK'Ing "''U""'"'d In !bt> !'•·ent that the nlr ho"" becomes se'·erl'd. 
a safety non.return vulve I• Jlhtced In thP line between t11e dPtnund 
valve and the ho.~ roUJJllng. 

Volume tank.-Dur to the •moll nlr c:'ltJmci ty ot the fnce-ptlll .... 
It Is necessary to InClude n nne-llnlt cuhlc foot cnpuclty or lnrpr 
••olume tank (pnrt 3) In the air SUJlPIY line to eliminate tile 
•·arloble pump stroke pr-nres dclh·ered by th<> shnllow-wnlt•r 
diving pump. Thl' volume tnok Is not I'I'Qnlrc<l when n.&lng <'Om­
pressed niT trorn tt sou~ ho\1ng n tnntinu,m!il1~· gtendy flow ur 
when 1181ng oxygen rrom n cylinder. 

Pvmp.-Tbe air pump (port 5) 1e similar to that used with Jbe 
Miller-Dunn or Morse IStJC shallow water diving oul:fits deacrlbMI 
ubove. 

A fr Ao•e.-Tbe air bose Is a/16-lneb Inside diameter rub­
IK!r hOse of the type used with oxy-hydrogen under-water cutting 
outllta. 
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CHAPTER VI 
CARE, SURVEY, AND REQUISITIONING OF 

DIVING GEAR 

E\'erY ''ffurt Rlutll he.' mnrl~ tu pretcPrn• the fine n)lpt.-11rnn~ of 
dlvlug apparatus, tn k<·~p It In gnod repair and really for lm· 
mediate use. With tltiJo cud in l'lt'w, tbe Instructions rontalued 
lu this chapter shnll be t·orried out In deto11. 

Storort. nh·lug apparatus sbJtll be ruolntnlned ready tor Immediate uAe. 
U 11honld upt be stowed Lu compartment• IK'I()w tbe wnter lbte 
ur in plnces difficult o.t ~1.'<~$8 in time uf emcr~nc·y. 

All chests ot diving UJlPlli'IIIIIA ~bnll, wheu ~uffid<mt til''""' Is 
Jl\'&lluble, be kept hnbitunll~· stowed uuder ro1·er. nwny f rom 
Mcnm pipes nnd ex<ell!lh·e bent. When It Is neces~ry to keep 
111<'111 In the open, and e:q•osed to Ute weotbl.'r, sullllble can•as 
<'<1\'ers ><hall be provided n ud used to protect the outfit. 

Sooro porto. Spurr purl• of diving uppnrntus not requirt>d for lmmedlote 
n•c ~bull be kept In Altlloble ~toreroom, ond when drown tor 
use shall be reltlnced hy new )Jnrts nt the earliest ottportuolty. 

Ltathf'r l'ood•. Uulf'SS pr<Jr~rly cnr~ for. trntlll'r n r tit.'lc!i \1~ In WtltE"r will 
'<>etrl become dry nncl bard nnd lhtble to crock. FluiNhl'd lenU>er 
rontnlus 8 certain amount of oil nnd flrP8<'<', and wben tbls Is 
WttKhPd OUt, !btl J~utb .. r lo""" itS ft~XIbl~ Qltllllly ODd WLll 80011 
~bow signs ot det~rlnrntlon. Occa"iunnlly the leather parts of 
dil·lng appnrntu• Nhould be l!'il't>n n ront nr neat's·foot oU w ell 
rubbed In, so U>nt thE> nrlld~s will •wt be diSilgreenble to bandle. 
To treat leather 111'"1"'''1.•· with UPlll'><·f•••t oil, plnt.-e tbe article 
to he trcnted tint It po"lhle. 'fhcn soak o rag In oil nod apply 
one coot cot oil nt 8 time nntll th~ oil .oonkM through on tbe other 
~hie. flo not attempt to nt>Jtly til~ oil f rom both sides ot once 
nud do nut ~ubruergc the nrtl!'le to be trt•atc<l In the oil. 

M•talport•. All Jll('tol purls of <lh·lng nprmrutn• •hnulll he k~llt tree ot rWit 
ur ,·erdl"riN, lu •·tiiC'iont workln" or<l~r. nnc.l protected f r<tm In· 
.lnr~·. Stll'<'htl prN'nullou• nre to h<• htkcn wiUt 1'1111'1'8, ,·nl,·c 
st•utA, HJ>II like purtK. ['urt" not kPt>t tmlutNI. poll"lu•ll, or gol· 
mnlu.~l •hnnlcl hc kf>t>t ll~thtly conted with Qll, 

Rabbrtr avoda.. A~ oil nr ~tt'IU4<' J~ »IW:f·inllr fl~trurth·•· to rHh1~r, parts o r 
dlviug UfiJ •a rulus. c-ompoHt•d nt ruhhc:r mn~t 11i! t•rotected from 
f11l ur ~:rt·n~r in nny tnrm. Oh·tu~ flr<•S:ow~. nnd uther parts COJl-. 

:-.Jstin~t uf rnhhtlf w·ith rloth crwt'rlng:i Hr doth htflt.!rtlons, eball 
not b~ put nwny while damp or w~l. Rubber mntPrlols, · wben 
Cnldedt fl('()U i r~ ll r~riUHJH~ut ~Pt tll ChH heuds. Utili Inter, wheu 
n!-Wd. nn"" Upl tit t•rm•k up,•n nr h~ak nl tbr-~ points. Such IDA· 
tc•rlnl• ' """"' ''" fur as tn·ur tlcnhle he ~towed without folding. 
The ln~trw·tlou•s fflr mnklng rt'tlftlr• to di<lng drPSSPS also apply 
fl> oth~r ruhl'wr or ruhlJt.!l'h~t-cl nuttt•rlnl:;. 
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REQUISITIONING OF D'IVING GEAR 

Tbe lot~~eYit:r of rubber Ia Umlt~ by the characterletlca In· · 
bereut to material of this nature. In using rubber parts of dl•· 
lng apparatus. preference should be given to thoae of the oldest 
date of manufacture ao far as It Ia llractlcable to do so wltbout 
Jeopardy. For example, boee, 80 tar a.s concerns Ita lll!l8 aa div­
Ing air boee, baa a stipulated life limitation. Tbe entire amount 
of dlvlt~~ air boee furnlab<!d wttb dlvl111 outfits Ia eeldom re­
quired for an Individual routine dlvln~r operation. Conaequently 
wben new bose Ia obtained to co01plete a diving outftt, this 
new hose sllould not be put Into uae untU the old bose baa 
reached Ita age limitation or baa becoOle unserviceable for 
further nee. 
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The outfit and helmet ebeete, and pUmp caae ot the diving ..,_.._ 
outftt shall be kept clean Inside and out. Tbe:v shall be ll.nlahed 
In tbe natural color of tbe wood, and eoated wltb clear spar 
varnlab. All exterJor braaa work aball be kept clean and pol· 
labed. All exterior Iron work abaJI be kept tree of mat and 
black ena01eled. 

On 'feaeel& where eultnble lockers In appropriate loeatiODI are 
provided for stowtng the diving apparatna, and the . hardwood 
cbeete ordinarily supplied are not required tor tbelr original 
J)urpoee, the cheats should be turned Into store. 

All cotton and woolen good& should be kept clean and dry anc! w-... 
In repair. WbPn not In uee. tbe7 ebould be stowed wltb a 
larTidde such as naphthalene and kept tightly wrapped In 
paper. DlrtJ woolens should be waabed with soap and tepid 
fret~b water, thoroughly rinsed of soap, and earefull7 dried. 

Upon receipt of diving ontllta, In whole or In part, tbe gear laldU 
abaJI be caretuli.Y Inspected, te.!ted, and made read.!' for lm· ~ao,.-. 
mediate use In eveey detail. It shall thereafter be maintained 
In the best poaalhle state of eJIIctenq. 

When It Is known that tbe COIIlmandlng olllcer Ia about to c---•Oq 
Inspect tbe parts of the ship In which dhl111 BPP$1'1llua Ia stowed, =­
the apporatuw aball be convenlenti.Y arranged tor bla Inspection; 
o.J.l cheeta shall be unloclt<!d, tbe covers opened, and 01en stand· 

. tog by to exhibit the contents u be may require. 
All dlnng apparatus, except epare parbl, shall be Inspected Woolllr 

onre each week for deanllneaa, conditione of stowage, etc.. The ....__ 
diving air pu01p shall be bove around several times; It a power 
driven air pump Is provided It &ball be run or jacked over; helmet 
valves. faceplates, and fttttngs examined; telephone batteries (If 
telephones ore of batteey type) teet~; dlvtng dreaaea Inspected 
for damage or dampness, and repaired and a Ired, If neceasaey; 
dirty wooleM wall!!~ and dried; oil separators cleaned, If neces-
aaey, and their lllters weabed In hot water and dried; ·diving 
knives and their cnaea, all tools and 01etal llttlngs deaned llDd 
ll1hU7 oiled ; dlvlog shoes. belts, etc., attended to; lengths of 
air boee tbat have been coupled together o lon~r time shall be 
parted, tbe coupling thrend• Jlghlly oiled, cleaned of grea!IC or 
dirt; the Interior of all chests clf.'ftu<!d of any oil, grease, or 
dirt. 

All dlvJIII equipment on board ahlp f!ball be clo•ely ln~ted 
once each lllOnlb. Each outfit shall be lnepected as to lbl com· 
pletenesa aDd ~nlcenble ~-ondltion and the satisfactory condl· 
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Uon and allowed quantity of spo.re parts 8.88\lred. At thla ID­
spectton the eftlcleney of the dl•lng .Ut pumJlll ·sball be proved 
nud recorded In the ship's diving log book. On llhiJII usln« 
u«umulatore, air banks, or other similar soureea of c:omp.r-.s 
nlr supply, the systems llhall be checked for their eftlcieney aud 
sotlstactory operation. Dellclenclt~~ llholl be corrected and tbe 
reaolla recorded In the diving log book. Air-regulating -pe 
Yolvee, air control, safety, ond nonretom valvea of the diving 
helmet. and all valves or tbe diver·• air mpply II)'S1em shall be 
tested for aatll!foctory operation. Recompression cbomber valves 
und gngea shall be operated and checked for elllclency. Dhln« 
telephone s:vatems shall be checked and teeted. Motor launebe. 
used tor diving boats abould be examined to Insure that meaoa 
for aecnrlng tbe di ving air pumps are In place and In enllablO! 
condition. Where such boats are eqolpped with air Cluks for 
uea lo lieu of pumps, the s:vstem ehould be examined to Insure 
that the number of Claska. piping, ga,...a. test tAink, etc., confonn 
wltb the standard arrangement shown on plate 85. 

After use the diving belt should be thoroughly dried. Boo 
fore Rtorlng, the tmcklee should be cleaned a.nd given a thlo 
coot of llgbt oil. 'Ibe belt and straps, If ·sttlf, shonld be treated 
with neat's·foot oil. Leatber, unleBB properly cared for, ct.. 
terloratee rnpldly nod such deterioration Is not ntwa:ve dll!C;!oi'D· 
IIJie from visual examluatlon. Conaequeotly, the belt atrape 
Including the shoulder and Jock straps should be tested t or 
tensile streogtb. This may be a«nmpllebed by secnrlol! a recu­
lar diYlng belt hockle to the overhead, tun the strap to be tested 
throogb the hnckle; then have a mao of about 180 pounds 
weight gradtutlly put his entire welgbt on the strap. Strape 
lo snti8Coctory condltion wlll withstand tbe load. In tbe peat. 
the maJority of tallurea bue o«urred In the vicinity of tbt> 
hole )lunched lu tbP. Rtrap tor the grommets toklnl! the buclde 
longue. Dt>fi'Cth·e or deteriorated b<>lta llllould be repllleed by 
r<'Qnlslllon. 

After 111!1.' the diving belt should be thuroul(bly dried. Be­
luslde, or body waete odors prevail. wash with clean 11·ater ID· 
side nnd out, turn the drl.'lls ln•lde out and banK up In thu sbode 
to dry. When dry, tbe dre1!81.'1! should be turned rlgllt side out, 
the outside dried. repaired If nt'('('ssnry an<\ the dreaa buns 
1111 In the locker or diving room. If the dress bas been need 
In aalt water. It ehonld be wnshl'd off In fresh -ter. An 
PUY nnd efficient mOde of drying the diving dress Ia to tak,. 
two wooc'len battens about 8 feet long, secure them tosether ID 
the fonn of St. Andrews croBB, place them Inside the dre8ll, and 
Jlllllll another through the anus to keep them distended. Tbe 
d.,. Is rben leoned at n alight angle until It Is dey. On no 
nt'<.-onnt must a dreiiB be packed awa:v In n dnmp state; they 
most llE' thoroughly dried fosld.e and out-otherwise they will 
mildew and become rotten. 

When diving dresses are to be worn· for rough work, the eau· 
\·a• overalls sbnll be worn over them aa a protection against 
chafe and wtlnr. 

Repulr cloth Is furnished with diving outftte for petch.lns div­
Ing dresses when oeceeeary. To patch a dl•lng dress, the do>-
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fPctln porUona to be cemented must be thoroughly dry and 
tree from cUrt or crease; lift the aurface c:loth by looaeulng wllh 
beiuloe; tbeu roUJbeu the under eudnc:e rubber of the dreAs 
with aandpoper or emery paper; upplr three roauo of rubber 
cement preferably with a small clt>.an fl'llnt bruab, eaCh coot 
being allowed to dry t 5 mlnulea. Prepare the (ltlleh by cutUng 
a piece of the repatr cloth about one loeb lArger on all llldes 
thnu the upoaed rubber audace on the dreu to l>e !14lebed; 
retnn,•e sheeting wrapping protection cloth front the potch, 
I0084!lllng It, If tightly adhered, with benalne; swnb t.be exposed 
surflll.'tl wltb ben1loe and apply one tblo coat of rubber cement 
nllowlng IIQme tn dry for 4(5 minute!!. Before npplylng the 
t-ement the patch mAy be temporurlly .ecured wltb tncka to u 
llat bo4rd to prevent the edges from curling. Next lny tht' odge 
ot the p8tcb on the exposed rubber remented aurfaet• of Ute 
drelll!, then grndually work the polteh down onto tbe dress. nslnJ: 
the angen 80 aa to remove all wrinkles and nlr bubbll'tl. I'Ocxt 
eubject tile repaired part to pressure either by the nae or " 
hand roller, rollina tool, or hUron. IC llD.f port of the edit' 
nC tbe p11tch does not appear to be adhering tboron~:hly and Is 
Inclined to curl, trim the loose part with ebarp I!Cl-ra. 

Teare In the collars of diving olre&l!es ore uaunll1 coollnod to 
vicinity of the bolt boles. I! a bolt bole bK'Onll"' torn. the leur 
Mbould be aewn together with be.rrlngbono l<lltchee. the neeclle 
boles Oiled with n1bber cement and allowoo to dry. ut ter which 
11 ll"tCh ohould be cemented around the dnmagto(l hole "'' either 
Hide of the collars. Tbe rubber rollnr Is aewe<l ontt> the Inside 
Ioyer of clulh as well u being cemented lu J.lhu·e, nt the time 
<1f mnoufacture of lbe ault. Replacement of rubber collars hy 
•blps' forcu Ia not approved. 

Attachment of cuJrs to the cllvlng dreu Jg nc:t'<imt>llshe<l lu 
lbe manner prei!Crlbed for potchlng the d.-, ~xeept that the 
.,;Jges of the cutr are recemented tf o~rr and a thin etrl1• 
of rPJllllr c:loth lo cemeotod on over the Joint forlbed at the end 
uf th~ llle<-Te and the edge of the cull'. 

To ottacb glo•ea to the dreu: Firat, remove the rnhl>er t'111b; 
next, wlt.h the eleeve plugs (pl. 80) lo place. clean noel prepdre 
o e dHerlbed for pat.eblng under dress repair. about 2 or 3 InChes 
or tbe uud ot eaCh 111eev~. Tbe wrist or eacb o~w glo,·e Is cut 
oil u t olluwa: 1 Inch Cor No. 3 dress, 2 Inch~& tor No. 2 dn>SR, 
o nd 3 Inches tor No. 1 dress. Two or three Inches ot the ~tunnt · 
Jet !14rt of each glove Is lumed bock, roughened. cleaned, t-e­
mented. and atreteboo orer the small end of the sleeve pln~;. 
up to the edge of the reapeeUve •lee,·e ond willa the thumb ot 
the glove on a line with the top or outside aeam of the dlvlnr.: 
dreaa ~leeve. Prepare the surface turned back ou the glo•"" ond 
the alee\'e& at the A8IJI(' time. and wheu ooth eurfal.'t'a 11re reody, 
roll tbt' turned bock rlllrt of the glo•eH In place O\'er the pre­
pa.red aleeve aurfaCi'!l. After 48 hours hna lapt:ed. •trips n.r 
patChing cloth about 2'h lnt:bes wide ~ etll, preJlllretl na for 
patching, and lilted without wrlnklea O\'er the Joint or the glove 
ond dreu ao that tbe ends or the strip will O\'erlop each other 
about 2 lnche~~. After the lapse of onothcr 48 hours. the Pleeveo 
ore tumoo lnolde out, ond In the some manner, CO\'Cr the Inside 
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glove dress Joints. Unl~ss ~mergency requl~s It, do uQt ._ 
the dress tor anoth~r 48 hours. 

To repair a glove: First, rem.ove tho> worn fabrle from the 
glove, and prepare the exposed rubber tu the ~arne manner u 
deacrlbed for dre88 repair. Cut patehf'8 tor the glo,·e ae­
eordlng to the patterns sbown on plates Nn.'l. 78 to 81 as neces­
sary. Prepare the patehee and rubl)c•r suda<'e 11t the glove at 
the 8ftme rime. When bOth are ready. """" nn IU!tii811Utt put 
on the glove and half rlose bls band to eooform to the natural 
molded wr,·ature of the glove. The llutmb pateb"" arP then 
applied, care being tnken ro •mootb t>nt nil wrlukle~~. l'Jtlm 
patches, If neceasory. are nt>xt applied. nnd lh• wrinkle~< omoolhed 
out along tbt> enUre ourtaee ot the tlllteh. Clip off rougb edgt>e 
of the ·patch.,. und remo\'e glove. The glt>\'e should be ttllowed 
to set at least 48 to 72 bOnrs before using. 

Tbe helmets shall be kept hubltnnlly BCrewed onto thPir re­
opeetlve breasrpiates, nnd the wing unts llghlly sen>wed outn the 
studs to prevent damRI!f' to the tbt-eu<IA. The blank ~:up •boul<l nl110 
be acrewed on the telephone ll''""""l!t!k. 

Wbt>n In tbe di~Lng boot and not a~tually In use, tbe belmeta 
shotild be pla~ed right Ride up on tbt> behn~t rack to keep th~m 
from being knoc.ked nround nod to prot~>rt tbu Internal tele­
phone unite from dnmpnesa. 

Before being st.uw!'d away ill thPir ebest• or In tbe diving ap­
paratus rouru, th<> hPhm>to should he wiped cl\'er lnshle Qqd out 
wltb a dry cloth to pr~·~nt an R<'Cnmulatlon of moisture from 
ruattog the diaphragms of I be telephone uotts. Neglect ot tbll> 
precaution soon renders o diving telephone system useless. 

The lens ot fa~·plntt'!< ohould be ehl'<!ked to 6et' tbot It la 
11nnly imbedded In Its red IPnd ond lltbRrge seat, ancl that the 
Leos Is not craeked. 

EXJlJJl!oe the fnt-eplate blug1!1!, hinge pins, rubbl>r gasket, and 
knife l'<l~e tor defl!t!ts. If the seat for the wing nul on the 
front far<!plote Is uot counten<unk, bare It fl(t modlftl'<l before 
the h"lmet Is used. 
Cb~'t'k the spit e<>ck to lnsutfl tbat Its \'nlV<' functioning ports 

are suJIIclently tJgbt to pr~\·ent nceldentRI opening of the valve. 
Insure Us stop pin betng In place nnd the air duel ctear wben 
the valve Is open. 

Inspect gooselll't'k washers and see thnt lbe telt>phone l'<lO· 

neellons are mnde up watertight. 
Examine the helmet lock nnd Its NtopgRI• for defects. 
See that the neck·llunge gasket ot the br~ftl<tplote !!l'ots Is 

e•·en all around, nod ~l>e that It Is treated will> u.•nt's·foot oil 
oceaslonally. 

See that t.he •~r .. w threads ot the bayonet joint are tn~e ot 
bnrrtl and other defect•. 

Jnspeet the breaijtplste studs for dt>tecta and tightness aud see 
that Ute nuts tlll'n !reel)' ou them. Spe<•lul rnre should be ex· 
ert>lsed to S<>e thnt the bt'l'astplate strops do not beeome bent 
or lnjul'('d, II1U>1 81ll'lng un endl""s amount of trouble In mak­
Ing a tight joint at the junction of Ute tlh·lug dress and ht'l'n&t· 
plate. 
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~ that the lanyards are In gnod condJtlon. 
See that nil metlll portll nre tree from \'erdlgrla and corro­

sion. 
If uect'S8Ury to use oil tor cleaning purpot!O!S, the oil should 

oo removed nod the surfaces rubbed with dean rag. 
U, oa a rt'I!Uit of wear, a helmet when serewed onto Its breoat­

ptate will go ao far round to the right that the safety locking 
eut<:b at the bock Ia pest Ita recess. and the faceplate Is not 
directly In front of the diver's fate, oue or more paper washers 
should be cut and toserted under tbe neck-llanga gaaket on the 
breastplate or a new gaaket •bould be fitted. 

The belmet valves and flttlngs must frequently be o\·erhauled 
aud the J]8rtll of valves lightly olled. 1'he proper tunct.lonlng of 
tho> ""l~ty (noureturn ) \'HI¥e I• most lmportnnt audit 8.ball alwnys 
be rnr¥1ully teo.ted before n dh·er Is permitted to de>~eend. H 
Mhoultl be l':mmlnl'd lrequl'nlly by tii~S~~eJUbllng It nnd remtl\'lng 
all vl'rdlgrls. The lent her vul..-e disk should be lnf!peeted tor Wl'll r 
or tear. cleaned, ao(} given a coating of oeat's·foot oil. The valve 
Rprlng and valve stem also should be given a light coat of oil. 
To test the valve after asaembly screw It In the rel'etoe manner 
m1to the ond of a lenstb of nlr hose, attach the hoae to a diving 
(Jump aod pump air Into the hose. tmmeroe tbe valve In w»ter, 
nnd note If any tmbbll"ll of air 188ne from the vnh·e. It none ap­
pear. the valve Is tight: It not tight, a new valve lea tiler or apr log, 
or both, should be hiHialled and the test repeated. Wben scl'(>wrd 
In pln.ce on tbe atr connec:ttnn of tbe helmet. the valve should be 
tried to 8<1e tbnt It work.< freely and 81'uts smartly upon l'l'lease of 
prei!IIUrt>. Verdigris roml'tlmea CIIIUII'8 the ..-ttlve to be sluggish hi 
Its a ction, the 8J)rlng may be wv.nk. or the follower nut may not be 
!K'rewed nil tb<.> wny down. Tho.> lnl!h:IP dJnmeter of the gasket be­
tween the valve and gooseneck •bould be checked, 88 It Is possible, 
by settln~r up Ugl\t on the vnlw•, to spread thf' ~nsket so that Its 
edl!'! Is fon'ed Into the air J)8&'!11Ke. thereby gr<'ntly restricting 
the llo\v or nlr to the dlnr. lt these precautions are core· 
fully ob!ll'rved, tbe 88fety valve con be nbfiolutely depended upon 
In an emergency; It neglecW<I. the safety vnlve may fall at a 
crltlenl time with dlsustrous results. 

The air regulating exhaust vnt..-e should frequently be In· 
spected to Insure that It Is clean and lightly nlled. thut the ex· 
hau.st tube Is clean, and that the nlve S<"Ot I~ Light. T11~ aec· 
oodory spring should OileD when the pno••ure oo the '*'at exceeds 
the outalde preseure by 2 pounds. I t Is extremely Important 
tbot tbls .-alve be frequ~ntly ond carefully Inspected. A failure 
ot tho atr regulating eacape valve may result In "blowing up" 
ot the dl.-er. 

Before putting a pump away It should be tested nod repaired 
It necessary, the wnter dstern drnlned by unRCrewlog tbe water 
draln·olr nut and cl~aned of any ex~-s oil or gren.e. The 
wheels sbonld be unsblpped and the shaft-protecting capS butted 
In place. 

A common error Is tbe use ot an exoessl¥e amount of oil In 
!be cylinders or dh·lng pumps. This c~<nsea oil h> be rnr•·IP<l 
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o•er luto the nit holle, Blld oil or gTeaae cnuees rupld deterlora­
llon of no:r rubber mnterlnl with which It comes In contsrt 

On each cylinder cover of ·a diving air pump IJI a IIIIIAII oil 
cup for lubrlcatlng the pistons, whlcb Is done as follows: A pis­
ton Is brought to the top of Its cylloder, the oU eup IIUed with 
ueat'&-toot oil (oonodoroua), Blld the cup Is then opened. 1'be 
ct·nuk Is rerolved until the p!Jitoo Is forced to the bottom of the 
cylinder, eu.cklng In th.e oU as It deseenas. The oil cock Is tben 
cloeed; It the cock were Left open, tbe cylinder would deliver 
uo air on the upsn-oke. When the pump Is In use, one such oil· 
tug for eacb cylinder per day Is ample; when laJd up, once a 
mouth will su111ce. During the operation of a diving air PlliDP 
n few drops of lubrlcatlng oil should be placed In eacb of tbe 
crankshaft bearing oU cups. The piston rods . should also be 
lightly olled; however, nothing but neat'a.foot on or a mixture 
of neat'B·foot oil and olive oil In equal parts sbonld be D8t!d 
ror this pllrJ)Oile, lest on InJurious oil work Its way Into the 
cylinders, contsmluate the air, and attect tile dl•ers. 

Once a month, and oftener If Lbey have been used much. 
tbe air reS<lrvolr cover plates ot diving pumps should be re­
moved, the nlr reservoirs thoroughly cleaned ot excess on or 
grease, nod tl>e bottom outlet valves looked after. 

Lignum vitae bandies sltonld be well abellacked, polished and, 
when In use, tb& purop.abaft handle should be kept well lubricated 
with n mixture of oU and graphite. 

It Is most Important to know the errors of the gage& on the 
dlvlog pumps, espectslly when testing the pumps, and when dE>­
t'Ompreaslng a dh·cr., The gages should bo telrted once a quarter, 
nnd more often If error Is so•pected, by one of the following 
method•: 

( o) Cmmi'Ct two or more lengths of .nl r hose together : 
Join one end of the coupled lengths to a delivery nozzle of the 
diving 11lr 1mmp commencing at the tree end, mark the boae 
ot every 10 teet, It not alreadr marked; attach a weight to 
the free end and with the pump hes•lng round, lower the end 
ot the bose under water nntll the ftrst l().foot mark Ia nwnsh. 
Theo atop the pump, top the gage, take Its reading, and rec:or~ 
lt. Heave ronnd the pump ogaln, lower the hose on additional 
10 feet, take and record the gage reading, continue procesa, etc. 

(b) The air bose muot, of course, hong up and down In the 
water, SQ the t0!!t should be done at $lack water or, If a boat 
is to he used. If mny be allowed to drift with the tide. 

(c) Anolbcr ond more accurate melbod of testing the gage 
Is to use the dead wclgh"t gnge testing out11t furnished the en· 
~:lneerlng department of your sblp. 

(d) The results are to be tabulated, as per tbe following ex­
ample, and a table of the errors pasted on the Inside of tbe 
cover of the pump cheat, where It cnn readily be refer..ed to. 
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NOTL-'!'11~ guges on diving 11lr pumv ' coo be rbangt'd over ..o 
u to bring the more nearly a<'Ctlrate ooe to 1 h(' left·hand lllde: 
It IH tbe lett·bnnd gap! that Is most used. 

A certain nmount of wute room In llll dl'flng pump~~, 110t'11 

llll piston elearaneetJ, et<'.. 18 unavoidable: however, air lealo4, 
due to faulty pistons, worn 'l'alve leRtbere, poor connectton.e, etc., 
<'Btl be remedied. It not rt>medled, the letl.kage of a ir will rap­
Idly become worse, and In time bring down the ('ftlclency of tbe 
pump to zero wben It Ia operated agalnal preaaut'il. 

The pereeutage eftlelency ot diving air pumpe abot1ld be tre­
quentJ:r ebe<"ked. It can be practically and npproslmately de­
termlned by pumping air Into an a1r took of known ca(l8clty, 
noting the number of revoluUooe required for the dlll'erenl pl't'So 
IDI'ES, and tbt'n, In accordance with the following formula, mak­
lnJ a mathematical comi)4J'I8on of tbe reeults tbua obtained, wltb 
the theoretical capacity of the pump at the teet pressurt'e. A 
- tank of 1 cubic foot capeclcy Ia tomlabed with all new diving 
eutJita for thla p~. 

When: 
T= Theoretlcnl capedcy of pump In cubic lncbee per revc>­

lutlon. 
P=Teet pressure In pounds per ~~quare Inch (absolute). 
C;;Capnctcy ot test tank, air hose, and air space In pUDJp 

ronne<"tlona. 
14.7=Pre81!Ure In pounds per square loeb ot 1 atmosphere. 

then: 

R-Tbeoretlcal numb('r of revolutions required to cbar~ 
test tank to P. 

X=Tbe number of revolutions actually required to ch11rse 
teat tank to P. 

CP 
(1) 14.7~R 

T 
R 

(2) lOOX= percent efficiency. 

(31 100 mlnue p('rcent eftlcleucy=perccnt lu811 ot emcten<'Y. 
The theoretical Yolumetrlc Cft])Bclty of tbe Mark Ill Navy 

etandard dlvlns nlr pump p<>r one revolution Is 405 cubic Jncbt's . 
The 'fOIIUilelrle capaclti(>S of air spaces contained In the air ~on­

nectiOIIII ( capectty of branch pipe, gase pip<>, air l't'Senolrs, etc.l 

Ill 

··~ ......... .......... _.,.,, _,.. 

Th•ndcal 
,. .... a rtc 
.. _IQ-el 
clhi.a• air 
P••P· air !IIOM, 
etc. 
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are 83 cubic lnt•bes. The copaclty ot a 150-foot length of l!tnndal'd 
dlvlnc air bose ( ¥..·lncb Internal dlamNer) I• U 1 cubic Inches. 
In using tbe test tank a8 a reJM>rvolr for meawrlog the <-olume 
or a lr furnlabed by a divine pump. lbe espucltr o.r tbe air h o..e 
coDJlectloll8 between the tank and tbe pounp and lbe capo.clty 
of tbe alr connections of tbe pump mWit be ad<led to tbe capo.ctty 
of tb.e test tank. 

Jl'or convenient referen~. tbe followhoc table ha~ bet>n compiled 
and abowa tbe approximate loi!Ae9 of ef!lcleney at dUterent Jlft"' 
centages oro dllrerent revolutions of tbtl Mark III Navy standal'11 
diving air pump In service when tested In the manner pret!Cl'lbed 
to 100 poundli case pressure per ~~quare I neb, using a test tank of 
1 cubic foot COJl6City nud n OO.foot tengtb or nlr bn..., l>rtwet>u tbl' 
tank and pump. 

Revolutions : p.,....,, to .. 
o/ etffc;inuy 

8!!.4 ___ ----- - ------ ------- -------- ----- - --- - - - 0 
:H.l --------------- ------------- --------------. ~. 
86.0 •••••••• ---- - ---- ------------------------- IU 
38.L----------- -------------------------- Hi 40.ti______________________________ 20 
43.2,. _______________ -----~--------------------- 25 
~6.3_____ _ __ ____ _____ ________ _ __ ___________________ 80 

49.9------------------------------------------ 85 
54.0-------------- --------------------------- 4Q 
r.S.n. ___________ ----· -------------_. __ ____ ____ -----__ 4~. 

64.8---------------------------- ----------- :;tl 
72.0 ... ---------------- ------------------- 5(; 

81.0-- ---- ---· ----- - - --- - ------------ -------------- 60 
92.6------------------- ------------------- 65 
lt)K.O_ · --------- • • --- - · - - ---- _ -·----___ _____ • __ ---- 711 

Wbeu telltlng nr. ulr pump ror ef!lcleucy according to tbl.s 
method, errors are easily nmdr In r<'Cordlng the eXRct number of 
re\·olutlons required for n given pr1.'11>1nr<'; therefore, eacb te«t 
sbould be repented two or three times ond tb~ average results thus 
obtained should be taken as the true resuiL On nccoUllt of tbe 
bent gen~rated when t11lllfJr""-•lng ulr nrul tbt• <'Onlli><luent lncrea~ 
In volume due to eXI)!<n•lon on neronnt of the ht'at, cooling watf'r 
should o lwn:ys he nl!ed In the \vtl ter cistern of dh·lng air pumps 
wben they are behog opernted aguhtst preS>Jure. 

It, otter tcsUug a dh·lng ulr pump, It Is found to have decreased 
In eftWiency more thun n renR~mohte pcrcentuge from tbe nbo.-e 
requirements, the pumps should be carefully examined for ft lr 
leaks, and If. afiPr exnrnloolug the •·nlres and air connections. 
these nre fnund to bo• tl~tht, tht• cnuse ot the additional loss of 
efficleu~y mny br nscrlbo·d ttl o hr tolstons, which roost likely are 
In need or n•w lenthe~. 

Sp&J'e piston leuther~ fiJr dh·lng sir pumPS are sometimes a 
tr1fte lurgu oud wht'n UfOMI~mt.JlPd on rhe plx.ton <'&nnot be entered ln 
the cylinder. In thl• rn•r the lll•tlloo to.••mbll'<l oro Its rod should 
be centered on u loth~ &1111 n llglot cut taken olf the leathers to 
make the dloimett•r or llw pl~lou "'11111.1 the hoto•rnnl dlamt-ter of ltB 
c:yllndt'r. Thl• nperutlon must he rlnne ,·ery cnl'erullr; a >~harp 
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toul must be u.sed to turn down the Jll8ton. Also n pl~tun wust 
Itt ~ny neatly In thP cylinder und tbe hmgtb of tbe plstun mwn 
be eu~b !Ill to leave only a ~pry small clenran~ In tbe eyllndt'r 
wltb tbe pl.ston on the down stroke. It the ptaton Is found too 
short, IPntbt>r, paper, or tbln metnl dl•ks mW!t be added, u 
ui'C<'ssar:v. and It too long some ot these should be removt!d as 
n~ry. 

The IIIUJ!tratlon, plate 61, shows the afl8embiY of the dh·in;; air 
pump piston sod should be referred to. If necessary, when th• 
pistons ....., to be overhauled. 

'l'he diving nlr-purup valves. Jl8rtkutarly the bottom oUIIt'l 
' ' llh'c6, are BOmetlmes round to leak, due to InJury or tbe vsh·c 
leatbN'8, dirt or grit on the vah·c senlll, or to Injury or the vd\'e 
sent& Tbl'l!e troublt)!< ore readily apparent np<m loiiJ)e<:tlon. Th• 
bottom \'Rive@ coo be examined or repaired by laying the pump on 
Ita side and removlug the air ~bambt>r covers wbkh are held by 
hl'xagon cup ~l."''ws. Thl' suction and outlet valves con then be 
r .. mo,·ed with a monk~y wrench. Tbe vah·e $!ems of botb. •·alves 
nre lntercbnngcable. When the valve stem Ill used on the sncUon 
.-al.-e, lbP hl"lll!l! st>rlnl: I• N'\'erM>d nod n nut and t)in •uldt-d. .An 
aJr leak. around tbe t ranofer vahe can be detected by the fqllow· 
log method: 

Connect the testing tank to on air Bupply (another dlvlor; 
pump): Phi~ n nonrerum valve (helmet safety valve) in the air· 
supply line to the tP•t tnnk; conoec:t the outlet nipple of the tl'l't 
tonk I<• tbe r lgbt·band nlr·dPih·ery nozzle (opposite tbe trn11sfer 
.-alve to be teBted\: llUIDI) nlr Into the teBt tank until the gngt> 
record.ll consldl'rable llfl'RSure. If oil the conne<-tlons are tight, 
tbe noofl'lllrn \'nlve dOl'll not l<'u.k, and the pressure In t be tank, 
n!< ludlcated by tbe gugoo, decrcul'('S atendlly, It ta proof that tbc 
trnn•!er ~nhe leaks. The 8efl'IC('8 of a skilled mrebnnlc shou.ld 
alway~ be obtained to repair a leaky transfer valve os this type 
vol~e Is ,·ery dUHcult to repair. 

The Juhor of of)t'rntlng a hnnd-<Jo·lven dh·lng air purn11 lnNeoSt'H 
mucb tuter than tloe Increase In pfl'HSure or air bPiog dell\·ered­
bence If a plorull Ill found not dlmeult to O[)('rotc ug.ninst p!'('l!>lurc, 
that pump Is In need of Immediate r>'pair: howur~r. on the otbPr 
ho.nd, nny on~ or n combination or the !ollowlug rondltlous will 
llflOe<:csljtt rll)' ndd IO tile ill bot of pumping: 

(a) Crankshaft benrlnpo, bras.<es ""t too tlgbt. 
(I>) A bent cronkshnft. 
(I') Stuffing IK•:< glnnd nuts set np too light. 
I d\ A btonl plstou rocl. 
(r) Luck of proll"r lnhrlcatlon. 
(() Grit or dirt In bearings. 
(g) Tranefer val\'e Improperly assemblcd. 
( /l.) Pwnp-wbel'l bandies too short. 
( i) Platona striking un down strokes. 
(J) Pum11 lmprop<.'r)y ~<ec:ured. 
While the I'('Jnl'([l~s suggest tbcmseh't>S, the following hints may 

bt- uf ''slue, remPruberlng ulwoys tu l"''pln<·~ t)l]rl• Rr<·ur<llng to 
the murk.s: 

t.:rnnksbaft bearings shonld bl' "<•t up t'tlr<•fnlly: Jn~t tight 
t-nougll to Pf"e\'@01 end pluy of lhc• :chuft m· tH E>limirllllt• knc~it•kinJ: . 
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DIVl~C MANUAL 

It reference onnrks nre lightly 8('1'1bed n<·1'081J bolt bead!l and 
onto n permanent part. they can be returned to their original 
setting without dlmculty. 

It It Is SUR(~ed !hut n t·rnnkshatt Ia bent, tbla can be dett•r· 
mined by centering !be sbatt In a to the and cbecklns Ita allneP>ent 
betwE-en bearlngt<. 

To adjust the setting of stuJnng-box gland nuts, alack up !be 
outs, bluok otr alr-dell<ery nozzles, pour a little neut'a·foot oil 
nronnd the piston rods, rt•volve llywhE'el on pump. and watch tor 
ulr Jenks around the rooK which will be Indicated by oU bubble:. 
Set up on tbe gland nutl!, a little at a time, nntll the leaks <llsap 
P<'Dr. O«at<lonol\y the plAtou-rod glands sbould be reJl'lcked. 

It It 111 BUSP<'Cred tlmt K pl•lnn rod Is beut, this can be deter­
ruined by the snme m~thod na auf!gested abo'<'e for determ1nlnll 
nllnement ot tbe crnnkabnft. 

It the d,..J!clency I• due to htck of J>roper lubrication. pRrts 
•houhl be lubrlcnted In nccordaoce wltb Instructions In tbe fore­
K<>Ing paragraphs. 'l'he transfer valve ruoy be 88serubled In any 
nne nf four Jl(lt41tlons, only ontt of which Is !be correct one. If It Is 
lnrorrt'<'tly nll>Wmblffi, It may 111low nil tbe nlr from tb~ rlght·haotl 
cylln<IPr to l'lhnust Into the atmolf(lhere. or, In a dltreromt p<;u!lth>ll, 
It may hlflnk ott the right-hand eyllnder entirely. Jt should al· 
ways ll<' te.<tecl after n&w.mllly, hy moving the transfer valvl"-rod 
handle to dllft.>rent positions nnd noting If the air delivery corre­
sponds tn the rnurklogs on thto dire<'tl<>n piRtt' under tbe valve-rod 
hnndle. 

li'or tt>stlng diving air pmnll", they cnn be .et:ured to a woodt>u 
<IP<·k hy nailing o WO<)den cl~nt to tbe deek on encb side of and 
IIKlllnst the pump cnse. For tb~ nr>Pr<"'ecJ rnetbod ot l!t'CIIrlng air 
pump In a diving launch .ee plates 82 and 83. 

A gasoline drh'lll> dh·p>·'• ulr <'<>U>(lrt'f<."'r I• nt•w being •upplled 
lo lieu of lbe hnntl·<>Jl('roted <ll\'t!t'M ulr pump (plate 81A). The 
lnijtructlons tor OfM'>'lltlng und "''"'1<-h>~t thl• purup ore pRcked wltb 
eucb unit. 

Dh·lng air bose d~l<·rloroh"' >·upldly and the deterloratJon Is 
ot:>Celernl<'<l If tbe h0$e Is •lowl'<l In bot spaces. 

SP<'Ciol cure ahould he lltkeu tu prutP<•t nlr hu,... trurn nwd•unl<·nl 
Injuries and !rom ronluct with oil nr ~:rPose. 

It dl,·lng ho•r bas not been m<.-1 tur n protracted period, II 
•houl<l IK> lP!!tl>d before being nsed. 11>~ lnterunl t~~t preasure t<~ 
be nt lenKt 00 pereetlt greoter than the mnxlmnm preaaure of th" 
dl\'1!, held for n period or SO minute.•. 

Speclllcntlons under wblcb diving ulr I><"'" Is pnr~bnf'ed ...,.. 
QUire tbHl the dute of (ttl IIIUilllfllCfllr~ llt' llllt tillite lbBO 6 IIIOnths 
pre,·ious to Its dote of d<•llrery. The mauufut·tnrer'a oum~. dnt<: 
of manofocturt>, and the word "OlverA" nre molded In the rubber, 4 
teet trom ea~b ~nd of the ler>gth~ of hose. Air hose over 3 yeam 
old should not he used OR diving hose. 

Diving hose In store orcr !! yenra old Is surface Inspected ond 
hydrosllltlcnlly teated before IAAue to 75 percent of tbe preS!!Ures 
stlpnlMted In tile Navy speclflcotlons tor new hose. Wben diving 
nlr lwse Is lssned by n yl\r<l, the ynrd should fnrnlsb tbe ~lv1og 
nctlvity with n COJ>Y of the report of the lost teat mode on the 
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boee. Diving air hoee received from store without this report 
abaU not be plltced In aervlce nntll the report Ia received. If 
emerceac:r reqol"" the nae of tbe boee before aocb report 18 re­
ceived, It may be so used provided It 18 reteeted by the ablp. 

Subject to the ruregolng as ex~tlooe. diving boae m aervlc.o 
lbould be h1'koatatleal17 tested when It Is 2 :rears old and ogoln 
wben It Is 2~ :reare old. The test preesures used lhonld be 7li 
percent of tboae ~olrnd tor OI'W boae. New hatoe, before de­
Uvery, Ia required to withstand a preeaure of 2150 pound& IN!r 
aquare tneb, beld tor 80 minutes without espoalng lmpertecllullll, 
and a preasure ot LOOO pouoda per ,jquare Inch held momentarily 
without boratlng. At this time, March 19i8, the Umltatlone on the 
leu.cth or aervlce of dlver'e olr hose are beiDJI Investigated. It I• 
considered that the period will be extended for ulle at dt>pth~ 
leila than ll!O teet. 

In maldng the teata, one length ot boae, selected at rando~ 
from ellcb lot of bose on bOard or the oame date of manufacture. 
DB repreaeotatlve or the lot, ebould be subJected to the burat teon. 
It the boee falls, the entire lot l't!pre/M!oted thereby abould be re­
placed. ~ of hoee wbleb have been subjected to burattnc 
teste should not again be uaed fur dlvlo& hose, but abould be dill· 
carded and replaced. Beplncement requirement& for eueb length& 
ot hose should be anticipated u far In advance of the test. u• 
poulble and new h08e requisitioned accordlngJ7. 

The enda of eacb leogtb of diving air bose are capped with n 
rubber eompound ir lncb tblck to c1ve tbe ends or the bOll!' 11 

amooth and watertight llnllh. It I• aometllnes the practice to em 
detective sectJODa out of a lengt.b or h0<1e and l't!eouple the i<KN.I 
aect.lona. Tbla practice 18 not approTed, except In an emeflleney, 
for the end of the cut eectlon, not being rubber capped, permit A th" 
water to permeate aloos the braid and Inner tubio or the bu&e. 
forming bubbles which weaken tbe boae. 

When coupling lengths of a1r boae together, a leather wnsb~o 
lbould ulwaya be placed In eaeb female eoupllog 11nd cure tuk"'' 
to IDBore that the Inside or new boae Ia f~ of aoapetone. Ah 
bose should not be coupled directly to the air supply but to the oil 
aeparatora. Whenen•r special eoupllnp eucb as double-mate or 
double-female coupllnge are uaed, they lhould be placed In tile 
line of air boee so that they wiU not be under water. Such con· 
pllnp are Intended for nae In making eortace eoooectlooa. 

It a long length of air hose b88 been In use, mollture Is aut·e tu 
bnve accumulated lo lt. Tbe 50-foot sections should, therefor ... 
be aeparated and drained before atowlng. 

'Dte elllcleocy of tbe diving telephone equlpmenl will be lm· 
paired by carelt'88 treatment. With a reaaonable amount of Ill· 

teutloo tbe present standard diving telephones should give good 
serYice lndellnltely. 

E•er:r part of tbe teiPphone outllt !!bonld be thoroughly cl~oned 
nod dried before stowing It away. The eon tecta or the plop nod 
tbe aprlnp In the jack hoxea should be kept clean and dry and, 
when not In uae, covered with tbe protecth·e eapa and cap nutll 
wblch are provided. 011 should not be IUied on the eontocta and 
l!prlnge, as oil tends to notaln tbe anlt contained In tbe wot~r. 
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Good cnotncl UlllHt b• obtulned by keeping tbe t'Ouoectlons brlpt 
nod clean. Verdlgl'ls on U1e jacks aud pln&S moat not be tole1'11ted, 
ns thl' current IJIIIJS.Ing through t·bem IH l!O smnU lbat the leeJCt 
lut~rtcreut'€' will stop Ita flow uucl put th~ tPiephone out of COlli· 

mlll81on. Good cuntoct mwn be ottolned by keeping tbe plugs aud 
contact sprlnp ~lc•ou nud bright, with tlle jnck boxes COrr«tiJ 
I n•tnlled In the bel met gOOil('uo><:k u nd cubic c:onnectlona so tlat 
thP)' pre84'nt proper ollnement wltb the Jock plugs. It Is ot no 
uvull to uae two band.q on the t~lephoue wrench to obtain contact 
by force. Such mc•Mnres wlll probably bend the plugs aud hrHk 
the lnsulotlon bushing~<, reorultlng In h.•aknge ot water· whlrb 
~''C!IIt nnlly per~nentes the euble vln Its t't'ntral hoi•Ung member rcnil 
t'ftnductors. 

t'nder the I'OndltlonR m"ntlonl'<l In thP toregolng J18rngrnph. 11 
Is •onwtlmi'H tonnd thnt •hnklng tile jac·ks In their jock box"" 
,...,.nit• In reuPwPd communkutlon wll'l10ut the cau.e ot tbe troublc· 
befog ,.,·ldrm>e<l. Howr\'l•r, It •hould he rcmeml>E'fl'<l that stut• 
rcn~ of telvphone ~-ommunlcatlnn even temporarily 18 lndlrath·v 
uf a sl10rt, a ground, or hrruk In the circuits und e\·cry effort 
should be mude to locnte lt. 

lt the umpllfler llO'<'OIIcf'l! inot~<'rntlv<'. lhe power line •hould oc• 
checked to llt'e tr It Is <>nrrglzed und of the right polarity; If or 
type A und u stornge batt~ry Is ulled nH n 11011rce of power, tbf 
lcnrtery ,·oltngr should be chl'<·kt.'<l. If the power circuit Is touncl 
ro he l!lctl•!artnry. c'~>rno,·e the tuOP 1""'3 on the ampllller w1th n 
~crew drlwr nncl exmnlue the !tL....S tor bum-outs. Dt>!PCth·e 
ruses should be repla(-ed with gt~MI ouet< of 3 umpercs rnUng. 

It the foregoing prO<'<'<Inre doe~ nnt restore operation, tbe mM~ 
likely i4r)nrt't! of trouble Is tnllure ot one or more of tbe \'&coum 
hrl>E's or II Uw runtllltlt>r hc t11~ hatt~r)'l!':'s typP,ffllh>f't> nt tbt' pow~r 
snt>t>l)" \'lhrnrnr. 1'o <·hPCk or replucc• tbelll' tubP«, the nmpiiiWr 
mmH lw renHn'ed from lti4 CH~ hy renun-lng ~lx SC'ntws located n~ 
tolluw•: 'l'wu In tht> front c>f tht> nmplltler llt'llr tht> top: one In IlK' 
UJ)pPr fti'HI' CII1'1Wr uf t'Udt (.In(]. ; lllld (HU~ lu ~tU'b )OW~r c•orner elf tlu,• 

c·~:u· I"""'' uf th~ IUIIJcllfiPt'. This will ~nable the main amt•lltt .. r 
J>ftn~l. tilt> co,·er nnd tht' rt>ar pone! to be wlthdrown trom tbe <'IL"" 
tHin unit. 

B~forc• remo,·lng the.> tube~ It IJ! ncc"l.'l®lry to looeen the loclduc 
dnm11R nrunnd the tnhe bn>'('B. l)(ofpetf\·e tubt>s ond \'lbrators 
~h1>nld he r•pln""' with n~w oneil. Only tube<! of !be type tur­
ul•herl with the nmt>Hfter ~hould he nc;erJ. The tubes nre not In· 
tc.>n·hnng•nble nne! r•J•In('('mPllt tnbea shcmld he.> lustallr.d In !be 
S<l('kN• ruarkPd tor 1hc p.ntlculnr type uf tube used. The amJcll· 
tier will nut Otlf'rcllt• Hutl•factorlly I( ccther types ot tUbe>! are 
n~'(l or th~ tnbi!~ iut\•rc~hungrct. 

If the torr·~'l>tng t·hc•rk cl•""' not dlscloo<e the• cnnse o( failure. 
the troublt' moy bit due to 1111 "'"'" ur >;hort <'lrcnlt In tbe ampll· 
~-. ronnf'('tion•. The• clrr·ult moy IX' cheekt<l h7 referen<'C to tb• 
r<'i~J)Petln• wiring dlngrnm~ nnd liSt of pnrt• n• shown In chapter 
1\' , plat~ il. 'l'lw wiring mny be upo•t•<l Icy remo<lng tbe hard· 
rubber kr•y hnudlt•s nucl one •crew In entb curnt>r ot the subpenel. 
11111~ pt:•rmlttlug r<•Ulll\'nl ()f the front f~.tmel. 

1'hr• lutrmnl ports ur the mnpllfl.erH <lwnlrl lll! k9Jll dry 1\t all 
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llw e& It water tloes accldf!otally pot Into IM ampllller. tbe Wilts 
abould be ea~fully drl@d out bE-fore tbe po-r Ia conuect@d. 

II a telepbonO! out fi t Is (Jpertltllllt .atlsfa~turlly. II -hOultl uot 
be dlsa-mbl@d. Aller dlvfor, If an ampllfter. ~lmet, transmit· 
ter-~h·er • ..,r tender's traosmtt1er-~l..-er ha• 114>t'<lme lpopem-
11.-e and tbe fault cannot be dl8covered and corre<:~ed b1 the pro­
rednre outlln@d In thl' f"reKOIPg, tbe defectl.-e element s hould l>E­
ft'llfllct'd and Information as to tbe desired dlllpo~~lllon or the de­
fecth·e port• obtalnt'CI f rom lb4' B UretlU nr Ship•. C411npl~tf' In· 
structlon& for tht' I'Kre ot the guhl<'d rudlo ftllll•llnf'r I~ c"utooln.-..t 
In the ln.rnll'tlon book IIC<'<>mp&n)illl< Nll'b outfit. 

care should be uerdsed In unreeling the combination lelel>honc 
oud llfe-lloe enble when .......,h·ro on board. T he coli or cablt>. ne 
l"l'<:l'ived, Ahould be plaet'd on a re.-oh·iug platform or re<>l aut! uu­
<'0111'<1 as the platform or """' ... ,-oh-.... Tbf' t'llbll' ahoultl not ht• 
ttulled from tbe coil In the mannl'r commonly ueed wltb rope. •~ 
lbls will twill the 01blt' and canse klnlc.~. Kinks eepeclally sboultl 
bE- avold@d lUI tbry may tlnma~ tbe rubber conr or dtsplacc tbe 
cond uctor wiN'~!. tbus caaslnl( early failure or tbe eabt.!. 

It Ia uooecef1811ry to tesl tbe eombloallon telephone and life-line 
enble fur atr<•ngtb rut tloP <1!ntral to.,., whh'b lo the st~n~:tb m~m· 
ber, Js oC ettrr<llllon-n!llblflnJ{ Hte<>l. lu.- ample factor or gfpty, nntl 
lo not auiiN!pllble to detuloratloo. Unfortunately, however. this 
I• nol Uoe CA"'-' RM rellllrds tb<' ~'<lnduNor wl.-9•. whleb. bellllt ur 
copper, ma1 1n lime 8tretcb or breMk, thus lmpalrln« or dealroylng 
tbll circuit. Wht>n thv bn•>lkugP t><••ul'l<. It lo n~ually ttl the poluh< 
or grenter ftexlntt ()( till' enbl~. 'l'he point• or srentA>st tlexlng 
are usually a fpw lucbi'S from ellber eud or the eublr tlue to thP 
f('8Uitant bend In the euble ut Lbl'de r>oluts when tbr rnhlc I• under 
tt>oslon. Care should be iobn to pren•nt the '"'ble fr11m potting 
a eborp nip or permso~nt beotl at fb('f!e p tlnta. EJ(ll•rlru<'l' will 
facilitate tbe loeatlnc of auch breaks and n •tud,- of rite dntwlop 
showing t h<> COIII!tructlon of the J••·k 11iup will enablr thl' jack 
r>IU« to be •-mblNl nod 1'\'asoembletl when 1'\'n••vh•K tl~f<'<'! h·e 
oeetlun11 of tbe cable. 

Conllnully of rl~111t or grounda mn11"' tlNermln<'d ll7 11'111 wlln 
a me~rp>r. n leot lamp, or a magoPto, follo\\'h>g tbe ~nme pi"'O'ednl'f 
u t or determining till o(M'n or gruuud In any otber circuit. lu 
teatlnJ tbe coble~< remember tbnt tbrr .. I~ n comrtlete ~l~trl~•l 
circuit from the m<>tat 8leeve of one telrr>hon~ plur to tit~ other 
plug. If through Any ~ntlf'C' nn open or short de•·eln))flln th<' <!&llh~. 

l1llllinll' tallnre of the eommunlcutlou clrcultg. the jack t•lng "t I be 
damap>d enol or th~ c11hle 8hould II(' removetl, tbe ranlty l't'etion 
ot tbc cable cut otr. and the Jnck 11111g reptact>d. llemov111 or the 
Jack plu« lnvoh•e~~ lbe fullnwln~r o(M'rntloos, the parts Nfcrred 10 
belnc 1bown on pllltea 11-D autl 71-C. 

(at l 'n..cr.-w th .. I'Mit:klng nut (pt. 14 ) Ul l't'llr ur JtiiiK hun;4: .. 
Inc ( pt. 12). 

( II) RenoYe packing (pt. 13) . 
(Cl RPtrm\..,. luc.-k nut (Jlt. JO t Itt fn•ul uf &•lut: lt~nbclnac whh 

1panner wrench surpll@d. 
(d ) Heat pln~r hou>llnfl to !IOf!Pn th~ senllng rorupound. 
(C) l!Jide (lhlf hun•ing bOCk 011 C:tbiC U\\'0)' rr11m phtjt (l>t . ~ ). 
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(f) Looeen connectiOD8 to pluc terminals and remove piOJ 
(pt. 4). 

(g) Kelt solder which aecures ataln._.eteel core ln the anchor 
plug (pt. 9) and remove the wood ecrew wedce (pt. 8) and anchor 
plug. 

The cable may now be cot bnclc nntll from the llppeanu~ of 
the butt end It Is evident that all the damqed cable baa bet!u 
remoYed, and until tbe comJ:nunleatlon Unea teat through. 

To ~mble the jack plug the p·rocedure Is as follows: 
(a) Slide !!land nut and jack plug houalng onto cable. 
(b) Remove tlle two outer rubber coverlnp tor n dlstanee Ol 

about t lnchea; untwist four telephone conductors nod remon 
the rubber coYerlng of tbe stalnlees-ateel core aliO tor about 4 
lncbea. 

(o) &parnte the e~sed atrands of eteel core and tln thor­
oughly. 

(d) Slip ancho; plug over the tlnnro strands nod brlnr up as 
clOBe ae poaelble to rubber covering. 

(e) Distribute strands around circumference of bole In plq 
and drhe ln wood screw wedge. . 

(f) Solder the steel core and wedge 8eCUrely Into anchor ping. 
(q) Cut olr loose ends of steel core even with anrhor pluJ and 

smooth with ftle. 
(~) Bare tbe ends or tbe telephone conductors and twist tu­

cether Into two pairs; re4 wltb rreen, and blsck with white. It 
Is very Important that thl8 color ~'Odlng be obl!erved. 

(') .Form an eye ln the end of each pair and solder. 
CJ) Pull plur housing down over anchor plug as ferns pos.<lblt-. 

LE>ogtb of conductors should be such tbat eyes project about one­
quarter h1cb out of ping hoD8Ing. 

(k) Several tnma of suitable packl.ng material 8hould be ln· 
serted ln the gland and tbe gland nut acrewed In and poUed up 
tlgbt. 

(I) Place t11e tbln leather washer over conductors and attach 
conductors to p.tuc termlnala mak:lnjr aure that red and p-een patr 
ore ronoected to slde terminal and blac.l< and white pair to centt!r 
tennloal. 

( m) Pour melted eeallnr rom pound or beeswax Into · open end 
of bouslng to wlthlu % !ncb of ping seat. 

(tl) Wblle tbe sealing compound .Is stU.I 80ft, seat the Jat'k 
plul{ In plug boualng making certain that thin IPatber wuht-r 111 
pr11perly situated on eeat. Care moat be l:akt>n to eee that llll 
•pnce In the plug .bonslng Is lllled with the eeoUng compound. 

(o) Screw ln locking out and pull up tight to complete tb•· 
a-mbly. 

In caae a bubble forms In the outer rubber coverlnr of tb.P 
roble due to leakage of compressed olr from the diver's helmet, It 
Is not neceSilory to cut olf tbe InJured section of cable unleae tbe 
rommunlcatloo Circuit Ia opened. The correct procedure Is to 
puncture the bubble and wrap tbe puncture with aeveral layera ot 
rubber tape uslng plenty of rubber cement between layera. 'l'be 
robber tape sbould be covered with one layer of tTlctlon tape and 
the whole patch then thoroughly abeUaclted. Before retnrnlnc 
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the cable to llllrvlce after a repair, It Ia eaaentlal that the cable 
Jaclt plug be opeoed and lospected tor leaks In the sealing com­
poWld. If an1 are found, the plug ~ollld be ~led. A almllar 
IQSpectlon abollld be made of tile telephone IO()IIeDeclt ftttlng on tbe 
helmet. nnd the ~f1 repalra made. 

The receiver, tranamltter, or loud apealler units of tbe standard 
dl'Jlug telepbooee are excepUooall7 rnQecl and unauaceptlble to 
trouble uaually ·experienced wltll ordlnllJ')' telephones trom tbe 
eft'ect of moisture. Ordlosrll7, no aerloua damage ta caused by 
abort sobmeralcina but continued eobmerslon or contiouoWI ex· 
poeure to moisture will result In cotTOBion of the metal parte and 
the grounding or ~ort clrcultlog oC the colla. If any of tbe uults 
abould be aecldeutalty enbmerged In salt water, tlley ~ould be 
woabed out with freeb water aud dried out b7 exposure to b4'aL 
Core should be taken, however, ibat tbe applied beat ta not llllf­
fteleot to burn the lnanlatlon of the wire. If any or the uulta be­
come Inoperative due to collection of dirt, they abuuld be care­
fully dlamaotled nod cleaned. 'the dlapbragme and pole piece.. 
e.peclally ahoold be kept free from dirt and sediment. Arter WIO 

the nnlta should be wiped dr7 wltb a clean rae to remo~e all 
moisture before atortng. 

The packing of tbe dlver'8 alr control valve •bould be eareCully 
adJuated 10 that the valve worka atlmy enough to prevent Ita helng 
cl~ or opened accidentally but aulllclentlr tree to be reAdily 
manipulated b7 the diver eYen though wearing the two-linger rub­
ber divine ctOTe. 

The toregolug lnatructlone for the care of No. 1 diving ontfttP 
are aJao appUcable to the helmets, lead weights, dlvll1g air boee, 
ftnd hand-operated air pomp romprlslng abaUow-water diving out· 
llts. Helmeta should be frequeutli examined to Insure that the 
wlo,dowa are Intact nod that tile seallog strip and packing urouud 
their edges are In place, ln good rondltlon, and watertleht. In 
tbt'lle out11ta the only exhaust which the helmet baa Is tile bottom 
o~ tbe helmet. Conl!eqnentJy care should be talten to luaure tbat 
there are no air Ieake In tile portion of the helmet above the nil 
Inlet coonectlon. Leakage or air above the alr·lnlet conne<:tlon 
wlll noqulre a.n air supply of grt>ater pri!Sllnre than 18 ordinarily 
oeeell&af1 to keep down the water level In tbe helmet. If tll•1 rat.• 
of leakage abo•e the wuter Inlet 18 greater than the rate ot fto\9 
aod ~ capacity of the porup, the water level ln the helmet 
eumot be kept down below tbe mouth nod 1101111 of the diver. 

Tbe air pump ot t11e sballow·water dh·tng outllt contain.~ two 
alngle-actlng cyUnders 3'!j.-lncb bon> 117 4-lncb slrok<' wltb a total 
eapet'IIJ of about 12 cubic Inches. The use of sballow-water 
divine outfits Ia permitted down to depths or S6 teet. The etll­
clency of the puml)!l for delivering air at the pre811ure equivalent 
to thla depth with a reaeonable foetor of safety ahould be 
trecruentl7 checlted. 

Diving ~r sball not bP. dlspol)('d nt by sbll)!l or by navy yards 
and atatlona except the navy yards. Mare Island nod New YorJ;. 
Dl'l'tne sear wblcb la considered no louger reUable or eervlceable 
wU be anneyed and htrned In by obiJlti to the oearl'tlt nnvy yard 
for shipment to either the Mare Island N&YJ Yard or the Navr 
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Yard, Drooklyn, N. Y •• for sur<ey and ftoal dl>!poaltloo. Whtn 
re<:el•ed by these yards, such g~ar as can be econumlcally repaln.l 
oholl be JIUt In suitable l'llldltlon!ur rPI131'ue and tul'ned lu to store. 
Gt•nr ll(>yond economical l't'llllil' •hall be sur'·~7ed for sale. 

In dlapoMiug of dl•lug genr by l!llle or Olb~nrlae, the yards au­
thorl.zt>d to do so •hould lusun, Uuu too seur, especially the metal 
parts such u belm••ts, dh·ln(l pumps, test tanks, etc., ea.nnut be 
put In servl<>eable coodltloo at a reasonable coat For l081nnc:ot, 
belm~ls may coot aln minor def...,ts ouch OR d~ots, o miSRios facc­
J•Inte. urn damugt'<l gooseneck, etc., wbl<•b, In the aggregate., would 
UllJiflllr sufflcleully detrlml'llhtl to furthl'r usc as to warrant •n•· 
n•y. Hnw.-,·t•J'. tiPHrri in lht- hPIIJH-"l (uniPAA the mPtnJ IM cral'lcwU 
do nut jl'tl(llll'dlze th~ c\1\'er nml th~y cun readily be pre>lt!C.'d on! 
to make n mo•·e prell<!ntnble belmel. Fuc~plates nre easily rt­
newe<l nnd utht•r lndir ltiD111 Httlnl!" ron he reinstalled ut !$lllall 
~'()<It, A diving pump In Its entlrt'ty Is costly. Its ll:<ed uud mo•· 
1n~: ult'tu1 l•trt~ ,,.e standurd. U tuH 11\'lllluble In store, they are 
teudlly ubtoluuble from the rrumu(&Ctnn•r of the pump. 

1'hP 1Nir18 wmprlslng diving !IUtJit• nrP !111~ It mntPrlsl. ThP 
nllownn<'t' Ust of vessels ll>!t the number or COIDJllete outllta th~ 
J't'Silt'<'lht• ,.,_,~ ore eutl!ll'<l to. Owlug w the lnrge number ot 
IUli'IK whlf•b <•omt••·J~ It ahuutard dh~ln~ uut:flc, th~ lndlvJdunl tM~ rld 

Ht'1~ IWt ll~ttocl lu tht: nUownm-e Jil;t. Ho,rt-nH'. \·ttmwl.s e~ t.lfl· 
rltlt~l to nhtni11 t:lut•h rephu~ment (lftrt8 f\n· thf~ ootftt~ us nnty 
lit! n~asnry to molntoln the outfits In suitable condition nt all 
times, on •·m•t In ~xcess" requisitions subntltttotJ to tbe ueure.<t 
ynrd ur stntlnn. It the yard nr station to whlrh su~h ro.><Jllls ltlo"' 
nre •uhmltted bn• uot the n>questt'<l equipment a'·ollubl~. It sltnll 
he obtnlned frum the More lslnucl ut New York Yard. Cost of 
diving outfit• und r~phl('f.'lllPIIt (lllrt•, when obtulned by Sbl)l!l 
IH t•nUJull~"'41un, will l}rdltuu·lly bP ('hargecl tu ShiJI't< nagnJnr (•Oll· 
t<tmctlon nnd repttlr ullotm~nt8. 

In reqnlsiltoulng diving lli'•tr, requi•IUous should rontalo nota· 
tiOns n~ lu th~ tutme·plot~ datu. 11h.'<'e numbers or stnndord stO<·k 
tuunbel'" ( II tbP llll ttlcnl•r purt requt>AtPd IH u~tl'flln tb~ Stuodotnl 
Stock t'utulugl to P.lntble ~upply uftlt.,...,. to Identify Ute requested 
~tulpUl{"llt ttrutwrly. 

l<'nt• lh~ t'lll'¥. Rtlr\'P)'. Hllt1 rvqnhtltlonlu~ t~f spechal diving E'QIIIJ· .. 
m~nt uol funulnJ; tt IJtlrl nt ~htndnrcl dl\'lng outfH~t but whh."li If' 
furuhdted , • .,..~L• ~>f l'Prtuln <'8legntl~s. ntteutlon I• ln•·ltf'd tfl 
<'hnpt~r XIX. 
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CHAPTER Vll 

PHYSICS OF DIVING 

1. In the study ot diving and Its elrect npon tbe human bocb". 
It Ia Important to conalder some of the pbyatcal properties &.Dd 
laws governing the behavior ot gal!e!l and water. 

Boyl<.>'s law states that at a constant temperature tbe volnwe 
of a gae varies Inversely aa the pressure (absolute), wblle tbe 
denalty varies dlrectJy aa the pl"@fl8ure. That Is, an IncreAse or 
pressure on a gas decreaaea Ita volume and lncreaees Ita denair, 
directly proportional to the pressure applied, and vice versa. II 
the pressure Is doubled, the Yolome will be decreased on~ halt; II 
tripled the •olume will be decreaaed to one-third, etc. 

Charles' law states that at a constant pressure, the volume of 
a gftlf varies directly 88 till! absolute temperature. That Ill, as tbe 
temperature locrea8e.!l, the volume ln~aees and vice 'fen&. 
Wh<.>n COIUIIderlng the centJ..-ade 8C81e, tbe volume ot a gas varlt'l! 
¥.173 of Its volume at 0• C. t or every variation ot 1' C. Wbeu 
t-onslderlng tloe Fahrenheit Beale the •·olume of a p8 vnclea ~ .. 
ot Ita 'folome at o• F. tor every variation ot 1' F. 

0:Q"JeD Is a colorleas, tasteless, odorleaa gas occurring In thf 
tree statP. In the atm011phere, of wblch It forme about 21 pl'rceot 
by volume. It Is essential In malntena.nce of life. At atmotq>be.rlr 
pre83ure, approxlmat<.>ly one-llttb of the oxygen In each breath ll' 
nbsorbed by the body. More oxygen Is necessary wben a pel"11(!D 
Is acth·e than when a t rest. A. person exercising vlolentl7 ma7 
require as high as 10 times as much oxygen as when completelr 
nt re~t. The Increased quanuty Is provided by deeper and tuter 
hreatblnJ>:. Tbe tl~•uCR nt the body •b•nrb l\ higher Jll'r<"4!11tagl' 

.. r oxygen which Is circulating In the blood when a person Ia ex· 
••rclsfng. More oxygen Is required wht•n the large muecles of tb• 
bod)', thOI!e of the lep for exampl~. are tlolng work, than reqoll'ftl 
when •n•nller muecles only nre lo Rcth·e ""'-'· A per110u ot 1'<!1!1 at 
ntmospberlc pressure (aea level) IK unable to absorb a su1Bcleut 
nmount of oxygen when the percentage falls below 18 percent, and 
noconsclousnC!!S tlsuolly occurs ot I) or 10 percent or at higher IJI'T· 
•-entn~ependlng on the activity or the person. Oxrgeo de­
ftclency usually le unacrompa.nled by warning symptoms. Its lad< 
d~adeus the faculties, and a person not lntrequently becomes nn· 
ronsclous without re•Uzlng anything Is wrong. It mll!lt be ~ 
membered tbat It 14 the partial pressure or ox:vgen In the at· 
mospbere that sustains life-that Is, air, being composed of about 
~1 percent oxygen, exerts one-fifth or an atmOSJlbe.re oxygen pree­
•ure at SP.a level. At 10 atmospheres prC!!Sure, equivalent to a 
dPptb oC approximately 800 feet, the oxygen lo the air suVJilled 
the diver being one-ftttb would exert two atmOSpheres of oxnen 
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~ure or 200 pe~nt. Likewise above 11e11 le•el, the OX.J,en 
preaeure In tbe &1r Ia reduced. the reduction beln& l.o nUo with 
the altitude. In other words, tmder excea preaeo- there Ia 
actnall..J more OX7seD In eYer.J cubic foot of &1r than there Ia l.o 
the alr at - le•el. CooYeraeiJ, there Ia leaa or7seo ln cver.J 
cubic toot of alr In tbe atmosphere aboYe - lnel. Ob•louai.J, 
therefore, a human belns could not aurYIYe at blp aJUtudea with 
u low a 'PO!~DLIIC of OX.Jif!D u at aea leveL On the other band, 
leas peroootn~ than Ul08e meotloned would be adeqnate belo• 
eea level. 

Nltrosen Ia a nonln8ammable, colorlela, saaeoua, nonmetlllllc 
element. ta8teleaa nod odor!-.· Wblle It forma about 80 percent 
uf the atmoepbere, In Ita tree state, It wiU not eupport life. Rr· 
clrosen In Ita pure atate, Ia a colorlela, taatelees, odorleaa ,... lt 
Ia the llplelt known aubatance, belo1 *a the welsbt or &1r aod 
about 'nt- the welabt ot water. It Ia lntlomntable aod ezploel•"· 
Tbef!e two auea u oceurrtnsln the ai:JI>08pbc!re bne uo e1r<ct ou 
the bumao bod..J other than to dilute the or.Jaeo aa well u carbon 
dlodde and BD.J otber pJie8 that m&J be preaent. 

Carbon dioxide, aometlmee called "carbonlc·aclcl pa" conalall 
of one part ot carbon c:bemleali..J combined with two parte of 
OX7JCD tAl form ao odorleu, eolorlet18, traiUipareot PI wltb 11 

siiJI>U.J aeld taste. It can be reduced w 110lld atate b.J l.ote011e 
('()ld and to liquid by preaaure. Being much heuler than air, In· 
ert and dielectric, It Ia oo efflclent ext1n,ulsber of oil and psolloe 
111'1.'6, tbe caa blaoketlna tbe flame and cuttlnr off conlact wltb air. 
hence esclucllol tho osygen essential to combuaUon. It Is osuaUy 
liberated In nature b7 combustion (lncludlul •low decomp<Jfll­
tlon of •ecetable and animal matter) and by the breatbln& of ttul· 
mala. Oxyaeo taken Into tbe lunp combl.oft In tbe bod7 with 
carbon, wblch ts derl•cd from food, and tbla chemical comblna· 
tlon senerat" the beat wblch malntawa body temperature. Til~ 
reeultaot carbon dioxide Ia ctveo otr tbrouab the loop and po118C!8 
out with the breath. 

Carboo dlos hle. when breathed lo bl;b concentraUooe, Ia .,._ 
pli..Jrlatlna. Wben atr Ia breathed, as. for example, l.o a conJin.e.J 
apace which Ia belna lnadequalelr TenUiated. the earboo dloxldP 
exhaled b7 I be dh·er lf&duelly builds up In the 1poce, caualng 
beadaebe and othllr srmptoms. When the proportion of cArbon 
dlorlde rleee to approslmately II percent and tbe air In auch apace 
Ia at atmospheric preaaure, o person experiences dl.stlnct punting. 
With 8 percent the diJIIculty In breathlor becomes dlatJ'I<jl8lnl. 
Unconac:lo1181le88 usually occur8 when the percentages reach 10 
peN:ent. Tbe lncreaae In the depth and rapldlt.J of breathing I• 
caUl!ed b7 the lncreaaed amount of carbon dioxide iceumulfttlng 
In the blood and acting upon the respiratory center In the brain. 
It Ia b7 tbla m~ana Ulat the body securea the lncrea8ed amount or 
osyren ~eel and eliminates the escesa of carbon dioxide. Tb~ 
oeect for oSTeen does not cll-Uy atrect the breatblo1. It •• the 
presenee ot too much carbon dloslde In the blood that C8W!e8 the 
deeper breetht.or aod ll.oall:v panting aa the perceJitqe or Cllrboo 
dloslde lncreaeee. A person thua baa aome warnllllt wbeh thP. 
proportion of carbon dioxide Ia gradually lncreulns. althoup de· 
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peDdence f{)r safety should not be placed upon tbla but proper 
measures taken to lnsnre tbat detrimental concentrations do 1101 
build op In tbe 1Jll8ce8 whleh are being breathed In or from. 

The foregoing pertalua to tbe elrects of carbon dioxide (>D tilt 
reeplratory system und&r atmoephertc pressure. Its elrects WJ· 

der excess preaaW'e are dlacusaed In chapter IX (Dh>er'a air 1111> 
ply). 

Water (pure) coo.slsts or two parts b;ydroaen and one pert of 
oxygen. It Ia a colorless, ts.atele!lll, triUIBparent liquid and 1.s sl· 
m011t Incompressible. At ttl mu:lmum denaltJ {59" F.) It Is a 
standard tor measuring speelftc gravities of all liquids an4 solid!. 
1 cubic centimeter ot pure distilled water at tbl.s tempenturo 
welgblng 1 gram. Pure water treezes at 82• F. { o• 0. 1 and 
bolla at 212• JJ'. {100" 0.). Besides bavlng other values, It Ia u 
Important lncredient In the tissues ot animal& and plants, tht 
human bod;y contalnlng about two-tblrda Ita weight of water. 

Noi"Dllll air {the atmosphere we breathe) 1s a almple mlxturt 
{not a chemical combination) of the gases detlerlbed aboYe wlt.b 
tracea of hydrogen and certain other rare gaaes. It 1.s compret· 
alble. The proportloo.s o! the maln constltuenta are approXI­
mately aa follows: 

p.--~~ .. 
'COlt~ Me 

Nltrocen (approximately)---------- • 79 
0lQ'gen (approxlm.atel.y) __ ________________ :11. 96 

Carbon dioxide (approximate!)')-------- - - • 1M 

lll%plred air varlea In composition with the depth of tbe explra· 
tlon and with the compoaltlon ot the air Inspired. Under normal 
conditions expired air contains In volume percent: 

p.,.OOfOJ 

Nlttojlen (approximately) ------------79 
0liJ'jleD (approximately) __ ____________ 16.02 

'.l'bat Ia, expired air loses about 4.9i volume pel'<.'ellt ot oxygen aod 
gains 4.34 percent carbon dioxide. Tbe d11ference In the OliJ'IfD 
absorbed and the carbon dioxide (00.) excreted 1s erpl.slned b7 
the tact that In the pb;ys.lologlcal process ot the bod)' aome ot tht 
oxygen Ia absorbed b;y the body, not only to o'Jidl%.e carbon but allo 
to combine with some ot the hydrogen of the food and Is COD· 
sequentJy secreted as water. 

Atmoepherlc pressure Is the pressure exerted b;y the weight o! 
the atmosphere nnd Is equal, at l!e8 level, to 14 .. 7 pounds per aqua... 
Inch. A column or mereury 80 Inches blgb, a colwnn of sea water 

33 teet blgb, or u column ot fresh water 34 feet hlgb, each, aiBo 
exert a pressure of 14.7 pounds P<!r l!Qnnre loeb, or 1 &tmOI!pben>. 
pressure at the bottom ot tbelr respective columns. 

The term ''ahno8pheres·• us used herein mea.ns atmospheres of 
pressure and Is the number ot times 14.7 pounds per square !ncb Is 
contained In the total pounds pressure per square tneh IDYolnd. 
Thus 29.4 pounds pressure per square Inch will equal (29.++-14.7) 
2 atmospheres pressure; 44.1 pounds pressure per square Inch will 
equal 3 atmOI!I)heres, etc. To convert atmospheres presa~ 111111 
pounds pressure per square Inch, multiply the number of atmos­
pheres pressure by tho constant H. 7. 
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AIMiolote pl't'ei!Ure l~ the p.....,.ore abo•e a per1ect ne.nu:o. It =. 
Ia the a:qe prueore plua atmoephertc ~re IUid Ia equal to 
14.7 poUDda plu. ncaa PI-UJ\Ii'. 'l'boa a diYer worirJDa at a 
depth ot SS teet ODder water, the eqol•aleDt ~are of - at-
111108pbere. would be et:poeed to an a!Miolate ~ of • ·• 
poUDda per IQaare locll. 

Tbe Pl"fla aR4 In dh1q do not record atmCMIJ)ber1c: pre.me, a....-. 
bat d o record the preaeure abo<te atmCMIJ)her1e pre.ure. 'l'be1 
aleo Indicate the c:or~nd.lnc depth of water In feet. It a leqth 
of air hoae be attached to a dime pump, tbe free end ot the 
boee lowered onder water UJd the pump operated, tbe pp on 
the pomp will Indicate the pretoaore of water aod d<lptb of water 
at the point to wblc:b the end of the hoee hu been whmerpd. 
Bence, thla procedure protidee lUI accurate - of del:ermln· 
log depth and ~of -ter or, It t.be depth Ia lmoWD, a c:oa· 
•eoleDt method for ebee1l:ln.l t.be accuracy of the Pte. 

It Ia ob'tlou. that It a tau.k be Clled with water, the bottom of Wator­
the tank hu to IIDPPOrt tbe whole welpt of water, bot the top 
hu no welcht of water to aoppon. The preuore, therefore. on 
tbe bottom wW be crater thl:n the ~ oo the top bJ an 
amount equal to t.be wel&ht of tbe water In tbe ta.nk. It Ia a1ao 
ob'tlooa that the bJPer the etdee of the tanlt are raJ.ed, attU keep· 
Ia& It filled, the greater the weight or preMure bec:omea on the 
bottom. If tbe aldea of the tanlt are enellded to 83 feet and the 
tAnlt ftlled with - water, the preaaure on the bottom due to the 
we'-ht of wattr would be equal to that of the atmosphere, or 
14.7 poond.ll per IQU&re loch: however. u the atmosphere Ia al110 
preutnc down no tap of tbe c:olDIDD of water, tbe obeolute pree-
IIDre on the bottom wtll be lf.7 poundA due to w<'ll!bt of water. 
plu 14.7 pound• due to the atmosphere, or a total of 29.4 pound.ll 
per 8quare Inch abololute preeanre. Every foot lo hel~tbt of -
water prod~ an ex~ p~ of 0.445 (or ~XH.7) poundto 
or a little nnder ooe-balt pound per aqoare lneb. The Ame holdl 
trne when c:onalderlojl' tbe pl'ellllUI'e oo a hodJimmened In -ter. 
AD7 IDc:b bod11D81 be looked on u hanac the c:otWDD ot wa~r 
betwe.n It aDd the llorface preealnc doWD all rouD4 lt. Tbla 
P-re Ia tri.Dml.ltted to It In the form of a 1Qo-. It the 
bodJ' hu appreciable leo.U., 110c:b u a dl•er atandl111 uprlcht. 
there Ia 1-preaaure upoo the top of the bodJ than at Ita bottom. 
'lberetore, In the cue of the diver, there Ia 1- p.-ure oo ht. 
bel.met than oo hla aboee. It the dl<ter Ia Cl feet tall, thore wlll 
be about 8 pouodl per 1Qnare IDch leaa preaaore oo bla helmet 
thao on hla ahoea, whatever the depth of water be m87 happen 
to be ln. 

A bodJ IUbmerpd In a llqold Is bOOJed upward bJ a nrtlc:al 3 -· 
foree equal to the welcht ot liquid that the bod7 dl;,plac:es. The 
•olame ot the Uqnld dlaplaeed eqnata the •olume of the bodJ, and 
the upward preaao.re equala 82.6 pGoDdl In treah water, or Sf 
polllldl In - water, t or eac:b cubic toot of the •olame ot the 
~fl"ed body. With the dlYing salt dlatended bJ air, the 
we!cht of the water dl>cploced Is greatl'r than lbl' combined weight 
of tbe wit, beiDWI. and dl'fer. All a r('tlull, the dn>~~~~, helmet. aod 
dl- are of pomtl'fe bUOJ&IlCJ and the dlnr Ia unable to d-4. 
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To overrome hill ))061tlve buo18J1cy, weights are attached to tbe 
diver's dl'f88 ln the form of a weighted belt and weighted sboet. 
giving the dlver negative buoyancy. OtdlnarUy, only aull!dtnt 
weight ta added to overcome the ))061t1ve buoyance wlth the dh· 
In& dret111 moderately distended by air. Therefore, It the drm 
Is overlnllated when the d!Yer Is aobmeraed, he acqul.rell ))061the 
buoyancy. U thi8 buoyancy Is not reduced to the negative •Ide. 
tbe diver Is unsble to remain on the bottom. In rising, the booJ· 
ancy will be Increased, due to the dlmlnlllhed water pressure and 
the uponalon of the air within the elastic dress, and bJa llpeOO 
of a~nt wW be accelerated. Being carried to the surface lu tbla 
manner Is known u "blowing up." 

If, through caN>Iesaneas or culpable neglect, a diver should bol 
permitted to fnll an appreciable distance under water, there would 
be a sudden lncN>aae of water preasure, and, If there should fall 
to be 11 sndden Increase of air preaaure, the helmet escape valve 
would be eeated. tlle air within the dress would be compretllled and 
forced troru It Into the noncompre~~alble helmet, the ''olume di· 
mlntablng with the Increased preeanre (Boyle'e law). If this vol· 
ume ot air dO<'S not 1111 the helmet and equal the pressure of water 
ot the depth to which the diver's body bas fallen, the excesa pres­
sure exerted on thr dh"er'a body will tend to drive lt Into th~ 
helmet. The result Is most apt to be a eer!OIIl! lnjur:r or lm· 
mediate death tor the dh•er. Falls from shallow to deeper deptbJ! 
are the most serious, aa the relative dllrerence In P"-Ures Is 
greater. Tble mny be explained by the following: 

lt a diver at the surlace, In H.7 pounds pressure to the squt.~ 
Inch (absolute), should taU 33 teet under water, ever:r square lncb 
ot his body would hove an additional pressure of H.7 pounds, 
or 29.4 pounds abMOiute pressure, suddenly applied to lt. 8 pro­
portion ot 2 to 1 over the pressure lo the helmet. All the anrase 
body bas an area of about 2,000 square Inches, the total tore<> 
exerted on the dh·er's body and tending to drive him Into the 
rigid helmet would be ,..vera! tons. It, under tbe same condl· 
tiona, tbe diver should hav .. fallen tram the surface to a depth 
of 00 feet uoder water. thP Increase In absolute presaure would 
have been trebled lnst~>ad of merely doubled, so from the fo,. 
going It Is clear that a long fall from 8 shallow depth would ~ 
aullln a fatal squeeze for the dlvl'r. Falls from moderate deptba 
to deeper depths under water are not apt to be as serious as falls 
from shallow depths. In 11 tall from tbe surface to 33 feet the 
relative dllference In J>teSSUre Is as 1 Is to 2 (lltruospberea) or 
doubled, wbUe lo a toll from 165 teet to 198 feet the relative dlt­
terence In premmre on the body Is Increased only one-alxtll. 
The elrl'ct of a fall under water Js known as a "aqueeu." 

A8 olr Is compres.51!d It~ tE'mJ~ralttre lnc:-reael'!l rapidly, but tbls 
can be disregarded, tor rn!liutlnn through air r<•ser.·olr&, coodutts, 
aod the rapid coollpg lndured by Its transit through the ·dlvlng 
hooe to the dh·er rt'duces the temperature to or below tbe teUJ.· 
perature of the •urr~undln~ ijOII wnter. Tbls fact somettmP<~ 
necessitates Sjl('Cini mo!llsu....,. In cold weather diving, to prevent 
the ~logging of tlw nlr line oiu~ tn freezing Q f molature In tbt• 
diver's Rlr hO!!e. Tbig I~ rurtl>er discussed under chapter l:l\. 
"Diver's air euppl;v." 



CHAPTER VIII 

DIVING PLANNING AND ARRANGING 

When diving le to be undertaken, the comm•ndlng officer or tbe P.........,. 
veeeel eball be lnformecl. A general ptan of proeedure ahnll be 
decided upon and Lbe n~y olllcere, lnelodlnc a medlcnl om-
~. and aotneleot men to handle any emergency aball be detailed 
aod a.n el'l'ort made to conduct tbe operatlooa with cllapatell aoll 
elllcleney. AD omeer qoaUJied In dee~aea diYIOC aboolcl be placed 
In cba..,e of tbe divine operallooa and tbe dlvera. If web an 
olftcer or warra.Dt ollleer Ia not a'Vallable, an otlleer familiar w-llh 
tbe prlnctplea of dlvlog aboold be placed In charge. lt tbe dlvloK 
Ia to be done from a diYine Jauncll, a dinghy or otbcr amall boot. 
p~perly manned and eqnlpped, alwold be a811coed aa tender to 
tbe dlvlorlaOJleb, If In the opinion of tbe ot!leer In ebarre It Is 
requln!d. 

DIYera' work Ia no exception to tbe general role that a tnak J.. 
10ore ellldeoUy performed when tbe work lnvoiYed bna been prop 
erl7 atoclled nnd planned and prellmlna17 work done In ad vnne<!. 
In divine operaUou tbe procedure whlcb provea moat elrecllve IK 
the one whlcb pro•ldeB for tbe maximum amount of work th11t 
cao be done on tbe eurtace to be performed by tbe aurface crew, 
wltb a collllllenlurate minimum amount to be performed by tbe 
dher on tbe bottom. Accordingly, In planning tbe work tbe pro­
cednre decided upon ahonld be that Which not only reducee the 
dlver'l work to a mlolmu111. bot whlcb Umlia his operations to 
tallka which an be performed within a reaaonable pl'rlod under 
the ooodltlona IDYolYecl. 

The au~ of put Nny aalvage operaUooa waa contributed 
to cooalderably by tbe manner lo wbleb operatlooa we~ Pn>­
llmloarlly planned and tbe various pbases of tbe anticipated work 
laid out and clellolte tuka assigned to e11cb diver or rronp or 
dlven. Thle oot onl1 ayate.matl.zed the work but tbe benel!Ja d~~ 
rind from tbe oompetlllve aplrlt created by the procedure wert> 
reftected In the mental attitude of the divers upon completion of 
tbe taak, enn tbougb tbe required dive woa of leAS tbao elantlarc:l 
doraUon tor tbe depth. 

Wltb the forecolnc oa eaaenUal requisites, tbe ·aatlllfnctofl' 
proeecutlon of nnderwa ter work may be runtrlbuted to by appllca· 
Uon of tbe following rulca: 

(G) Work nlcbt and day, white weather permits, provided eum­
c.lent dlftrl are avallable. 

(b) Uee rood judgment, bnl<ed upon consideration of tbe advice 
and commande of the tllvln~: I!Upervlsora, checked eonatnnlly w ith 
tbe work being perfnrmed. In determining the amount nnd klutl 
of work tor eacb taak, and In pleltlng the dlvenJ for tbe tuk•. 
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(C) Prep~ and a.sslgn the tasks aud give the dlvera l.nstne­
tlons well In advance. This enables the diver to think onr the 
taalr. and as a result be may olrer sugnatlona or ask questlonl 
wbleb may lead to a better accomplishment of the task. 

(d) A diver may often, unlntentlonall)', overestimate his abtllt7 
to accompllsb 1mderwater work. His aoggeetlons should be given 
thorough coDBideratlon, but tempered by the judgment of th­
In charge. 

(e) Each diver of a group, l.n addition to h la own speclllc In· 
structlona, should be given, at least, a general Idea of what tasks 
the other divers of the group are to perform. 

(f) Fl.nal l.nstructlons must be given to each diver, aud to till: 
groUJJ, 1>11 one perBtm 011111 If contusion and delay are to be 
avoided. 

(g) It, aa frequently occurs, the diver forgets part of bl.s In· 
structlons. be must Immediately a8lr. advice from the dlvtnc super· 
vlsor; hence t!'e diving supervisor must, during dl.vlng operation& 
be Immediately available. 

(h) When a diver 1.8 on the bottom, It 1.8 lnsdvlllable to alter 
the prearranged taak; conaequently, should a ebaDi" In ProcedurP. 
be deemed necesasry, It Ia better to Instruct and send down • 
new diver to replace him. 

(() Care should be exercised In evaluating the Information o~ 
tal.ned during au observation dive because the opportunity tor o~ 
serving condltlo11.11 below the surface Je limited. Therefore, It 1.8 
well to base any plan of ealvoge operations upon the combined re­
ports ot several dlven. In addition to the verbal reports. lt Is 
of value to have underwater sltetches ot the damage, made on • 
slate and whenever possible, actual measurements aboold be made. 

(j) Several lines of procedure should be planned so that If one 
method falls In practice, alternative methods will be available. 

RC~JA:ue and ship aal'Vage operatlona can be performed only witb 
proper type vesselS properly equipped with necessary ge.ar and ,. 
crew of elllclent, qual!1led divers. Tbe Navy vessels which ~ 
used for this purpose are converted ml.ne sweepers, which, in ad· 
dltlon to standard diving outllte, are provided with special diT· 
log and sblp salvage gear deacrtbed In chapter XIX. Work ot 
tbl.s nature requires the mooring of lbe vessel o•er or approxl· 
mately over the submerged wreclc and sate diving operations 
depend upon tbe security of the moorings. The gear turol.shed Ito 
adequate tor mooring these vessels under the normal conditions ot 
weather ana depth that permit diving. The mooring gear Should 
be given n minute Inspection before mooring and when divers are 
down n continuous wnlcb should be placed to Insure against any 
shifting of the moorings or veering of tJ1e Yessel that would en· 
danger the diver. Diving lines should hue sulllctent alack to 
guard against thlt! contingency. In sudden squalls, heavy aeas. 
tide, or any other condition wblcb, In the opinion ot the command· 
lng olllcer, jeopardizes tbe security of the moorlnga, the dJvers 
should be brought up and <living dlacontlnued until more favorable 
conditions obtain. 

Erperlence bas Indicated that with the present llmltatlona La 
the art of diving, the number ot divers that can be snbmetiOI\ 



DIVINO PLANNING AND ARRANGING 
. 

almultaneouely and perform etrectlve salvase or rescue work on 
submerged wreck!! Is Umlted. In past submarine aalnse opera· 
tloDIJ, It hae been the practice to work the dl•era 1u relays of two 
or t.bree, and wbere conditions permit, It Is desirable to adhere to 
t.bla practice 1u BD.Y future aalvage or rescue operations. Bow· 
ever, It must be n!Dlembered that the greater the number of dlvera 
submerged, tho greater the poeslbUity of entanglement of tbe 
larger number of !lues luvolved, and that for coutluuons diving 
In deep depths. this number would be multiplied by tbe 11ues of 
dheflf decompressing In the water simultaneously with thO!!P. 
working on the bottom. Accordingly, the number of divers wblcb 
can eafely be submerged simultaneously will depend upon depth 
<lf water and nature of th~ bottom, the sblp·s fadlltlet! for ban· 
<llln~t the dlv~no ov~r e~~cb Klde, and the practlcabUity of this pro· 
cedure Wlder attendant conditions, the.treedom of the wreck troru 
debris, and tbe conditions of the weather and sea. Baaed on n 
CODII1deratton of these factors, the number of divers tbat ma1 be 
submerged Simultaneously sbaU be governed by tbe discretion ot 
the oftleer In charse of the operatlona. 

In planning the work of divers, arrangementa abould be such 
a.s to preclude uy necessity for their sta.Y on the bottom In t:rCC@I! 
ot the optlmam time of e:rposure llated lu table l, chapter XIV. 

Usually there Ia much Jess tide on the bottom than at the sur­
face. Con~uentiJ, although the surface tide may seem auoog. 
tt may be advantageous to attempt dlvlug. provided tbe anr!aet 
tlde Ia not euch as to endanger tbe moorloga. It the velodt7 of 
the current le onr 1 ~ knots, the diver abonld wear additional 
weights. A def!('('ndlng line must always be used for descents and 
a.I!Cenfs. 

Whlle all diving tuvolved In aubmarlue salvage work Ia now 
coDCiucted from sbiJlll eapeclaliJ equipped with compreaaed-alr aya· 
teDIII, routine dl1'log operations such 811 salvage of lost gTountl 
tacltle, examination of sblps' bottoms, lost torpedoes, airplane 
u.hage, etc., ·engaged tu by other cln88C9 of ebl)lll In general ore 
performed with lllr derived from manually-operated air pumps. 

(n rigging a dh·lnl( nlr pump preporlllOry to diVIng OtJeratiOUJO. 
the nuta on tbe pump wheela and bandies should be tlghtened b1 a 
wrench, and the pump tried to ascertatu It It Is worldng properly. 
Before Btartlng to use the pump, aee that each and every bearing 
Is properly oiled. Water must be occaalonallr supplied to the 
cistern to keep the cyllnders cool during operation. The diver's 
air hose ebonld not be connected directly to tbe dellvef1 nozzle or 
a dlvtng p11mp, but lnatead to an oil separator. 

Wben air Is f(>(]llln'd tor two diver~. the pump's contr<JI levN· 
abonld be placed to the Jett·hand side, marked "One C.YIIuder," 
but when only one diver Is to be aupplled with air In deep water, 
the lever should be plaC('<} on the rlght·hflnd side marked "Two 
qUndera." It le advisable to hove two pumps rigged and ready 
tor uae, It they are avaUable. 

Tbe followlug accidents have happened while pumping air to 
dherl: 

(CJ) P11mp capsized during a sudden squall: not secured prop­
erly. 
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(b) Pump handle seeurlng nut worked loose and fell off. 
(e) Pump wheel seeurlng nut worked oft. 
(d) l'Jstou backed off end of rod tar enongb to atop pump. 
(e) Pump cover slammed abut, causing oll can aDd W1'eDcll 

which bad been left Inside the cover to fall Into t.be pump &llll 
jam lt. 

(f) Doe to faulty gasket, ..-ater leaked out of t.be waur daten>. 
ca ual ng the air to become bot and the diver forced to ucend: 
diver much distressed. 

(g) Tranerer valve assembled wrong lhereby causing dletrs< 
to diver. 

II•) Valve broken ln pump t.bereby causing lucreued toes ot 
efficiency. 

(I) Wrong kind or oil used to pomp's cylinders, t.bereby ca~ 
lng t.be diver to become 118ueeated. 

( J ) Ex~Jve pl&ton lealutge; divers brought to t.be sulfate tut­

con&eious. 
(k) Air reserrolr cover gaskets detective, t.bereby causing l­

or air and dlstree!l to lbe diver. 
Whene,·er practicable. diving trom manually-operated atr pampa 

should be curled out from a motor launch. All motor lalliiCbol 
In s.orvlce are lltted with pad e:ree (see pl. 82) for hooking Ill 
the book ends of the turnbucltlee for securing t.be diYing air pomp 
In ope.rotlng poaltlon. If tbe.re are any cases In which such pod 
eyes are not .ftrted, t.bey Should be Installed by the ship's force 
Tbe pad eyes must be placed forward In t.be boat so tbRt tlw 
dh•lng air pump may be secured so ae to leave room tor tht 
pumping crew to operate the pump. The pumping crew t.ben wt11 
not be In tbe way of the diver and tbe men atteudlog him, nor 
Interfere with their ,-lew of tbe pump gages, wblcb &boold face aft. 
The pump must always be rigidly secured In place to preYent It 
from capSizing In case of a audden wash or unexpected cbaoge In 
weather. 

When using the new ga8<>11ne driven slr compreseor In motor 
lnnnchc~. CUNl should be taken t.bat the compref!80r 1a weU aecured 
and that It Is In good mechanical coodJtloo. The Instructions 
rontalned ln eacb oulllt should be closely adbe.red to at aU t1mes. 
ThP depths to which diving Is limited Is gl veo In eacb IIUitructioo 
book and should not be exceeded. These comp~l'IJ bave been 
thoroughly tested nnd will be found to meet t.be requirements of 
n dl<e.r's a ir supply It ul!ed u Intended, which Is as a substitute 
for the hand pump. 

The employment of compressed air for diving has oumerolll< 
advantag~• o,·er the air supplied from manoally-o\)ersted air 
pumps, as It atrords n constant and uniform supply at aU depths­
The dh·er's work Is made much easier and snter as be hllll In· 
stant control of bls air supply. The labOr of pumping lo dis· 
Jl('nsed wllb ond fewer men ue required In the diving party, tblll! 
prodding more room In the dl,•lng launch. Coll!eqoently, wbell 
a motor lonncb Is available nnd can be devoted to dlvlnJ pu.-poe8 
wllhont Interfering wi th Its uae os a general working boat, tb! 
uecessnry fittings, chocks, etc .. should be tltted ao that four tor­
pedo sir Basks mey be neatly stowed onder tbe t.bwarte for 081! 
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In l~u of tbe dl'l'l.,. pump for supplying air to dJTer.. The 11\'Cetl· 

aarr bJch-presaure copper air tublog, connectlo~ etc., mu.~t be 
4tted tor coonectloc tbe torpedo air ll.a.all8 to tbe teatlDg tank lD 
accordance with the arrangement shown on plate ~. 

When torpedo air ll.a.all8 are uaed, tbe exerclJie beada, after· 
bDdlea, and delicate parta or tbe torpedo mech.anlam ebould be 
remnved f rom tbe llaeka ; ou~ta not needed ahould be bllmked 
olr, etc. 

Prior to IM!lDc ueed for dJvtoc. tbe air llaaka ebonld be thor­
oughly cleaned lollde or any rust, dirt. oll, or creue which 'II'Ould 
be apt to contamloate the air contained lD them. All tanlte sup­
plied for this porpoee abaU be atam!K:d "Not to be charged over 
- pounda" (uauaU:r 1,000 pounds). In recllarc!nc the tanka, the 
ptHIIUJ'e should nner exceed tblll stamped rated capacity. 

When divine with compreaaed alr from torpedo alr 4asu, 
plate 85, the torpedo atop 'l'al'l'ea on the lluk trom which air 
Ia to be Died b7 the dl~ers 8ball be opened llod left open durtoa 
the time the dlnr'a belmet la belnc worn. The d!Yer'e air auv­
pty shall be drawn dJrectlT from the teatlnc tank, In which the 
air shall be ver1 C&J"efUUJ' malotalned at the preuure pre~~<:rlbed 
b7 the oOicer In char,e. 

The plplnc to the t:Htlnc tank shall alw&T8 be eo arraoced that. 
In tbe c&lle or the failure of one valve the hlgb·preaaore air may 
be controlled b7 a duplicate nlve. In no cue aball a reducing 
or sutomntlc valve of any klnd be placed lo tbe air llue bel ween 
the dl•er and the teat tank. 

In piMoolnc for the use of a diving launch, sulllcleot wen abould 
be detailed to mftnacc the launch lodepeodent of tbe men required 
to mao the diYinc pump (If used), or to operate tbe air system 
It from torpedo atr ftaska., and Cor attendllJlta to the diver. The 
toUowlng equipment must be lu the dJ•lDC Jauuch before It Ia pcr­
mlll~ to lean the &bore or lmmedlltte vlclnltr of the eblp : 

The required nnmber of torpedo air !Iaska. tull1 cbai'J"((, and 
all n~rr connectlona aud special tools. It a divine air pump 
11 to be ueed, It muat be complete, lD working order, and properly 
teen red. 

Complete diving out4ta tor two dJvel'l!. 
Toot box contalnlna air hose, wrench and waebert, wlna nuta, 

etc. 
Spare waehen for air hose. 
Spare rubber wrist r lnrs. 
Deecendln&' line and dlatanee llne. 
A l~b of rope for sending down to dJTer. 
Dlvloc ladder. 
Divine Wanuat. 
Decomprealon stare. 
Decompr~oo tables. 
State wltb peocU attached. 
Bed dtvloc llac on etaJf. 
Lnd lloe. 
Stadlmeter or aestllDt. 
Boat'e dl~lng anchor gt•ar with extra anchor tor bow and stern. 
Jacllknl•es. 
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liHoot probe mnde of %·Inch pipe._ 
Steel tnpe meaBUre and 6-toot rule. 
Boat's compnas. 
Hand llags for lllgnallng. 
Boat box. 
Boat medical outfit. 
Binoculars. 
A watch for timing divers. 
Long heaving line. 
Sev~ral lar~ abackles. 
A coli o! 80\nll stuff (msrllne) for 1Aa11lngs. 
A Jutr I:Rckle. 
Drinking water. 
Olher SJ>.eclal gear as necessary. 
Bucket of BOJIP1 water It dl'('89 without gloves Is used. 
Blueprint or sketch of job. 
In planning for emergency repnl rs to the bulls of veasels, the 

following items sboU)d be on band : Velocity power tools, col· 
llslon matn, potent leak stoppers, mattrCl!Ses, canvas,, swabs, cot· 
too waste, caulking, wooden wedges, mild steel plate tor small 
boles, hook-bolts, sort grommets made by tow and tallow kneaded 
t(lletber and parceled round wllb cloth, rubber gaskets, ample 
supply of planking for large boles, wire cable, bungs. wooden 
plugs for closing valve openings, and wire brushes and prlckent 
for use In cleaulng valve gratings. 



DIVINO PLANNING AND AB RANGING 

TURN8UCK.LE FO!t $EGU61NG OI\IINi PUMP~ 

IN LAUNCH. 
W FtOT I RON (.(4..-.LV ) . 

PLtl'll 82.- Turnbnfkle tor aeeurtng diving pumpe ln launch. 
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UHAPTER IX 

DIVER'S AIR SUPPLY (NORMAL AIR) 

The averare mao at rest breathes about 0.2& cubic fool of ai r •-~· 
per minute. The breathing Ia sc ft'gulated as to keep the partial" 
pretllllre of alveolar CO. steady at about IS.211 percent of an at· 
mosphere though tbe volume percent under conditions ot nrled 
barometric preeeure differs widely; tbll! means that at N'tlt aud 
at normal at.moepberlc pressure the ah'eolar CO. Is malntalllt<l 
at about 40 mm. m~rcury, alnce 40 Is 6.211 pertent of 780. It the 
alveolar CO. Pl"fUure talla, breathing Ia dlmlnlabed, and lt It 
rt-. the bre.tblug Ia lncreued. Moderate work Inc~ the 
CO. secreted b7 the lunp three or four times and hard work six 
to el1bt times the normal resting amount, and theretore the air 
breathed Ia coneequently Increased. Bence, It 11 the partial 
presiiUJ'e of the aheolar CO. that ft'gulalea the breathing. 

Wben the Inspired air at norm&! atmospheric presaure con· 
talna 8 percent by ·volume of CO.. the hreatiJiog be«lna to be 
ooUreably Increased; 6 pe~t causea dlstreaa, and 10 percent 
or more uncon&elouant!l!l. The physlolog!csl action ot ga&ea pre;;. 
eot In the air breathed depends on tbelr portis I prel!llore. Hence, 
the •olume percent of 00. In thl' Inspired air that ean be tole•·ate<l 
Ia ln'fel'lleiJ proportional to the absolute preaenre. TbUB, at a 
~ of 264 teet:, or 9 atm011pheres absclote, three-·olnth.l of 1 Jll'l'· 
cent, or 0.3S percent 00. b7 volume, would hA'fe the same pllJ•I 
oloeieal elfect as 3 percent CO. would hA'fe at the 1urtace. 

The averare adult ill!ln at rest produces abont 0.014 eublc toot ., __ 
of CO. pn- minute (meaaured at atmospht'rlc pre&lllre). ThE' 
dlnr at -~ prodocea about 0.019 <!Ublc foot per minute aud when 
pertormlor moderat<'l7 hard work, about 0.~5 cubic foot of co, 
per mloote (measured at atmoepbl'rl<! presauft'). A8 the dl'fer 
b cooataot17 exhaling CO. Into the hl'lmet, It Is e•ldent that 
un1<'88 the helmet Ia •eotllated constaotly with treab air In aof· 
ftclent quantity, be would aeon sutr._.r from the plfecte nf on A<·· 
cumulation of 00.. 

Since 8 percent CO. at atmospheric pres~ure Is about tbe max · 
lmum that ean be tolerated without dliltreaa, It Is -ntlal thAt 
the equivalent of tbla pl'rcentage under the partial preaanrps lu 
the helmet should not be I'XC<'edl'd. To keep the CO. cootpnt of 
tl~e helmet within this maximum permlaalble percentage, a mini· 
mum air Sllpply of 1.!1 eublc teet per minute (measured nt tbt• 
absclote p.-ure to wblch the dive Is made) Ia ni'Ct'888f.Y. !'Inn>. 
aC'C"'rdlng to Boyle's taw. the vnlume of a ltllS Ia ln~cr&t'ly pnlJ)ur· 
Ilona! to the p~ure, the air supply meaoured nt the surCat·c 
nmat be lnereaaed In proportion to the abl!Oiute pf'eMUre. Sloce 
e8Ch 83 f~l ot ott• wntet exprcl- n '""""""' nf 1 ntmol!phPn•. 

100112f-43--JO 
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tbe air supply mt"asured at tht.> aurtnce must be locrea!M!d ont 
thirty-third tor each foot dived. Using the reclprocal 0.00011. 

. the minimum air supply for any depth may be calculated : S= 
US(l + :&'(0.0306) ) , In which 8 Is the rtqulred air soppl;r In cable 
teet measured at the aurface, and F Ia the number or teet the 
diver Ia below the aurfnce. Better ventilation than t.bls Is lm· 
peratlve, however, and arrangements abould be made for aupply· 
lor three times tbla quantll:r of air per minute. 

Exclualvt.> of lj('lf-coutalued diving apparatus. there are the fol· 
lowing four methods of ventllatlon of the diver's helmet : 

1. Supplying air up to 2.000 poundS per square Inch from bl&h· 
preii8Ure accumulators, I. e .. torpedo air llaaks or other accumu· 
latora. 

2. Supplying alr up to 400 pounds per square Inch from low­
preasure accumulators charged or charging them b;r power-driven 
compreseora. Such low-pre88ure supply Includes the batter:r cu­
t.>Jector aystem or low·pl'el!8ure rec:elvera. Submurlne rescue Vl'!l· 

sell! are equipped with this type air sy~tem and with a blgh· 
pressure stand-by sYstem such as noted In subparagraph 1. 

3. With air from band-operated ulr pumps. 
f. Portable gasollne driven air compressors. 
Wben diving operations are to be conducted from a v-l 

using the vessel ltaelt as a diving platform, the necesa&l'7 air 
connections tor the divera may be made directly to either the 
vessel's bleb- or low-pre88ure air Installation. In any caae, wb~n 
di'VIng Ia to be conducted In this manner, the diving boee shall 
be connected directlY to the outlet nipple on the expansion tank 
(reservoir), and the Inlet connection shall be made of piping. 
Onl:r hlgb·preeaure piping shall be u.sed when high-pressure air 
IB to be ntlllzed and, In every case, a suitable pressure-lndlcatluc 
gage shall be lnstnlled-t~mporarlly If ue<.-etlS&ry- ao that the 
preeaure In the air-supply pipe line will be ln.dlcated to the diver's 
attendants. The actual air pressure In the diver's air hoee, bo"· 
ever, wiLl be Indicated by the low-pressure gage on the testing 
tank. 

Wben diving with compre88l'd air !rom torpedo ftaaks ( pl 85), 
t he torpedo atop valves on the ftuk, from which alr 1.8 to be used. 
&ball be opeoed and lett open during the time the helmet IJ bE-­
Ing worn by th~ diver. ThP diver's nlr ~upp\J• obull be taken 
dii'P<'tly f rom tbe testing tnuk, and the prl'AAure of the air therein 
shall be (>rescr lbetl by the om<-er lu dmrge. 'l'biM same general 
procedure shall be followed when diving Ia undertaken with com· 
pre88ed alr furnished from other air reaetTolrs. The piping to 
the testing tank shall always be arranged so that In case of 
failure of oue •·ah-e, the high-pressure nlr may be controlled b;r 
a duplicate valve. 

When dh·lng OJI"rotlonK nre to be conducted from a vessel carry­
Ing torpedot>A, 11 cou\·enlen t nlr reservoir can be obtained by con­
necting three or more torpedo fta.eke to the regular torpedo charg ­
Ing line, and OJ)('nlng the stop vah·cs on these flasks, thw. per­
mitting the nlr to beck tbrouglt the llue. Tbls arrangement pro­
vides an air reservoir equal to the capacity of the llasks 80 con­
nected. Then the dlvln~: air line should be connected, In the most 
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conveolent manner, to the cbar(ln& line; care beJDC taken to 
dupllalte the preno~ mentioned doubte-.. t.e cootro~ tea· 
tore. 81nce th- torpedo llaUa JD81 e1eo be coo.aected dlrectl}' 
to the compn!UOr, It Ia evident that the a1r preuW"e In the llaaka 
may be rallied and held to capacity br op<'ratlnc the compreaor. 

When divine at a depth over 120 teet from a amllll boat and 
ualn& torpedo air llaaka, a relief dlnog boat ahall be equipPed 
to11.7 and kept ready for emergency use. Alao, not more than 
two ell ..era shall bo permitted to dive from the 8&Die boat. When 
tbe dlnr's air Ia supplied fr{)m torpedo alr llaaka, at least three 
or more aaake must be connected, ready for uae, one llaak to be 
beld In re6e"e. 'l'he pressure In the workln& llaeka, aa lndlcated 
oo tbc bllb·pre><e~ure gage, shall not be permitted to tall below 
220 pounds per aqoare loeb In exceea ot that at which the dlven 
are working wbllf' on the bottom. It the gage pres&~~re In the 
llaalta appwocbea 220 pounds, the dh·era ehould be brought up. 
Alter th~>r are cleur or the bottom and l!afely on tbelr way toward 
tbe ourfece, 1 he N'tlel"fe llask may be used. An exception to thla 
rule wiU be J)l'rmltted 1t there Is anUable an addltlooal, lnde­
peotleot air vupply which can be connected Immediately to thf' 
dlriD& a1r manltold. 

Tbe duration or air aopply trom e a1r llaak m&7 be caleulated 
accordln& to tbe followiJJ& formula: 

C(A-(16+E+l)) N be • •--
._6D(E+ I) - um r IDillu..,. 

0-=Capaclty ot one alr ftaak In cubic teet. 
A""Atmoapberetl pressure of air In llas'k (pound» per llljuare 

Inch dlnded b7 14.7). 
~; ... p,....,ure In atmo~pbet'ed to wblcb dive Ia to be DUlcie 

(depth In teet dlvlded b7 83). 
D~Namber of d1Yere. 

In tbla formula. tbe "1" In the numerator 111 ooe air llaak at· 
ma.pbere which ta llllowed for cbar&lnl the t8tiD& tallk. a1r boee, 
and helmet. The "15" Is tht! 1:; atmoapberea conatltutlnc tbe 220 
poundl! J)l'r ~oquare-lnch pre8!<ure wWcb baa to be preeerved In the 
llaak aa o minimum re¥Crve. ln the denominator, the 4.:S Is tbl' 
cubic feet of air l'f'Qulre<l by eacb dh·er pPr minute meaaured at 
nbsolute prell!lnre ond th£' ''1" Is the 1 atmOC!pbere of pre11811re 
wblcb baa to be added to the pressure at wbl~h the dive Ia made 
to obtain the absolute pressure. 

..IIINml)le.-Qoe diver Ia to descend to a depth ot 166 feet. Bow 
lo11g wUI the a1r tan It furnished from one 11-cublc-toot air llaall 
cbarl'ed to a preaeore ot 2,200 poUIId& per aqua~ !ncb? 

c-u 16s 
22150 E--33 or 6 

A- T.ifor 163 D"'l 

Cal-·•·ti .11(1153-(16+ 6+1))_ ... mio ·­
Q ..... on. 4.5X1X(6+1) "" u...,. 

nn .. wben ualn& the ma:xlmam a1r aopply from a small·alu llaall. 
ooe dher caD deBCCDd to a depth of 166 feet and remain for 53 
minutes. and at Ill bave IIU.II!cient air for proper decompr<>sslon; 
bence with two aurh alr llasks being ul!ed, one dl~ar may remain 
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at tbl" depth for 106 minutes, or two ciJvera tor li3 minutes. U 
htrger or adciJtlonal daakll are Ulled, tbe ciJvlng time may be 
extended. 

By hlgb·preaaure accumulatot11, retereoce 1s made to ~ aJ.r 
accumulators of tbe torpedo lnstallaUoo aboard veaaela equipped 
with torpedoes. When conne<:Uous are made to a<"<:umnlators, ciJY· 
lng operations abonld be conducted ciJrectly from or ln tbe 1m· 
medlote vlclnJty of tbe vessel urrylng tbe accumulators, tbus ob­
viating the neceMlty for U!e ot long len(tbs of air hoee. It tbe 
nc<"umulatora are of suJilclent ~paclty, diving mar be undertaken 
from tlloge already fully charged, but If tbey are not of IIDfftclent 
eapaclty to meet tbe requirements of deptb and duration ol tbe 
<lh•e without recharging, tben the compressor aball be operated 
ns lll'CE'8l!ary, and care taken tbat tbe water coollng system 1s In 
order and In operation-to Insure cool alr supply. 

The cnpaclty ot the air comprelll!Or and the accumulators must 
be known and taken Into consideration when calculating tbe alr 
supply. For example: Tbe capacity of a compressor Is 15 ('able 
feet at 2,l500 pounds pressure per square Inch per hour or O.Z of 
a cubic foot at 2,!100 pounds pressure per square !ncb per mJnnte. 

A1! 2,500 pounds per square !ncb would equal 21/S,~ or 170 atmoe· 

l>hercs, 0 .. 25 cubic toot a t 2,500 pounds pressure would equal 
t70X0.2!1 or 42.5 roblc feet at atmospheric pressure. Therefore, 
•In~ a diver must have an aJr supply ot '.6 cubic feet per minute 
ut u pressure equal to the abeolute pressure at which the dive Is 
mnde, a dive by one diver to, say, 2H feet, or 8.8 atmospheres, 
excess pressure (9.8 atmospheres absolute) would requJre 4.6X9.3 
or 4l.SIS cubic feet of air per minute at atmOSilherlc pn!68u.re.. 
From this, It Is evident that tbJa power-driven compressor work­
Ing at full capacity would Just be able to fnrnlsb tbls supply ot 
nlr. Onder no circumstances. however, must divers be permitted 
to dive to the limit ot tbelr air supply, whatever the 110urce 
nUIIzed may be. 

Also, sufflclent alr ml18t be held In reserve to enable tbe die­
patch of a relief diver. The cnpaelty of the air accumulatono 
aboard mny be augmented by connecting tbem to tbe torpedo air 
llasks tbat have tbelr etop valves open, and taking tbe aJr lead 
f<·om this connection. When charging high-pressure aecnmu­
latore, It must be remembered, the air Ill heated by tbe com· 
pressor's cylinders ; bence castor oll sboultl be used to prevent 
tln~blng In tbe cylinders nnd thus preventing CO and CO. pro­
duction or It uot available use Nnvy symbol 2190T or equal For 
tbl~ and other rea110ns, as little oil as practicable should be used 
In the cylinders. Likewise, the air Intakes of any compresson 
ust.>d tor supplying diver's air must be locnted to atmosphere that 
Is free from obnoxious or toxic fumes. 

Tbe supplying of air to ciJvers from low-pressure accumulators 
Is O!lpllcnble to vellsels equipped with a gus-ejector eyatem, to 
submarine rescue vessels, to no vy yards, etc. Tbe arrangement 
Is proctlcally tbe same as for diving wltb air trom hlgb·pressure 
attumulators. The alr pre&aure In tbe accumulators Is main­
tained coustnot by large capacity low-pressure, steam or e1ec-
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trlcaDy driven, alltomatlc:aUy controlled au compreseora. Thto 
eapadt7 of tbe~~e eompreeeora Ia aoeb tbat there Ia never a <Jue&­
tlon of abortaae of air aopply. The maximum depttl to wbleb • 
41Yer or dlvera may de.cend wi.U depend upon the pre8811re of the 
atr 811PPI7 and the amount of air that Ia required to JiliN throogb 
the dlver'a belmet, and alnce there I.e oo accurate method of deter· 
m1nlnc the latter wben oalng tbla eource of auppl,J, the onl7 meana 
of kllowlog wbetber adequate ventilation ullJtl Ia b7 the dl'l'er'a 
own teeUog of well-betog. 
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Wben utlllzlnc air from air accumulatora or air llaak.a, tbe fol· . :.' -= 
lowlnc contlltlooa are -ntlnl : air,,.. 

(o) The temperature ot olr moat be aueb u not to c:all8e 41.1- ::;.. :;.-;:;: 
romfort to the dl•er. 

(b) The air In tbe actumolator mnat be Cree from noxloaa 
fumell and u near ~taollard purity aa poulble. l e., contain 0.04 
percent 00, or 1-. In ullllr.lnJ sir from bl~tb·preMUre actUlllU· 
lators It must be ren1tmbered tlmt tbe air In the cyllodera of 
the compretiiiOra Ia greatly heRted In ~barslnl! the al'Clllllulatora. 
aod oil with o hi1J:h fta8b polot muHt be Ul!ed. Clll'tor oll It poef!lble, 
eo that no ftuhlnc In the C111Ddera will take plaee, producing 
CO and CO,. AIJ little oil a~ prartl<'8ble l!lumhl lw used In the 
cyllndera of a d iving pomp. 

(c) Tblrty to fttty pounds pr1'811ure per ~~quare loeb In tbe 
tel!Uoc tank aboYe water prel!-'lure (nt tbe deptb of dive) m1111t be 
ma.lntalned to loaore proper v~ntllallon of tbc helmet. 

(If) Tbe reeene air auppl,. mu~t nlways be DlBintalned In c:aae 
ot accident to compre&Htlre, etc., to Insure a proper eta~ decom· 
pree~~lon tor the diver. 

In u tlllzfng mnnually-operntcd diYing ftlr Jlllmll8 lu furnlllh ot.tq 
air for diTeMI, It Ill evident that the delivery ot tbe amount o( air air ...... 

required by a diver at nnollll deptbs ot submerl'!llce under water 
depends upon tbe e&Pfteltles ot the JlUtopa, the number In ulll.', 
aod tbe rate of pumping . 

• \a the capacll)' ot the standard dlvlog pumJl le 8tnall and .,. 
tbe rate ot pumploJ may be ••arled onl1 within small Uml111, wblch 
I>Kome !ellS and 1- aa the prHAure ln~re&I'CII, It Ia apparent tbat. 
witb only one diTiog pump to rurnleh air, the deptb to wbleb a 
dl .. er may di'I!Cend and perform useful worl< Ia limited to com· 
paralinl7 8haUow de()ths. It the pump eo used Is not etnclent, 
the depth ot din will be turtber restricted. 

Wben It le required to dive to a eertaln depth and It IJ! not 
possible to turnlab tbe requisite volume of air tor that depth wUh 
a atogle 41Yin&' pump, two or more pumpe. If tbey are available. 
1D87 be connetted toaetber and operated at tbe proper r•te ot 
~ 

Wben uatoc manually-operated dlvlo&' air pumpt~ to fUrnish aJr 
tor diTers, tbe following conditions ebaU be obsen-ed: 

(ca) Arranaementa eball be made to Corolsb at leaat tbe mint 
mwn allowable air eapply (1.~ cubic teet per minute, measured at 
the absolute preNure to whlcb the dive Is to be made) to each 
dJ-ver, and It practicable, a reser•e alr supply. Ouly one pump 
iJ'I turolabed wttb a diving outllt and It coadltlona are aucb as 
cannot be met with one pump, an additional pump or pumps aa 
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required llhonld be obtalned from tenders or other accompanying 
vessels. 

(&) Arrangements shall be made to lnaure the dl.lpatch of a 
relle.t diver. 

(o) More than one diver allall not be pennltted to dive slmul· 
tnneoUllly from the same diving pump or group ot pompe except 
nndet" the following eondltlona : 

(1) Where one cll'fer 11 worklnJ on tbe bottom and an emer· 
gene)' occurs requiring deecent ot a relle.t diYer, the relle.t dher 
may be supplied with air from the eame pump or group of pompa, 
provided the pump resene capacity 11 ample to IIU tbe require­
ments of two dl'fera at tbe depth of tbe d1Ye. 

(2) Where the e11lclency of the pump or pumptl Is Mnl!lclentt.y 
biJh ud the water IIUlllc!enU;r abaUow ud there 18 no daDger 
ot the dl'fer11 beeomtng foul of oblltruetlona on tbe bottom, two 
dlver11 may dive simultaneously from the same pump or grontl of 
pumpe, provided 1111 adequate re~erye supply of air Is available 
for a relief diver. 

(d) Tho rate of pomplng aball be reJQiar. 
(e) U the alr belnl eupplled to a diver Is nocomtortabl;r warm, 

eold water &ball be placed 111 the clsterua of diYinc air pumps, aud 
kept cold b;r tbe addition of Ice, 1t neeeaaar;r. 

(() Tbe dlre<'tlona t or lubrlt'lltlng diving air pumps shall be 
rarefull;r carried out. 

As8umlng a diving air pump to be 100 percent eJilcleot at all 
presaurea, the number of re•olutloDII per minute the pomp abould 
be run to tumlah the mlntmum allowable air suppl;r to ooe <llver 
(1.~ cubic teet of air per mlnut~. measured at the ObllOiute pr~ 
eure to whJeh the din 11 made) ma;r be determined aa folloW8: 
When 

D 'Depth of aea water, to feet, to which dlve Is made. 
!'\= Number c>f cubl.c luches of air punop will furnish per 

revolution measured at atmospheric preasure. 
R=Number of revolutions required ot pump per minute to 

turolsh 1.5 cubic teet (2,002 cubic tochea) of air per 
mtoute, measured at atmospheric presaure. 

X=Number ot revolutions required or pump per minute tn 
turoiBh minimum allowable air supply. (1.15 cubic 
feet or 2,1S02 cubic Inches per minute at D. ) 

R-2692 and 
N 

X~R(l+D(0.0303)). 

or tbe eftlclency of any diving air pump Is less than 100 percent 
and Its actoal percent eftlcleney, at tbe equlvllleot absolute p~t~e­
aore of tbe dive, D, Ia repreeented b:v a Bymbol, aa Ill, tben 

X _IOOR(l + DCO. 0303)) 

Tbc value of N. for the Navy stlllldard Mark Ill diYiol pump 
when 100 percent ellldent Is 405 cubic lochea. Therefore, B 
equals 2.l!92+405 or 6.f revolutlona per minute. 

Tbe "conat1111t" tor 11117 pomp mey be obtained by multlpl;r1oc 
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R by the depth roetllclent 0.0803. In the case of the Navy stand· 
urd dll'lng pump, (HX0.0003= 0.194 Is he ronsrant Spedftcally, 
the n!UIIIM>r of revolutions required of the standard pump to fur· 
nls.b the minimum alloW'IIblc alr supply (1.5 cubic feet per minute) 
for one diver at any depth may be determined by the followina 
formula: 

X IOO(D XC)+ R In which 
E 

X=Number of revolutions required. 
E = Actnal percent of etllclene:y of pump at the equinlent 

pl'efiSllre to which the dive 1.11 made aa determined bJ 
pumping Into the testloa tank. 

D= Depth In teet. 
c-Pump's constant (0.194) . 
R=Number of re~olu!lons required of pump per minute 

to furulsb Ui cubic feet or 2,092 cubic Inches of air 
per minute, measured at ntmoapberlc preSsure. 

B.rample.-Divlng air pump, ll.arJi: Ill Ia 80 percent etllclenl : 
depth of sea -water Ia 66 feet. At how many revolntlou per 
minute Bbonld the pump be ron to fornlab the minimum allowable 
air supply (1.5 etthlc feet per minute ) to u dll'et· working at that 
depth? 

Solation: 

X=I00(66XO.l94)+U 
80 

= 24 revolutions per minute 

Tbe mllltlmom rate of pumping that It Is posalble to main tain 
by a pumping crew over o. practical period of time Ia approxl· 
mately 80 revolutions per minute. With the pump 80 percent 
eftldent, tb1a rate would barely supply the minimum amount of 
air reqnlred at a depth of 90 teet. U the number of revoloUooa 
req,ulred are In eJ<cess of tile number that It Ia posalble to malo· 
taln, the work shonld be divided between two or more pumps. 
For example, using the above formula to determine the. number 
ot revolutlona required to furnish the minimum amount of air 
neceaaary tor ooe diver working at a depth of, say, 168 teet, It 
will be foond that with a pump 80 percent elllcleot, 48.7 revolu· 
tlooa per minute are oece88ary-a rate which Is beyond the ca· 
paclty ot a pump crew to maintain. Bence two standard pumps, 
with e11!cleocles of not lel'S than 80 percent each, operated at ap. 
proximately 24.5 revolutions per ruloute each, would be required. 
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Llmltloa deptba for diving with gasoline driven alr compressors G....U.. •r~ ... 
cannot be listed here Inasmuch as various models may have air eoapi'HIOn. 

dUfereot cho.racteristlcs. The type being supplied (1943) which 
1.8 manufactured by the Devllbls Co. (model502) , hM the limiting 
depths J1ated In the lnstrnctlon boolta. Any other air comprea$01'11 
not deelgnlld as a source of diver's air Bbould have Its capacity 
at various preaorea closely checked before using. Any rom· 
preesor muat supply at least 2 cubic feet ot rompressed air per 
minute measured at o. pressure equivalent to the diver's depth. 
Tbla air ml18t of course be tree from noxious gase.a aod odors. 
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In the llbove paracrapha It wlll be noted that various loJitruc­
tloos are given as to the minimum aruouot of air to be 1npplled 
IO d!Vt>M!. I. e. : 

( l l In ua~n& the band pump, 1.6 cubic feet per minute '­
given as the minimum. 

(2) In calculating the time that high preesure accumu· 
latora can be ueed for diving 4.5 cubic teet per mi.Dute, '­
taken ns the standard. 

(i!) In the psollne driven air compre880rs 2 cubic feet 
Is given aa a safe minimum. 

I t baa been found that l .G cubic feet of air per minute enterln& 
lhe helmet Is the absolute mlDlmum amount whlcb wiU keep 
lhe percentaxe of CO, In the ·helmet within permiiJfllble limits. 
A• the diver works hanle r bls output ot CO, Increases, and u 
limit of l .:l cubic feet per minute Is not sufDcteoL Four point lh·e 
cubic teet per minute has alao been found to supply eutllcteot 
ventllatlons under all coodltlona of work. Thus, In the case of 
the hand pump, the minimum '- tsken atnce If tbe ventilation 
Ia not aufDclent, the number of revolullona per minute can lw. 
Increased, or the diver brought up. Tbe peolloe·drlven air 
t'Um)JI'Cll'lOM! with 2 cubic feet per mi.Dute ftl! a minimum provldP 
more ventilation and wttl permit more work by the diver before 
11 .. mu•t be IJU1'faced. lo the case of the air IIA81<8 tbe maximum 
amount plus some wastage most be used In calculatln& the tJme 
the llwllcs ean be used alnetl If a Je&!(>r lliDOUDt were ueed, the 
a ir SUJlply could be exhausted sooner than expected It tbe condl. 
tioos of work were more arduoua than a88Umed. 

In the past, castor oil wus tl1e only oil approved for use In 
compre880rs supplying air 10 divers. Because of the tact that 
castor oil bas become a critical Item, teats were conducted at 
tbe Experimental Diving Unit on various oiLs to determine tbrir 
suitability. Navy symbol 2100T waa found to be satlatactor;r. 
No blgh·gT11de lubricating oil guve orr nol<loua gases altholl&h 
..orue produced odors unpleasant to the divers. 

Tbe operation of the air eyati!m 1.8 an Important part of the 
dl~lng, rescue, and IIAirage routine. An oft\cer should be placed 
In cbnrge of the plant, and his duties should be to start tbe syaU!lD 
nnd route the nlr as ordered by the otllcer In charge of diving 
oj){!tatlona. who &ball be a gradUJite of tbe deep-sea dlvlnc ~~ebool. 
Be should stand a cont1ouona watch, assisted by a chlef pett)' 
ottlcer, and loJiure thnt the desired temperatures In the dlvln~r 
air malus are maintained. He •llould keep the officer In charge 
Informed of these temperature~ and presauret!, and only In au 
~mergeocy make cbnnt!{'s except as ordered. Wben diving, rescue, 
or salvage operations ore In progress, and air Is being used for 
both diving nod blowl11g purposes, It Is neee888ry to safeguard 
tile diver's air supply; lherefore, orders shall be auch that tbe.r 
will Insure against opening or closing any air valve without the 
knowledg<" ut thoFe supervllllog the diving. Tbe plant olllcer 
should always Inform the chief engineer wben the operation nt 
ntldltlonul <'Omprcssors Ia needed. 

It Ia cu.• tomary, wben diving Is In progresa, 10 bave one or 



DlVIR'S AIR SUPPLY (NORMAL AIR) 145 

butb 40Q.pound compretii!Orl runnlnr on their roveroora, thousb 
olr In mftldeut quant!IJ can be eupplled by one. Tbe reuon tor 
two compreseora I'11JI.Dinr Ill thlt. abould one compreuor tall, the 
utber Is uaUable lmmedlatelJ to take up the IOid. 'l'be rov· 
emora are aet 10 that the compreseor pumpe aploat a certain 
pn!MUn>. U one abould atop, the otb~r ran be 1peeded up lm­
medlatel1, tben!bJ malntalnlos tbe air In tbe volume tallk at tbr 
desired prt••ure. J'nrtbu, wltb botb madllnea ou tbe air au~ 
ply line, !be load Ia divided, and the aalet,. factor ot eadl com· 
preliBOr Is lncreaeed. Tbe air endl ot tbe com~r abould '-' 
cteued eadl ulrbt alter dlvln« baa ~aed. Tbe talYea abould be 
l't'lllOvEd. cleaned wltb -P>' water, and wiped otr with a castor 
oUed res. Tbe blsh·p,_ure air banu abould be kept cbllrl'!d 
to tbetr mulmum c:apacltJ aa eme~nc1 cllvlnr air auppiJ, In 
onot of rauore ot tbe air compreaaore. Tbe bAuu are C:Onnt'<:ted 

to tbe diver's air boae tbrou(b a reduclnr valve tbat red~ tb~ 
air to the deelred preaaure. 

The diving air planta lnatalled on the aubmarloe re~~CUe v-1• ~ 
ohlr--'r· !>ave 40Q.pound compreaao"' wblcb permit readllns a low dew 

point and give a rreater volume of air pined U.rourb expansion 
down to 300, :<00, or 100 pouoda, 1.1 required. 'l'bla eyatem altn 
hiL!I two after coolers. Tbla complete circuit Includes the •olume 
tank. all beaten. and all coolen. 

Since the relative bumldltJ at no time Ia au.mctentl7 low to In· 
•nre tbe dell'feJ'7 of air fl'om tbe compreaaore at leu thin 100 per­
l'('ot bumldlty, the relative bumldltJ ot tbe alm08JJberlc air Ill not 
a deterJDinlnr factor In regulatlna the dew point of tbe air aup­
l)lled to the dl.-era. Tbe relative humidity of the atiDOIJpbe.rlc 
air Is, however, a gap of tim amount of molllture In tbe air wblcb 
bu to he extracted during the rlocondltloolng p~. 11nd aer.-ea 
OM a mPIIna of regula Una the Interval or blowing down the coolers. 
Wben thP relative humidity Ia from M to 10 &Jercent, the coolen 
llbould be blown ev~ry l!J to 20 mlout.et; It trom 70 to 80 per­
I'Pnt. they aboold be blown every l!J mlnutee; and It It Is 80 to 
100 per<'I'Dt lbe:r should be blown e••l'7 10 mlnutea. 

To uae tbls qstem lntelllsentlJ, we must know bow to uae a 
table called "Dew point temperature <•urve" (pl 86), and ba~e 
1 knowledge ot tbe following c!ellnl!looa: 

n~tt: poi11l Ia tbat temperature at ••bldl air IK ~<atursted and 
ht>low wbldl preelpll.atloo of mn1KtUI1' O('('Unl- It •·ariP8 wlllo tbl' 
bnmk11t1 of the atio041pbere . 

• H•~Iwte llwmitfllll Ill the mRBII of water upor preeeot In the 
atxnoepbere, nsoaliJ sraiiUI per cubic toot meuured 11 per pound 
Gt air. 

Rd<Jiir:<l lltomflfilll 18 tbe rallo between tbe amount of water 
<apor u determined b7 tbP e:rlatlnr dew point, and tbe amount 
tbat would be prewot If tbe dew point correepouded to tbe wet 
IDd dr7 bulb readings. Wben air le eaturatEd. tbe dew point, 
wt't bulb and d17 bulb readlnga are all the eame. 

An Inspection of the dew point temperature aur.-ea wUJ eiJow. 
b1 eompar!Jion of the column marked "Temp" wllb the llrurea set 
"PPPSlle tbe various tempernturtH, tbnt a cb•nse In temperature 
<'a081!8 a cban$e In humldllr; e. I ·· Bllturatcd ~<lr at 4()• F. con-
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talna 2.849 grains of water 1'apor per cubic foot, whereas at so• 1'. 
It contains 1.1135 grains; therefore, coollng will cause preclplla· 
tlon. 

The amount or percentage of dehydration that It Is potiBlble 
to procluce by 11 reduction of.de\\' point depends entirely on the 
temperatore It 1.1 possible to attain by the atr coollng systeme ot 

· the plant. In this esse hulng produced a reduction of 10', l . e., 
40' F. with 2,&19 groins or water vapor to 80' F. wltb 1.935 
gralna water vapor, the dllrerence ot 0.9lt gralna per cubic toot or 
air would be precipitated In the form of water wblcb at a tem­
perature of 30' F. would form &IWib Ice. and could be discharced 
tmm the cooler through the blow ~al~e. The air ,,.Ill now be 
tOO percent saturated tor the new temperature, I. e., 30' F ., and 
a further drop In temperature wlll cause farther preclpltutlon. 
As the cooling agent consists or tbe circulation of sea ..-ater 
through the cooler, It Is obvlons that the degree of dehydration 
posalble by cooling depend& entirely on the temperature tot the 
sea water. In tbls case 80' F. would be called the dew point 
temperature since the air Is saturated. However, a further re­
duction of the dew point may be brought about by eJ:panalon u 
follows: 34' F. (table 188) contains 2.279 cralns of water vapor 
per cubic toot. Initial pressure or air from the compressors &t 
liD pounds (gage) or 164.7 ponnds (absolute) and the reducln~t 
valve to be set at 100 pounds (pge) or U4.7 pounds (abl!olute), 
the air paasee through the cooler. The reduction In preaaure 
from ll!O pounds to 100 pound& bBs, In accordance to Boyle's law. 
reduced the denalty of the air to approJ:lmately 70 pet('ent. 
Therefore, the air Instead of having 2.279 grains of water vapor, 
now contains only 70 percent of 2.279 grains or l.GOO graln11 of 
water vapor. Tbu;;, we hav~ rednl't'<l the dew point to 25.5' F . 
by a reduction In pressure. Hence, diver's air at temperatures 
above 25.5' F. would not precipitate mol.lture and no freezing 
could occur. 

To UJ!e the curvra, run a line from the dew point temperaturt' 
scale to tbc percent pressure scale. From tbls Intersection cb:op 
a perpendicular line to the Initial pressure cune, and from thla 
point run a line to the dew point scale. Using the dew point 
ae Indicated on this scale, the grains of water vapor w1U be found 
by reference to tbe Inserted table. Otherwl.lle the perpendicular 
line between the percent pressure and Initial pressure curves can 
be eJ:tended to the base and the figure tor aqueous npor deter· 
mined by Interpolation. 

From ser\'l<'l' tl'l!lR of the ulr conditioning plants on Submarine 
Rescue Ve!18els, It never bas been found neceasary to reduce tba 
aqueous vapor below 1.355 grains. Since air that Is debycb:ated 
completely would probably be Injurious to the diver, the dew 
point should not be lowered beyond that necessary to prevent 
freezing ot the diver's atr line. 

In addition to the t!J:Ilanslon cauaed by the malo reducing l'alve, 
there Is a further eJ:pllnslon at tbe diver's air-control Talve. 
n entoe. without the f"duelng \'Rive. the air pN!1!sure ut tbe diver's 
alr·control vah'e that allows a drop In pmssore of 1.6 pounds 
would be reduced from approJ:imately 13S pound& (the preaeore 
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lo tbe dht>r's olr line) to approxlmatP17 45 pounds per IIQUOre Inch 
t pge). With the redudn~ Val'f8 In operation and let for 81> 
o011Dd.8, tbe expansion rnay be froru llll pounda per ~~quare loeb to 
; pounds per ~~quare loeb, thus the original factor or 3 to 1 ta 
.. ~ to a new ratio of 2 In J, 
With the alr~ndiUoniD& plant In operation, It baa been found 
~le to maintain desired air temperatllrea by the '11M of bleed· 
eJS. Tbeee are abort lez>~a of boee, ooe to three In nWDber, 
coooected to ooUeta on tbe diYID& maine on the oppo«<te aide trom 
whlcb dlvtng ta beln~ cooducted and are wel&l>ted a few feet 
below the aurtaee of the water to ellmlnate nolle. To ralll! the 
temperature In the diYinl air malol, It Ia ~a"ry only to In· 
creue the llow of air by opentnc bleedera a a much u oeceuary; 
to decrease the temperature In the dhlnl air maiDa, decreaae the 
!low of air and cut out the bleeder& Tbe followlnc Ia a tactllmlle 
ot the title beada ot a record that lboold be kept of the tempera· 
tures of the air durlo1 tbe uae of the alr~udltlonlnl plant: 

Air tt'mperatorea. 
Water at surface. 
Water ooe-balt way down. 
Water at bottoJD. 
Humidity. 
AJr to cooler. 
Air !rom cooler. 
Water to cooler. 
Water from cooler. 
Air Un-Port. 
Air Un-starboard. 
Dlver'a air boe& from starboard aide. 
Bleedera trom port llde. 
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CHAPTER X 

DRESSING THE DIVER 
• The oml'er nr dlter In cburge shalf aee tbat tbe diver Is proper!J 

dl'e811ed, the nlr b08e and au air conneetlbns properly made, oil 
l'OCb on pump cylinders (It pwnp fa used) c!OIIed, and all gear 
properiJ arranged on deck or In the diving laoncb before tbe diver 
bea!M bls descent. 

Tbe diver puts on the woolen ablrt, drawers, and &ock8 wblch 
are suppUed. Jn rold weotber, he sbonld put on additional wool· 
ena. Tben, he gets Into tbf' d~88 wltb the help ot tbe atteudants. 
and pula hfo arms Into the Hleevee. U tbe dreaa Ia glovelees, an 
aelatant opreads afmultaneouely eaeb caft b:V lnaertlng bls lint 
and aerond Jlngers of each baud, wblle the divu, taklDC cue 
to keep bl8 lingers stralcbt. foreea bl8 band tbrougb the cmlf. 
8oapmd8 rubbed on lhP fns1cle of the culb or dipping the eutrB and 
diver's bsndo lo fret<h soapy water tacllftatea tbiR operation. If 
rubber wrist bands or "•nappere," plate 19, ftgnre 2, ore required, 
they ure put on over the f>dges of the eulr. However, the elfect 
of rold water together with tbe restriction of tbe circulation of 
the blood cao.aed by the rubbPr wrlsfbsnd8 often re8nlts In a 1088 
nf the sensation of feeling In the bsod8 so that there Is daogpr 
of dattu~ge or InJury to the bandl! when URlng tools. Aceordln&l:v, 
for work In l"Oid WlltPr, a diver oboufd bP dreaed In a suit ftttf>d 
with gloves. Next, tbe canvas overaUs, It uaed, are pot on. Tben, 
tbe diver Bite on tbe drt>alng stool, plate 8&, and the aSBiatsnts 
place the welgbtf>d diving shoK'II on and 8eCUJ'e them, by ·bal:vard 
laclogs aod hucklM atraJ)tl, to the diver's teE>t. Lan;vardR abould 
be WP-11 toeeurf>d (lround the ankles and the atra1111 pulloo ttght and 
bnel<led. Bocl<IP& sboold bo> outward. 

The bt'fmet <!DBbloo ll< put on, followed by tbe breastplate. Clort 
ebouJd be l'XerclaecJ to prevent the robber roltar from bPing torn 
wheo It 18 polled up and placed over the proJectlnl stnde. Tbe 
bib 18 drawo well up, and the robber collar 18 placed over the 
froot and Nar studs. working It over the remaining atudl! In 80c­

ceaton toward the sbonlder studs, altt>rnateiJ pulllng up on the 
bib. Tbt> diver may, by elevating bls arme. assist getting tbe boles 
In the collar over the sbonlder studR. Tbe revel"lle of tbls pro­
cedure ebonld bP followed In removing tbe collar from tbe atuds 
wbeo undJ'e88fog a diver tollowlog a dlve. J'onr o.-al-abaped 
copper wubers (2%" x 1%" by 16-gsge) are now placed on the 
atnda where the breastplate straps Jolo. Tbe tour breastplate 
straps are placed over the stnds on tbe rubber conar. The wing 
nuts are then run onto the studs: those on eacb side ot the atraps' 
Joints are acrewed tight first, and tb<>&e at the jolntll luL It a 
di'HS wltb glo-..ea Ia n&M, the wrist strape are now applied. Next, 
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the weighted belt Is fJU!tened on, and the dh·er stands and bends 
forward wbUe the jock·atrap 18 properly adjusted. 

Ourlllg the time the diver Ia being dre81!1'd, the helmet should 
be extunloed, the nlves tested, the telephone l.ellted. tbe proper 
d~mpresslon tables looked up, and the neceaaary length of div· 
log boee coupled up, care belog taken that a washer 18 In pla.c:e 
In mch feiDllle coopting. Air should then be blown tbrougb to 
clear It of any dust and the bose tested to pre8811re a little hlgber 
tMo that In which the diver Ia goiDJ( to work. 

Again. the <liver sits aod the telephone bendset (If the type o f 
telephone 1llled requires a headeet) Ia pot on and the helmet. with 
the faceplate open, I.e screwed In place. The safety catch I.e turned 
down Into Its rec::e&~. the rece&l closed by the hinged stopgap, uncl 
the sput securing pin Inserted. The combination telephone aud 
Ufe-Une cable, and air bose are brought up under the rlgllt and 
left arm.e. res(Jeetlvely. 'l'he comblnatiou telephone and life lin•• 
Is tlleo secured to the metal eyelet located on the right trout (as 
worn) of the breAstplate by means of the cable clamp pro,·lded 
wltb tlle ampU.fler type telephone oot.flta. The nlr hose Is se­
cured wltll a lanyard b;r two round turns and a aqoare knot to 
the metal eyelet located oo the left trout or the breastplate. 
The 3-foot length of air hose (pl. 6) and the alr-rootrol valve 
sball be In place. Air llo turned on the manifold or the pump 
started, as the caee may be, so that the diver may teat his air 
supply. The telephone should aii!O be tested b:V tlle diver. When 
the diver understands the work he IM to perform and Ia ready to 
<live, be Is a8818ted by ao atlendaot oo either aide, to the dlvl.ng 
stage, steps aboard, and graape the Iron bales. When the olllcer 
or diver In charge Ls 88tlll.fled that nil Ia In order, tlle alr te 
started, the helmet ta.ceplate Ia clvsed and the e.lr regulating 
f'Xhauet valve closed and reopened tbe desll"ld number of turoa to 
provide prqper veoUiatloo aod buoyancy. 'l'be dh•er Ia then 
holated dear oC the ship's side and the dl!llceot belun. 

For diving operatlooa from motor launches, tlle divine ~ 
shoes, and breastplate are pul oo the diver wbUe aeated Ia the 
boat. While tbc diver IH being dressed, the diving gear ahould 
be looked orer and tested as to diving operatlooa from ablps' 
decks. U atr putups are used, tlley should always be worked In 
tllelr chests. 'Ihe &eeurlog outs Cor wheels and handles should be 
firmly aet·up wltb a wrench, tbe hinged 6aps covering the gage.; 
opened, the screw cap on the overtlow oozz.le removed, the el.etern 
ftlled wltll water, aod the pump tested. It air Dasl<e are used, see 
that they are properly secured !rom rolling; tllat all coonectlollll 
are J)l'Operly made; that all valves, Including stop valves, are 
f ree to operate; and tllat proper tools are at hand to relieve a 
stop valve In caae It should stick lo closed position. Note the 
pressure In each .flaelt ; see that the vatvea on the manU old are 
properly turned and that the outlet nipples not In uae are blanked 
olf. Examine the air-control valve careful!)· and see that It 
functions properl;r. 

The dl vlng ladder Ia secured In position over the aide of the 
boat aod to tbe leeward. Tbe descending line Ia put over ahatt 
the ladder, leaving room for the d~mpressloo stage. Boondlnp 
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are taken. NormaU7 tbe stage Is not placed at tbe first decom­
pression stop until the diver bas rescbed bottom. Tbe arrange­
mentor tbe ladder, step, and lines nre shown on ·plate 84. 

Attar the diver Is properly dreesed, a manlla safety ll.ne 
tended b7 two men Is secured around blm, under the arms, and 
be tben climbs onr tbe aide and stands on tbe diving ladder, with 
bJ!I walot at the lt'vel ot tbe gunwale on wblcb 1'\'&ta the weighted 
hell. Tbe diver lean• O\'P.r tbe gunwale, tbe weighted belt I~ 
fastened and tbe jock strap adjusted. Next, tbe bclmet 18 screwed 
lu place and 8t'Cured, tbc ai r started, tbP alr·rcgulatln~: PxbRUMt 

valve proper!)' adjusted, and the manila safety lloe removed. 
When tbe o111cer or diver ln charge Ia satlslled tbat tbe gear In tbe 
boat Ia properlf nrranged and In order, tbe diver deacends on tbe 
ladder until tbe helmet Ia sUshtlr below the surface ot tbe water, 
assures hlm&elt !bat ever)'tblng functions properiJ'. rt'pt>rts "0. K.'' 
nr~r hiM telephone. n"nd begins bla descent. 

151 



S.rpalaa. 

A.lr npJIJ 
od . . .... .... ~~~a-. 

CHAPTER XI 

THE DESCENT 

The diver rem&lllll on U.e stage or ladder nntU be &88Ure& blw· 
~~etC that hls dress Is tlgbt, air valves und telephone In worldDJ 
order, aud atter reporting such by phone or signal, be steps oiT 
uod Is haul~ by tbe tenders to the de~K!endlng line tbat Is, WJnaUy, 
no ad., fa•t at the point where the atsge Is put over. Tbe dive•· 
lock• bls ll!glj around the descending line uod holds onto It wiU. 
biM right hand, wblle he adJusts hls air 8UtiPIY with the lett hand 
before he starts t11e descent. He then starts on down at a speecl 
which will permit blm to e<tnllll~ p.--ures and "pop hlB e~tra" 
but mDI!t bt> preparro to chl'<:k his r~tte or dmnt wb~never o-..· 
""'1· Since the time reqoll't'd tor det~eent Is Included In the Ume 
or ex)I01!ure, It l8 desirable that U.e dt,·er arrive on bottom as 
~oon >18 po881ble. The factor• limiting lbe rapidity with wblcb 
n diver can deeceod: Possibility of aquee&e, lnablllt7 to equaJIR 
1 he air pre68ure on both sides or the ear drum, palos In the alnw 
r•a>!Rilges, lbe tendene7 toward dlzzlne88. and the necessity of ap­
proaching the bottom cautiously, as, for Instance, when enterln& 
o wreck. 

When descending or ascending In a tJdeway, the dlve.r should 
kt'ep bls back to the tide ao U.at be will be forced agaJnat lbr 
dl'l!C<!ndtng line and not away trom lt. It Ia not dtmcuJt for him 
to maintain thla position If be determines which way the t.lde 
tends to swlnlf him und pushf'& the descending llue over to on~ 
side or the other ao aa to check the swing. In addition to th~ 
conditions set forth In U.e preceding Jlllragrapb as governing the 
rate of descent, currents are alao a foetor. 

Pain In the ears during de&eent Is a warning that mlllll not 
be neglected, as rupture of the ear drums Is threatened; see chap­
ter xvn, Dl•lng Accidents. The remedy Is for the diver to atop 
bls descent and y11wu, ~wallow, or pre~s bls nose agalnat I be waU 
of the helmet, to block the nostrlle. ond make a l!lrong effort at ell· 

plratlon. Aacendlng 3 or 4 teet usu~tlly provides relief, and the de­
S<!ent may be contlnn4!!L lt U.e dl,-e Is to be made ln deep water, 
and the diver has troube wiU. bls e>trS In getting down to 30 
teet, It Is nd•·lssble to bring him to the surtoce and not let b1m 
dive tbat day. Palo In tbe sinuses Is usually caused by head 
colds. and the only remedy Is to prohibit tbe diver from dlvlnK 
untU hla cold clears up. 

As tbe dll·er descends, care must be tal<en that alr l8 supplied 
to him In the correct volume and at !be preasure corresponding 
to hie Increase In depth. InauiDclent air supply dor!ng de!lcent 
may force the diYer to StOp because of squeeze. See cbRpt.er 
XVII, Diving Accidents. As the diYer descends, air Is forced out 
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tbroorh the alr-rqulaUl:l( exhaWit valve b7 the p.-ure ur the 
wxter, 80 that the c1reu becomes ciOAeb preseecl to lhe lep. arms. 
llld boci,J ap to the breutplate. Tbe rea80o tor thla Ia dlecuued 
Ia ebapter VIr, Tbe Ph3'11le& of Diving. The erperleoced diver 
•clluata the air euppty 80 that he breathes eaall7 aud C:ODifort · 
abl;r without eoc~a.o&ertoc bJa stabllll7. 

Upoo reach log the bottom, the dl ve.r holds milo the de8Celldinl 
line aod a<lJ uat.B bla baoyaMy to t<uch a degree t bat the bi!J mPt 
mereb llfta the weight of the apparatus off hie ebouldere. Be 
alll<l ch~kij bla ventllatton and sboolrt •pend liO 1!4'('0nda to a mln­
uie at the d--endlng Une to perhllt hla body 1t1 adJuAt lteel! at 
tbe new pret~~~ore level. See chapter VII. The Phy"lcv ot Diving. 
'Mie wamlnc alma of 00. potaonlnc ,.,.. tborouahly ctl8eulllled In 
rhnpter XVII, Dlvlna Accident& uuder thl! hPactlo~t ut "A~ph;rxln ." 
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CHAPTER XII 
TENDING THE DIVER 

Tending the diver Is a task requiring both a lmowled&e of dlrlnc 
and care on the part ot the tenders. Therefore, the tender 11houl4 
be an experienced dlver. Wblle tending a tll~er, be shall not 
perform any other work. 

All alrnals made and received and all audden movements ot the 
dlver, or nnytb.log that seem<'! to Indicate that be Is In dJJilcultles. 
llball be te.POrted by the tender to the omcer In charge. Tbl> 
tender most reroember tbe length of bose extended co the diver 8Jld 
should continually lntorm tbe officer or diver lo Charge of the length 
out wbUe the dlver Is descending, on the bottom, and a.scen~ 
Tbe tender receiving a slsnal shall repeat It as reeelved to show 
that be bas understood lt. A signal llbould never be repeated un 
lese what Ia meant Is clearly understood, and It a wrong answer 18 
received, the algoa! should be repeated until It Is correctly under· 
stood. In ca.se the dl ver does not auswer a sl8nal, after two or 
more trials at abort intervals, ask blm It be Is all right, but It be 
does not now answer, haul blm up to Lbe flrst stop ot decompre. 
81on and try again. If be still does not answer, there Is notblng 
lett to do but to brl.og blm to tbe surface. When a dlver make~; 
a 81gnal and bl.s attendant does not answer, It may be beca~ 
there Is too mut•b line out and lbl'! Nlgual Is not reeelved. beucc tbe 
dlTer abould gath.er In the Black and repeat the algnal. 

Since the Ute line and air bose are made Into one lloe (by aelz. 
tog) to le9Sell the danger of toullng, the signals can.not be m.am. 
separately on either the life line or air bose. Under o.rdlnary cit· 
cumstances the following t'Ode sbull be employed. 

Note: Hand signals should be considered the primary method 
of ~owmuulcatton. 

J'BOK DIVD 

1 pull meBDS----- I am all right. 
2 pulls mean..___ Lower or give me slllck. 
3 pul18 mean.._ __ I am coming up. 
4 pulls mean---- Haul me up. 
5 pulls mean.. ____ Send me a rope. 
2-1 pulls mean_ __ I understand, or, 11nswer telephone. 
~2 pullB mean__ More alL 
~3 pulls mean ___ Less air. 

1 pull tneaUS----

2 pulls mean..., __ _ 

S pulls m"'eaunJ--.-
4 pulls mean __ _ 
2-1 pulls mean __ 
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Are you nil right? (When diver Is a.scendlns, 
1 pull means stop.) 

You IJave come up too tar. Go do'!Vn until 1 
atop you. 

Stand by to come up. 
Come up. 
I understand you, or, answer telephone. 
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Four pull.a repeated several times In quick suC«!!I!Ion Ia tbe 
emersency alpal. 

Other •IID&I.a wiD, of course, be arraDced to wit the exlaenclea 8ilodal ll(palo. 
of the p&rtlcular work In band. Care must be taken, however, 
aot to conlu8e the regular code. 

Two pulls repeated several times quickly shall mean the diver - alpala. 
Is fouled and the assistance of another diver Is required. On re­
~lrln.r such a &lgnal, answer It as received, but malce no attempt 
to haul the diver np. Send the rellet diver down u soon as pos­
sible'. Three pulls repeated several times In quick succession shall 
mean tbot the diver Is fouled, but can clear himself If let alone. 

If the combined life line and air bose becomes turned aroDlld 
the descending line, It may become Impossible to send or r..celve 
sliJlala by tbls means, and the turns mWit be taken out as soon 
as they are noticed. One pull repeated several times In quick 
sut~on on the des<'t'Dd!IIg llue wUI iudlcu.te that the lite line 
and bose are touted. U, alter a trial, they cannot be cleared, the 
diver should be banled up. It may become necesaary to haul the 
diver up a!onr with bla descending line and weight In this event, 
if the weight Is heavy, the diver must try to cut It adrift and t1n1e 
should be given btm tor this purpose. Because ot the )l0jl81blllty 
of bls Jines becoming tooled around another line, a diver should 
ordinarily not be permitted to descend on u llne be cannot cut. 
On occasions It may be lmperaUve or highly desirable to use ate<>! 
rope or chain. The selection ot tbe det~cendlng line to be used I~ 
lett to the judgment of the ofllcer or diver In charge. 

Since signalS cannot be received on a alack line, the llne ahould 
be polled up nntil the diver can be felt, and then the slannls be 
nade gently but dlatlnctly. A sudden jerk may cause harm tu the 
diver. 

It Is embarraselng for n diver to find bls lines too taut, llO 
that be Is being continually pulled away from bls work. U be 
IK diving without telephone, It Is dllllcult for blm to make bls at· 
tendants understand tbat they are holding blm too tight. In at· 
tendln.r tbe Ute line and air hose, the diver should be given 2 or 
3 feet of alack when be Is on the bottom, but not so much that 
he cannot be felt from time to time so as to make sure that 
tbere Is not too much slack out It should be remembered that 
a diver nt work may sometimes be In such a position that he can· 
not answer a alanul for ae•·eral seconds, and a reasonable time 
sbould be allowed before the signal iB repeated. 

Judgment moat be uaed In Interpreting signals, and th~ at· 
tendant muat conalder what they are most likely to refer to. For 
lnetance, suppose a diver Is .rolng down. It should be knowu 
!rom tbe gage and the marks on the life line and the bose when 
be geta cloae to tbe bottom. and If the tender gets one puti on the 
lite llne about tbnt time, It means ot course that the dh·er brut 
reached tbe bottom, but If the tender .rets one pull while the ange 
and the marlta on the lines should show that the diver bas not 
1et reached the bottom, the meaning would be to "Bold on" : the 
cUver bu probably l~t go the d.esccndlng line, or for some reason 
wants to be bcld by the llfe lloe end air hose. When the diver 
18 on the bottom and near tbe descending line, also watch the JOt· 
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ter tor slpala, as the dl•er may want It lowered or the slack 
taken up. It at any t!Jne there le an7thln&' eertoway wrons. the 
diver abould ask to be hauled up, by elgnallng tour pullll on the 
air boee and lite line. Four pulls on the air bose repeated ill 
the emergency etgnftl and tbe diver mWit never Ulle It unless eo~ 
thing eerloua bu happened. There must be no del4y In obe)'l.D3 it. 

In caae either the cUTer or attendant falls to get an answer onr 
the telephone, the telephone signal abould be made to lndlc.-ate to 
the other that he Is trying to talk over the telephone. Be ahould 
walt a few seconds and try again and It now no answer Is zoe. 
cetved, It should be assumed that the telephone Ia out of order 
and re.ort must be made to the h!lnd uf sll[llllll!. If on 
the other band after answering a telephone meaaage, the !I8.IUf' 

mee8fll'l 18 repeated several times, and no attention Is paid to tn~ 
answer, the person reeelvlng the meaaage should aelmowledte th11t 
be understands It by mailing the telephone signal (2-1). 

In deep water when a etrong tide Ia runulng, signaling by or· 
dlnary methode Is very dl.fflcult. Therefore diving noder these con· 
dltlooa should not be attempted without a telephone In eooc1 
workln&' order. Under these clrcumetancea If the telephone should 
fall, the diver should aeeeud or be brought to the surface. 

ln cuae of accident or emer,:en<'y, ll may be necessary to gN 
a diver to tbe enrface aa rapidly as po881hle, despite the poNI· 
bUlly of compreaeed·alr Ulneaa. Under tbeee coodltloue the PJ)e'!'l 
of the ucent will depend on : 

(o) Nature of the accident or emergencr. 
(b) Depth and length of e:rpoeure at which the dlnr bu a-n 

worlrlog. 
(C) The proxtml~y of a recomp.reasloo chamber ready for lm· 

mediate Ulle. 

lo any - when a diver falle to answer bla telephone or ala· 
nat, be &.ball be started toward thP 1<11rfae<> lmmPdlatelr. A pautM' 
abonld be made at the ftnt stage ot decompreesloo, and anotber 
attempt made to communicate with blm. It no aDBwer 1.8 ~ved. 
remllln.der or tbe nscent must be made according to the jnd11111ent 
nf tbe omcer or diver ln charge. 

If tllere la resson to snppo!!e that the diver can be aeot dow•• 
ngoln Immediately, or a recompreaelon chamber 1.8 read7 for Imme­
diate use, a chance abould be taken on a talrly rapid uceot tor t ht> 
remalolng distance. 

It a diver losea bla dlatance line ood cannot locate bl8 deotceud· 
ITIJ: line, It oooomes necessary for bla attendanta to haul blm tn 
the surface. In tbla case, the diver aball ootlf:V the attendant t" 
11\lll him up and not waste tlme searching for the deeceodlng Uoc. 

In hauling a dh·er to the aurtoce care must be taken not to 
bring hlln up too rapidly aa oYerlnllatlon of the dreea due to 
expnndlng air may cause him to be "blown up." Under tbi.B con 
dillon the diver should regulate the lnllatlon of bl8 di'CI!S eo a& 
to be heavy on tbe lifeline. The attendants shOuld al'IVII:VS kt'.t'P 
tbe dl"er a&ceodlng "ery slowly untU be reaches the decompl'eti 
•lou stage. They !lbOuld ceue hauling It It Is found that be Ia 
becoming too llgbt, but continue to tal<e In all •ladt on the lit~ 
line. Trouble In tbls reapect mar be experienced when the diver 



TlllNDING T.BE DIVER 

Is unrollllctoua or helpltee. 'l'be diver should not be brought up be· 
yond his Drat stop as Indicated b)' the decompre881oo tables. As 
t.be diver reacllee this atop, be ma)' be worked o••er to the decom· 
pression stage and It he Is CO!ll!Clous no trouble will be Uperlenood 
lD taodlng blm on It If It Is Lmpo1!81ble for the diver to And bls 
deaceodlng line at any depth. he Should be brought to the surface 
and taken over to tbe deecendlng lloe, hla lloes cleared, and apln 
lowered to the decompresaloo stage. In case tbe d.lver Ia belplea~, 
decompression should be earrled out as described for surface 
decompression. 
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Whenever u diver 18 working clear ot the boUom. as on a 8hlp"e o ... n.lloa 
olt>Ck or on a stase under a sblp, the attendants should always. ~~~;,. 
keep the II te lloe and air bose well In band. It under theSe con· =:u •. 
dltlons It was noted that the bubbles were moving rapidly In 11 

straight line, It would Indicate that the diver bad fallen; there-
tore tightly grip all Uues and qulekl.Y gather In the slack. and 
If air Is being furnished by band pumps give the diver "More air." 
Tlleo ask him It be Is all rlgbt, and It an aftlnnatlve reply Ia re· 
celved, reduce the aJr supply to normal Snd await developments. 
In any caJie wbere there Is d.anger of a fall, keep a Ugbt bold 
on the dlver•s lines and do not give out any more slack than 
necesaary. 

The air bobbles rlslng to tbe surface from the diver's belmet 
most be watched constantly and It they disappear ror more tbau 
one or two minutes, ask blm If be Is all rlgbL It the IDUIII of 
bubbles appearing on th@ aurrace Ia moving around, there nl't'd 
be no fear as to the diver's pbyatcal well-belnr. However, If bf' 
remalna perfectly quiet. I. e.. bla bobbles remain In one spot. 
and he cannot be felt moving by the lite Hoe be sbould tre­
qnently be aalred If be Ia all rlgbt 

Dw:log diving It Is possible to follow the operations of divers 
end to !mow where they are aud wbat they are dolug by the 
followlnr methods whleb ore brleOy dCIICdbed : 

(o) 'l'be operatlon of a pneumatic drilling macblne can be de­
tected by feeling the sopply air boae at almost any point due to 
t.be peculiar variation or presaure within the bose wh!'D tbe 
macbloe Ia actuallY running. 

(b) 'l'be operation ot a pneumatic hammer l'an be detected 
In !be aame manner. When dlvere arc working wltb pneumatic 
hammers or wltb bond hammers and cblaels ot fairly large sir.., 
It Ia also J)OI!alble by Ustenlng lo the after bold of the salvage 
'-' to hear every blow thut Is made. 

(o) 'l'be operutlou of an arc torch can be detected by oi>Rerv­
lnc the ammeter connected In series with It 

(cl) The operation of a gaa torch may be detected by the ftow ot 
cu past the reduclng .alves that Ia Indicated ou adJacent gageR. 
Also when the torch Ialit. tbe noise can almost Invariably be beard 
over the telephone of the diver wbo Ia operating It and tb~ 

large bobbles ot gas from the torch break on tbe surface and 
emit small bubbles of smoke. 



CHAPTER XIII 

WORKING ON THE BOTTOM 

On arriving at the bottom the dlver should remain at the de· 
scendlng Jtne long enough to regulate his appa:ratus and get 
adJusted to the new pressure level, the reason being that In de­
scending the pressure of air Is accelerRtlng an() when tbe diver 
come to rest, the air supply Is, as a rule, either too little or too 
much. Generally the former condltlon prevails. In either case, It 
Is absolutely neceasary to the diver tbnt tbe lnftatloo of hie dn!lll! 
be exactly right. This Ia obtained when the dive r eo regulates hi:! 
air supply that tbe bel met and breastplate will be just llfted from 
his shoulders and yet not destroy bls negative buoyancy. Next, be 
must notice the ventltafloo of the helmet. While be Is thus stand· 
log to a position of rest, his pbyslcal condition should be oorautl 
and the diver should tee! comfortable. If his breathing Is rapid. 
If be Ia panting for breath, perspiring unnaturally, experiencing an 
undue eenSIItlon of warmth or dlulness, If his eyesight Is not clear, 
or lf the helmet windows become cloudy from collected vapor, there 
Is bound to be an accumulation of CO. In the helmet, and tbe rem· 
edy Is ''more ulr." Therefore, the dh,er should Increase the ra­
pl.dlty ot circulation of air through bls helmet, but at tbe Slime time 
maintain the correct Inflation of his dress. Proper lnftatlon of the 
suit and proper ventilation of tbe helmet can usually be attolned 
by setting the helmet air-regulating exllaust valve at .2Y, to S 
turns and further regulating the air How with the air-control 
valve; however, thla •al•e should never be closed completely. Ills· 
perlenced divers adjust the exhaust vol•e at the same tlme as the 
t'Ontrol valve; 1. e., Increase air supply, Increase exhaust; reduce 
air supply, reduce e:rbausl The air-control valve 18 operated with 
the left band, thus leaving the right band free to operate tbr 
e:.haust valve. Dress lnftatlou may be used to an advantage to 
lessen muscular exertion while at work. Without changing th• 
adjustm~nl or riUwr tbe nlr-<.xmtrol vah·e or alr· l't'gniatlng ex· 
baust valve, the alr-rt'gulatlng exllat!St val•e stem may be used 
to cause rapid deftatlon by ptlBblng on It with the cbln, or rapid 
lnftatlon by grasping It with the Up&. Also when worltlng In 
awkward positions with both hands employed, the uae of the but­
ton on the air· regulating exba u..•t valve stem become& of BJ.ec!JI 
beoellt. The supplementary relief valve or "spltcock" 18 also Tal· 
uable for e:rbauatln&' excess amounts of air. 

It, with the valves adjusted for the erec:t position, the dlnr 
stOOP8 down tor more than a short time, air accumulates In b1i 
dress and makes hlm light; hence, when remal.nln&' bent onr or 
wheo cruwllng on bnnds and k:nees, the diver mt!St manipulate hi! 
chin valve or spit cock so as to allow air to escape freely. An lnex· 
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perleo~ diver tend3 to permit too' mocb air to ftow throU«b the 
helmet, tbo.s wa~~tlnt air, and reoderlnt communlcallon by tele­
phone more dUIIcult. 

After adJuolln~t the air snpply tlae dl<er ahould clear bls dh>-
1~ Une and p~ to work with the leut delay. Before 
leniDc the d-diDJ llne be abould note the lead of bLI hoee 
and llt~Uoe cable aa4 aaure blmaelt that they bue not fouled 
the d-41DJ Une. Be shOuld aleo note the bearlnt of tbe 
brllbtelt Ulbt (dil!'u8lon of sun raya) and the 41nct:loo of tbf' 
eurrent. By rememberlnt the direction of hb work with refer· 
eoce to the ~tlon of the auo while be wu on the surface. It 
1.1 eaey for him t.o proa!ed In the deelred 41rectlon. It, for ln­
stau<2, the 811D abone In tbe lett helmet window u be faeed the 
direction of ble work before atlrting hLI deecent, the peateat 
amount ot Ulbt abould atW eblne In tbe left window of the aolmet 
when on the bottom If the dher'e J)OIIItlou Ia the .. me u when 
on the wrtace with relation to tbe sun. U the d!Yer caD -

wen and Ia sure ot bla direction, he baa m~rely to survey the 
fteld within the ran~tt ot hie vision, noting the formation of the 
bottom, the trend of bUea, etc. lt the Ucht le poor, be can d~ 
reJ:mloe Ita direction h7 facing the IIcht squarely and then tum· 
log alowl7 around to either aide. It be turns to the right. the 
•lew out of the rlgbt aide window will be dark and the view out 
nt the left window brlcbtor. Coullnulnc to turn, the IIcht will 
he on the bl\ck ot the helmet und nil wlndowa will be dark, cte. It 
rb~ Is no light, I h~ diver will ba ve to depend UJ)()II tbe dlreclll"' 
at the current tor hi" guide. Tbe slightest genernl movement of 
I be water can usually be detected by an e:r;perleo~ diver; how­
e•er, the C'Drrent does not always ftow In tbe aamc dlnct:lon "n the 
bottom as on th.e surface and coneequently If tbe 41ver ahoul<l 
"art of! In a wrong direction be should be warned b7 hLI tenden 
by telephone or slcnal. A warning or alcnnl for blm to co riJbt 
ar left meana that be should !l111t face In the direction from wbicb 
his Ufellne and air hoee are tending, and then obe7 tbe order. 

Upon leavtoc the deecendlng line, the dlnr abould proceoed 
l<lowly and cuuelnusly to ~n~~en-e bla strt'flgtb. He should ex· 
amine hLI Immediate surroundlnp, and report any wreclltap or 
obetruct:lon encountered. At! a general rule be ebould pue over, 
oor under, theec obetru~llona: hence by the aame token. be ebould 
llt'Vl't' J>IIIO! onder the kl'el nf tbr <llvln~~: boot. but libould have 
hie llnea abltt~ ll It Ia n-ar7 tor blm to work on the other 
side of the boat. Tbe dl•er ebould carrr ooe tur n of a1r 
boee and telephone cable on bla nrm, In order tbat a sudden pull 
from the aurtace would not cauae blm to loae hLI balance. Be 
Sboald &Dow the hoee and cable to touch the deck or bottom be­
bind him, bot abould not allow It to plle up or kink. In pUS· 

ioc aoy etandlna: obj<>(:r, rht diver should kwp In mind tbe aide 
OD wblcb be peeaee eo as not to foul bla Unee when be returo.a. 
In eoterlnc a wrea or when passing tbroucb dool'll, he abould 
oltcG.,, ~teet llrst. and never attempt to force bla abouldera 
llld hreutplate throucb. When In tbe counre of any ot hl8 
worll he feela the allcbteet symptoms of dletreee, be abould stop, 
rHt, and tblnk rho oltuHiiou ovrr ~urctully. Jt 11 rlh·er Is to 
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work In a place In wblcll there Ia a danser of foull~. a. ..eon~ 
diver shall ahra:ya be ready to go to bla &881&tanee. 

A diver can mo~e with ease In alack water. but aa the tick 
or current lncreaaes, It becomes Increasingly dllllcult to ad•ance. 
Tbla dJJilculty may be lel!8ened by advancing In a atooplnc or 
c•·awllng ()Of!ltlon, a.a by ao doing, the area of hla body expoeed 
to tbe sweep of the current Ill redueed. The latter-mentlo~ 
position Ia tbe euleat one tor a diver's n&'(lgatlon onder w•ter. 
howe•er, as mentioned In the fo~lng, every time be &BBUmi!OI 
a new ()Of!ltion, he shall bave to look out for the regulation or 
the lnllatlon of hill dreM. 

On 11 rocky bOttom the diver should be careful not to taU oft 
a ledge of rock Into deeper water, nor get hill arm or leg caap! 
In a crevice. It he ehould fall, he should cllecll bla dl'tl<'tnt by 
lnl!nl881ug hla air supply valve and telephoning the 11ttendant 10 
"Hold on." Tbl~ rule, of course, alao applies to a Call under any 
otber clrcumatances. Il the roclca are sharp. as coral usually Ia. 
the diver ~hould wear gloves. He should watch bla air bose. 110 

·that It will not catch a turn around a rock, and should caution the 
11ttendaot about lreeplog tlle •lark well In hand. It the dlnr'l 
llnl'll get fouled, he should gather them up and retrace bla atepe by 
following tbe l~ad of tbe air boae and life line. lf they happen to 
be<.'Ome fouled In oppoelte dlre<'tloos, hE' l<hould a~k the attendant to 
take In the alack on one of them. then the other. It Ia alm<lSt 
~nre one will be elear. lo the event they are both ~ctuaUJ 
fouled and there Is no other resour<!e lett, be should cut the 
t<'l<'phone cable or life line. then follow up the air bO-'le aDd 
clear lt. Never permit too mucb strain to be put on a toulecl 
air bOI!e, lest It be parted. 

If a dJver linda blmsel.t on a muddy bot~om, he ebould not 
llounder around and atlr up tbe sllt: a cloud of mud wtll pre­
vent blm from seeing anyt.blng. For the aame reaaon be eboald 
keep the 141(> aide of hla work If there Ia any curn>ot.. It Ill• 
hottom Ill very soft, be should spread himself out o•er It and 
not try to stand. Be should make hlmaellllght by keeplog plenty 
ot air In the dreaa. By opening a cull' or elevating an arm or 
opening the apltcock and permitting exceBS nlr to escape, be 
may rid himself of excesa buoyancr. If he llinkll deepb In the 
mud. 1t Is becauiK' of negative buoyancy; po!!ltlve buoyancy wilt 
take him out; however. he should operate very slowly and cau· 
Uously. HP Fbould wiggle out of the mud as gradually aa h• 
can ; otherwise. a.s be breakx loose. be Ia apt to be "blown up." 

Divers have been known to work under many feet of mud 
and alit for long periods without discomfort. There Ia nothlDC 
to fear about mud, qulckSilnd, ond the like. Oo account of be­
Ing In a aubstance of greater conslatency lbo n water, movements 
mW!t, Decet!llllrlly, be more deliberate. and, by the abeence uf 
l.lght, aU work must be a<'<.'Ompllsbed by the sense of touch. In 
aome localities. such as around plera and dockyard&, mucll debrlo 
falla overboard, and there a re apt to be old tin caM, bottle!'. etc.. 
to the mud. The!!e. of conr,..., should be looked out tor, and the 
bnnds protected by gloves. 
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When -rdiJ.Dc tor loot utlclee, the dher aboulcl u:plore 
tborouab~ aocl u expeditious~ as pollefble the wbole ot the 
crouncl wltbiD the sweep of bla distance tiDe. To aeeompllab 
tbW. be aboulcl take up tbe dlstance line and 10 to the leeward 
ot the cl~ncll~ line wel&'ht aa tar u be can - clearl:r; then 
~llln& the dlat&Dce Une ID one band and keep~ It taut wltb 
the other. be nreepa around In a clrcle. Wben be comes back to 
the place from where be etarted (which moat be Jucl&ed b7 aom~ 
obJect on the bottom, bl.ll own footprints, the direction of thr 
lfde, a line atretched along the bottom for the purpoee, ~c.), be 
fteete out 11 1hor t cllatance along tbe cllatan~-e line and mokea a 
freab drcle In tbe opposite direction, tbos a\"oldln& tbe twl.lltln& 
of h la air bOle and life tiDe around the deecenclln& line. It lB. 
senerall:r. more adf8ntageoll8 to crawl oo the bottom wb('n 
aea~b~. thouah In exce))tlon.all:r clear water, a better llelcl of 
vtalon ma:r be obtained br Walldn&'. 'fbe cllver abould not lleec 
nut too far, but 1hould let each new clrcle mnel:r o•erlap tbP 
pl't!Cledl~ one. 

Wbea a cllver bas explored the whole of the around ID tbla 
wa:r without Gndl~ tbe obk<:t IOU&bt, be mo:r be certaln that 
It Ia not wltbiD the reach of tbe dlatance line: hence the uut 
11tep would be to ban tbe Bblp or the dh1n& launch mo•ed 10 
tbat a new area ma:r be aearched. Each tiDMl before the ahl&• 
or tbe diYlng lnnncb Is moved. Ita po~lllon should be marked b7 
a buo:r ao tbat a aystemntlc aearcb ma:r be &C'COmpllabed. Wheu 
a number of buor• have been thus planted o•er a conalclerablo 
an>a, the unimportant ones ma:r be removed b:r tbe aurtace crew, 
the Important ooes, however, marking the bounclarr ot the e.x· 
plored area abould remalo uotll the •earch Ia completed. 

Tbe dlnr .10&7 be unable to make a complete elrele It U.eno 
Ia much tide or cnrreot ; ID that cue. It Ia ne«eUrr for him tv 
work bacli and for th acrou the tide u far u he can reach, each 
tJme fteetiDI out a lltUe farther along the dlstance line untll 
he reaches the end, aucl then bave the pgellloo ot tbe dl~ 
bollt ahltted. 

Still another method of -.ehlng Ia to plant t"·o larse bu0711 
a JooJt dletaoce ap&J't. A surface line of adequate al&e manila Ia 
stretched between t.he two boors, and the dhiDI laooeb with 
dl•er on bottom, Ia then ferried along, tbe aurtace line heiDI: 
taken o•er tbe bow and atern rollers of tbe launch, and the boat 
Delng &lveo beaclwar b;v pnlllng on the line or atoppecl br boldln& 
onto It, aceorcllng to Blgnal from the cllver. Tb.e advantage of 
t.b.la method Ia that tbe speed of the boat Ia alwa:rs under es· 
act control. 

Upon ftodlng the object sought, the diver abOulcl, It poaslblo, 
Luten bla dlatan<le Une to It, after whlcb he ma1 algnal lor n 
rope and have It hauled up or ge up and make bla report, u 
clr cnmatance. mar ~ulre. An obk<:l once found can alwa:rs 
be reloeated br meana ol tbe dl.stance Une Ued to lt. 

When a diver Ia ~ulred to drag a lo~ lenctb ot Ute nne 
and Air boee after him, or when It Is necesaar:r tor bim to work 
a.rouncl ~enral corners. an acldiUooal diver or dl•era are of u­
atataoce to blm lo tenclln&' bla Unea at IDte"euln& loeatlona on 
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the bottom or Qo deck. Tbus, It hls telephone should !aU. he 
could send signals to one ot tbe dlnra tending hls llnee, who, 
in turn, would tralUimlt them to the surface by telephone or 
signal over the Orst diver's lines, 081ng hla owu linea only tor 
signals a1rectlng blmselt'. However, It abould be borne in mln4 
that the greeter the number ot divers submeraed simultaneously, 
tbe sreater tbe posslbUlty of fouled llnes. Whether the benel1ta 
ot this proeednre just:lf.Y the acceptance of the greater poesl­
blllty of fouling depends on the emergency or cll'CtUD8tancee In­
volved. Procedure will be at the dlseretlon of the otncer or diver 
In cbarKa 

When wo~klng about moorings, a dinr should be especlall7 
careful not to get touted. He abould not dip nuder cllalnll, etc., 
without having a distance line to abow hlm the way back. As 
old moorlnga are often covered with sharP barnacles, gloves 
should be worn to protect tbe banda. A dl ver should not de­
~~cend on a chuln or wire If It Is possible to do othenrise, and 
neltber sbould a chain, wire, line, or weight be veered, lifted, 
or moved untU the diver Is clear of them. 

Wben a diver Ia required to work with several llnea, It I!> 
a good pian to bave each of them of a different JJIJ::e or 018· 
terlal or marked uSing colored raga, turus of small stulf, 
etc. so tb11t be may know their Individual purpose. He should 
ne'f'er cut a line until he has made certain the purpoee for whl~b 
it Ia being o!!OO. Since a new line when onder water shrinks 
and WJuaily takes several new turDJJ In It, It ahould drat be low­
ered In the water by me8IUI ot a weight and allowed to remain 
a ooDJJiderable length of tlme before It Is sent to the diver. Other­
wise, It lowered alongside of another line, It Is sure to become 
touted. For v11dcrtoater wor~. oable-lai4 line u the 1a(ell and 

moot "'ef"'· 
In recovering an anchor. the line ot tbe wutcbing buoy shoah1 

be hauled up and down, and the descendlllg Une weight dropped 
close alongside lt. The diver can tben go down hls descending 
llne, keeping the buoy line in bnnd os be descends, tbus prevent­
Jug blB descending llne trom toullng the buoy line. 

If a wire hawser bas to be shackled onto on anchor, the ta.U 
may be accomplished In the following manner: 

Prepare the wire by Otting a large sbnckle to tbe eye and b7 
stopping another sbaeltle with its crown against the wire a abort 
dlslance above the eye. The pins of both abacltles aho'Old be 
lltted with looyards to prevent their loss under water. Sbadde 
the wire to the descending line or to tbe anchor buoy rope (lf 
watcbtng) by the upper shackle, whicb will act as a traveler, 
leaving the end of the wlre tree for the diver to banclle. When 
the diver bos found the anebor, be should signal tor the win, 
wbleb should be carclully towered to hlm, great care belog taken 
to prevent the wire being dropped on the diver or too mucll 
being paid out. sin<·<• !urge Jlnkl'll on the bortom render it dllllrult 
to flnd the end and may tool the diver. After sbacltllng on. the 
diver must come up before any attempt 18 made to welgb the 
uncbor. Ir the unehnr Is nny dlstnncl' frum the defl(:endlng lint', 
or the buoy Is not watching, the diver should bend hls descend-
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Ins line on or set Olootb~r rope bent on, eo that the llftlnr wire 
m&7 come dOWD exactly where lt Ia needed. TIKI aame applies 
for ra!aiDr olbcr bea17 wel(bta, aocll u rone. torpedo tuba, etc.. 
from a wredL 

Whenever a dl•er Ia workln& clear of the bottom, u on a ehlp'a 
bottom. be ehoold never roo the r!U of raulor oil', but abould 
alwa,ya hue 10methtng substantial to bold on to and make the 
attendant. keep the llle line and air hoee well In baud. Ue 
lhonld never ao under the keel of a abJp a.nd up tho other •Ide : 
If It IB ueceeeary to work on the other side, he ehoold aak to hue 
the boat ahlfted. It Ia dll1lll!roua for a diver to bold oo to liOJDe­
thlnr onrhend and climb around In that manner It he Ia tar 
tl'om the ground ; au the air 1o the dreee may eacape out of the 
C'1lfb or throush Ieake lo a torn glove, etc., ll1 which - be 
ma,y become 10 hea'f'y u to precipitate a faiL 

The amoODt ot work which can ·he accompllabed on ehlpa' 
bottom.t by dl'f'era depends larseJy upon the nature of the work 
aJid the extent of atable acceaslblllty that can he maintained b7 
the rtator of Unee, taddeno, etar;es. etc., to the wredL Two or 
more Jacob'a laddera lashed tocether .We by aide and wel3bted 
at the lower eoda form a con•enlent arraocemeot to enable dhera 
to work over the aide ot a veaael. Il the ladder la boor from 
the enda of ~ eecured on deck and projected about 2 feet 
clear or the ahlp'a aide, the ladder Ia hawed ODder the bottom by 
hoator lines: the ell vera wlll hue room to work, be able to move 
around freely, and he protected from faUJnr, the:v of coor8e being 
on the Inboard aide of the ladder. For working beneath the 
bUce keel.e of Jarce •eaaela wbeni the bottom Ia uaually Ont, a 
coocl plllJl Ia to laee a net between two jacob's ladders. Tile two 
laddera are aeparated b7 apara lashed ll1 place 10 aa to stretch 
the net, and the whole Ia paased uod~ the l<eel by the aid of 
hoalnr and trlclllr linea. Tbe diver can then lie back In th~ 
Det and work on tbe bottom above him wltb comparaU•e eue. 
Wben a dlYer Ito worl<lug und<'r a ship, au lin...., 1'1<'., mn8t he 
eareful17 attended. 

Another method of rlntDg a atage which Ia very quickly made 
and baa been found very aultable for the use or diYen worltlng on 
• lhlp'a bottom 18 aa follows: 

Two long epara, 20 to ~ feet long, are auapeodecl from each 
otber about ( feet apurt lly lbeanA of two long rope~, th-. bight~ 
being clove hitched around the end of eacb apar, the upper enda 
fol'llllng tho trlclor lines, and the lower enda the bogslng lloe.s. 
Tbe trlclllg lllles are to take the welgbt of tbe atase, and the 
b<>ull:llf tloes are for holding It down uud blndtn~~: It In to tht• 
ablp'e lllcle. A third spar about 16 feet long 18 bunr to the lower 
ot the two lone IJPIIM! by means of a •lun1 W<'lght. so na '" 
keep It ll1 a bnrboola I poll! !I on ~tbont 3 teet ~low 1 he lower ton,: 
~par, sutllclent welgbt bclnr bung to the 81age to o•·•reo~ Its 
booyaney. To prevent the stace belns bouod too ctoee to tbe 
ablp'a aide, ~..- ot wood can be """<~. made from ""Y mugb 
~ about ~ feet Ions, and &eCU1'ecl ln the form of a crou. 
One of these cr- ta aecured at each end of the upper epar, 
• amaU cleat nailed oo tbe apar prevents the croaaea from aUJ>-
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Plne Inwards, and the clove bitches of the stage ropes prevent 
them from allpplng outward. Thla atage Ia suitable for two 
divers, and the stage can be ral8ed or lowered bodily, the diver 
at each end mald~~& h18 O'IVD aiJDIIls. Wbeo It Is desired to lleet 
the stage, the dlvera should come to the surface. 

Collision mata, patent leak stoppers, mattl'e'l8ea. cauvaa, awabe, 
cotton waate. caulkiJJ&, wooden wedl(!a, co1l'enlam.a~ etc., have aU 
been used succe811tuJly ln maldng amergeo<!J repairs to the ln­
Jurt>d bulls of v-ls. There are no standard roles for tbe actual 
performance of such work. All procedure will oecesearUy nry 
wltb each undertalrlog, methods a.nd facilities wm ban to he lm­
provll!ed to meet the emergencies of particular ca-. 

In general, small leaJal ench as leakJ rivets, plate seams, and 
craci<M In l!h~ll plating can be co~ted by use of stnodard pneu­
matic caulklng tools If time permlta. A quick but Jeaa perma· 
nent method of stopping minor Jenks Is to uae leak·&topplng ma­
terial such u eawdnat, ah&vlngs, atraw, or unravelled oakum. 
Tbla material Ia taken down by the diver and releued from a 
Mck at BOme point below tbe leak. Being buoyant the material 
will rise until caugbt In the current produced by the flow of 
water from the outalde of the ablp to the Inside through the 
small opeulog. Tbe material releued will lodge to the crat'k 
nod wiU swell up, canalog eventual stoppage of the leak. A beUer 
oubatance to nee, tt the exact location of the leak 1.11 known, 1.8 a 
mixture of 00 pen!ent lamb tallow, 25 percent powdered charcoal 
and 10 percent portland cement aud work this paate dlre<:tlr In 
the leaking seam. 

Small boles, aucb aa empty rlret boles, ruptured plate eeama, 
•·t~ .. can I'('Sdlly be pat~hed h)' U8lng pln1111 and wedges of white 
pine or IIC)me other suitable soft wood. It the boles are lo sncb a 
vosltlon that the wood pings might become dislodged In the re­
mainder of the ealvage operation. It would be well to use bolts 
through the Tlvet boles with o washer on botb aides. In nai.Dg 
wedgea to atop aeam l~nk8. tallow, onl<um. lead wire, etc .. can b<> 
used as a caulking material to Insure tlgbtnesa. U wedges or 
plugs nre driven from the Inside. portland <e~nent may be Ul!ed 
to eecure them In place and prevent leakage. 

Holel< of moderate alze that arl! too large to cloae by use ot a 
simple wooden plug, and too small to be closed by application 
ot a large standard patch. can be temporarily closed by o.ae o f 
materials su~h u blanket& mattN!sses, pillows, or collision mat&. 
Wbeu the compartment Is later pumped down, a concrete pat<'b 
can be fttted from the IIUIIde. 

In brief, the general proc-edure fur applying large patehes Is as 
follows : Tbe diver moat tlrat go d<lwn and cut away all adJacent 
fractured or torn plate 80 tbnt the patch will be secured on gOOd 
aolld plating. The size of tbe patch Is then determined by using 
a plumb-bob &Ullpeoded from the topside. The extremities of tbe 
bole are marked on the deck and the width of the hole Is deter­
mined by the use of two square marks tied In the line by the 
divers. A frame to these dlmen!!lona Is now constructed and low­
ered where It Is temporarily secured In place 80 that battens 
mlgbt be uaed to make a templet of the curvature of the ablp's 
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hall. Tile patch Ia agaJn broll&bt topalde and built up to conform 
wlt.b t.be c:unature ol tbe bllttena l)kced by t.be dlnr. The tra..m& 
wod: Ia tbeo co~ by ~e and croo•e plaokloa and t.be In· 
aide bearlna aurtace or t.be pat.cl! Ia conred wlt.b a cow hair felt 
p.Uet about 4 Inches l.blck. Ordloary plaDI<IDI IDolJ be wboJtl· 
toted tor the tongue and croon, and caulked wlt.b a.k1un or 
conred wll.b cao•aa. 

Tile patch Ia then weighted and draWD Into place by means of 
boaglna linea or bloelt and tackle rJaed tor thla purpoae. U It 
Ia lmpOUible to aet to the bolts to aecure t.be palctl In place from 
l.be loalde, tbe ou~lde preaaure wlll automatically 8C4t the patch 
and bold It In place until It wlU become acceaalble when the com· 
partment ha~ been pumped down. 

Valve~, aa a rule, can be eaal17 cleared trom t.be outallle by 
meana of a wlre bruah and a prtclter to clear the bolea. U bu­
naclea bave ptherecl ln.elde the perforated conrlna, t.be aratlna 
mnat be taken otr to deatroy them. Tbe poii!Uoo of the aratlo& 
lhollld be marked before remonl to tacUltate Ita replacement. In 
caae of the remora! or a rahe, after tbe aecurlnl plate baa been 
taken otr, l.be bole ploaecJ up, aod tbe ploa cut otr IIWib with 
tbe ahlp'a aide, the outalde sbould be covered wlt.b wood, 11-s 
wlt.b peaaed tearoaupt to prevent &OJ leallqe loboa.rd. It t.be 
~al•e Ia onl7 to be kept out a ~bort time, tbla co•ertDI need oDly 
be temporarl17 faatened, as the preasure of the water on the out· 
tilde keepe It In place. 

PropeUers uaually act fouled b7 rope or wire bawaers, and at 
tlmt'll are moat difficult to clear. A stage abould be riQ'ed near 
the foul part (an lron ·cratlng w111 answer tbe piiJ1)086) to enable 
l.be diver to work In comtort. 

J'lret, t.be tonllnglhonld be l.borouab17 examined to aee If It Ia 
poellble to clear an end; lf ao. and lf t.be turns are jammed, rope 
enda or tacklea from the aorlace mOlt be cot down and put on 
ro break them out. Back tui'D!I can be taken. or t.be propeller 
turned by the Jacklna eosine to !Dilute the lead of the tackle below 
at Ita beat, the dlnr aod lta&e belua out of the WaJ wht!n t.lw 
pcopeUer Ia belnl turned. U no end can be es:poeed, then the 
baWKr moat be cut. The engineer oftlcer on duty moat alwa11 
be Informed wbeuever a diver Ia worklng about t.be propellua. 

Rope baw.ere can be cut wltb a lrnlfe, back aaw, carpenter'8 
chlael, etc. Tbere are three practical metboda of cuttlnr fouled 
wire cablea. The llrer, and probably the ruoat expeditious method, 
Ia bJ uae of tbe powder actuated cable cutter deecrlbed In chapter 
XIX provided the diameter of the cable does not exceed 1 lncb. 
Tbe 118C0Pd le b7 burning wltb tbe underwater 1&8 or electric 
torchea described In chapter XIX. Tbe tblrd and moat tedlooa 
method la by cutt1n1 the cable with a sharp chlael or aaw. 

Wbenner a diver dlacoven that be bAa become fouled, he 
lhould oot aet excited, but Instead, be abould attempt to extricate 
hlmaelt by alow methodlcel e.lforta. Tbe d l.ataoce line should 
ne•er be relealled aa It IJI a sare gnldl!, and wW, aenerally, lhow 
the way out of a taoale. Tbe diver lbould Inform the aurla<"' 
ttew to take up alowly the slac.k ln bla air boee aod life lin~. 
Attu reat1n1 and agalu attempting unsucceaatully to free blmaelf. 
be abould aak tor help. 
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The r~llet diver should follow down tbe fouled diver's air bose 
and lite llne In order that he mny discover the tangle. However, 
If att"r dlscovertnc the tangle, be IS unable to release the fooi.E<I 
diver. he should be prepared to substitute 8 new air hose and life 
lloe. To accompllab this, the relief diver taatens the new ut• 
line around the fouled diver's waist. Next, with the neanst tree 
coupllnc of the fouled air hose at band, the touted diver clOGee 
b1a afr.recuJatlng exbnuat valve and b1a alr~ntrol valve whU. 
the relief diver uncouples tbe fouled Rlr hose and couples on the 
new one. It an air-control valve ls not D8ed, It 18 Important that 
the bose coupling to be broken aball be at or below the level of tbe 
fouled diver's feet. 

The dlstanct' line mn.r be lost by the diver. because of dnrlroP.SII 
when diving at deep depths. Should tbl8 occur, the diver llhoold 
feel carefully on the bottom within hts reach for it. But If, after 
tbl.a simple maneuver, be does not 6nd the distance JJne, he should 
Inform the surface of the loss and that he Is coming up. '!be 
attendant should keep the air hose and life line close to the 
descending line, and as the diver Is hauled toward the surface, It 
Is highly probnble thnt hr will dlACO\"er the d~ding line. AS 
1100o a• he dlsco,·e,.,. rbe drH<'Clldlng Une, he"" Informs tbe 6UJ'la<X' 

attendnnl>l, signals them to "Lower," descends, and, with the dis­
tance line again In b1a poasesalon, returna to work. 

'.fools that the diver Is to carry down to the bottom wltb blm 
are lltted with lanyards, and sUpped over the diver's rlgbt fore­
arm or ore placed In the diver's tool bag held on the rl,ght tore­
arm. In preparing the tool bag, all small toots. bolta, nota, and 
small llttlnp are secured to the eyelets of the tool bag with ap­
proximately 3 feet of marllne. See chapter I, Equipment. 

When a power tool Is to be sent down, It should precede the 
diver, and should be attached by a piece of ~thread manila to 
a sliding shackle on the descending llne, and lowered to the bot· 
tom by means of tho tool's air hose. 

An electric torch and ground wire or a gas torch and Igniter 
may be sent down In the same manner as the power tool, e.xeept 
the ground wire or torch hose Is used as the lowering line. 

For all other ob'Jects, uae 11>- to 21·thread manila for a low4!l'ID& 
line, led from well forward to prevent turns, attached by an e,e 
splice to the sliding shackle on tbe descending llne, the small ot.. 
Jects being, lu turn, nttached by n •hort piece of murllne to th~ 
shackle. 

In order to work elllrlently and safely under water, n dl\'er 
should keep to mind the following geue.ral rules and facts: 

(a) Never completely close the air-control valve, except dW"tng 
rupture or replocement of air bose. 

(h) The helmet air-regulating exbaust valve stem known u 
the Min oolve may be UliCd effectively to release quickly suit 
presaure when de!llrlng to stoop or crawl on the bottom without 
chauglng the alr-co.ntrol valve and the alr·regulattog exbat!St 
valve adjustment. 

( o) The belmet spltcock otfera another method of relieving ex· 
cesa pressuce In the helmet. 

(II) The safety vah·c In the helmet go<l'Seneck and the helmet 
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al.r·reruJat1nc exhaut ulve will -t themtel•ee It the dl•er'• 
a1r IOpplJ II Impaired, but tbe spltcocJr. It opeu, IDIIIt be eloeed 
lm,.,',telJ bJ baud. 

(e) A dlnr II ueorer ID 4a.Dpr fl'om a lealtloc dNa pro'f'lded 
be remaloa lu a.o ttpl'ftbt pot11t1oo. Dl•era bne deeeeoded to a 
depth of 274 feet with helmet oDI.J. 

(f) Alr trapped In the dl•loe h~lmet ...W lut trom 6 tu 0 
ml.outee tor breathloc ~after dlrloe air Ia eat otr; thua 
pro'f'141Dc ample u- for e:mereeue, meaauree to be executed. 

Crl ID cue a dlorer Ia t ooled a.od caDJIOt extr1cate hlmtOPlf, a 
ftllet dlnr !bat Ill lll'Dt dowo mWit be prepared to repla~ both 
atr hc.e a.od lite llDe-a proc:edure tbat 1DAJ be aafel_f executed 
OD (be bottom. 

(1) Nenr beeome tr1tbteoed or actted ; alow methodical ef· 
forte are al'"J& beat lD auJ emerpoey. loupert dl'fel'll hue 
been lmowo to actoa111 worry tbemae.l•ee to death onr •err 
simple cln:um&taoee~. Such a atute of mlud Ill both needleN allll 
uael-. A dh·er llhould nenr IOAii:c the toollab mltltali:e of run· 
oloe awa1 trom hla air euppiJ, and con~~equentl_f from aatety; I. e .• 
to become ponte stricken a.od make "fioleot exertions to eecape 
from a tancle. wben the proper coorae II to co elowiJ and dellber· 
ate!J. When In trouble. be should alow dowo bJ.a exertions aoll. 
It rellet Ia not Immediate, rest a while. No matter bow eerlo1111 
tbe altuatlou appea.ra, a dlnr ahoold remember tbat there wu a 
Wl7 toto hla predlcameut, bellee there Ia elan a wa1 out of It, au(l 
It be cannot eot•e the problem blmeelf, that the relief d.lv~r and 
bla frleuda ou the aurtaee will. 

(I) A cllver must have conftdc11~, lll'8t In lllmeelf, and IJ('('IJIId, 
Ill t:boae who are tendluc him. 

(I) A diver should ad.luat blo atr ID aucb a mauner that he I• 
eoabled to breeth comtortabiJ. 

{I:J Tbe combined dlachai'Jil of alr·rt>gulu rlng exballl!t nlvc 
ancl ll)ltcodt . wiU not onrcome the llow of air that will pua a 
balt-1ll)e0 control valve, hence movement ot lbe t'Ontrol·vnh·~ 
wbed must be •err 81Dall. 

(IJ Tbe al.r·reguladoc ahauat valve ad.loallllf'nt abonld be aet 
at tbe dellred number lul'lll opeu prior to dl•e. 

( a) It a dlft!' aboDid craet hi• faceplate. he should keep 
bla feceplate dowoward and tucreue hla atr auppiJ to prenut 
leUap. 

167 



...... -... -. 

. ...,_ -·-

CHAPTER XIV 

THE ASCENT 

The euentlal feature of the aseent Ia deoompreulon of the 
diver. TbJa Ia n~ry to prevent contraction of compre.ed.alr 
lllnesa or, as lt Ia more commonlY called, ~bend&," •·--, • 
"diver's paraJ,yaJ.a." "cat.on diiJe&lle," etc. Its canae and the 
proper treatment for It are deecrlbed In chapter XVl, Oomp..-1 
Air mneaa 

The moet etllclent, practical, and safe method of decompreeatoo 
Ia atase deoomprell81on, wbtcb cooalats of rednclor the p~ 
In certalo anCC(Bilve atap8, In ratio with the pre8lltU'e of the dl•e. 
and maintaining tbe redncecl pressures for certato periods of 
t ime, dependlor upon the depth of the dive and time of eX]I081lre 
on the bottom. 

It le p0881ble to a<'COIIIpllab atage decom~Oil by one of two 
oJetbods. These are (1) regular decompreaston, and (2) surface 
decompre88lon • 

Regular deoompret;alon, aa termed bereln, colll!lets of decom· 
preaalog the diYer In the water by brllljJ!ng blm up to tile IDter· 
veolog and ancceaalve dt>ptba listed In decompreM!oo table I ot 
tbla ctlapter, and mnlntalnlog him at these stops for tbe preacrlbed 
period before aorfaclng him. 'l'hle method of decomprell8toc tbe 
diver Ia atundard and &ball be followed In all caaes except where 
emergencies or conditions ot Ude or weather are sucb u, In tbe 
opinion or the om('er or diver In cbarce, warrant surface 
di!COm Pf"'!&lon. 

Begnlar decomllrt'88lon In the water &ball be aecompllabed u 
follows: The diving etage (platform) shall be lowered to the ~t 
dPCOiDJiretllllon atOp pree<"rlbed In the decompre.lon table for the 
ll8rtlcular depth at which the diver Ia working. The dl•er after 
reaching the dei!Cendlng line and 888Drln« hlmaelf that all liDell 
are clt"ar ~ball n>port to the tender that be Ia ready to R8CeDd. 
lllverytblog on the sorface befog In readloeaa the word Ia lellt 
to the diver "all rlgbt~me up." The diver then place. one lea 
around the deecendlnr Un~. 811 In tbe manner of d~lug, 
llghtena bls weight us IIE'CE'II8tlfl' by ln1latlng the c1reaa, end .-da 
to the stage l<ecptn~t his lt>ft bRnd <.m the control Yaln. 

It will be noted from the accompanying table that following 
div('S at decp depth .. ! and long exposures, the diver Is required to 
Bpend long J)t'rloda of time deeompreealog on the stare. When. 
local conditions of wentber, tlde. etc., are Ideal, tbla doea not 
constitute tt hardship. However, local condltlo118 are not aiW117S 
tnorable to de<>p diYiog and where tbey are aevere or liable to 
sudden change, the long decompression In tbe water do. beoo!Qe 
o hardship and frequenUy prese.ots a greater basard than briJIIIDI 
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the diver dJ.redlJ to the IJOrface without Intervening deroru. 
prel!lllou. When, In the opinion of tbe oftl<!er or diver In chaqre. 
such eoodltlona do exllll or arl.lle durlnJr diYIDJr operations &lid tbe 
depth at which the diver has been working and the time of 
expofJUJ'e are no sreater than tho. preattlbed for surface d~ 
rompreaaloo In table Jl, the diver IU)' be brOngbt up to the llrat 
et(.1) &lid deeorupreeaed at thla atop ulndlcated In the appropriate 
table. He 18 then broDJrht to tbe alll'faee at a rate of 25 feet per 
minute, the ·~ Ia bolll!ed aboard, the helmet, belt and aboea 
a"-' removed &lid the dl'l'er pla<ed In the reeompreaalon chamber 
In the abortest po~~~~lble time Interval. The preiii!Ore Ia raised at 
once to the equ!Yaleot of the llrat etop. The deeompl'ellllloo time 
of the lira! atop 18 repeated and tbe remainder of the deeompree&lon 
completed u Indicated In the appropriate table. 

Thla method Ia termed surface decompression and, eontlnJreot 
on the anllablllt)' o1. a .--mpresalon chamber, Ill applicable to all 
emergenq uceota. 

SeYeral tactora mnat be kept In mind when Wllng surface 
deeompresalon : 

(G) The time of expoeure mull! be wltbiD the tltDe limit listed In 
table IL 

( 1>) Tbe rate or aecent of the lllqe abonld not exceed 211 feet 
per minute. 

1 c) WbeD on deck tbe diYer moat be placed aa rapldi)' aa 
J.l')Mible UDder pre81!0re eorreapondlng to the llrat deeompreaaton 
stop llated In table I for the particular depth at which be wu 
wori<IDJr. 

The Bureau of Shipe baa been experlmentlnJr rootlnoOWIIJ ovu 
a ronlllderable number of years with nrloWI tDetboda of deeom· 
pre&OIIon with the view of eorreetlDJr loadeqoadl!:ll found to exlat 
In for!Der table~~ and of redndng aa far aa Ia eooalateot with aatet:v 
the time hitherto required for deeompreuloo In deep diviDJr. The 
followiD& tablee which have been calenlated aa a result of tbl8 
work are baaed on the saturation aod deaaturatloo rate of the 
71>-mlnute tlaaue. eonaldered to be the l!loweat tl8811e of the bod7 
110 far aa reg~~rda saturation and deaaturatlon. The great num· 
ber of dlv<'ll made bJ tbe Experimental Diving Unit dnrln~r de­
velopment of the tablet! In the water diving tank and open eea In 
depths down to 300 feet and their 8Ub8eqoent use by the Dl'rlng 
8cllool tor approl<lmatel)' 3 :vea111 hne proved the tablea to be aate. 
Aecordlngcy, the new tables bave been adopted ae atandard United 
States Na V7 deeompreeslon tables and abould hPneetorth be aBed 
as aocll. 

Table l llll!a the atopo and the requiTed deeompreulon tor 
depthB of from 40 feet to 300 feet for varlolll'l times or eXjiOtlure 
at theee deplhs. Table II llsta the mal<lmum time of el<J)OSUre at 
•arlollll deptba down to 170 feet, following which surface derom­
preuloa may be o8ed with reasonable safety. 

lo no ease, eJ:eept In great emergenctea Involving life or death 
and reqnlrlog the Immediate surfacing of the diver, or ueept 
when specially trained diving aupeM'Ieora and recompression aJ>­
paratne are available, lUI on aobmarlne rescue vesaels, shall the 
optimum time on the bottom tor the particular deptb Involved 
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be exCeeded nor tbe decompreseion stops and time of atos- u 
listed In table I be reduced. When tbla time Ia exceeded. tbe 
casualty treatment preserlbed elsewhere aball be followed. 

Tbe length ot time at each atop as listed Indicates the time 
wbleb most actually be spent at that atop and does not lnclode 
the time necesaary to paaa from any atop to the next abaUower 
one. The e:rpo81lre time listed Includes the time coD81lmed In 
deJJCelldlng, 1. e., the Interval of time between leaving tbe IIQl'{a~ 
an.d tbe beglonlug of the ascent lD ~r decompression and 
the loterval of time between leaving the aurtace and the time the 
stage starts to the surface with tbe diver on It lD lllll'face de­
comprell&lon. 

In extremet:v cold wa.ter, desaturatlon of the tl81111es Ia leas rapid 
bot the following table Ia adeqo.ate for all water temperatures 
wblcb may be expected lD normal eervlce. : 

Deoompreultm loble No. 1 

Ttmefrom 
leavioa 

IUifote to 
btstnolnl or NeeD& 
tor ttCUia.t 
deoompref.o 
slon or to 
'"dpatage'' 
for mrfaee 
deoompre&-

Stope •• dJJiermt depths In mlnuloo 
Depth of 

dive (foet) 

alo!l 

~· .. ---.... .. .cut t..c .... ..,_ ........ 1101 
..-zsree~,.. ...... . 

Ful F<d Ftd Ttd Ful 
MlfttdU ~ 61) ,f/) $(} 10 ~'f ·N- l£ ,\ 

<0... . . . •• • • • J:ao ...... ..•..•......•••••• •••••• 
ofO ••• •• •••• • • c;,, 180 ••••• • ••••• • • ••• •• ••• ••• •••••• 
40 .•••••••••• V'pt .. • ZH .............. .. . ........... .... . . 
41). ••• •• •••• • 300 ...... ...... ................. . 
.10.. ......... 78 .... .. -···· - .... . .......... . 

' 60.. ....... . . 133 .••.• . ...... .. .... . ...•. ---·-· 
.10.. ..... .... 110 .... .. .................. . ... .. 

;~::::::::::: Opt.• ~ :::::: ::::: : :::::: :::::: ==~== 
80...... ..... 7$ .................. .. ........ .. 

: :.::::::::: op~.· ~~ :::~:: :::::: :::::: :::::: -···r 
60..... ...... 180 ...... ...... . ..... .. .... 7 
60.......... 210 .. .... ... ... .. .... .. . . .. 8 
70........... 43 
10.. .. ........ 60 
iO . ... . . . . ... , 74 
70...... ..... 90 
10 ••.. •• • •••. 0Jit.'"IJO 
70........... 110 
10...... ... .. 180 
80........... 36 
80........... 10 
80.. .. ....... 70 
80.. ......... 100 
80.... ... ... Opt .• JIG 
60.......... 110 
90.. ......... 30 

:::::· ·:::::1:::::: :::::: :::::: 

~~~ ~~~ ::~:}::::~=~ ~ ::::: ·--:r 
:::::: ::::--1:::::: :::::: ... ~ . 

::~~:: :~~::=~~:::~:c~:: ---~-
................. .!. ..... ;Ill 
.. .... - · ···' ·-· · -·: ...... · ..... . 

.!10.. . .. .. . .. ·~ ...... .... . .. ...• . .... . · . .... . 
~::::::.::: : ~ :::::··::·::-!:::: ·::::::i .: 
00 ........... Opl.' OS ...... • ..... .. ... .. 2 I 2! 

~:~~:::~~~; I~ ~~ ~~: t~==:·:~~~:: ::::~: ::::: 
15:::::::::: Opt.· ~ ::::~r:-.-·::::·r· -:- ~ 
100.... .. .. . 1~ ..... j .... , . .. 

1 
t7 18 

110 • . • •. • •• •. 1 10 •· ••• j '" ' • • • • ••• ••• • --· -· · 

110...... .. . . 3.5 ...... . .............. ..... . 

0 0 I 
2 2 I • • • e . ......... a ' 
0 0 I 
I I f 
6 6 I 

J J ~· 
0 0 I 
I I I 

~ ~ .1-
:; : I 
0 0 I 

~~ a ,i'·· 
~ : . 
0 0 I 

:i :! ,I • • I" 
~ ~ .. 
a t · t :: : :: 
~ : .-
0 t I 

i~ : I 
21 • • :u • .. 
.a • • 
0 0 ' 12 II II 
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S!<>po .. d!Sarool ~lhs lA ID1Du140 ........ ...... . _, .................... , ...,...,... ....... .. 
,.,. Ftd Ftd. F., Ftd ~""' 

Nf<o- 10 10 jD ~ ., 10 
110 •••••••••• 66 . .. ... ...... . ..... ~Hit" 

:rJ 21 
110 •••• •••••• OJ)t.• 71 ...... ····-- ····;· Zl 37 
uo •.....•... lOt ------ ------ 22 211 60 ··-········· IJ ....... ······ ...... . ...... . ..... 0 ....... ·-··· • ....... . ···-- ...... . ..... .. . if II 

1· ··-······ ~ ···-·. ------ . ---- ... if 21 

·· -········· Opt.• • -..... .. ...... ···-r a S2 ............. JCIO . . .... ...... 22 Zl • 1111 •••••••••• II .... -- ··---- ------ ----· 0 

- -········· • ... --- ........ ---... ····r II u 
110 •••• ---· · 62 ........ ...... ..... ..... ,. • 110.·-······ ope.• • ...... ... . .. ···-g- 13 • a 
Ill.·-·····. ., ... ... . ... .. :12 a • ·· -········· II ...... ...... ...... ... ... . ... ,. • 1· -····-·· • ......... ----- ------ 21 
HI •••••••••• ~ . ----. i ••••• ---·· .. ~ Zl Zl 
HI .••...••• . Opt.• .. ...... .......... 1~ • u 
IlL. ...... _ 115 ....... ·----·· .. 22 u 110 

- ---·-·· 16 ...... .. ---- ------ -- -·-· ···ir 7 ........... • .. .... -· .... . ...... ... ... 21 
............ 18 ...... .. .... ····-- ,. liO 

--····-··· Opt.• • ...... • • • • •+ I& • 12 • ......... 10 ······ ...... 
... if 22 32 • 

Doptb ol 
dlft (JM) 

· -·--· -.. ...... . - -··---· 
=-······ 1311 •••••• -m •....... 
lS ••..•.•. 
sa. .•..... 
- --······ =-······ . :::::::: 
- -·-····· - --······ - ----··· -----·---- ----···· - ---···· - ---····· - ---·-----·· ------ -----· 
=----·-· - ------.. ---

Tlmollom 

:.:!."t 
~= 
~ -..... 
:::~ -- .. 

N 
ope.• <I 

71 
ll 
10 

Opl.• • 
16 
II 
:10 

Opl.• 18 
16 
I I • ()sit.• II 
00 
II 

ope.•• 

" 15 
()pl.. J7 

eo 
ll ope.• • 
00 
12 

Opt..• • 

" 

Stops a t dlft'Clrtot dtplba Ia mlouca 

11. Fl. Fl. Fl. Fl. Fl. Fl. Fl. Fl. 
eo 10 ~ eo ~ ~ ~ eo w 

.... ···- .. .. . ... . . . . ... . .... .... ' 
•• • • • ••• •••• • • •• . • • • • ••• • • . J7 • 
••••••••••.•••••• .••• •••• 11 21 a 
•••••• •••.. • ··- 3 It 23 a. r.8 

:::: :::: :::: :::: :::: :::: :::: .il. M .................... ····1 1' :18 ., 
..• • •.. . • . .• . . .. t It 23 38 611 
•••• .••. . .•• •. . . . . •• . . . . •••• •. •• 2.~ I 
____ .. . ................ . 

1 

... 24 37 
• ••• •••• • • •• •••• •• •• . • • 19 :J8 ·~ 
• •. • ••. . ••. • 18 18 23 37 61 $1 

:::: :::: .::: :::: :::: :::.!:::: 23 ~~ 
.... .... ............... ,' :n 28 <6 

:::: :::: --~- - ·~- -~~- -~- 3:. -~- ~ 
•••• •• •• •• . • . •• • •• . • $ 10 • •o 
·--· •••• 6 18 18 23 r, 66 61 
•••••••• ···- •••• ..•• . . • • • •• • 0 3.S 
•••••••• ·······-· %1 1 :18 3.S" ..•• .••• 13 18 18 23 41 M 1 ~ 

1: I r. :::: :::: ~-- · ·::···; ·"if 25" 36 Sl 
•••• lt 14 li lV 2i lt9 ~ ~ 
:::: ::·:. ·:: :·:: ..•. "2:i"fii 3.S 61 

6 H u 17 a 31 u 61 j A 

Ml14tlltl 
u 
7!1 

10:1 
0 

11 • " 121 
0 

a ., 
• Ia • • 6t 
71 

117 
7 

a. 
a8 
76 

1• 1 

T6taJ 
llmtot 
dtoOW· 

l)f'HIIon: 
aumor 

llmeJ .... 
.. rtOUI 

114111 

Nlatllu 

' M 

Nlftvtu 
.a 
!J3 

108 
~ 

16 .. 
18 
llll 
~ 

31 • 71 
134 
10 
M 
16 
II 

IQ 
IJ 
40 
N 
12 
U7 

Appros.l· 
m1-tetotal 
U1D6for 
...::.at: 

columa 4 t ....... 
t.Wfetl -

II 
H7 
II 
61 
113 

167 
~ 
01 
11.1 

212 
32 

,~I 
35 1 St 

218 .I 
tal 
'1017 
M 

Nlultl 
16 
&2 
e5 

IM 
18 
38 

100 
IM 
32 
Gil 

101 
2':!0 
40 
6t! 

liM 
221) .. 
96 
m 
60 

140 
?7~ 
61 

Ui 
'-"" 

69 
I !<I 
311 

~ I 1 .. 
21101 

-TtMM an the optimum upoaure tlmea lot each dtptb wbieb rtptftf-Dl the bell 
belaDoe btt'trteD t.ltb of wort Dtrlod &Dd &ZDOUDt of UIOlul wort for tbe lft"'P 
dJ- . ..._,. boJOod 111- tr.-ls pormlllecl outr W>d•r rpodal oondlllo01., 

--"' .... lat. 
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TARLII 11.-Lifllil• Of dept,.. all4 Uf>Otvr• ftX 

IUr/ooe decompreuion 
't ~ Jthtt~te• 

100 teet ..... ·----·-----· ---------------- 8li 
110 feeL_______ _____ .•••• --------· ----- 75 
120 teet---------~---------------------- - 00 
130 feeL. ------------------ ------ --------- - 55 
140 feeL-- ---------------------------- -- 46 
1DO feet--------- ----------------- -- ----- 40 
170 feet------ - ---- ---- - - ------•----------- - 30 

.._... a- ln considering precautions for Insuring tbe safety of tbe diver 
In making bla ascent, <>ertaln rules In regard to tbe number or 
dives an Individual may make In ehort periods of tl.me abBII be 
obeerved. Speclllcally, a diver ebould not, ercept In emeTgenclet. 
make more than one dive of any cooalderable depth In 24 boon. 
However, should It become n~ for one lndlvldnal to mut 
more tbao one dive In 24 boors, hla ascent on the latter of !be 
two dives ehould be governed by tbe following rule: Take tbe 
total combined time of exposure on botb dlvea and use a decom· 
1-retl81on for thut e>r:posol:1! at tbe depth of the latter dive. 

Tl--..r. The timekeeper ehRll teep an accurate record of tbe time re-

IMt,_ 
to .......... .. 

quired tor the diver to rea~h the bottom, tbe time of eJ:POIIUft 
on tbe bottom, tbe time of aacent to tbe tlrat stop, and tbe time 
spent at ead atop during the subsequent ascent. U there 18 ao1 
doubt as to tbe lime that the diver haa spent on any phue of tbe 
aecent, the time allowance abould be made In tbe diver's fafor. 
These times abaU be carefully tept and recorded aa In the fol­
lowing example : 

a. m. 
J!lntered water--------------------------- 10.00 
Started descent. ......... __ ________ _____ 10. OCI 
On bottom. _____ ____________________ 10.07 

Started ascenL------------- --------- 10. ao 
Firat atop, 50 teet------------------ ----- 10.32 
Second atop. 40 feeL------- ---··-------- 10.87 

Tbe attendant shall always keep himself Informed aa to the 
dl·pth of the diver under water. 'nlla can be estimated b7 the 
l~ngth of bose out and, when dhlnr wltb air pumps. by the 
p•'ll88ure registered on the dlvlog garea. The dlvlnl oo.e UBWillf 
tends straight up and down, especially In shallow depth8, pro-rlded 
tbnt tbe sweep ot the curreut Ia not too great. After the dl'f'er 18 
un the stage tbe deptb can be readily ~rtaloecJ by tbe marten 
11n tbe sl.llee linea. 

The n ttendant shall frequently ~otact the diver by telephone 
o>r signal wblle on the bottom and on the staae to ascerta1o It au 
Is well. -

The attendant sbaU rive tbe diver a few mlnntea' notice before 
the expiration ot the diver'• time on tbe bottom, eo that the diver 
euo make tbe necessary preparation prior to his aseent and not 
exceed bls llmlt ot stay on the bottom. 

During tbe Ume that the diver Is making preparatloos for 
lbe ucent the attendant &ball remove any slaa In the linea. 
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rig and ahacltle the stage to the descending line-, a(\d select the 
proper decomp'te881oo from table I tor the dl,e. The stage aball 
then be lowered to the llrst atop tor regular decompresaton 88 

Indicated In table I tor the depth of the dl•e, or, If surface 
decompression Ia resorted to, then as cloee to the bottom 88 

pt'Bctlcable. The stage may be &hackled to the descending nne eo 
tbat It wUl be lmposatble for the diver to mlaa It on his asceot. 

During the ascent the attendant must at all times keep a tlgbt 
bold on the d lnr'e air boae and the Ute line and the slaclt well 
In band. 

Doring the dlver'l! J18C!!nt, In regular decompression, when bl& 
ltoee and llle line or gages, aa the case may be, Indicate tbat be 
Ia approaching tbe stage, he should be not111ed to stop and then 
ucend slowly and watch oat for tbe stage. Special C&l'il In tbls 
n!SJM!Ct Is necesaary eo t11at tbe diver shall not exceed a llllfe limit 
of ascent 

Tbe time of decompression at the llrst and succeeding etops 
(regular decompression) shall be calcalated trom the time tbat 
tbe attendant recelvll'J from tbe diver notification that be Is on 
stage. 

In resuJar decompreselon the ascent Is completed b7 hoisting 
and stopping tbe stage to and at the sul'Cet!lllve stops preecrlbed 
In decompreaalon table I. Prior to hoisting ot the stage between 
the llrst and aucceeslve atopa, tbe tlmekeepsr shall notify the 
diving oftlcer aumclently In advance ot the termination of the 
prescribed time at tbe retiJ)eCtlve atOp, to permit aeeesaary prepa· 
ration for the hoisting. For example. If the diver bAs been 
decompressing at the Drat stop and tbe time spent on the stage 
at the lll'!!t stop Is wltbln 1 minute at the total ttme preecrlbed 
for tbat stop, tbe timekeeper shall Indicate It by distinct e.n· 
ooancement of "one minute to go." Tbe diver ts tben notllled 
by tbe tender to atand by for hotstlog to tbe nP.xt atop. Tbe 
timekeeper shall announce tbe termination of the proper time 
at the varlona stops and before atarttog the stage upward, the 
diver aball be apprlt<ed b7 the tender of the Intended bolstlng by 
tbe meaage "coming up." On conllrmatlon reply from tbe 
dher, the diving olftcer or dh·er In charge m&J order the diver 
brought to tbe next stop. 

When tbo stage arrives at tbe surface after regular decom· 
pression, It Is lifted and swung clear of the gunwale. lowered 
lightly to tbe deck and tbe diver assisted from tbe stase. As 
600n ae the diver Is lM!ated, tbe face plate Is o]leDed lllld tbe air· 
Wpply nlve closed. H a recompression chamber Ia available, 
tbe diver Ia undreseed at once. If a recompression chamber Ia 
not available, tbe diver's helmet Is removed but be should re­
main dreaeed tor at least 20 minutes and closely obee"ed tor 
symptolb8 of compressed-air Illness. At the end of thta psrlod, ll 
tbe dlvl!r'a condition appears normal, the diving dress may be 
removed. 

When the stage arrives at tbe surface preparatory to surface 
decompression. It ta lowered to the declt as before. ·The diver's 
helmet belt and shoes are quickly removed and h.e ts eaoorted to 
the rerompresslon chamber by the attendant, wbo enters tl•e 
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chamber with blm and removes bLB sult as tbe pressure Ia ralAed 
to tbat ~'<lrreolpOndlog to tbe llrat decompreasloo atop. Not more 
than 21,2 ml.outea shOuld elapee from the time that tbe e~Jce 
leans the water until the diver LB Inside the recompreeelon 
chamber aod Ia agnl.o bel.og subjected to pressure. 

It Ia well for the diver to remain In the vicinity of the re­
compression chamber or facUlties tor underwater decompreaelon 
t or at least an boor following tbe completion of a deep dive, 
even though there baa been no Indication of compressed-air 111-
neaa during tbe 20-mlnute period mentioned. Wbeo extremel1 
deep dives hne been made, It Ia advisable to keep tb.e diver 
aboard ship where he can be observed for at lea.at 8 to 10 h0111'8. 
If there develop any l.odlcatJooa of compressed-air lllDeu, tile 
diver should be recompreased aod decompreaaed In tbe recom· 
presalon chamber In accordance wttb the treatment preecrlbed 
In chapter XVI. U a chamber Ia not available, recompression 
and decompreaelon should be accomplished by eendlng the diver 
down again. 

It, during a diver's ascent on the atage 1.o regular deeompree­
sloo. symptoms of compreaeed-atr lll.oeae develop, or the dlv~r 
sutfera aoy phylllcal dl.streaa, tbe tender, upon receipt of ootffl. 
cation to thLB elfect trom tbe diver, shall lower the atase to the 
llrst decompreaaloo stop aod have tbe diver undergo a second 
decompreaaloo. Thla second decompression shall be In accordance 
wltb table I for tbe depth ot the dhe but tor double the actoal 
exposure l.o tbe dive. 

After recelvl.og Instructions trom tbe surface to come up. tbe 
diver shall make preparation for his aacent at once, I. e., set over 
to tbe deecendl.og Uoe, eee that he Is clear, and that there Ls 
nothing to Interfere with the ascent. It the ascent Ia to be with 
regular decompression, the next step Ia tor the diver to throw 
one leg around the descendl.og line as In deacendJng, ao that be 
will be able to check hla ascent Instantly, ebould he euddenl1 
attain a strong positive buoyancy by overlollstlon ot tbe dress. 
Tbeo be ehall notify the surface "Coming up.'' Be iman not start 
ble ascent unUl he bas received the answer trom tbe surface. 
"Come up" by telephone or corresponding signal. Keep pbone 
meS-<tOge brlet, use simply phraseology. 

In order to facilitate bls ascent. the dl~er may reduce hla welgbt 
by ' inJiatlng tbe dress. In tbns lightening btmaelt, be mnst be 
extremely caretnl as overlntlalloo may result l.o bls bel~ "blown" 
to tbe surt4ce. ( s~ cb. XVll. Dlvlog Accldenta-"Blow-up.") 
The new type of air regulating escape valve described under chap­
ter TV; Helmet, has contributed considerably to tbe prevention 
ot this accident. However, the valve may become fouled o.r some 
of Its parts made Inoperative by accident, eto:. Fnrtber, tbe diver 
cannot handle blmaelf correctly on the deecendlng ll.oe It he Ia 
too buoyant. 

The rate ot the dlver'a ascent up the line to tbe dlvhig <tall! 
should not be greater tban 25 feet per minute. Tbla speed mll!t 
be regulated by the surface attendants which requlreB that the 
diver malntal.o aLight oegntlve buayancy. It the diver !eela 
bls dress becoming too buoyant and be Is ascending too rapidly, 
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be may check bla rlae by clamping b1Jt lep on tlle deeeendtnc 
line and ad.Jnat tbe lnftatlon of bls dreu by adJu.tlnc tbe air· 
~Unc eecape nln. U tlJe dress Ill not fitted wltb ctovea. 
reduction In Inflation of bill dress can be rapidly contributed to 
by the dlnr ralatnr bla arm, wblc:b will permit excess air to eecape 
at tbe c:ulf. 

When the diver Ia wamed by aurtac:e attendant• that he Is 
neerlnr the atare. be lhall slow bla aac:ent and keep a &harp 
watch tor the atace, the IUide beiOC tbe alldlnc ahac:k.le holding 
lbe decompretlllon atace and the deec:endlng line tocetber. As aoon 
u he ll.oda tbe atage, be shall climb upon It and" aeat hlmaelt. 
When be bu done tbla, be shall notify the snrtace, "All rlcbt on 
lhe atage" In order that tbe beginning of hlg proper decomprea· 
alon at tblll llrat atop may be started and timed. 

During the time IJ)ent at the lln.t and subsequent stope the 
diver ahould see that b1Jt lines are clear of tlJe descending lloe and 
atap. In cue of tooled linea. he shall report the fact Immediately 
to tbe aurtace attendants and they &ball aid the dh•er to ontoul 
tbe 11...,. u moc:b u poealble. When toullng ot linea Ia deteeted 
bytbe attendanta. the diver should be apprlaed of tbe tac:L Wben 
tbe linea are clear, the diver shall eo notify tbe attendanta, and 
the attendallta aball c:onllrm the fact by repeating back the mea· 
sage, before starUnr to bolllt tbe stage. 

Durlog the dlver'a Ita)' at the varloua stope, be should watch 
out tor any untoward aymptoms a!l J)llln, dlzzlne88, etc:. It be 
experiences aoy ot these, be should notlty the anrface 11t once. 
The attendanta will, atter conalderatlon of all the c:lrc:um­
atsnc:ea, eltber lower the stage Immediately to t.be Oral decom· 
prealou atop and cause the diYer to undergo a second clecomprel!­
ston or they will brlnr blm to the aurtace as quickly as posatble 
tor aurtac:e rec:ompresalon. 

Wben tbe diver Ia aac:endlng and Ia on ata&e. be abould pay el.,.., 
etlentlon to m-.cea from tbe surface and In all caaee endeavor 
to answer dearly thoee requlrlog an a~WWer. Wbeo word Ia ~ 
cehed trom the attendanta that the stare Ia to be bolated, tbe 
dl.-er ahould auure blmaelf that bla hold on the stare Ia eeeure 
before returnlnr the "0. K." algnaJ to the eurfnce. 

The foregolor lnrtruetlooa are also appUrable to al!ceota tor 
wrface dec:ompresalon ao tar as concerns the dlver·s oec:eot to 
tbe atage and procedure on tbe stage during Ita aubl!equcnt dlreet 
hollltlnr to tbe surface. 

The foregoing Instructions tor ascents rover procedure In diving 
from veseela eueh as submarine rescue aod snl¥Pie veeseiH which 
a.re properly lilted with hoisting and other diving roelllllea In· 
cludtnr a rt('Ompret!lllon chamber. The lnetruc:llons are llquolly 
applicable to aecents from dives made from motor launches wltb 
regular decompression, e>:c:ept that the stage must be hauled up 
by band iDBtend of a powered winch. Under sueb condltlona It 
Ill llupoeelble to baul tbe diYer to the le•el or ood over tbe goo­
wale of tbe lauoeb. Aecordlncly, the stage Is hauled up until tbe 
dl~er can ret aboard tbe ladder whlcb he mounts until bta wel•t· 
Uoe Ia abreast the runwale. The diver La tbeo secured to the aide 
wltb the safet1 Une and helmet face plate opened to ascertain bill 
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condition. It no adveree fo/IDptomB are evidenced, the diver Ia 
&8818ted over the gunwale by the attendants who ptsce ~ 
eelvea on either aide of hla body and Utt blm by the arm pita 
and under the waist. The diver aids by beDding hiS body forward 
from the waistline at approximately oo•. The helmet may be 
take11 otf but the diving dress Ia not removed tor at least 20 miD· 
utea becall8e It recompre88Ioo Is needed, It oeceesarll;y must be 
aC<'Ompllshed b;y returning the diver to tbe water. U e;ympto101 
ot compre!ISed·alr lllne!IS do not appear within 20 rutautea, tbe suit 
may be removed with reasonable 1188Ur&nce that no serious attack 
nt "bends" will develop. 

In no case abaU surface decompression be resorted to In dives 
made from diving launehea. The emclency of surface decom· 
preasln" depends upon the Immediate ~mpresslon of the diver. 
The time required to transfer the diver from the aceue of the 
diving operation and from the diving launeh to the dee!< ot an 
attendant ehlp or to shore where a recompression ehamber may 
be available Ill too great for surface decompression without ex· 
treme hazard. AU aacents (except emergency aacents) trom 
dives made from diving launches shall be with regular decom· 
pression. 



CHAPTER XV 

DIVING WITH THE HELMET ONLY AND 
SHALLOW-WATER DIVING 

............ In the paet, It bae 110mettmee been the practice tor dhe111 when thflu, 
dh1ns In warm watel'l! to dlapeo11e with tlw dlvlnf dreea. weighted 
belt. and BhoeK and uill' th~ standard diving ht•lmet only. Thl~ 
method of diving bee been commonly lmown aa "helmet" diYin' 
and boa u.tually bfoeo conducted tJoom a boat or platform In tb~ fol· 
lowinc mllllller. 

'lb .. h~lmet Ia lt'Cllred to tbe breastplate ot the No. 1 or No. 
2 divine outllta and additional welghta are oecured to the •tude 
no tbe breastplate to pi'\'Veat the UttJne ot t.be helmet oer of 
t.be abonlde111. A aafetJ' Yalve In the "IQOIM!neclt" connection 
oa the helmet Ill tested and the air boae Ia connected. A blcht 
ot the h•- 11 ftxPd to the left eye on the tront of the brea~t· 
plate by means of a marUne atop, leavtne a loop ot boee eutll· 
clently !Arce to permit the pas~~&ce of the dlver'e left arm. A 
blank cap Ia ecrewed onto t.be telephone connection ot the helmet. 
The 11\culaUnr or outlet valvt> ta cloeed completely. The face 
plate le then cloeed and the helmet Is lowered Into the water In 
an upright poeltlon and euhmer~ below the eshauel. valve. The 
pump liJ then etarted and the eshaWit valve te<~ted for teau. Tht' 
d~ndlng line and weight and the dlvtn& ladder are put over the 
elde. When ready, the pump Ia Atarted or air turned on from 
compr-...1-alr baolul, and the helmet liJ towered In aa upright 
poettlon Just below the eurfaCl'. The dl•er deeeeada oa t.be dl•· 
log lndd~r and duw bill bead under and Into the helmet, at t.bt­
qme time thruattne hla left arm lhroucb the loop ot alr bolle. 
When deecendlng be holds down the left edp ot the breastplate 
Wltll the l~ft hRnd and with the rttmt-hand criiNI the detcendlog 
line. 

For deep divine work. tbla method or dh1ae Ia danceroua. 
During the d\'eeent. helmet divers esperl~nce cona14erable dUll· 
eulty lu maintaining their t'QUUibrlum dne to the welabt ot the 
diving helmet Olld lO the buoyancy of tbe lower part of the 
diver's "body. Also. In the dh·lng helmets ot the No. 1 and No. 2 
out.llt 111!ed wltbout the dh·lng dr-. the water level liJ approxl· 
IUately at the level or 11 diver's chin. even though tbe exhaust 
valve and teiPphone <'<mnectlons hal'P '-n •alely capped to pre­
vent lenkHI(1'. The dh·Pr mn•t . therefore, N!mnln pracll~n!ly up­
riCbt. The recutatlng or outlet valve must be alrtlaht ; It there 
.. a leak t'QUal to the •olume or nlr supplied, the water will rl8e 
Ia the helm~t to the bll!h('St pnlnt of opening In the nlve and the 
diver espertenC<>a considerable dllllenlty Ia keeplnc bls n09e cleu 
of the water. Due to tbe mar cau""d br the air entering tbc 
helmet, many dl•ere when ualn& the control •·ah·e wW reduce 
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the volume oC nlr supply to a minimum to diminish the intelll>ity 
ot this noise as much as poBSible, u It Ia extremely dlsturbiJIC. 
By dim1n!llb1ng the air supply the carbon dlo:rlde content In th~ 
helmet rapidly tncreasee. Excesi! carbon dioxide is dUIIcult ID 
detect. It gradually renders breathing more dlfDcult and CBDllftl 

a headache, whlcb the average diver will attribute ID overexer­
tion rather tban ID tbe e«ects ot excessive carbon dio:rlde. 'lbe 
percentage of carbon dioxide may ll88ume sucb large proportlonaas 
to render the diver unconsclolll!. In this condlllon, be loses bls 
equUibrlum. his mouth und DQlle fall under the water In the h•l­
met, and be readily drowna. 

It wu also tbe practice of some divers, In thla method of diY!ng. 
for the diver, when bls work on the bottom waa completed, to 
throw tbe helmet from bla bead. slmultaoeously draw hla left arm 
out of the loop of air h06e and ewlm to the aurtace. Tble pro· 
cedure Is t-ommoniy known lUI ''ducking the helmet." lt ill ex· 
tremely hazardoW!, as the rapidity oC ascent Is nry lltelr to re­
sult, It not In "bends," then In air embollam, wb1ch Is more dan­
gerous. Swimming aseeniB, In "helmet diving," except In direct 
emergency, nre absolutely forbidden. 

Helmet diving In deep water bu no advantage over diving with 
the full suit other than the comfort of the diver In tropical wa­
ters. Several fatalities have occurred to naval divers as a reeoll 
oC attempting to dive to depths tor which decompresaton Ia r. 
qoired, with the helmet and without the dlvln1r suit. AccordJncly, 
any diving by tbls method Shall be governed strictly by the In· 
struclloos of Navy Department General Order 49 of May 18. 11135 
which Is quoted In part as follows: 

"Before authorizing helmet diving tbe olllcer In charge of tbc 
work wiU aatlsfy himself tbat tbe special clrcumatnnces make tbl& 
procedure particularly desirable and that no undue hazard wUI 
be Incurred by the diver. Helmet diving to depth& lo exeeee of 
36 feet wiiJ be ronl!ldered only tor experienced divers wbo have 
been recently Pllgaged In diving. The omcer In ~barge, prl<>r to 

the lowering of tbe diver, eball eee tbat the diving air boee Ia 
looped under the diver's arm and that tbere Is no danger trcm 
tbls source oC accidentally polling the helmet from his head. 
Descents and a&-cnta 8ball be ronde on lbe descending line or 
stage. Allcents Shall be made with the helmet on and the air 
supply from the surta.ce to tb.e helmet shall be continued until 
the diver Is on deck and the belmet removed. In Jill dives In ex­
<-cs~ of :l6 feet. ascents shnll be ronde In n<X-ordan<-c wltb the do­
compreBSioo stages prescribed In the Diving Manual. ABCentJ 
from deptba ot S6 teet and le!'S may be made up the ucendlnl 
line or by stage hOisted from tbe surface at a rate not rreater 
tban 150 feet per minute. Divers should be cautioned not to hol4 
their breath but lo fret>ly v~llt Rlr trnm tho lungs during snell 
ascents." 

If the emergency Ia such as to warrant deacent by thJa method 
to depths requiring decompression, and the descent Ia eo ordH'ed 
by the officer In charge, the diver, In addition to b8 vlng the ell-r­
Ing bose properly looped under the arm. sbaU be eqoipped with 1 

maolla lite line se~ured around bJa waist. The life line ahaU not 
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be luh<'d to tbe air boee. AD manWll algnala ahall be IDllcle via 
!he lite I IDe ud not by the air hole. If lou emerpocy the diver 
bu to be hot.IA!d to the aurtace, It aball be by - of the llle 
Une lnd~ocleotlr of the air boee. Under no coodlllona •b411 
tbe htlmet be lashed or other1rbe futened to tbe wearer' a ~. 

Shallow water dlt'lng aa covered herein meaoa dl¥1or within 
the capacity of the ahallow water diving pump (Morae No. XV, 
or eqoal) wblch baa been found to be thlrty·alx (86 teet). Thla 
depth cao be exce<'ded In the cue or experienced dlnrs, pro­
•lded the nlr supply Is adequate and the detdro of the equip. 
ment permlta. AI etated lD General Order No. 49, thla &hall 
only be done by "experienced divers who hue been recently 
eopJed In dl vlq." 

lo shallow water dlvlnr. the diver's b0cl7 Ia eJrpoeed to the 
water, which p~lucles elfectl•e woe ot shallow water equipment 
lD -ao7 bot warm waters. This method of dl•wr Ia eapeclally 
ueetul In pertormlor underwater work on propellel"a, Ieveii ot 
llollllnr .-eeaelll, or for other work Ia warm waters at ahallow 
depth& Co•erlor the ~ with a layer ot pu.ae and woolen 
underwear will eomewhat alleviate the elfecta of rold water. 

Shallow water diY!or cao he performed with the aballow 
water equipment <te.crlhed lD Chapter V, the at.a.Ddard helmet 
conver ted tor "helmet" di'fltlr, or with aballow water di•lDr 
maw. Shallow water dlvlnr can be aare17 performed b7 noo­
qualllled divers, to deptha Jeea than S6 feet, but they ahall he 
lood swimmers. 

The ahallow water dl•lDr mask baa been adopted u ataodard 
equipment tor shallow dl'flog wlthiD the Navy. Thla equipment 
and method of uae II deHCrlhed lo a manual accompaoyltlg each 
outftt. The maak wpplled Ia of the VIctor Berce type, manu­
factored by the Ohio Rubber Co: Other types of lhallow water 
maw ban been dealgoed by the vartoue dl•lor actlvltletl and 
when tber ha•e been appro•ed by competent dlvltlr authority 
tbelr oae 11 authorised. Tbe8e maakl permit much more work 
to be performed by the dl•er• than the old boOO, ~~~ the divers 
tan lie down, ataod on their beads, etc., wblch with the formfr. 
the dl•er waa limited as to the poatUon he could aaaume. 

Shallow water divlnr can, llkewlae, be aat1atoctorU7 performed 
with the atandard Na'f'Y dl•ltlr helmet con•erted aa described 
abo•e, tor deep "belmct" dl•lnr. 

The metbod of uae of the lhallow dlvlor helmet le outlined 
In Chapter V, and or the face maw In manuala accomponylor 
tl•e ootftta. All ahallow water diving shall follow the precepta 
set forth lo Oeneral Order No. 49 for helmet dlvlor qnoted, In 
part, above. 1n addltloo to the practices or cood dlvtor pro­
cedure ae eet forth In this maonal, the t ollowtnr eball be obeerved: 

(1 I When ualnr th~ helmet, It shall not be tubed to the 
~. 

(2) A lifeline shall be U8ed of suitable alu (atroaJ hal­
liard, or 18 thread maolla, ta aurreated I. 

(S) A nooreturo Talve shall be U8ed wltb the face ma&ka, 
or the ataodard htlmet. If anllable, they lhoutd be uaed 
with the ahallow water dlvin& htlmet (hood). 
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{ 4) Tl•e diver 's air bose shall be Ro arranged that a ltnlD 
on the boee wlll not be transmitted direct br the helmet, 
bood, or mask. In rhe case or tbe mal!k, It Ia strapped 10 
belt, provided the belt Ia tlP.Slgn,ed for qulclt ffiea8l'. Ia 
the case ot the hetruet or hootl, It Is looped under the arm. 

( 5) Tbe lifeline and air ~~~ shall not be strapped 
to~tber. All signals shall be made on the lltellne. 

(6) Decompres&Jon, as Indicated In the approved decom­
pression tables. sball always be carried out. 

(7) The dlvel'8 shall be warned that If through acddenl 
or necessJty the mllllk. hOod, or helmet comes off and ' they 
miUit surta~ without II, U1e.l" must <'.~:hale on the war 1o 
the eurfue!tlln nrtler to ovoid olr E-mbolism. 



CHAPTER XVI 

COMPRESSED AIR ILLNESS 

• 

Compresaed-alr lllneea, otten called wcalliiiUn cllioeae" or ~ •-­
"bendll," Is a dl-ae trom wblc.b dl•era and otber workera ID 
rom~ air treqoenU7 trutfer aa a l"MUit ot Inadequate de-
rompre.lon. In tbe cue of dlnrs, It Ia mainly due to a too 
~udden reduction In p..-nre, eucb ae oblalrul on a too rapid 
lll!Cent to the 8Ul'face. Tbe dlllf'aee ntrely occ:ura unl- the prw-
sure baa exceeded 20 pounds (4!! teet of aea weter), but may 
0«'11!' atter erpoeure to 45 teet or letla II !be Ume on bottom Is 
~ery l'f'!&t. or It tbe diver ha~ been worklol exceedloal7 hard. 
The ,reater tbe pre88ure and lenltb ot e:rpoeure, the more tr.,_ 
quent and ee•ere will auacb ot tbe dl-ee reeult, unl4!11e proper 
and adequate deeompreaslon Is applied. 

The caoee oC compreued·alr lllneae Is dne to the exce88 a•s ea-. 
wblcb goes IDtn 801ullon In the blood and ti88U<'a, being liber-
ated In the form ot bubble<! tlurlna or after loallequate decom­
pression. Jn normal nlr, tbla g08 Ia cblelly nitrogen. Jn •yn· 
tbetlc air, It mar be bellum, bydrosen, or any other Inert gAif 

08ed ae a aublltltute tor nltro1en. 
Tbe blood paaalng through tho lunp will take up In s imple 

solution an amount ot JU In propartlon to the pertlal pressure 
of tbe ga- In tbe alveolar air. Aa long HI I be hPlmet •enclla­
tlon Ia adequate, the partial preeeure of rarboo dioxide In the 
alveolar air Ieoda to remalu constant. Therefore, wltb a rloe 
of atmoepberlc preeeure there Ia no IDCreMe In tbe amount of 
carbon dioxide taken up by tbe blood duriDa e:rpoeure to <'Om· 
preslled air. EYen tbouab tbe alveolu oxy,en preaaure rl-. 
the extra amount of ox11en !bat Ia thu• taken up b7 tbe bloocl 
will be IUied up by rhP tlunea 80 lbHt In the tilll!ues and In the 
•·enoua blood k'Avlnr che tl""ues. tMre will be •·ery llttlr In­
crease In tbe pan lal Pl'ftiiUrf' of nxrgen. Since, bowe•er, the 
blood pea~~lnx tbroosb lhr hroolt'l b4>rornea sa turated wltb nitro­
gen In p<Oportloo to tbe lncreucd pertlal pressure of nltroreo 
exletlnc In the alveolar air, the ti18Ul'l1 and the venous blood 
leaving tbem will berome more and more saturated wltb olin .. 
1:'!0 wltb earb round of clrcuhtrlon. With a auddenly decreaaed 
pressure (from blgh to normal ) It Ia e.-ldeut tbat at a low prea­
•ure tbe nltrolt'n In aolutloo will be llberllled, and IIU tbe caa 
In a IIOda-water bottle. foro• bubbles ; lo rbe cue of the dlv~r. 
however, ther ore formed mucb more alowly, and may rake 
aome time to locrea-e In al.ze ~uJ!Iclent to cause symptoms. The 
formation or the,.;e bubbles In compressed-air Ulnesa may be con­
sidered due to tbe partial preasure of olti'Olleo diMOived lo the 
tlaauea and blood being too mucb lo t~xcess of the e:rtternal pt8-
•ure. Bubble formation producee local or aeneral bloclt&l e of 
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the circulation or excess presl!ul'll on nerves. with the resultant 
dlatree& which ln the majority of caaes C8ll he allevla!A!d only 
by proper recompression and adequate decompresalon. 

S;rmptoms ot compresaed·alr Uluees wiU n.snally come on a few 
minutes atter an lnsdequate decompree&lon, as a role In the dret 
hour. Casea have, however, been known to he delayed 15 hours 
or longer before the onset. 

Aa compressed-air UlnesB Ia the result of llheratlou of nit~ 
bubbles In the various tissues of tb.e body, It Is evident that 
~SYmptoms wlll d epend on the amount of gaa liberated and tbe 
plncee of lodgment. The depth of tbe original dlve, the lengtb 
of exposure, the rate of IU!Cent, and the method and time of 
decompri!Mion are contributing factors. 

The formation of gas bubbles In the small blood vessels of tbe 
sJtln and tbe subcutaneona tissues caWM!S Itching and burning sen­
aatloos and a mottled llkln rash. Their formation In the tendoll8, 
fascls, bone, muaclea and nerve eodlnga eanaes mild symptoms 
evidenced by palo In the muscles. bones, Jolnta, etc. Vertigo 
and Meniere's symptoms complex, I. e., deatnesa, vertigo and 
vomiting, are caused by the liberation of gas In the Internal 
ear. Embollsm and formation of goa bubbles In tbe spinal cord 
cause perapl~lo.e and Ita concomitant symptoma. EmboU of 
the cerebral vesaela canae mooopleglae, hemlpleglae, aphaslae, 
~<en&OrJ paralytic symptoms, etc. The most eerloua ca&ell a,... 
lbOI!e presenting elgos of a.aphJ'XIa due to gas bubbles In the lung 
capillaries and right side of the beart. Since tbe air being 
breathed Is already rour-flttha nitrogen, these bubbles have no 
great tendency to dltrnae and mix with tb.e air In the lung. 

In an analysis of more than 3,500 ca&CS or comp....,..ed ·alr 
llln-. the foUowlng classltlcsUon was made: 

P-1 
1. Oases ebOwl.og palo In the varlona parts of the body _ __ 88.78 
2. Cases with pain, alao having local manifestations____ . 211 
s. Cases with palo and prostration___________ 1. 26 
4. Cases showing llymptoma referable to the central nerv· 

ous stystem: 

(o) BraiD---------- ------ - - - -·-··----·--- --- . n 
(b) Spinal cord : . 

(1) Sensory disturbances, (2) motor disturb· 
ances, (8) seoaor1 and motor disturbances... 2. 16 

:-. Cases showing vertigo (ataggersl ---------------- 5. 33 
6. Ca.9ee sbowlng dyspnea and sense of constriction In 

ebesL--------------- ·-·-- · ·-----~------ 1 . 62 
7. Cases showing partial or complete unco.osclouaneM..... . 46 

Fatal cases, of wbleb there were 20 In number, occurred In 
those cases under S, 4, and 7. 

Th-e prevention of compres..«ed-alr Illness Ia by : 
(a) Careful selection of personnel In accordance with the 

standards pre..ocrlbed In Chapter II. Physical Quallllcatlooa ot 
Divers. 

(b) Careful examination o.t divers prior to every dive, with 
special queetloDiog aa to activity for the previous U hours to 
dete.rmlne tbat there Is DO history of a lcoholism, colds, or coostlpa· 
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Uon, an4 that hlo general pbyelcal condition qua1111ea blm for 
dl'rlnc. 

(o) Beetrlcllon ot time of dive to come wllhln the opUmum 
Umil limite for otage decomprealon, and t.be erpoorore for aurtace 
decomprealon ( u Hated In the tablea ln ell. XIV, Tile Aac.'ent). 

(d) Tbe uee of proper decomprealon tablea for the depth ancl 
Ume of e%JI(Miute of the dlvt. (Cb. XIV, The A.ll«ot.) 

(e) Pennlttln1 only the mlnlm11m time on bottom wben th<! 
oatore ot the dl•IDI operation dem&Dda uceaalve Ph7Blcal 
exertloa. 

(f) AYoldanre of too rapid ucent to the dret atop. I. e., re­
strlctlnl It to 25 feet per mlnote. 
O~retul compliance with the abo•e rolea will matertally coo· 

tribute to tbe pre.entloo ot bends. It mull be oodentood, bow· 
ever, that there Is no panacea for thla dteeaee. Beprdleu ot 
precaotlona taken. comp..e-d air llloeu will occur In an lnd· 
dence of 5 pertent. Tbe only remedy Ia recomprealon. followed 
by adequate decompreoaloo, aopplemeoted aa necessary by the 
aobatltotlon ot qntbetlc atmosphere for normal air for breathlnc 
parpoleS. 

Wben &OJ' aymptoma develop wblcb are dlaguOied as com· T"'at-at. 
Preued·alr lllnef!S, tbe diver molt be Immediately placed ln the 
~mpreul?n chamber and recompreaaed. Tbe prime require­
ment In treatment Is the rapid restoration ot normal blood supply 
by compreeslon and nbtlorptlon of the obstructing raa emboli. 
The pressure should be raised to a level which Is 16 pounds 
In exceftll of the pressure at whlcb deOnlte relief trom the symp­
toms Is alrorded, and maintained at that preasure tor 30 minute& 
United tttat011 Navy eJ<perteoce baa proved that any less recom· 
pression preaaure wUI often reault In a recurrence of symptOID8 
during decompre&Bton, tbus requtrto,g further recomprealoo 
with reanltant repetition ot pi"Caaure expoenre. Tbe promptiJeas 
with which preaaurc Ia applied bas a deOolte bearln1 on tbe 
elfectlveot'IIS ot treatmeoL EYery cll'ort ebOnJd be made to avoid 
dela7. Dtve1'11 sbould be Instructed to report &OJ' 117mptoma lm· 
mediately. Dl•era should aleo be required to remain near the 
recomptea~lon chamber for 1 hour tollowtnc the completion ot 
a dl•e. Aleo they abould not remove them!elvea more than 1 
hour•• travel time tor 12 hou1'11 tollowtog a dive. 

Bellet occura In about 98 percent or ca- with leas tbao 75 
poood.s presaore. U 75 pounds alrorda oooe or Incomplete re!Jet 
(2%). t'('IIOrt aboold be made to tbe followtor procedurea, to the 
ol'tler Hated : 

1. Additional pl'e'I8Urt>. 
2. Overatay the :JO.mlonte period on atr up to 2 houra. 
3. Soblttrute 40 peffi!nt ozygeu, 60 percent air mixture aa 

breathing medium up to 2'n boura at 7li pouodL 
4. Subst1tute 40 peffi!ot o:rygfn, 60 percent bellum mtzture as 

breat~ medium up to 2'n boura at 7G pounds. 
U the mtxturee Indicated to 3 and 4 are not available, rceort 

mull be made to measure 2 olthoucb the latter Ia not the meas­
ure of choice. as the breathing mixtures are more emcactoua. 
and ahould be used It poBSible. 
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lo appl,ying additional presaure beyond 75 pounds, apply ln 
units of 15 pounds, being especially careful to note the point ot 
relief, ao that 15 poundt~ additional may be added and this pre.,_ 
sure maintained tor 30 minutes. Since abo•e 75 pounds, each 16 
pounds decreases the bobble size only about 1 percent, little 
benefit Is obtained beyond 100 pounds. U additional preasure 
Is to be of any avail, It Is usually evident lmmecllately. IA.ck· 
Jug tbla Immediate P.vldence, return should be elfected to tbe 
75-ponnd level and resort made to measuret! 2, 3, or 4. 

On air 75 pounds pressure may be maintained 2 boura or 
louger. U aDY rel.lef Is afrorded by remaining at 75 pound8. 
there Is sollldent wArranty tor maintaining tbls pre&iUre at1 

lone as relief Ia progres.atve and continuous. Tbe only danger 
ot a prolonged ataY at 75 pound" Ia oxygen poisoning and this 
1• a lesser evil tban the return of the original or gr11ver aympiOID>I 
thnt will oceur It decompression Is started before relief Is com­
plete. If 75 pouoda Ia maintained tor more than 2 bours aod 
~'Omplete relief occurs, there Is no point In further risking oxygen 
poisoning by dela)iog the short of d~'Ompresslon 00 mlnutea from 
the time of relief as Is done when relief occurs Immediately. Jt 
romplete relief Is not 888Ured, one might cautiously delay G-111 
minutes longer to Insure comrlete relief, provided no symptoDlt< 
of 0, to:rl~lty have occurred. It Is uselees to prolong tbe 75 
pounds preasure when relief renHeB to be progreaslve or If no 
relief hus occurred In 2 hours. 

Use of the Indicated mixtures greatly facilitates the treatment 
the bellum oxygen being th& morn etrectlve or the two. as lt 
reduces the ol~n pe.rtlal pressure mot'<l completely. Utlll&a­
Uoo of tbese mixtures nt this point lo treatment of usual cases 
must not be contused with the uae of OXYI!"n to termloate tbe 
avera~!" case as will be described later. Either mixture may 
&peed any relief already evident to completion or may elfec:t 
rellet where none bas occurred. They should be Immediately 
lust1tnted when additional pressure falls and the retw-n to tbe 
76-pound len•l Is made, pro,•tded, of course, they are available. 

AJl ordinary open ~lrcolt mask or lnh8lator may be used to 
Kdmlnlster the mixtures. Aa In the caae ot air, so long aa relief 
Is progresshe the mo:rlmum period of 2¥, hours may be eueeded 
nnd llkewlll'! decompretJ.<Ion need not be delayed beyond the time 
of complet& relief. In both mixtures the oxygen percental!" hu 
been lncrea.&ed to 40%-a 20% increase over the llm<lUOt usually 
found In air. Thla fa~t mar J.ncrease the likelihood of 0. 
polsunlog, but It bas been shown to be feasible nod safe for 2¥.. 
hours by n number Of teats. Some Individuals have tolerated 
tbei'C rul:xtul'ffl for 3 bours nt 71'> p. a. I. Tbe benefits derived from 
the reduced pe.rtlal pressure of nitrogen greatly outweigh the rlllk 
of oxygen poisoning. (~10 minutes of air breathing at tbe end 
of e11~b 2 honNI on either ml:xture greatly precluoles the chance 
of oxygen poisoning.) 

If addllloo:tl pre880re and use of the ml:xtures taU to elfect 
any relief, or If rellPf proceeds to a certain point and then 
a-emalns atatlonnr)', It probably Is Indicative of penoanent damage 
to eome structure caused by the bubble althOugh the latter Ia no 
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lon~r present; bowe•er, It requires prodent medical judgment 
to determine tbla tact. 

In the ordinary cue that bu been relle•ed by leae than 75 
pound& pres~nre It Ia only oeceeMry to pro.-lde adequate oleeom­
i>res81on to t'<lmplete the t rt'fttment, alter maintaining tbe preeaure 
tor 30 mtnar.es. 

Decompret~~lon abalt be eoutlocted In aceordance -with the 
following treatment tables. 

_ _... 
uo 130 

ap 10- n. n. 

tOO leol .. ·-········· .... . ... ' "lloot.. ............ .. . ... 
:IOOiooL ............ .... . . 
2-lOIOel ..... - ....... .... i4' 3001eol ···--······· • 

Air lrtol"'tnl table 

' "'· 1] 

120 II~ 100 10 10 ;o 
n. n. n. n. n. n. 

... . ... .... ... . .... .. .. .. .. . ... ... .r 7 22 "' II II 22 :II 
16 II II II 22 "' 

eo: 10 ... 30 :Ill 10 
n. n. n. n. tL tL 

'22' ·•r H " 62 Ill 
36 ., 62 18 

211 JO 36 ., 62 18 
:Ill 30 36 42 12 tl8 
311 10 36 42 6Z 611 

N'on.-Ttw nte ot ueeot betW«D tlOPJ (i'eductloa ot ~· bt1:wetn J&.ol>'l 
s.boclld a.ot uOMd 26 fftt oer mla.utt. 

The partleular table to be used depends upon the recompr0!0!8lon 
pressure used, and not upon the depth of the original dhe from 
wblcb the compreaaed·nlr Illness results. 

The recomprtlll!lon pressures, column 1 of tbe above table, In· 
erease In lnerewents of 50 teet. There will probably be many 
cues where the 15-pouud e:rcess pretillure over the pressure which 
brings deftnlte relief will fall between two ot the preacrlbed 
decomprt'881oo atoJ)Il and J)erlod•. For examt>le, It relief ocean 
at 130 teet, the add1Uonall:5 pounds pri!!Jilure would make a total 
preesure equlnlent to 168 teet. AB tbla pressure Is greater than 
150 teet, the decompreaalon prescribed tor 150 teet In tbe table 
wonld probabl7 pro•e Inadequate, and tbe decompreaaloo pre­
acrtbed for 200 feet should be used. In otber words, where the 
recompression prt'aaure used talla between any two recompreaelcm 
pressures listed In the table, decompreselon preacrlbed tor the 
higher preasure Bhonld be aaed. 

It wlll be noted tbat tbe 200-foot table required about G hours 
for completion on alt. Tbl.a lime can be materially decreued by 
lnstltutlog 100o/o or.r~n breathing tor a period ot 90 mlnntea, be­
Binnlnc at the 00-toot level. Reanlta In a considerable number ot 
~ eeem to lndlcate that In addJUon to the time e .. lng there 
Ia a more complete remo•al of the eaeea nitrogen re~~nlllng In 
more permanent cures. Tbere Ia little dan~r or tone oxy~ 
ell'ecta u the time and percentage are well wtthln the Rfe limits 
(2'1.1 ATM. for 2'1.1 boura) . The oxy~n mask Ia donned when 
the 80-!ot lnel Ia reached and continued for 90 mi.nutes. Usually 
tbe air decompreaelon schedule proceeds on time during the 9(). 

minute period. For example It tbe 150-toot table Ia Wled, oxyKen 
brealhlor Ia started u soon as tbe 00-toot level Ia reached. After 
22 minutes · ot 0. breatblnr tbe preaaure can be lowered to tbe 
ro-toot Jenl; and after 30 more minutes to tbe 46-foot level; 35 
mloute~~ more complete!! th.e 46-toot atop and the pressure can be 
lowered to 80 t eet. At the end of tbl.s Umc oxygen has been 
breathed for 87 minutes, tbus after 3 minutes at tbe ~toot lnel 
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tlle o::r;ygcn breathing period Is completed, and the pressure e2.o 
be lllowly lowered to slll'face level. Tbla aacent to the 1!111fate 
with the oxygen bn!atblng continued Is made slowly, requlrloc 
about 15 minutes from wh11tever depth tbe o::r;ygeo hrestblll( 
period terminoree. There Ia some experimental evidence to lodl· 
cate that more nitrogen Is eliminated It most of the oxygen bt'Ntb· 
log Is accomplished at the 50-foot level. Also In actual treat· 
ment, equal or better te$ults 11re obtained It the oxygen ill lnstl· 
tnted at the (!().toot level and when the proper time baa elaplll'd 
the pret18ure Is lowered to the 50-foot level and the remainder ot 
the oxygen hrellt.hlng carried ont here. In the case of the 1» 
t..at table 22 mlnntea Is spent on oxygen at 60 teet and 68 minutes 
at 50 feet AB In the above case 15 minutes Is co.n8Umed In pro­
ceeding from GO feet to the surface with the 0. mask tn plaee. 

In unusual caaea aucb as those where additional preaeure or tbe 
breathing mixtures are required to obtain relief, completion of 
the tr<!atment by adeqnote decompreaaion Ill somewhat different 
from the decompreaalon of the average case described In tbe 
preceding paragraph. 

To coml)lete the treatment In unusual cases where tbe llrst 
named procedure has been used (1. e., additional pressure), 
adequate decompression ill accomplished by reducing the pteii8Ul'e 
1 lb. per minute until the level of the first stop (140 feet) Ia 
reached on the 800-toot table. Although a minimum of only 
105 pounds, (286 teet) may have been used to secure rellet. 
this longer table (800) piDB the slow aacent provide a turtber 
margin of safety. The remainder of the decompte~Sion Is com· 
pleted on the 800-foot tshle until tbe 30-toot level Is reacbed. 
After reaching 30-toot the diver Is made as comfortable as poso 
slble by bedding, tood, coll'ee, venttlatlon of chamber, etc. 30 
teet pressure Is maintained 12- ·24 hours. Thla practice ot pro­
longed Immersion In compreaseJ air, colloquially termed "the 
uvernlght soak," baa proved to be the conclusive method of 
terminating treatment. The patient Ia permitted to 8leep and 
the bubbles have adequate time for absorption. Completion ot 
decompression utter 12-24 hours have elapsed can be made on 
the remainder of th<e SOO.toot table, (52 mloutea at 20 teet, 68 
minutes at 10 teet). 

In lnstaocea where the breatblng mixtures are used to olltalll 
relief, the decompression Is accompllahed In the same manner 
as described tor additional pressure, except that the breathing 
miXture sbonld not be discontinued until the 30-toot level Is 
reacbed. Again, 30 teet preasure on air Is maintained 12-24 
boura and the remainder of the 800-foot table used to gain the 
surface after the 12-24 boor period. 

So far, In discussing the alternative methods advocated for use 
when the usual methods fall, It has been assumed that complete 
relief will eventually occur or the remaining symptoms will be 
adjudged due to permanent damage. Some provision moat be 
made for the Instance where partial relief occurs and reaches a 
stationary point. lo this case, whether or not the remaining 
symptoms are thought to be due to perma.nent damap, descent 
Is mad.e at a rate of 1 pound per minute to the lowest level 
above 30 feet where symptoms are endurable. Here the ~ 
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aure IIUlY be ma1nta1Ded 24-48 boun. U no chance OCICUl'8 In 
thla period, 171DPtoma ue dellnitely due to permanent damap, 
and It Ia IJM'I- to continue the atay noder pre.ure. Burtaclnc 
Ill aet.'Qmpllahed oo the Jut 2 atop~~ ol 900-foot table. Natoral!z, 
It complete relief Intervenes In the 12~ hour period, the diver 
mas be nrface<l oo the remainder of the SO().foot table, whenever 
complete relief Is aJIPIIreot. 

Io addiUoo to the epeclal treatment eo far diiiCDllled there are 
a few other types of e&eetl that require special mention. The8e 
are the Cl.8et! where uncooscloWIDOIIII, pllrnlyale, or marked 
aspllyxla are the 1ymptoms. Alth.ougb tbe8e eaaea may yield 
rompletely to Ieee tbnn 711 pounds pressure, It Is probably wiser 
to ~ Immediately to 76 pounds only, noting tbe appro:rlmate 
point of relief, to lnwre that 75 pouoda Ia 15 pounda greater than 
the point of relief. It tor example relief did not occur ootll M 
poooda. aulllclent preaaure should be added to aeeure 15 pounds 
beyond the point of relief. (65 plus 14 equala 80 pound&) Tblrty 
mloutea maintenance of tbla p..-ure from the time of complete 
relfet Ia cooltdered eulllcleot. Decomp1'811on tollowa that pre­
vloWIIJ outlined. A.etent to tbe first s top on the 300 toot table 
(140 teet) being made at the rate of 1 pound per minute. Tbe 
900-foot table sebedule Is maintained until the SO-foot level Is 
reached and tbla latter preuure (80 feet) le continued 1.2-24 
bourt. Aaeeot to aurface on rema1nder of 800-toot table. 

In rare lnatances an average cue of bends may aPJlC*r to be 
•u~lly treated by the usual procedures, but with tbe lapse 
of 1-4 boors there Ia a return of the aame or a<ldlllonal sym~ 
tom& In thiA Instance pressure must be given to tbe point of 
relief piWI 15 ponoda and maintained for 30 minute.. Decom· 
p.-lon oo the appropriate table Is carried out until tbe SO-toot 
level lA gained. Maintenance of ~foot of p~sure for :12-24 
bonn will WIUilly etl'ect a permanent cure. Surtoce pret~eore Ia 
a ttal11ed on tbe Jut two alOJIII ol the 300-toot table. 

lD cue of "btow·up~ or accidental rapid BIICt>nl. or any other 
drromatance. requiring the diver to be brought lmmecllatel1 to 
the surface, e'•en though no qmptoma of compreased·alr 111n1!811 
bne developed, tbe diver should be lmmedlatcl1 recompreased. 
U a recompl'ftl!loo chAmber Ia avaUable, he should be Immediately 
placed In It, llrat removing bls helmet. weighted belt and &hoe& 
Tbe diving dress can be removed wblle lu the chamber, and while 
the preuure Is bulldlnc up. 1t there nre no aympto~U, the pres· 
sure should be rolo~d to 75 pounds, nnd he should be k~pt nt this 
pre~~1ure for 30 minutes, and U>en dl'«lmpreiiSCd In nccordnnco 
wltb tbe treatment table& In this cbapt~r. It symptoms do d~ 
velop, tbe preaaure ebonld be ral!<ed to 15 pounds In exre111 ot tile 
preaaure at wblrb dellnlte relief Ia obtained, or a minimum of 
100 teet, and held 30 minutes and decompret!Sed to accordance 
with the treatment tables. It a recompression chamber ta not 
naUabl~ the diver ebould be hurried over to tbe deaceodlng 
line. and bla valves adjusted by a tender. Tbc dl•er Ia lowered 
to the bottom and kept for 80 m1notes. At the end of this time 
the diver Ia 8Urface<l oo the treatment table& ace<>rdlng to the 
depth, 1. e., If dlnr Ia !lent back to tbe bottom after a blow·up 
In 70 teet of water, u.~e ll»toot table, llgure 1. U bottom 1.8 m 
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feet, u~~e 100-foot table, etc. lf bottom pret!Sure does not effect 
relief, the only alternative Is to keep diver on bottom as lone Aa 
relief Is progressl~e. or up to 2 hours with no relief, unless 
there Is some pro.-lslon for using the oxygen·alr M oxygen-bellum 
mixtures, In which esse tbey are used as heretofore described, 
except tbat they would bave to be fed through the diver's alr line. 

If tbe diver Is unconscious. or bls condition Is snell that be 
cannot make bls own descent, bls valves should be adjlll!ted by 
another dl.-er as he Is lowered to the bottom. 

In summary, the procedures discussed are as follows: 
I. The average case (118%) : 

(a) Immediate recompression to point of relief-Minimum 
100 feet. 

(b) Addition ot 15 poljnds excess. 
(o) Maintain pressure 80 minutes. 
(d) Adequate decompression on basis of recompreo;alou 

prestlure used. (a plDJI b) Air Tables. 
(e) Institute 0. at 60 feet and breathe 90 minutes. 
(f) Eltber allow decomprei!Slon to proceed on edledale 

or complete o, at 50 teet 
(g) Slow aseent (15 minutes to surfaee)-0, breathing 

continued. 
II. Alternate measures If 75 pounds proves partially or non· 

ettectlve. 
(a) Additional pressure: 
1. Maximum 105 pounds. 
2. Additional 15 pounds ex~s to relief pressure and malo· 

tnln SO minutes. 
8. AMent 1 pound per minute to first stop (140 feet) on 

800 foot table. 
4. Decompression on 800 foot table to 80 feet. 
5. 1.2-24 hours "soak" at SO feet. 
6. Surface on remainder 800 foot table. 
7. If additional pressure falls, return to 75 pounds an~ 
(b) 1. Maintain 75 pounds mnlmum 2 houra without 

relief or as long as relief Is contlnuou~. If mlxtnrl'S In (c) are 
not avallable. 

2. With complete or stationary partial rE'IIet ascent 1 
pound per minute to 140 feet 

3. Decompression oo 800 toot table to lo,vest endurable 
level above 80 feet. 

4. Maintain endurable level 1.2-48 hours. 
5. Surface oo remulnder 800 toot table. 
(c) It available use Instead of (b): 

L 40o/o 0~% air. 
2. 40% Oc-00'7o helium (better). 
8. Maintain 2~~ hours with no rell~f or as long as rellef 

Is continuous. 
4. With complete, none, or stat1on•11·y partial relief, decom­

pre.'ISIOo 1 pound per minute to 140 feet. 
5. SCO.toot table to 30 feet or lowest comfortable level 

above 30 teet. Keep mask on during asc~ut. 
0. 12-48 hours soak.. 
7. Surface ou 800 toot table. 
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ur. For WICOI aclowmea, J)llralysla or marked asphyxia. 
1. Immedllle recompreulon to 7:> pouncla or more to 15 

pouncla exce• point of relief. 
2. Maintain 80 mlnutee. 
3. Deeompr•ulon aa In U (o) (&) (o). 
4. Uae alternates U (11) (&) (o) It oece&aaf1. 

IV. Recurrence.: 
1. Immediate reeompreaalon to point of relief ploa 11! 

pounds. 
2. Maintain 80 mlnutH. 
3. Deeomp.- on appropriate table to 80 !eet-(l!cure 1 ). 
-1. 12-24 boun -~~ at SO feet. 
:>. Surface on remainder ot table (20 anti 10 feet atopel. 

\'. Blow·upa. 
(o) WltltoMI •vmploml: 
1. Immediate reeompre&l!lon to 7a pouml•. 1nulutaln 30 

mloule!l. 
2. Deeompret13 on appropriate tnble (ftcure 1). 
3. 0, decompreaalon !rom eo feet (90 minutes) . 
4. Slow aacent (15 mloutea) to aurfa<:e. 
(b) Wilfl 11/fttPIOffll: 

1. Immediate reeompreulon to polot of relief plus 15 
pounds. 

2. Maintain SO mlnutee. 
S. Decompression on npproprlate table ( Ocure 1). 
4 Institute 0, at 00 feet. (90 minutes) . 
5. Slow aacent to •ortace (lG minutes). 
(c) U no ebamber available: 
1. Without lfltnptom•: 

1. Set valves. 
2. Return to bottom, eray 80 mloutea. (Do not e:xcero 

lSij feet.) 
3. Decompreea on awroprlate table cncure 1). 

2. Wit" llfmploml: 
1. Set vah-return to bottom for SO minutes. (Do 

not ~"Ned lS!j feet. 1 
2. U complete relief, decompreaa ou proper table 

(ftcure 1). · 
3. If oo relief at bottom preasure, atay up to 2 boura, 

dec:ompreas approx.lmately 1 pound per minute to toweat 
t'Omtortable tuet above 80 feet and keep aa tons aa 
poestbte. Surface on remalnller ot 300-foot table (2(). and 
10.foot at ope). 

4. lt partial relief at bottom preuu..-etay as long as 
rellet Ia procreaal•e. Deeompresa approximately 1 pound 
per minute to lowest endurable level about 80 feet and 
maintain as tong ae polalbte. Surface on rest ot IJOO.toot 
tl\ble (20 and 10 foot atope) . 

Ad,lun.c:ta In treatmeDt are tbe Judlcloua tnJeeUon ot ctucose nod 
Ballne aolnUona. or ptaemR In tbe ~eYerel:F Injured patleDts to 
order to counteract tbe elfeet of hemocoucentratlon. The uae of 
adrenaline and tbe application ot warmth are additional 
me.a.sures It tbe aboek I)'Ddrome Is preeeut. 
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The posltloo of the patient's body should be recumbent since 
the site of bubble accumulation Ia ln1loenced by gravity. 
· At the present time, submarine rescne vessels, some of the sub­
marine tenders, and the Naval Torpedo Station. Keyport, WII.Bb., 
rbe Submarine Base, New London, Coon., the Submarine Base. 
Pearl Harbor, and otbers are provided with standard decom­
pression chambers socb as shown and described In cbapter XIX. 

Where decowpl'UI!llon chambers are avaUeble, tbey and their 
supplementary equipment listed below should be tested dally. 
especially It dlvtng operations are In progress. Wltblo the cbam­
ber abould be the following equipment: 

(a) A Navy type tnllulator, fttted wltb proper taceplece, witb 
bose line to oxygen connectlo'! In the cbamber. 

(b) A standard oxygen cyllnder charged wttb pure oxygen for 
breathing purposes tor Installation outalde of the chamber with 
necessary piping to the exterior ox:rgen connection ou the 
recompression cbamber. 

(c) Neceaaary cbarged bellum and oxygen cylinders, and sup­
plementary plplug llnd arrangement"- for admlnlsterlnc oxygen· 
bellum mixtures to the diver through the oxygen lnhalat<>r re­
ferred to above. 

(d) A small mattresa and blankets. 
( e) A container for bot water and towels for l18e In bot IIPPII· 

eatlona. 
(/) A Hterlle syringe und needlt'~ and a fresh bottle of 1- 1.000 

adrenalln, a stethoscope, n blood-pressure upporatus, and a stOI> 
watcb. 

(q) A copy of decompression and treatment tables. 
(h.) A cassl<>n gage lo the moo ond m('dlcal locks of · tb~ 

chamber. 
Tbe equipment listed under Item (f) Is usually available In 

the Medlcol Dcpllrtm~nt aboard ship. It need not actuull:v be 
Ntowed or maintained In lbe chamber, but should be mnde avail­
able In the chamber prior to tbe entrance of the patient. 



CHAPTER XVII 

DIVING ACCIDENTS 

Accidents which may oc:cur during dlvlog operations are listed Auld ...... 

at pbo betlcaUy aa follows : 
(o) Alr emboll8m. 
(b) Asphyxia. 
( o) Bleeding from nose and lunp. 
(d) Blowing up. 
(e) Compret!lled·alr lllneae (Coleson disease). 
(f) Drowning. 
(g) Ear palos (bleeding from the ears) . 
(~) Exhaustion. 
( i ) Fouling. 
(J) Mechanical lnNrlee from external violence. 
(A:) Oxygen poleoolng. 
(l) Squeece. 

N()'rl:. In accldeota occurring In deep water, It must be re· 
membered that while the diver ~an be brought up lll)ll)edlately 
to the llret stop or stage of decompression, he cannot be brought 
Immediately to the ourfa~ without danger of eerlol18 compreesed· 
air IUneaa unleas n ~mpreaslon ~hnmber Is available, aod the 
depth and ttm.! of erpo9ure are not greater than those prescrtbed 
as sate for surta~ decompression. (See Cb. XIV.) 

The term "alr embollam" as oiled In tbla counectlou refers to A.Ir ••kll••· 
the entrance ot air bubbles Into the left side of the heart and the 
general clreulntlon as a N!&Uit of air being forced Into the small 
blood vessels of the lunge due to n sudden ex~ss of slr preeeure 
In the lung ape~ aa compared to the air pressure In the surround· 
lng medium. The exce.t!8 preasure In the body which can be 
withstood by t11e average lndlvldunl over the pressure of the sur· 
rounding medium IB only about 'h pound per square Inch. Such 
preasul1!8 can be rapidly and greatly ex~ed by a too fast a~nt 
In water or too rapid a reduction of air pressure In the recom· 
p11.'S8Ion chamber, or by Inadvertently "holding the breath" while 
pressure IB being reduced. Under such conditions the redu~· 
ttou In the Internal preaaure In the body by even for~ explra· 
Uoo 111 lees than the decreasing prei!SUl'es of the surrounding 
medium. It Is prlmnrlly tor this reason that In Navy diving 
work rapid SJ!(!ents up the descending line, or by s tage or In 
belmet diving, "docl<lng" the helmet and swimming to the sur· 
fa~ are prohibited. Inte rnal pressures In excess of the pressure 
of the surrounding water are dangerous. Only n alight excess 
over 8 pounds per 8()U&re ln~h may rupture the lung ~aplllarlee 
while higher pro>.asuree mny result In uncon~lousoees and parlllysls 
and paaelbly death. 
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ABpb.n:la or sutrooatton of the diver may oceor due to: ( 1) 
delklenc:y or o3cygen due to bad air aupply or atoPJ!8p of air 
6Upply, (2) lncreue of carbon dioxide due to improper veotlla· 
tlon or tbe helmet or to carbon dioxide and ta!bon monoxide In 
the diving air as a reault of flashing In air compressor cylloden 
of lubricating oil, etc., aod (8) pressure on the diver's cbest from 
Improper lnllatlon of the ault tnterterlng wltb the diver's reaplra· 
tlon. 017gen deficiency will seldom occnr unless there ta a 
complete stoppage of the alr supply caused by failure of the 
pump or break In the air line. 03cygen dellcleney seldom evl­
deocee lteelt by warnl11g symptoms before uncollliCiouaneaa occure. 

Carbon dloxlde (CO,) and c&rbon monoxide (CO), from oil 
llllablng tn comprelli!Or or pump cylinders, will r&rely be en­

. countered, especially It precautions are obaerved In Wllng good oll 
ot blgh llasblng point tor lubrication. Carbon dioxide exeese 
tn tbe diver's air will usually be due to tnadequate venWation 
ot the helmet. Such exceaa ot co, Is readily I'QCOgnlr.ed by sweat· 
lng of the faceplate Aod the subjective symptoms of lncreaaed 
respiration, aweatlng. beadscbe, aod a general feeling of dis­
comfort. Tbese aymptoma occur long before unconaclousneaa, and 
death does not follow tor some time. In case ·of a short or bad 
alr supply, the diver should remain perfectly quiet, operate biB 
regulating exhauat valve, Inflate his suit and be prepared tc. 
aecend. Tbe tendera should be able to detect Inadequate veoU· 
latlon of the diver's helmet by the decrease In the number or &lr 
bubbles coming to the aurtnce and the decresaed audlb!Uty, ovPr 
the telephone, of the diver's air escaping from the helmet through 
the atr-regulntlog exhauat valve. Special consideration should be 
given to the pos.elblllty of the diver being In dtstreaa from theee 
ll)'lllptoms If he eeaaes to answer his telephone or signal after 
ealllng for more air. 

ABpb.n:Ja from aqu~• Is caused by Improper Inflation of tbe 
diving dreas. Tbls OCCUrt!, except In a ease of an accident, only 
to tnexperlenced divers who are not using a sulllclent amount of 
air to prevent the diving dress from squeezing their eheeta eo ,.,, 
to prevent adequate movement. Divers sbonld learn to remedy 
lbls fault long before they are allowed to dive to any appreclabl~ 
depth. 

It asphyxia la suspected by the tender, the dl'<er ebould be 
11tarted Immediately toward the eurfae<>. If tbe depth and tlmP 
of exposure are not greater tlutn thoae prescribed tor SnrfaN" 
Decompreaslon (~h. XIV), he may be broogltt directly to tbP 
aurtace (at a rate not In excess of 25 f~t per minute) and placed 
lo the recompreaslon chamber. It not wlthlo aucb limits, tile 
diver should be brought to the llr•t stop governing stage· de­
rowpresslon for the depth of the dlTe nod further attempta made 
to commnnleate with blm. It there Is still no l'et!J)O!l8e, the diver 
should then be brought to the mrtace (at a rate not In excesa 
of 2S feet per minute) regardlel!S of the depth and time Of 
exposure, placed In the recompression chamber and be recom­
pressed Immediately and tbeo decompre~. In D:llld caees of 
aeph.n:La thla Is all that 18 necessary bot In cases where uncoo­
sctousnesa has occurred, artificial respiration (see Drowning) 



DlVING ACCmENTS 193 

111111t be .-orted to. All treatment ahould be carried out lo tile 
reeompr.alon chamber dorlog recomp..-lon and decomprealon. 

'Il1e coodlUon of a man ~~t~lrerlog trom aspbyllla Ia UllualiJ 
lodleated by !he followloc symptoms: 

(G) RecplraUon entirely abeeot or aa Rn occasional cup. 
(b) MllliClee Ump or rigidly contracted. 
(o) Face blue or deep Ted. 
(d) Jllyes, na a rule, bloodshot. 
(e) ltapld 11r Irregular pulse or botll. 
(f) Bod7 cold and clammy. 
It must be ~membered thtll the main treatment of asphyxia 

Ill tile restoration ot on adequate aoppiJ of freth alr. If a re­
compreealon chamber Ia not available, supply tile diver with air 
ti'Om natural aourcea, I. e., open tbe helmet face plate as soon 
u be aurtacu. nnd remove the belmet and lUll aa quickly aa 
poeslble, c:urtlnt: the latter oft: If nece88&ry. Admlnlatratlon ot 
OXJ'PD wUI beaten recovery. If tile diYer Ia unconacJOWI, lay blm 
on dedt and Wll! artltlclal respiration alon1 with tbe admlnlttra· 
lion ot oxnen. Tile latter may be accompllahed with an lnba· 
lator or wltll tbe Nny standard OXYgen reecue breatblnc appe­
ratua wblcb Ill furnlllhed wltb adaptors tor tllla purpose to most 
~-~~~. On recovery from asphyxia. the diver should be cloaeiJr 
obeened for occurrence ot "bends." On occurrence of the alight· 
eat ll}'lllptoma, he should be eent down again In company wltb 
another dl .. er tor recompreaalon and decompre8slon. 

Bleedloc from tbe nose Ia usunlly cautled by too strenuous ll._.m. rroa 
efforts to clear the eara. - aaa ...... 

Bleedlnc from tbe lungs Is usually cou&ed by the errects of a 
"aqueese" or from rupture of the luo, tlaaue lncldeut to air 
embollGD. It can, however, oceur lllao u tile reault or great 
m~plratory etrorta wbeo the dJ"eSS 18 uuuauatly llat, the air aupply 
beiDC ddlcteot. Treatment ts the same u for ·•aqueHe." 

Art'ldental "blowing up" may be InJurious In varloua waya. 81: IIMwl:oc­
(o) FI'Om any deptba In excess of 7 teet (depth of water 

abon dlver'a helmet when standing erert), air emboli am may 
reaolt. Tbla Ia eaWII!d by a too rapid aacent In wblcb tbe dh·er 
Ia unable to exhaust the air In his bod)' lo ratio wltb the derrea• 
Inc external preuurea. As the average person can wltbataDd 
Internal preaaurea of only about 3 pounds per aquare lucb wlthuut 
llllory to the delicate tun, ceUs and body tlaauea. rapid aaceots 
from even very sballow depths are dangeroua. 

(b) IJ'rom any deptba In excet!<! ot 86 teet, a.u altac:k of rom. 
preseed·alr tllneas may reault. 

(o) FI'Om any depth mecbanlcal llllury mny .-esult f rom etrllt· 
log aome obJect aucll at the ahlp's aide, etc. 

(d) IJ'rom tile poulble taU back Into deep water with reaulllog 
"''Qoeeze.,. 

Blowlnc up Ia cau.sed by over-lnJiatJon of the dreee. by too 
ltrooc a pull by tile tenders, or by tbe drag of tile tide causing 
tbe diver to loee bla bold on the deacendln1 line and tlloa beln& 
awept to the mrtace. 

U a rerompre•ton chamber is available, the diver aboold be 
broolbt aboard u quickly aa po.'!Sible, placed In the chamber, 

--



194 DIVING MANUAl. 

Hlld the pre$11ure raised to 16 pounds greater than the pressure 
at which his symptoms sre relleved. He should be held at thiS 
depth 5 minutes and then decompressed on the regular treat­
ment I!Chedule. In the event of a diver blnwltlg up, recom­
preaslon and decompression must of course be Instituted even 
though no symptoms are present, In which case be Ia to be re­
compresSed to 75 pounds and decompressed on the regular treat­
ment I!Chedule. It there are symptoms, be should be taken down 
to a pressure of 15 pounds over that at which relief of symptoml! 
Is obtained. 
ll no recomprel!lllon chamber Is avaUable, bls valves should be 

regulated tor blm untU be can baodle them and be should then 
be lowered as rapidly as possible (without subjecting him to a 
squeeze) to the depth at which be was working. Be abould be 
held at this depth ao minutes and then decompresSed on the 
longest decompreasloo table listed tor that depth. 

A diver wbo baa been "blown up" should never exhaust air 
from his helmet or dress while on the surface untiJ be Is certain 
bla, tenders have eecured bold of bls lines and taken In all slack 
and be Is protected trom a taU. 

Compressed-air Ulneas Is the most frequent accldeot en· 
countered during diving operations and Is tully discussed lo 
chapter XVI. 

There are two cases on record ot drowning In diving dress 
In which the helmet became detached t rom the breastplate. Th ta 
aecldeot cannot happen I! the safety catch at the back ot a 
helmet Is properly turned down and the stop gap closed and 
pinned. Even thongb the dress Is ruptured, water cannot enter 
the helmet as long as the air pressure within the helmet Is 
maintained and the diver remains It! the erect pos!Uoo. By 
almply cloal11g the exhaust valve, air Is forced down Into the 
dress and will escape at the side ot the rent. ln case the dreaa 
~mea too full or water, It may be necessary to slip the weighted 
belt to facilitate ascent. 

In case of apparent drownlog the water should be allowed to 
drain from the mouth and trachea by llttlng the diver wlth the 
ho.ods under the abdomen so that his head hangs downward. 
Then arUilclsl respiration should be applied as soon aa possible. 
The Scbaetrer prone pressure method of artlllclal respiration 
Is the method ot choice aud should be conducted as follows: 

(1) Waste oo time. Lay the victim on his belly, with one 
arm extended over bead, the other bent at the elbow; face turned 
to the side and resting on the forearm so that the mouth and nose 
at:e tree for breathlus. Kneel, straddllng the patient's hips. 
with your knees just below hls hlp boot'S. Place your banda 
on the small of bls back. Fingers ~xte.nded over the lower rlba. 
Little linger over the laBt rib. Finger tlpe just out or your sight 
on the sides of the chest. (See pl. 87.) 

(2) Jl'lrlt mo~-ement.-Muke pressure while dellberBtely couot­
lng~e. two, three--as follows: 

With arms straight, bring your weight to bear upon the pa· 
tlent gradually and heavily but uot violently. Swing forward 
slowly. This mov~ment should t.ake lbn!e seconds. (See pl. 88.) 
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(3) Se<mod "'oeeM~.-IIA!Ieaee the pre88Ure auddenl7 by 
swl.nc1nc back quickly to the posltlon aho"" In pl.. 1!9. Beet 
wbJle deliberately eountlnc, one, two. 
~~ theee mo.-ementa trom 12 to 15 time. a minute; pres­

rure, 8 lll'CODda; 1'\lllt, 2 aeconda; eomplete reaplratton, 6 eecooo­
n"er 1- than 4 aeconda. 

(4) Oontloue artlftclal resplratlon without Interruption tor 
4 bonn unl- breathing Is restored, or until a medical omc:er bu 
declaftd further cflorts totlle. It natural breathlnJ stope alter 
temporary re«toratton. I:"CIIllme artlllclal respiration at once. 

(5) Watch caretolly for algns Indicating the return of natural 
breathlllg. Do not block feeble respiratory etrorta. Time :rour 
movement& eo that preaaure Ia exert1ld only while the p&ttent Ia 
breathlnJ out. Release preaaure ln.stanlly when he bellna to 
breathe tn. 

(6) Keep the petient warm. Give blm fresh air. Without 
lnterrupUnc re.euacltatloo moTemento, ba ve aome one etae looeen 
bla clothiDc about the neck, c.best, and wallt. 

(7) Have aome one bold the tongue out 1f It drawa back. It 
n~. run a aatet:r pin through the tongue In ordu to hold lt. 
The 11111&U puncture woood thns cauaed wiU Injure the toncoe 
lsa than clampe or forceps which equeeze and erutb lt. The 
tongue Ia more likely to cauae trouble In drowning ca.eea than In 
other forma of asphyxia. 

(8) Do not attempt to give any liquid by mouth. Ammonia 
tDaJ' be placed near the patient's noae alter determlulnc bow 
cloae It may be brought to 80mebody else'R noae without caualng 
Irritation. Do not let byatanders shut oft fresh air. 

(9) So.me one should smartly tap the patient's shoe heels with 
a atlck or hatchet handle 15 or 20 times every G minutes oottl 
respiration baa been rt'Rtored. 

(10) It tbe patient re•lves, do not allow blm to set up or to 
be rallied tor &OJ pu.,._. Keep hlm prone untU a medical olllcer 
arrl~ea. 

(11) The pron.e-presaure methOd of artlllclal reaplraUoo l!hould 
be applied b1 one who hila prnctlced on a Yolunlaf7 aobjeet. 

U the diTer wu apparently drowned at depths requlrtnc de­
compreulon. he should be placed ln the recompreaaton chamber 
and the Prt'SIUre built up to that at which be waa working. 
Artlftclal respiration 8bould tbeu be given nt that depth and 
decolllpresslon carried out for the longest table lleted tor that 
depth. 

Get wet clothes otr the patient lind wrnp hlm In blnnketa as 
100n ae po~~~~lble and keep blm warm. 

Ear palna are caused by Lnequalltles of pressure on eltber lllu ,..... 

side of the ear drum. Palo Is usually experienced while pres· 
aure ta belnl boUt up and Is due to failure of the Eustacblan 
tabes to allow air to llow through to the middle ear; thua caus· 
lnr; an Ulldue presaure on lbe onter aide of the ear drum. This 
failure to equalize properly may be due to Inex-perience on the 
part ot the dlnr, but usually Is due to the lnJiammatlon and 
IW"elllnc around the tube aesoclated with a bead eold or eore 
throat. 
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P& .. \T& 8 7.-Schaeft"er p ro nt- Prt'NUfU nw 1hod of artlftd al rett{l1r:n tlou. 

l'un SS.-St.•hacrl•·t prom~ JU't'-81!\lf (.' mrtbod or a rtiOclrtl t t"8Piratlnn . 
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Plwwre 111&1 be su.lllclent to eauae roptule of t.he drum with 
bleedinr trom the ear, or by uoee bleed u a reeolt of too atreou­
OUII dort to dear the ean. U thla OC<:Ill1l or It the pain hu been 
teTere, the diver aball report to the medical o!llcer for examlD&tlon. 

bhaoatlon oec!Ora when worl<tnr uncler comp..-cl air much 
more readily than When worlrlng at atmoepberle prs.ure and 
due allowance tor thla ebould be made In plannlnc the work the 
dl ver Ia to do. 

ll'oullog Ia caueecl by tbe dher'a llnee aJJCI hoee becomlnc eo­
tanrled with IOIIMl olletruetlon under water wbleb prevents blm 
from ueendlnr- It u.tUail1 requln!ll the aervleee of another 
diver to cleer the one fouled. lt bla llnee are fooled with the 
deeceudlnr line, It may be necessary to baul up the deecendlnl 
line with the diver. Greet care must be exerclaed In brlnglnc 
both the diver and the ~ndlacllne np at tbe same rate. Dlvel'8 
should be warned of the dangera !rom fouJIDr. When a diver 
baa become tooled and uoable to -d. death bu reeulted tram 
lbock and exbauatlou. Alao, prolonged exposnre at deep deptl11 
predl.lpoae to development of poeumonl&. 

There "-" IDilD1 nrteUe& ot medlanlcaJ JnJurlee from external 
vtole.oce and lbey caJJ for no opeclaJ comment The diver lbould 
be brourbt to the aurtaee ae eoon u deemed aare, ftrat aid applied 
aa Indicated, and the medlcaJ oll!eer notUied. 

Normal atmoapbere L'On&IJ!UI of approximately 20 percent 
oxygen and 80 percent nitrogen by .-olume. Ben~ at atmoe· 
pberlc preaaure. tbe oxygen In normal air exerta % of an at­
moepbere preuure. Normal air at 10 atmoi!Pherea preeeure, 
tberetore, would .exert 2 atmospheres oxygen preaaure. Lllcewlae, 
normal air at 1~ and 20 atmoepberea pressure would exert 8 and 4 
atmol!lberea oxygen preaure, reapeerlvely. 

Oxycen preaaurea up to 100 percent (pure oxygen at atmoe­
pberlc p..-ure) are relatively barml-. Oxygen 11 toxle at 
the blgber preeeuree. It baa been found that e•·en at atmOij)herlc 
p..-ore, be&ltbiJ wen between tbe age ot 20 and 40 yean are 
able to breathe 90 perceat oxygen for perloda not In exceaa ot 
1 hours. At certain tocreaaed preaeures and on prolon1ed breath· 
lor of It at atmoapberle pretaure, oxygen Ia Irritating to the lunp, 
produclnr *wet June" and a !orm of pneumonia. At a preaaure 
of 4 atmotpberee ee•ere convulelve eelaures are obeerved after 
oboot ~~~ minutes ot pure ox7gen Inhalation. The lint lodlcallona 
ot toxic tlr~t are ftulblnJ of the race, nauaeo, and a tlt'n!le of 
excitement or Irritability. Contraction ot the visual ftelda, bllnd­
ueu, uncooaeloume~~, and convulslone eoeue when pure ozygeo 
llllder 2 or more atmospheres Ia brealbed for a long enougb time. 

There 11 eome evidence to lndlca1e that allgbtlncreoeea of carbon 
dioxide aucb u mny be present as an Impurity lu tbe air or oxygen 
IIJpply or from failure or removal ot exhaled CO, rapidly enough 
from the dlvlnr di'HI or exceM of 00. due to overexertion on tbe 
pert of the diver lncreue the lll<ellbood of "oxyren polaontnr." 

The rnaztmom presaurea and the time wltb wblcb pure ozygen 
m., be breathed at audl pressures without detriment Ia not 
ilf4nltely known and written authority on this point 1.1 not only 
ton.lllcttnr but at variance with tbe Navy's llndlnp on the aut>-
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ject. Extensive animal and human experimental work by the 
Experimental Diving Unit bas dellnltel)' Indicated that 2.5 at­
mospheres (250 percent) of oX)'geo can be breathed without detri­
ment tor a period of ~~ hours wltb 3 boors aa a . possible IDJl.X· 

lmom limit. Considerable experimental work remains to be 
done to determine de6nttely the mu:lmum time oxygen at lower 
and blgber pressures tban 2.fi atmospheres may be breathed 
without barm. Until sucb 6ndlnga bave been concluded, It Ia 
sate to accept the consensus of exlatlng authority that the breath­
tog of pure oxygen ot from 800 to 400 pen:ent or above, depend· 
log on tbe lime breathed, may cause Irritation of the lungs, 
produce congestion, audatlon, hemorrhage, and pneumonia wltb 
the po!llllblllty of convulaton.s and death; al8o that the breatblng 
of pure o;eygeo between 100 and 800 percent wben breathed for 
periods ot time over 6 boors may cause pulmonary Involvement 
suJilctent In extreme cases to cause death without the occnuence 
ot convulsions. It abonld be remembered. however, that when 
lntrodnclng o;eygen to any breathing system, that aystem lnltlnll)' 
contains 80 percent nitrogen by \'Olume, and that the oxygen 
Introduced Ia diluted accordtosly. 

Squeeu Ia usually tbe result ot an accidental fall. Tbla has 
already been explained under the following: 

(<>) A diver deacendlog ahead of hls alr supply, I. e.. de­
ecendl.og before tbe pre!lllure wllbln the dn!!lll Ia equal to the 
water pressure without. 

(b) ltuptured hose and a leak:v IID.fety valve. 
(c) Ruptured cult ot the dress and tbe diver ratstog hls arm 

as when trying to reach Ute air regulatlog exhaust valve. 
Squeeze In tbla case Ia sllgbt, but enough to totertere with 
respiration. 

In cases of slight equeeu, the diving dress Is 11at and thus l.o· 
creased pressure Ia exerted on the Cheat because the alr wlthln tbe 
air p8>l88geS La at a relatively lower pressure than the preeaure 
wltbout. The diver thus Is forced to bre'!the against tbls extra 
pressure. The luoga only work comfortably wben the external 
and Internal lung pressure Is approximately the aame. A small 
addl!lonal external pn!!lllure materially increases the labor ot 
breathing and respiratory embarra88Dlent results to a abort 
while. Often a diver struggling up his descending line (buoyancy 
negative) under these conditions may bleed conalderably from 
tbe Junp and nose. Hemorrhage. to this case. Is uau.all)' due to 
the rupture ot small lung t"aplllarles. 

The InJury Is usually serious, and as such demands the lmJoe. 
dlate aastatance of a medical oftlcer. Get the diver to the sur· 
race as soon as Is deemed Sllfe (see Oh. XIV, The Asc:ent), re­
move the dre>IS as gently as possible, and keeping the patient In 
the recumbent position, place biro ln the recompression chamber 
at on~. Raise the pressure slowly uolll be sbows stsus of lm· 
proYement or recovers consclouauess. He should be stven OJQ'gen 
to breathe at pressure of SO pouoda or less. JuJ patient w!U 
usually be uncooactous and bleeding protuael,y trom n.ose and 
mouth, be should be kept quiet and \V&rm, and given stimulants 
together with other paliiJitlve treatment as may be neceaaary. 



DMNO ACClDilNTS 

Sqaeese can cawoe alrnoet hnmoolate deatb and extreme CIUM!8 

_hue been known where tbe dlnr haa been molded Into tbe 
helmet, 110 that It waa practically lmpoealble to remove lt. Be­
cauae ot tbe aerloumeea of this accldent, tendertl muat always 
obae"e tbe utmoet cantlon to protect tlHl dl.er trom tall1Dg. 
The ute line and air hoee ahOUid never he permitted to allp 
tbroiJib tbe banda by tbe run. U tor allJ' reuon the diver lloda 
hlmaelt lo danger of talllac. be lhould tlgnal for more air, or 
upeo wtde hla alr_,trol valve, lhrottle tbe recuJ&LioJ 1!8Cape 
nlve, and ootlfJ the turface to " Hold on." Tbe moment the 
~r Ja OYer, rereculale t.be air tO prevent "blowing Up." 

NOTK.--Tbe elfecta ot I!QOeeze are much more eeriOWI Ulan 
thoee of "blowing up." A•old bolb, but If It Ia a matter ot two 
eflb, ciiOo.e tbe latter. 
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CHAPTER XVIII 

DEEPER DIVING BY USE OF OXYGEN-HELIUM 
MIXTURES 
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SECTION L HISTORY 

The Navy baa continually sought new waya and mean~~ of 
mnbllng dlvera to di!8Celld to deeper depths wltb safety. As tar 
bnck aa 1921, It waa suggested that tbe replacement of nltrocen 
ln the normal air 811Pplled to divers wltb a lighter gaa mf&bt 
achieve tbls objective. In 1925 tbe Bureau of OonatrueUon and 
Repair began an Investigation of mixing bellum wltb OxYS8b u 
a eyotbetlc alr supply for divers, aloce bellum Is an Inert, bOb· 
toxtc, ami nonexploelve gas. By varylng the oxYgen content of 
tbe mixtures, It was thought that greater depths could be obtained 
wttboot oxygen polsoolog. It was alao thought that, alnce bellum 
Is more dlllllJ3l\ble than nitrOgen and leas soluble ln the bodJ tlaauea, 
Its use would reduce the posslbUity of the diver to contract bends 
and permit the employment of aborter decompreaalona. 

Except tor periods which bad to be devoted to other Important 
development&, these exver!menta with OxYgen·bellom mlxturee 
have been carried on by the Bureau of Construction and Bepa1r 
from 1025 to 1940 nod by the Bureau of Sblps from 1940 to the 
present Ume at the Experimental Diving Unit, Navy Yard, Waab· 
lngton, D. c. Contrary to previous expectations. the U8e of 
oxygen-bellum mixtures does not permit material redncttona In de­
compression tlme but does permit deeper dlvlog and the perform­
ance of work at such depths wltb reasonable safety. Simulated 
rleptba of l500 teet In dlvlog water tanka and 440 teet In the open 
aea have been attained by divers uslog OlQ'gen-bellum mixtures 
ne air supply. Oxygen-bellum mlxturea were D8ed almoet enttreiJ 
by tbe dlverslo tbe salvage of the U. s. S. SquGiu which auDll: In 
about 240 teet of water. 

During the years of experimentation wltb the 1J8e of these 
oxygen-hellam mixtures, a great mllDy te&U! have beeo made. 
Moat of the results bave conformed wltb preconceived theories. 
Some ba ,.e been contrary to certain r<~eognlzed principles of de· 
compression and lnttoduce a field for further Investigation. In 
general. as a result of this work It can be stated that: 

(o) The breatlllog or bellum when mixed wltb the proper 
nmount of o:eygen le harmless. 

(b) B ellum Is absorbed and given olf more rapidly In eolutloo 
In the body tissues, than Is nitrogen. 

(o) Some tissues will not absorb na large amount of bellum aa 
they will nitrogen. For example fat tissue will contain about 
seven times more nitrogen than le.an muscle tissue but on1J about 
three tlmes more bellum. 
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(d) AJJ bellum Is abeor~ more rapidly than nitrogen, some 
tluuea may take up more bellum during a given expoaure to 
pre69Ure. Bellum will all!o leaYe the tlliSUee faster. Both phases 
promote the formation of bubbles wb1cb can cause bends. While 
the ratio of tbe pressure of tbe gas within the diver's body to the 
external pressure can be 2.0 or 2.26 to 1 safely with n1trogen, this 
ratio Is about 1.7 to 1 wltb helium. Therefore, thla lower aate 
ratio of pressures wltb bellum requires the llrat decompression 
atop to be deeper than with nitrogen. Accordingly It Is desired 
to empbulu that a diver can contract bends when oalng oxygen­
bellum mixtures aa readily as wltb normal air and that decom­
preaalon In accordance with the tables herein is essential. 

(e) Oxygen and bellum muat be mixed In proper proportions 
to suit the depth ot the particular dive Involved. The oxygen 
and bellum should be obtained In separate cylinders nnd mixed 
on board as required. Oxygen concentration must be kept within 
tbe aate limits of about 2% atmospheres absolute presaure of 
pure oxygen. During decompression, the diver can be abltted to 
pure oxygen at eo feet to bnsten bellum elimination from bls body. 

(/) Apparently divers are more mentally alert when breathing 
osygen-hellum mixtures under pressure than when breathing 
normal a lr. The sense of depth commonly e:rperlenred when 
breathing the latte. Is much redUl'ed. Also they work consider­
ably harder and for longer periods, although this latter condltlon 
may be due to some extent to the better ventilation of the helmet 
with Its resultant Improved oxygen supply and decrease of carbon 
dioxide. 

(q) Tbe adY8ntaift!8 of using OJ:Ygen-hellum matures In lieu 
ot normal air are applicable mulnly to diving In depths In excess 
of 1110 teet. For the shallower depths, the time saved In deeom­
presalon and Improved physiological reactions are not con•· 
meo.surate with the elaborate special equipment which bas to be 
pro'f'lded. Consequently, this equipment Ill turnlsbed only to 
submarine rescue vessels and to aucb submarine tenders that have 
taclliUes tor carrying out deep submarine rescue and salvage 
opera tiona. 

(A) Helium coodurt$ beat much more rapidly than alr. When 
di'V!ng with oxygen·bellurn mixtures, the beat Is transferred trom 
tbe di'fer's body so rapidly that special provisions must be mode 
to keep him from becoming chilled. Specially designed electrleo.lly 
heated underwear developed tor tbls purpose contributes to hi~ 
comfort when worn lu water ot less than 60" F. 

(I) When using oxygen-bellum mixtures t or diving, It Is neees­
aary that an adequate recirculating 8)'$tem be provided In order to 
recover and conserve the bellum. An ~t!ldent purifier tor remov­
Ing the CO. ordinarily generated In the helmet Is essential as a 
Pflrt of tbla system. ln tbe Navy's work th'ls Is accomplished by 
modl11catlon of the COII'fentlonal helmets. 

SECI'ION U. DECOMPRESSION 

Tbe characteristics of decompression with oxygen-bellum mi.I.­
turea are dlft'erent from those of air. With tbe former a larger 
volume of psIs concentrated In the taster saturntlng parts ot tbe 

160024--t3---H 
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DIVING MANUAL 

bOdy, and the rapid dl.lrwllon of gas from one part of the body to 
another on reduction of pressure requires the keeping of the 
body at blsb preaaoree for a longer time during the primary 
period of deoompreaaton. Al&o the normal procedure for decom­
preaelon otter an oxygen-bellum dive Ia to baTe the diver breathe 
pure ox)·gen beginning at the 00-foot atop_ Since pure o:cypo 
should not be used at depth& greater than 80 feet, the deoompree-­
slon must be made on a:cygen-llellum mixtures up to that point. In 
case of nece881ty, however, the diver can be decompresaed oo 
o:cygen-llellum mixture throughout, or shifted to compreaaed 11lr, 
subJect to separate and distinct procedure for uae In these two 
caaea. In ahl.ttlng to comprel!lled air, however, It ha.a been found 
that the human bOdy cannot stood a direct change from bellum 
to nltroceo at depths beyond 6 atmospheres' preaaure without dill· 
comfort unless the air Ia supplied gradually at an lncreaee In 
volume of about 8 percent per minute. In actual practice gradual 
ehlft from bellum to air Is accompllabed through uae of the 
rectrcolatton system for 20 minutes of decompression time. Tbe 
oxygen·bellum deoompreaslon tablea which follow are accordlncJy 
clflfereot from those naed for ordinary compreased air dlYlnC­
Tite tables are aomewbat compUcated bot at this time further 
slmp!Uicat.lon has been Impracticable due to the many factors 
and conditions alfecllng the decompreaalon. 

To prevent Initial formation of bubbles lo the dlver'a body 
uoder dllferent conditions of exposure to bellum under preaaure, 
the proper rate of ascent must be obeerved up to the llrst de­
compre.ll8lon stop. Tbe rate of ascent varlea with the depth of 
the dive and Ita duration. Tbe approved procedure for decom­
preaslon wlt.b oxygen-bellum mixtures Ia as follows: 

(4) Take percentage of oxygen breathed by divers and the 
depth. Based on these factors obtain proper rate of ascent from 
table I. 

(b) Tnke dt'ptb of dive and percentage of oxygeo used by dl'rer . 
.Rased on these factors lind trom table JI the partial pret18ore 
oC bellum In tl88Uea moat completely saturated. 

(c) Take time of dive from beginning of descent to beginning 
of ascent. 

( d) With partial pressure obtained from table n and time 
ot dive lind depth and time for decompression stops In table m. 

(e) Bring diver to llrat atop at rate of ascent preecrlbed to 
ra.ble 1. Wben diver reaches 60-foot atop, shift blm to pure 
oxygen and order blm to "ventilate" to remove bellum from bla 
bOse and dret!8. Tbla will require about 25 cubic feet of pore 
oxygen. A!ter ventilating, order diver to "clrculate." The cbange 
In the sound of the diver's voice over the telephone doe to the 
cMnge to the density of the gas be 18 breathing l.a an excellent 
Indication ot the etrectlveness of the ventllatl!)n. Continue the 
supply of pure oxrgen to the end of the decompreaalon. 

In coae It becomes necessary to recompreaa a diver for bend& 
after be baa Inhaled pure oxygen during bla decompression, oxygen 
should be odmlniotered wltb care. Under such conditions the 
dl•er may exhibit abnormal susceptibility to oxysen polaonlng. 
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In declditJ& the ox:rceu concentnltlon of the oxygen-bellum mix­
ture to be ulled tor divers, care should be exercised to Insure .that 
the maximum concentration does not exceed 2¥.. atmosphere& 
(abeolute) of pure oxyge.n at the depths of the dive oud that 
the minimum In all caaee Ia BU111clent to Insure enough ox:rgen 
t" meet the diver's requirements under all conditions ot d_,t, 
work on the bottom, and aaceot. A minimum of liS percent bas 
been the practice to tralnlng. 

TABU: I.-Rate o( a4cent '" feet per minute 

Ox-ypn perceol. 

w 16 ~ u ~ ~ ~ u 110 

- ---'---1-----
10 10 10 ~ 21:1 30 30 40 00 7~ 

100 10 30 30 ~ 00 76 .... 4 ••• . .. . 
110 10 30 ~ 110 76 .... .. .. . . . - ---. 
~ 10 40 110 76 ... ---- . -·. -. -- ----:110 :10 00 n .. .... .. . ... 
100 110 110 76 .... . ... .. ·-
:160 30 n .. -- R8t.a; ieei ·pet Diinli&e' . ... 400 30 76 .... ---. 
tiO ~ 76 .. .. ···- .... -... .... ·-.. . ... 
000 ~ 7$ -·------ -... . --· . --. -.. - ----
610 10 76 -·-----. -... . .. .... . . ·- . ·· -
1100 10 76 .... . .. . .... ·-.. ... . .... . ... 

Non.-76 teet per minute lJ \be maximum pncUetl rate. 
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TABLE Il.-HeHum-o.,l!om-lable of parltal pnJuur-.fO lo 600 
teel 

Perctnlale oC oxneo wtd 
Depth 

13 IS 17 IV 21 23 26 30 3A 40 .a 10 155 --1-------1-----------
40 ........... (15 &4 62 61 60 M AO ''ii)' ''56' ···- ..... ..... . .... 
60 ••• •••• .••• 74 72 71 611 611 &e &4 .. M. " 63: ..... . .. -·· 110 .. ......... 83 81 70 78 76 74 72 &7 83 "ai' . --.. 
10 • . •. •.•.••• 92 00 88 86 84 82 80 16 611 &4 60 ---ii 80 ........... 101 go 96 .. 92 00 87 82 70 71 OS 60 
00 ...... ..... 110 10'7 lOS 103 100 gs ~ 611 &'I 77 71 04 1111 
100 .. .... .... "" 110 113 Ill lOR 106 103 96 00 sa 78 70 a 
110 ......... . 128 124 121 119 116 113 110 103 97 69 82 76 
120 .......... 136 133 ISO 127 124 121 118 110 103 05 87 80 
130 .... ... ... 146 142 130 136 132 1211 120 118 I OU 101 li3 80 ··--140 .......... IM 161 147 144 140 137 133 126 110 107 w 
ISO ......... 183 169 166 162 148 145 '" 132 123 114 lOt 
100 .. . ....... 17Z 108 Ill< 100 167 163 14B 130 I :IV 120 
170 .......... 181 177 173 169 16.S 1110 166 146 136 1:115 
180 .......... 100 11!6 )gl 177 173 1611 164 IM 143 
100 .......... ... . .. 100 186 181 176 172 161 1110 
200 .... ...... 208 roa Iii! 104 189 184 186 108 166 
210 .......... 216 212 207 202 197 192 187 176 
220 ..... .... 22.\ 220 215 210 203 200 1~ 183 
:l:JIL . 234 2'lll 224 2111 213 208 203 100 
240 .... :.:::: 243 238 232 2'l7 22Z 216 211 107 
260 ........ 262 247 2<1 236 230 224 218 
260 .......... 261 266 249 243 237 231 22> 
270 ... .. ..... 270 :16< 268 262 246 240 233 
280 ..... 280 m 2117 :160 2.1.1 247 241 
2110 .... .. :.:: 2!18 2111 276 268 262 2.1.-1 249 
300 ..... m 290 2113 277 270 2113 2S7 
310 ...... : .. . 300 299 m 21>6 278 271 
320 .......... 314 307 300 2113 286 279 
330 .. 323 316 3011 302 204 287 
340 ... .. ::::: a:l2 326 317 310 303 206 
360 . .. .. .... a<i 334 326 31~ 311 303 
300 ... 360 343 3M 327 319 
370 . . .. ~::::: 3611 361 343 336 327 
380 .......... 008 3.19 3M 343 334 
390 .......... 377 363 :100 351 
400 .......... 386 377 386 359 
410.. ........ m 31!6 377 :168 
420 ......... 403 394 386 376 
430 ...• 412 403 304 3M 
440 . . ... ::::: 421 41~ 4U3 
~00 ...... .... 430 420 "g 460 .... . 439 429 41 
~iO .•. .•.•.. 44$ 43>1 42>1 
480 ..... .. ·~1 4.fi m 
4i!il0 •• • • 400 456 446 
6110 ..... :::: 4i~ 4tH 
510 •• . . ... .... .:3 
5:111 ... . --- 411! <>tl 
630 . -·· ~ 4112 ""' . :: .... AJI soo 
l>i>IL. ..... 620 600 
000. 529 518 
~;o ... ::.:::: .138 621 
.lllO .. ........ MS ......... 
000 ...... :::: 

~7 
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1. Obtain po,rtlal pressure from table II. 
2. Time of d l\'e Ia t rom Ume diver atatta down until beginniJlg 

of IUICeDt. . 
S. When diver reaches 60-toot atop. or 1!0-!oot atop wbeo 111111 

atop Ia at 50 teet, shift to pure oxYgen and have diver "ventilate" 
with 25 cubic teet ot pure oxygen to remove bellum from dress 
aod bose. Finish decompreS!llon with diver breathing pure o:ugen. 

'l'.uuz Ill.-De_compreuion lalllea 

hrtlll Tlmeol Stopo. Tlmo Pvtlal T ime o1 Stop" Time 
to Tow to Total """"'" dive Ia 10 DBt time p....,. din La 40 .... lime (f .. t) mlnotta le<t stop u .. tl mlnut• r .. t stop 
--

10 0 2 2 10 8 2 8 
2l 0 2 2 20 21 2 23 
30 0 2 2 30 32 2 34 

eo ....... 40 0 • 2 2 40 41 2 43 
S) 4 I 4 eo 57 2 1!0 
80 7 I 8 uo ..... 80 fill 2 71 

100 10 I II 100 'Ill 2 78 
120 12 I 13 1:11) 81 2 83 

I 10 0 2 2 140 84 2 118 
20 6 I 8 160 ~ 2 87 
30 8 I 9 180 86 2 88 
40 10 l 11 200 81 2 ae 

111----- eo 16 I 16 ( 10 8 2 JO 
80 21 l 22 :10 21 2 ~ 100 215 I 27 30 38 2 

120 29 I 30 40 43 2 60 
140 21 I 32 1!0 65 2 67 
180 32 . I 33 120 ...... 80 78 2 Ill 
10 4 I 5 IJIO 86 2 88 
20 9 I 10 120 91 2 V3 
30 14 I 16 140 94 2 ea 
40 18 I 19 JtiO 95 2 97 

at ...... 80 26 I 27 180 07 2 w 
80 34 I 3.1 200 G8 2 100 

100 42 I 43 10 9 2 It 
120 "' I 47 20 31 l 33 
140 48 I 49 30 44 2 "' 180 49 I 50 40 68 2 16 
10 6 2 7 00 76 2 77 
20 13 2 15 I 80 88 2 80 ao 19 2 21 130 .. .... 100 95 2 G7 
to 26 2 27 120 100 2 102 eo 38 2 38 140 103 2 106 

IIIL ..... 80 48 2 48 1110 lOS 2 107 
100 116 2 67 180 108 2 108 
I :Ill I!Q 2 61 200 107 2 109 
140 81 2 63 2Z 108 2 110 
11!0 ~ 2 84 10 10 2 12 
180 2 65 20 34 2 36 
10 8 2 8 30 !.0 2 52 
20 l7 2 19 40 63 2 fi5 
30 215 2 28 60 63 2 85 
to 33 2 3.1 80 Q6 2 98 eo 48 2 48 140 ...... 100 104 2 108 

100 ...... 80 57 2 w 120 109 2 Ill 
100 85 2 07 140 Ill 2 113 
120 70 2 ~ , 100 113 2 116 
140 T.i 2 180 liS 2 117 
1110 " 2 7ll 200 II& 2 118 
180 75 2 

~ I 220 117 2 119 
200 7n 2 
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T ABT.& m.-Decompre~&l<m table•-contlnurd 

Partial Time of StoP> (mlnulu) Time to 
~ ......... dh1&1D nnt Tolal 

Ume 
(feotl millutoo 8lfoot roreet 60fetl oor .. t II<>P 

10 ... .... .. . . ·-· .. --- ............ 10 3 13 
Ill ······--· .. -·. ····- -----~---

3G 3 3t 
30 ··-- ···· .. .......... · · ·•·· ·io· 66 3 5 
40 .......... .......... 81 3 74 
1!0 .... -----. . . . . . . . .. . 10 81 3 ... 
80 --~······ 

.......... 10 ... 3 107 
~ ......... 100 ..... -~-- - ·- . . --. ---· . 10 101 a 114 

110 ... ·-. --·. ----······ 10 toe 3 110 
140 . . . . . . ... . ...... ---. 10 lOll 3 122 
11!0 ........ · - ....... -·. 10 111 3 l:M 
180 . . . . . . ---- .......... 10 Ill a 1:111 
200 .......... ..... ·---- 10 114 3 127 
230 .......... ..... .. --- 10 114 3 127 
240 .... ... --- ... -- -· ... 10 116 3 128 
10 ·····- -~-

.......... ..... .. io· 21 3 24 
Ill ........... ····--·--· Sf 3 47 
30 .. -· ..... --·-····-· · 10 64 3 87 
40 -- -·-···· -.. -....... 10 68 3 82 
1!0 ......... . . -....... 10 91 3 104 
80 ···· · ·--· - ······ ···- 10 102 3 115 

11!0 ......... 100 .......... . ........ ~ 10 108 3 121 
1111 . ... . ·---~ .......... 10 113 3 128 
140 .. .. ...... .......... 10 116 3 128 
11!0 . ... ...... .......... 10 118 3 121 
180 ..... ..... .......... 10 117 3 130 
2lO . . .. . ..... -......... 12 117 3 132 
210 ---·---·· ....... -·. 14 117 3 134 
240 .............. . ······· .. 15 117 3 136 

10 .... . .. . .. .......... 10 18 3 20 
20 .......... ... ....... 10 38 • 61 
30 ....... ... .......... 10 61 3 74 
40 ..... ..... " " ""1' 10 76 3 88 
1!0 ......... 10 94 a 114 
80 ... ······· 1 10 J(}j) a 128 

170 .• .•••• .• 100 . . ........ 7 10 113 a 1113 
110 ·--··-··· 7 10 117 8 137 
140 ........ 8 13 U7 3 141 
1&1 .......... 10 14 117 a 144 
1110 ...... . ..... 12 u U7 3 147 
200 ......... . 13 14 117 3 148 . ~ u IS 117 3 149 . ......... 
240 . -... ---·. IS 15 117 3 100 
10 ...... -··· 7 10 HI 3 30 
Ill .......... 7 10 43 3 83 
30 ·-·--- ---- 7 10 tH 3 84 
40 .......... 7 10 80 • 100 
1!0 .. ...... .. 7 10 101 3 121 
8(1 ...... T 0 10 110 3 132 

180 .... 100 6 12 117 3 144 .... 110 7 0 13 117 8 149 
140 7 II u 117 3 1112 
160 7 u 15 117 3 166 
180 1 17 15 117 s 168 
200 7 10 u 117 3 181 
220 1 21 14 117 3 ISl 
240 1 23 16 Hi a 18& 
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P.nlal Stopo (mlnulot) T'-- Tllne •• Total ...,., otdlvt llrlt lime 
(/tel) IOO!oet g(ifoet 80 l'eot 10 l'eot eoreet &Oioet otop 

- --
10 .. •..• --- . -- ... -. - ... . ... . 7 10 21 • 42 
20 ·---- ~ ·· ·--·~ .... -·-· 1 10 48 4 70 
30 .. .... .. . ... .. .. ..... .,. 1 10 70 • 81 
40 -· ------ --... -·. 0 10 87 • 108 
eo ...... ~- ---· ··---· .. 7 6 10 103 • I :Ill 
80 . ~--···· ........ 7 9 10 116 • 146 

110.. ••. 100 ---·--·· -~ · -·· · 7 IJ II 111 • 16:1 
120 ····-- ·· . ·· -· ... 7 17 11 117 • IM 
140 ........ .......... 9 18 14 117 • 153 
1110 ----.... -······· II 20 16 111 • 181 
lBO -- ...... ··-· .... 16 21 16 111 • 170 
200 ... . .... .. .... . ... .. 22 16 117 • 172 
220 - --- --- ........ 16 23 16 117 • m 
:140 ........ . .. ---· 16 23 15 117 • 175 

10 ........ .. ....... .... ··;· 1 10 24 4 46 
20 -... --- . .. ... . .. 0 10 6& • 7e 
ao ... --- .. ---- .. .. 7 0 10 '' • 95 
40 ........ ----.... 1 • 10 91 • 110 
eo -- ...... ..... T 7 9 10 109 • 138 
eo ........ I 13 12 116 • 164 

'200 •••• • 100 -· ...... ' • 16 .. 117 • 184 
120 . . ----.. 1 8 20 16 117 • 171 
140 ... ··-·· 7 II 21 16 111 • 176 
1110 ........ 1 u :13 16 117 • 181 
lBO ........ 1 17 :13 16 117 • 183 

:JCIO ........ 7 18 23 16 111 • 184 
220 ... ... .. 7 20 23 16 117 • 186 
:140 ---..... 8 20 23 16 117 • 187 

10 ... ·---- ··--·-· · 7 0 10 27 • 46 
20 .. . . .. ·- 7 0 10 61 • 711 
10 -· ...... 7 0 3 10 79 • 103 
40 -· ...... 7 0 7 10 1M • 122 
110 . ·- ·-- .. 7 • 10 10 110 • 146 
110 ........ 1 8 .. 12 Ill • 1112 

210 ••• _ 100 --...... 7 12 17 .. 117 4 171 
120 ..... --- 8 ~~ 21 16 111 • 180 
110 ··-----· 10 11 21 16 117 • 184 
1110 .. . -.... 12 17 22 15 117 • 1117 
180 ..... -.. 14 18 22 16 117 • 180 
200 .... --.. 10 18 2a 16 117 • un 
220 -· ...... 17 18 liS 16 Ill • JIM 
240 --...... 18 20 23 16 117 • 1116 

10 .. ----· . 7 0 10 29 • 60 
20 ........ l 0 I 10 62 • 84 
10 -------- 7 0 0 10 84 • Ill 
40 ······r 7 3 0 10 "' • 131 
110 0 g II II 113 • 155 
eo 7 a II 16 13 117 • 170 

:ao. ···- 100 7 6 H 17 16 117 • 180 
uo l 8 18 23 16 Ill • . 102 
140 7 II 18 23 16 ll7 • 19.\ 
1110 7 .. 19 liS IS 111 • 188 
110 7 16 20 23 15 117 • 201 
200 7 16 20 23 16 u; • 202 
220 • 17 20 23 16 117 • 204 
240 8 18 20 23 16 111 • 207 
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T":"'JIJ IIL-DeootnJif'UIIO!l labTu---()ontlnued 

Partial 
8topo (mmula) 

~-Tlmaof 'Nil 
"<=r din 120 110 100 00 80 70 80 80 

.. tlllft 1101> 
ffot fOot ,..t feet , .. , ,.., , .. , ,.., 

- - -- ------------
10 ...... . .. · ·- ------ 7 0 10 l1 • • 20 ------ ... --- .. ---- 7 0 a 10 811 • .. 
30 ......... 0 •• • • • •.•• 7" 7 2 4 10 87 • Ill 
80 .. ....._ . ...... 0 ~ • 10 102 • .. 
eo --~- ·-· -.. 7 ' 0 12 11 11( • Ill 
80 ...... .. . ... 7 8 12 17 u 117 • Ill 

ZIO ••••• 100 --.... .. . ... 7 12 16 20 ta 117 • IIC 
120 ------····- 8 u tO ll) 16 117 • .. 
140 .......... ···-r 10 ta 20 23 16 117 • -180 ....... a 18 20 2a ta 117 • 111 
180 -- -- -- 7 7 10 20 ll) 16 117 • 111 
!lOO - - ~--

7 0 10 20 23 16 117 • .. 
ZIO ....... 7 11 10 20 23 t a 117 • ., 
:110 ·-.... 7 13 IG 20 23 16 117 • Ill 

10 ----- ... ---... -r 7 0 0 10 36 • • 20 ...... ___ .. 
0 I • 10 71 • 11 

30 ·- ·-· ····;· 7 0 a 7 10 110 • .. 
40 -·-···· 0 a 7 0 10 108 • 10 
eo ···--·· 7 0 8 10 11 11 116 • .. 
80 .... .. 1 3 10 .. 18 .. 117 • 111 

240 •• ; · · 100 ------ 7 a 12 17 23 16 117 • Ill 
120 ·--·· 7 7 1a 10 Z! 16 IL7 • -140 .. .. .. 7 II Ia 20 2! 16 117 • 113 
180 ------ 7 13 10 20 23 16 117 • lU 
180 ... ... 8 16 19 20 23 16 117 • Ill 
200 .... .. 8 17 10 20 ll) 16 117 • = 220 .... · - g 17 I ll" 20 ;Ia 16 117 • ~0 --.... 11 17 .. 20 23 16 117 • -10 .... ... ... . ... 7 0 0 I 10 • • II 
20 .. .. .. ···;· 7 0 I a 10 73 • .. 
30 -----. 0 • a a 10 116 • Ill 
<0 ··-· .. 7 0 a 8 9 10 108 • 1 .. 
eo ...... 7 I 8 II .. 12 117 • 11f 
80 -----. 7 7 11 Ia 18 15 117 • Ill 

m ..... 100 ...T 7 10 H 10 23 16 117 • • 120 3 12 17 19 23 16 117 • Jlf 
140 7 I 16 18 IG 23 16 117 • Ill 
IGO 7 7 Ia IG IG 23 16 117 • • 180 7 0 17 10 20 23 16 117 • Ill 
200 7 II 17 IG 20 23 16 117 ( • 2:10 7 12 17 IG 20 Zl 16 1l1 • .. 
:110 7 13 17 10 20 Zl 16 117 • • 10 --.... 7 0 0 2 10 . , • .. 
20 ...... 7 0 0 3 7 10 77 • .. 
liO .. .. .. 7 0 • 6 8 10 07 4 Ill 
40 7 2 a g 0 10 100 ' Ul 
60 ; 0 7 0 12 Ia 13 liS ' 1M 
80 1 3 0 13 u 21 16 117 • r. 260 • .• -

100 7 G II .. 10 Zl 15 117 4 
120 7 8 13 IG 20 23 15 117 ' -ItO 7 II 16 IG 20 Zl 15 117 ' • 11!0 8 13 17 19 20 Zl 16 117 ' • 180 0 " 17 10 20 23 16 117 ' • 200 10 16 17 10 20 Zl 16 117 • .. 
220 II 16 17 19 20 23 15 117 ' Ill 
240 13 Ia 17 10 20 23 16 117 • .. 
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TAllL& rll .-Decampre,~iOII /ubln-<'••o l·inued 

Slops (mtnu~) 

--------1·-i--1--1·-·l--l--l--i---l-- ----
110 

1'0 ao 
.0 
~ 
liO 

100 m._,_ 1'10 
110 
100 
lliO 
200 
220 
240 
10 
20 
30 
-4(1 
~ 
8(1 

100 
120 
I«< 

.. ... .. . .. .. - '7' 
--~-· -·-- -·· · - 7 
..... ...• --··· 1 

::::~ ::::: "''j ' 
7 
1 
7 
1 
7 
1 
1 

·-r 

7 
2 • 6 
7 
0 
II 
13 
1.& 

100 -··-· - ... 

:::: '''j' 
1 
0 
0 
3 
6 
8 

10 
13 

7 
7 
1 
7 
7 
8 
G 

10 
12 
14 

11'0 ....... . " I~ 200 ··­
Zll " I. 210 
'10 
20 
30 
<0 
00 
AO 

100 ?Af ... _ 1:11 
Ito 
lf.O 
ISO 
200 
220 
ij 

20 

II i 
100 m .,.,l t1U 
110 
rro 
18o 
3XJ 

~ 

:·:·· ··--- ••.. • 7 

··-- .. :: -~r o 
... ... 7 0 

-.. :I ·T 
.. . i 

.. .. ~ 

7 
7 
7 

~ . 
1 

7 • 
0 7 
2 G 
< II 
6 1'1 
8 ll 

10 l it 
12 15 
13 ll 
H 14 
. 7. 
1 
1 
0 
2 
; 
~ 
g 

13 
IU 

" .. 
" 

1 
0 
0 
0 
G 
s 

IO 
II .. 
I~ 
16 
)l, 
16 
16 

0 
0 
3 a 
G 

II 

" 10 
18 
16 
15 
15 
7 
0 
0 
2 
5 
a 
" " ID 
18 
16 
10 
10 
16 

0 
1 • 6 
0 
II 
13 
10 
16 
IG 
16 
16 
16 
0 
0 
2 
6 
7 

0 
0 
~ 
3 
7 

10 
13 .. 
16 
17 
17 
17 
17 
17 
0 
0 
3 
6 
8 
II 
IJI 
IG 
17 
17 
17 
17 
17 
17 
0 
0 
6 
0 
8 

" 1$ 
18 
17 
17 
17 
17 
17 

1~ 
1 
6 
7 
0 

JO l !t 
12 15 
16 L;" 
1& 11" 
15 I 17 Hl 17 
lC 17 
J6 Jj 
J~ 11 

0 0 
2 • 
6 a 
8 0 

10 14 
13 J:' 
IG 110 
I~ 20 
10 !!0 
19 1'0 
IU 20 
10 !!0 
IG 20 
I. 20 
0 1 
2 G 
0 6 
8 8 

10 " 14 l1 
15 20 
IG Ill 
Hi ::0 
ID 20 
10 :10 
10 :oJ 
IG 20 

'" 20 0 2 
• 5 
6 0 
8 0 
I~ u; 
lli 11 
17 ~ 
ID 20 
ID :oJ 
ID 20 
ID 20 
Ul t.'O 
10 20 
ID 20 
0 3 
0 0 
6 G 
s u 

12 u 
10 10 
IU ~ 
1u 20 
10 ~ 
ID 20 
1D 20 
10 20 
IQ ~\1 
ro I w 

'---'--
1 Tska 1 UltA minute lri'Un nm ihH' to llll.ll litUClo 

4 10 44 
0 10 60 
D 10 100 

10 10 110 
ld 13 117 
23 16 117 
2il lA U7 
23 16 117 
23 u 111 
:tt 16 117 
Zl 16 117 
23 lA 117 
23 16 117 
:rJ 1s 1n 
3 tO •t 
6 10 1!4 
~ IQ 104 

a u 113 
18 I< llO 
23 16 117 
Zl I$ 117 
%1 I$ 117 
23 16 Jl7 
%1 16 111 
XI U 117 
23 · 16 IIi 
23 16 117 
1.13 16 117 
3 10 <0 
i' 10 so 
u 10 10$ 
J~ II lit 
18 14 117 
23 lA 117 
23 16 117 
Zl I$ 117 
23 l6 111 
Zl 16 117 
23 16 117 
%1 I$ 117 
::3 16 117 za 1& 111 
3 10 $2 
c 10 91 
9 10 100 

13 12 111 
:ll) 16 Ill 
:Ia 10 117 
2:1 I~ 117 
Zl 1(, IJ1 
XI 1~ 117 
23 lA JJ7 
ZJ Hi 117 
2a Iff lli :.n u, a; 
23 If• IIi 

• • • • • • • • • • 4 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 6 
6 
6 
6 
b 
6 
n 
~ 
~ 
6 
6 
5 
5 
6 
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TABLI: m.-Dcoompreulon table.t-Contlnu<d 

f Stops (miiiUI .. ) 

l~ • ~ 
j :;; 

0 ~ :-a-
~ 

j i l i J j l j ~ i l l l ii .. .. ~ !! ~ ~ ~ B ~ § 8 fil P- 8 6l 
- - - - - - - - - - - - - -
110 .... .... ··-- ... . .. 7 0 0 I ~ a :~ 14 ~ .... . . . . ... 7 0 0 s 6 e • 30 •••• . . .... 7 0 0 6 6 7 

1\ 
9 tO !~ 

40 •••• 7 0 ; 6 8 8 IJ l! ~!! 80 • •• • . .. . .. 7 3 7 10 :~ 17 
~ 117 

80 ••.• .. -· 7 0 6 v 11 12 19 23 16 117 

:no ... ........ 100 . . -- .... 7 I 9 10 14 17 ii ~ 23 16 117 
120 -.-- . --. 7 4 II 12 14 17 23 I 117 
140 .... .. 7 6 12 16 16 17 ii lWl 23 I 117 
180 ... . .. . 7 8 14 16 16 11 li 20 23 I 117 
180 7 \0 14 16 16 17 :II 23 I 117 
:110 ···- ... ! 12 14 16 16 17 IV :II :13 I 117 

~ 
13 I< 1; 16 17 19 20 23 1 117 

i 13 14 16 16 11 19 20 23 16 117 
7 0 0 0 I 3 l~ 67 t20 .... .... 

-~--
7 0 0 I 4 ; 6 7 IH 

:tO •.•• --- . .. .. 7 0 2 • ~ 8 II :~ 110 
40 • • •• .... 7 0 I 4 6 li 12 II 117 
00 •. •. . ·-- 7 0 6 6 9 It 17 :II il 117 
80 ••• • ---. 7 3 7 9 It 13 17 20 :13 I 117 

m ...... _. 100 . .. --·· 7 6 v II 13 17 I 20 23 li 117 
120 ... . 7 7 12, 13 16 17 I 30 23 I 117 
140 .... 7 2 9 12 16 to 17 I 30 23 II 117 
100 .... 7 3 II It 16 16 17 I 20 23 I& 117 
180 ---- 7 6 II It 16 16 17 :j 20 23 16 117 
200 ---- 7 6 13 14 II 16 17 20 23 lf 117 
220 .... 7 7 13 14 16 16 17 :~ 30 23 117 
240 .. -- 7 v 13 14 16 16 17 20 23 l~ 117 ' 10 -... -· ·. . .. .. ·- 7 0 0 0 3 3 80 
20 •• •• ·· ·- .... 7 0 0 2 6 6 8 10 1111 
30 •••• ··-. 7 0 0 t 4 6 

I 
9 :: II 112 

40 • ••• .. 7 0 4 4 " 7 12 14 114 
110 • •• • 

fl 
0 2 0 8 9 . Jl :~ 17 23 16 117 

80 •••• 0 0 8 8 13 It 20 23 16 U7 

330 • ••• ••••• 100 . .. - 2 7 10 13 1~ 17 :~ 30 
:13 1 117 

120 .... 4 9 12 13 16 17 20 ~ t 117 
140 .... 7 6 11 13 lo 10 17 19 ~ 117 
100 -··- 7 8 13 It IS 16 17 19 20 23 1 117 
180 . ··- 7 10 13 .. 16 10 17 :~ ~ 23 I 117 
200 .... 7 12 13 I< IS 16 11 23 I 117 
:tal .... g 12 13 14 16 16 17 1V 20 23 I 117 
240 -· .. 10 12 13 14 16 16 17 IV 20 23 I 117 
110 .... . . . 7 0 0 0 I 3 3 t 1 tt 
o:ll) . . . . ... 7 0 0 I 3 • 6 

II 

10 10 -~ 
30 • ••• 7 ~ 1 • 3 6 8 13 ll llJ 
41) •• •• 7 0 1 • • 7 7 Ill 17 

1r 
117 

eo .... ; 0 • 6 8 9 II 16 IV 23 111 
80 ••• 7 2 7 8 10 13 16 IV 20 23 16 111 

340 •••••••• . 100 7 6 v 9 13 16 17 IV ;o 23 I 117 
130 7 I 7 10 ·~' 15 16 17 19 23 I 117 
140 7 2 v IZ .. 16 16 17 :: ~ 23 1 117 
100 7 4 10 13 .. lo 16 11 23 I 117 
180 7 6 12 13 " 15 16 17 IV ~ 23 I 117 
200 

~~ 
6 12 13 14 16 16 17 IV 30 23 I 117 

220 8 12 13 14 16 16 17 IV ~ 23 16 117 
240 10 12 13 II 1$ 16 17 1vl 23 I 117 

r'J"&ke 1 e1.tra minute rrom tlnl lt.oP to ned I\Op, 

.. 
t 
~ I B 

J .. ! 
- 1-

I II ilJI 106 
6 186 
6 ,,. 

~= 61D 
6210 
am 
am 
6319 
6 3111 
6llll:l 
6 
6 
6 
a 
6 
6 

• to I 
1 .. 
IIH -:M7 

6 :1111 
I sn 
I 1117 
6 
6 .. 
I llll7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
I 
I 
I 
I 
6 
6 
6 
6 
6 
I 
6 
6 
6 
I 
6 
6 

6 

-2110 
1111 

1 " 1'6 l 
1 118 
2N 
216 
'IT 1 
ll17 
:18% ., -2111 -:liN 

118 
uo 
18 1 
206 -.. 2l 6 -----I ao -
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T.uu: 111.-Decomvre,uiOto tablu-()ootlnucd 

Slops (mlout .. ) 

~ 
i ! l! 

un 
l$01 
11!6 
2001 
2<3 
:1117 
282 
:Nl 
:zgs 
301 
303 
30.1 
307 
308 
100 
118 
IGO 
210 
:loll 
273 
2811 
2V7 
30< 
307 
3011 
311 
313 
314 
Ill& 
16~ 
ISS 
22l 
2olll 
2711 
2113 
302 
3011 
312 
3U 
317 
319 
321 
113 
lll6 
~ 
226 
261 
285 
300 
3011 
3i& 
3Jg 
319 
321 
3Zl 
32S 

• Tate 1 ertra m.tnute h'om ftNt atop to OC!Xt atop. 
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DMNO MANUAL 

T.utz ru.-Decompreuto.. table~-<:ontlnued 

P&nlol ......,. 
(lee•) 

:sw ......• 

StoJlO (mlaoteol 

1 1'akt! lrtlt.ta mi.Dute rrom om Jtop to oert Jtop. 

Ill an emergcll(:y It may be tbat oxygen ~ooot be Wled tor 
decompression, owlog to !allure or oxygen supPlY, or posalblY 
to symptoms of oxygen pol$0nlog. Eltber air or bellum-oxygen 
mlxrures may be used. Emergency tables tor ualog bellum-oxygen 
mlxrures mAY be calculated tor the particular dive belog made. 
In order to hue a table that may be available Immediately, tbe 
decompreBSion provided In regular tables should be glveo up to 
tbe 60-Coot stop, and from tbat polot on, table I V sboold be uaed 
(using same bellum-oxygen mixture that was uACd on the dive) . 

TABLit IV 

eoreet 60 feet 40fflet aoreot ~IOI!l 
10 ""' -

23~utas 251D.lnut.ea 30 mJ.Dutes 3.6 wtnutes tZ JJ1lnU&el 66 mlnate:t 

In emergencies when It Ia not poBSible to uae bellum-oxygen 
mixtures or oxyeen during decompression, It may become neceeeary 
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to uae alr. De<!omprealon for each cue can be calculated. How· 
ever, alnee tbe emerceney may occur at any point !rom tbe bottom 
lo tbe 1aat atop, It Ia Impractical to attempt to rover all of tbe poa· 
albJIIUea In tAblea. Tberetore, a table (table V) for mulmnm 
satura11on Ia provided and tbla table m&J be llaed for any emer· 
Bency. Wben It Ia JIC*lble to do ao, tbe air abould be admlnla· 
tered or turnlabed tbrouab tbe N!Ctrculator tor tbe Anlt twent7 
mlnnles or tbeae tablea. Otberwlae tbe diYer may experience 
uncomfortable .,mptoma, dlzsi.Deea, -lmesa, toea ot rooacloua­
~. etc., aa a result or a sodden ablrt to alr. 

'l'be tablee are proYlcled tor eacb 150 feet and the tAble eelec:ted 
r.bonld be one nest bieber tban tbe actual deptb, unleee tbe deptb 
Is at au enu ro.root ftcnre. 

= ICIO 
leel 

1.10 
ffltt 

200 ,.., 
Doplh (!ttl) up 14-

300 ,.., <00 , .. , 4.10 .... .100 , .. , 
--j-- -----------------.. ... ........ ········ . .. .. .. .. . . . ............................... . . ..... ··· ··~ .... ... ........ ....... ..... .. ........ ....... . ... ; . . ..... ........ .... .... ........ ....... ........ ........ ........ . 
. .. . . . • • ••••• • .... . . . . ....... •• ... ....... ........ ........ 10 liD..................... ....... ... ... ...... ....... I II liD..... ........ ................ ........ ....... ........ ' II II 
UQ..... ........ ........ ..... .. ... .... ....... ........ 12 12 
. ..... ........ ........ ....... ...... ..... g 12 12 
. ..... ........ ....... . .. . .. .. . .... .... ........ 13 13 13 we..... ........ ........ ........ .. ...... 4 t3 .. 14 
... . ... ...... .. ........ ........ ... .. .. 14 14 16 14 
IJD..... ..... . . . .. . . . ... .... .. . . .. ..... 10 10 16 10 
Ill..... ........ ........ ...... .. IS 10 17 17 17 
. ..... . ....... .... .. .. .. .... .. 18 18 18 18 18 
. ...... ........ ........ 7 li Ji :10 20 20 
. ...................... 22 22 22 :n 22 22 
ll...... • .. ... • • .. • .. • .. 24 24 24 24 24 24 
. . ........ ,.... 22 • • • 21 21 21 
• • .. ••• .. .... 10 30 :JO 30 10 30 30 
• • .. ... 14 a6 36 ~ ll6 lU 36 1.1 
. ...... 42 42 42 42 u 42 42 42 
• •••••• 63 62 63 62 62 63 42 63 
........ till till till 118 till 118 118 118 

SURFACE DECOMPRESSION 

0 
0 

10 
10 
II 
II 
12 
12 
II 
14 
15 
10 
17 
18 
20 
22 
24 
Z'l 
30 
36 
42 
63 
118 

Kan;r occaatona may artae where It Ia dealrable or neceaaary to 
brJuc tbe diver aboard aa quickly u poaalble. Wben a diver Ia 
remo•ed from the water before bla clec:ompreaatoo has been com· 
pleted (except after blowtnc up) the followluc p~ure should be 
followed: 

1. (a) De<!ompreaa d!Ter Jo the water In arcordance wltb tbe 
f\lSUiar bellnm~snen tabtee until tbe dlnr baa ruched tbe 
~toot atop. (Tbe diver Ia ablfted to oxrcen at 60 teet and re­
malna tbere tor tbe time called t or lo the regular tablea.) 

(b) Ke('p tbe diver (on os;ycenl at 150 teet t or th~ !181De time 
rbB t beapent at 60 teet. 

(c) Upon completlol\ ot bla atop at 00 teet, brine the diver to 
tbe surface (at the rate of 150 teet per minute), remove helmet, 
belt 1111d aboea, and then plaoo blm In the recomprl!@l!lon chamber 
aJJ QtJlaly as por!!llbte. 
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Deco~npnukon 
pNC!e41N fOI• 
Iewin• '"low 
•p"' .,,. dt .. u 
uie• h•ll•m . ., ..... 

S...rrt of 
htJJam. 

DIVING MANUAL 

(cl) R«ompress diver In the recompression chamber to 1!0 feet. 
If lbe diver can clear hla ears, be should start breathing oxygen 
on bla way down; otberwtse as soon ns be reaches 1!0 feet be 
ahould start breathing oxygen. Tile tender should asalat diver 
tu remove the dlvlng suit and underwear wblle preseure Is beln& 
npplled. Tile total elapSed time, from 50 feet In the water until 
tbe diver Is at 50 feet In tbe chamber breathing OXJgen, abould 
not exceed S to 4 minutes. 

(e) Keep tbe dlver at 50 feet (on OlQ'gen) In the reeompres· 
sloe chamber tor the time required tor the 50-foot atop aa given 
In the normal bellum olQ'geo decompression tables. 

(f) Wben bringing the diver out of the recompression chamber, 
reduce tbe preeaure at the rate ot 10 teet per mluute (that Is, take 
5 minutes to bring blm to the surface from 50 feet). 
~ (a) In caae the l!n!t stop In the table nsed Is 1!0 feet, bring the 

diver to 50 teet and sblft blm to oxygen. 
(b) After be bas been breatblng oxygen tor 10 minutes at 1!0 

feet, bring blm to B'!rface and carry out tbe same procedure for 
recompression as described In paragraphs 1 (c), (d), (e), and(/) 
noove. 

R«omprt>sslon chamber should be equipped wlt.b oxygen supply 
system, and oxygen masks provided tor use In the chambers. 

Decompression In tbla manner bas been successful tor expaenres 
ot 1 boor at 250 feet, 20 mlnutt>s at 300 teet, and 10 minutes at 
350 and 440 feet. 

1. Bring diver nbonrd and remove helmet, belt, aocl 8boes as 
quickly as possible and place In recompression chamber. 

2. Recompress to point ot rellef of symptom (or recovery), plus 
15 pounds. It no aymptoma bave developed, recompression to '15 
()I•U.Od8. 

3. Maintain ma:o:lmum PrE'BSure a mlolmum of 30 mluutes atter 
symptoms have been relieved. If oo symptoms have developed 
molntaln presaure of 75 pounds for SO minutes. 

4. Decompress according to Tnble V, aelectlnc the next bieber 
table than tbe actual depth ( pre!!8Ure) used In preceding para­
graph, unless tbe depth (pressure) Is at an even 50-foot ftgure as 
tabulated In Table V. For example, If presaure (depth) uaed Is 
175 feet, use the 200-fpot table. 

5. Complete the decompression from tbe 60-foot level (stop) by 
breathing pure oxygen for 00 minutes as follows : 

(a) At 60feet for time a& Indicated In air treatment table. (22 
minutes If 150-toot table used.) 

(b) At 50 teet tor 6S mluutes. 
(o) From 50 teet to aurtace In 111 minutes with oxygen masll: 

In place. 
6. Surface slowly after 90 minutes oxygen breatbiDJ period. 

rualntalnlng the o:o:ygen mask untll surface Is reached. 

SECTION UI. MIXING OXYGEN AND HELIUM 
. 

Bellum for diving purPOses Is obtained from the Naval Air 
Station Lakehurst, Lakehurst, N. J., and stocked at tbe submarine 
bases at New London, Coco Solo, San Diego, and Pearl Harbor. 
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Impurities In helium are detrimental to pr<>per decompression. 
Bequilll.tlons llhould bear a notation that gaJI must be at least 97.5 
percent pure, the Impurities, If any, to be 11ttrogeo and tbat 
both gas and llaak are to be free of oil or oil vapor aa tbe gns 
Is to be mixed with oxygen. 

Oxygen Is Obtainable from stOCks at the submarine basee at 
New Londo11 Coon., Coco Solo, 0. Z., San Dle~~:o, CaUl., and Pearl 
Harbor, T. H. Requisitions should bear a notation that the pa 
must be at least 99.44 percent pure, tbe Impurities, If any, to be 
nll.rocen and water vapor. 

Bellum ftttlnp are made up with a Jett·bund threa.d and special 
llttlngs are utlll:.ed when using the cyllndera. Becauae ot the 
blgb pressure In the llaskll when received It Is desirable to "bleed" 
!ull:v charged lla8k Into empty ones before mlxlng the oxygen. 
Connect an empty b.ellnm lluk to a full one (about 1,800 pounda 
per square !ncb) with the T·llttlng provided with two lett-band 
threaded nuts. Open the stop valve on the toll llaSk and read 
tbe pressure on ·the pge on tbe T·llttlng. Open the valve on 
empty lla8k and allow the pretssure to equalize. The gage read· 
Jog should then be batt Ita original value. 

In order to add oxygen to the bellum a fully charged oxygen 
lla8k J.a ''bled" Into the hellam llask containing helium at the re­
duced pre88Dr'e mentioned above. This requires a T·llrtlng pro­
•lded at one end with a rlgbt·hand threaded nut and at the other 
with a lett-band threaded nut. 

Ualng the T·llttlng, connect a apllt bellum llask (about 900 
pounds per square Inch) to a full oxygen llaak (about 1,800 pounds 
per square loeb). Open the atop valve on tbe helium lla8k, read 
tbe preesure on the gage on the T -connection, then close the 
•alwe again. Open the atop valve on the oxygen lla8k and read 
tbe gage. 

Compute the pretl8\ll'es whlcb each llaak wUI contain when 
enough oxygen bu llowed Into tbe bellum llask to give the desired 
percentage u follows: 

Divide helium Pre88Ure In Oask by percentage of bellum desired 
In mixture. Tills wUI be pressure corresponding to 1 percent of 
pressure ot the mlxtnre. To lind preasure In bellum llult after 
miiiog, multiply by 100. To obtain drop In pr1!88ure In oxygen 
llask, multiply by percentage of oxygen desired. 

E .. ample: 
Hellam lluk preasure 800 pounds per square Inch. 
Oxygen 11881< pressure 1,400 pounds per square Inch, 20 per· 

cent oxygen, 80 percent bellum mixture desired. 

Prt'SSure of 1% wlxture=:=lO lbs.;sq. ln. 

Pressure ot mixture In bellum llnsk= lOOXlO=l,OOO pounds 
per aquare Inch. 

Pressure drop In oxygen llaak=20X10=200 pounds per square 
loch. 

Experience bas shown that If the oxygen Is allowed to enter 
the bellum llask rapidly, n1ore accurate results are obtained. 

The helium llallk will heat up and the oxygen ftnsk will become 
<:old due to their respecth·e pn•ssure changes (Charles' Law). 
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U the llow between the two ft81llul te stopped under theee COD· 
dltlona and the temperatures of the two llaSks allowed to equallse 
again, the pressure In the oxygen flask wUI bnve Increased allgbUy 
and that In the bellum ftaalr will have dropped (Charles' Law 
alao) . No way of controWng the temperature of the gases dar· 
log mlxtnr bllll been devised, eo thla temperature effect mW!t Ill> 
compensated for by running over a slight excess oxygen plt!SSUre, 
or by adjll!ltlng the pressures two or three tlmea at Intervals alter 
the llllllks have been allowed to return to approximately the II8JDe 

tE-mperature. The technique depends entirely on judgment de­
veloped by experlenee. 

0~ 
~0 

0 

• 

0~ 
~0 

0 

~-- --; : -~ ... -.. - -1 

SWttctt, I I : : .... ~. ··-.. . ......... ! 
l ......... t;~;.-£·C";?T;x·'i4f~-.J 
NO.tZ TWIN CONDUCTOII 
PORTAl~ Wlllt 

UNDtiiWUII COMO Ill TWO 
SllES-LAROE NfD -U. 
RESISTAitCE Of' IIHOOIWEM, 
Z OHMS, APPIIOXIIIATELY. 

MAXIMUM GUIIIIEifT PEIINITTC, 
15 AMPERts . 

2· FINGER GLOVE 

ELECTRICALLY HEATED 

UNDERWEAR 

FOR DIVING WITH 

OXY-HELIUM MIXTURES 

Pt.ATE 90.-&IKcrl~aU)' heattcJ und~rwear Cor dh1nr 
wttb OQ"·he:Uum lllixturee. 



DEE'PEB D'IVlNG BY USE OF OXYOE:oi-B.ELIUM MIXTORICS 

Alter I be gaeee are mixed, they moat be allowed to eet for 2 or 
~ ~~~ to permit the o:Qtsen and bellum to d llfuae througb eac:b 
Gther. Detore ualns the mixture, draw a eample from each llosk 
and determine the o:rysen pereent-.e by chemical analysis. 
Uark eac:b llaslt with c:balk to abo1• gu It contaioe. Serial num­
bers of aD 11aa1ta and the analysis ot tbe contenta ot eac:b aboold 
be recorded on a form tor that purpoee. 

Earb 1laalt ot ory·hellum ml:rture noust be c:beclted a~tely 

tor orycen percen~ before belos uaed. The carbon d ioxide 
pt·~tase Ia determined at tbe eame Ume and Ia of Importance 
to the dJ.-er. Samplea of the gu a.re collected In the aampllng 
bottles, the carbon dioxide measured by abeorblng It In the a.ppa· 
ratua, then the OlQ'~n percentap determlo<'<l In tbe aame way. 
The rem.lolog gu Ia aliiiWDed to be bellum wltb not more than 3 
to 4 percent oJtrogen, proYided the bellum •od olQ'gen mixed 
were ot required purity (97.11"• and lliW• respectively). 

Samples of air and ellbaled breath may be noalyud tor practice. 
l"lulta ot DSJ·bellum mixture uaed t or dhrlog ehould hue a.n 

orygen content within 2 percent or the percentage dealred and 
ha•e not more tban 0.03 percent carbon dioxide. Flaaka ore 
plllred In the manifold liO that the uerace ot the llallka ln each 
bAnk 1a aa cloee aa J)C*IIble to the oxrcen pereeota1e to be ueed. 

Bellum llowa through orlftces taster than oxygen and will pene­
trate openings tbrougb wblcb oxygen cannot paas. Wben the 
aneea are mixed and are not uaed tor aomo time, the proportions 
may eban1e doe to loR& ot bellum. For Lbl11 rea110n gas analysis 
should be made just before the mixture Ia to be ulled. 

The Haldane·HeoderliOo appnrntu8 shown on plate 01 Ia very 
aceurate and will give percent:aget or oxy~n and carbon dioxide 
to within 0.01 percent to the lnberatory with 110 experienced tech· 
nlelan. Tbe pa burette Ia c•llbrnted to 0.001 cc. and the COIIt of 
a burette alone Ia eqnal to more than one-third of tbe value of 
the entire ont11t. 

For good results the apparatus ebould be mounted. Tbe equt~ 
D>ent Ia Bblpped dlaaaeembled. It abould be mounted on the 
wooden stand aa IIIWJtr&ted on plate 91 thus Bl'oldtng atralna on 
gla.ss tubing. Tbe stand abould be attac:bed permaoen(ly to a 
table. Tbe fluorescent lamp Ill mounted beblud the pflnel of the 
stand to provide Illumination tbrou1b the around 1lua windows 
In the J)llnel VIbration, motion of tbe equipment, poor llgbttng. 
temperatore nrtatlona. and other lnaccuracle$ wiiJ Introduce 
errors In readln& the ecatee. Attempts have not been made to use 
the appsratoa on board ablp, 80 the probable llmlta of error 
onder aoeb C<lodltloDB are not known but they may be large. 

Tbe atlrrtnc tube noa,7 be connec:ted to a 80~ of compressed 
air Loatead of to the robber bulb. 

All jolnta should be made up gtoaa-to-glaas uAlng solpbur·tree 
robber tubing. Lubrleate and seal atopcoc.lce wllb a ml..uxtum 
amount of Lubrlaenl. Stopcocke must be kept clun. 

The carbon dioxide absorbent te potaaalum hydroxide (KOB), 
10 perceot. It must be ent1rel7 clear and tree of precipitate. 

The oryseo absorbent Ia t'ICltaJI81um pyrogallol. It Is prepared 
aa foDon: · 
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DIVING MANUAL 

Add 200 ce ot water to 300 Jf1U114 ot potaaatum bydrox!de attc:ka 
(not puriJled b7 alcohol). Place eolutloo In a botUe with a 
~~aaed stopper. To each 100 cc. ot the eolutlon add 15 cram.e 
of P7roJ8llle acid (Merck). 

Both reagents must be kept f rom contact with the air to pre­
vent their abeorblnJ carbon dlol<lde and Ol<71l(!D thua loelog their 
strength. Both are veey caustic. Tbo potassium p.rropllol 
abould be kept In a bottle \Yith acre~ etopper. 

Fill water JaCket wltb water to Juat nbo•e enlarged pontone 
o.t tbermobarometer tube and attach rubber tube full ot ~r­
eury and clampe tor tevellog. Thle can be done b7 attacblq 
mercury levellnl bulb to thennobarometer, runnlntt mett11J'7 
up the tube and drnwlng wnter required through the thermo­
barometer oullet to tbe KOH rese"olr by lowering the men:ury 
level. Then put clumps on tbe rubber tublug lending to the leveUog 
bulb and cut tubing. 

GAS SAMPl.E·COU£CTING 
APPARATUS 

I. GAS IUIIETTt; . 
t . 4 · WAY ITOf' COCK . 

3. CA~ION DIOXIM AISOIIIINO 
0<-E~AHD-IiLWIMJIA. 

4 OltYG[N AIISOR.NO TUB£5..., 
f'YIIOOAUA. MI«IIYGIIt, 

S. WAUII J ACICU 
5.TH[IIM~.It . 

7. STIIIUII. 
l .u:vfl.INO aJ\.1 'Oit ..S ~ 
9 STOP COG« fDit 11011. 

IO,TU8E AND CLA- - '-"'WttG 
THEIIMOIAIIOOilTU. 

II LEVEliNG I~ 1'011 1M 
O:Oll[C TONG TUII. 

12 a•s COI.llCTII06 fUU. 
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Set tour·way cock to coauect burette to carbon dioxide abeorp. 
tlon chamber. Run n1crcury to near top of burette b:y elevating 
leveling bulb. Pour KOH solution Into Ita reservoir. Draw 
801UUon up Into tbe carbon dioxide abiOrblng chamber by lowering 
mercury level In burette. 

Sb1tt tour-way COC'k to connect burette to DXY&en absorbing 
chamber. Again run mercury to near top of burette. Pour potu. 
alwn p)'l'OCJlllol aolutJon Into Its reservoir and draw It up Into 
tbe oxygen ab!lorblng chamber by lowering mercury In burette. 
Pour some liquid petrolatum Into p;,-rocallol reservoir to protect 
tbe eolurlon trom the air. 

AdJust le•el or KOB In the thermobaromete.r connection to 
tbe KOB roervolr to one ot the marks on tbla glaaa tube b7 
means ot the leveling tube and clamp on the bottom ot the thermo­
barometer. Next, adJ!UJt tbe level ot the Uquld In the glass tube 
to tbe carbon dioxide absorbing chamber to one or the marka on 
tbla tube by cb8llllng tbe mercury level In the burette. It mAY 
be necessary to repeat tbeee operatlone If the liquid In the thermo­
barometer connection movee appreciably off Its mark. 

All carbon dioxide and oxygen must be removed from the ap­
paratus. leaving only Inert gas In lt. This Ia done by analyz.lng 
at least two sampll'll of atmospheric air, wblcb aii!O cbeck8 the 
Rccuracy or the aet-up. 'l'be clenrlng pr~ and the cbeek 
analysis must be repeated whenever the apparatus stands un· 
used for any length of time. 

GM sampleJ! must be sealed 1Yith mercury. They are taken 
wltb the gas sampling tubes shown on plate 91. 

Open sample tube stopcock nnd 1111 tube nne! cock with merenry 
from the leveling bulb, then cloae coclc. Gas must be allowed 
,,; escape from a blgh-prcssure container through a regulator. 
or a needle valve, to reduce t11e pre&Sure. Permit gu to Oow 
tl•rougb regulator and connectJng tube to gas aample tube 
t or a minute to erpel air. 011en the stopcock. rinsing the aample 
tube by mooing mercury up and down, then trap a aampl!! by 
closing atopcoclc. 

At least two complete analyll'S should be run on eac:b aample 
to lnanre that results are correct. 

Connect gu sample bottle to Al>poratus. 0Jll'n four-way coek to 
Mmple connection. Elevate burNie leveling bulb to ron mercury 
to sample bottle atopcoc:k. expelling previous sample. then opeu 
sample bottle stopeoclc. Run mercury up and down In burette 
two or three times to rinse, then draw In 88mple by ruuntog It 
down to Just abo•e the 10 cc. mark. allowing for pressure of 
ample. Sbltt cock clockwl!!<' lo conn«! burette to carbon dlo:xlde 
absorbing chamber and make ftrt!t rcadJoc of burette quickl11• 
Ron mercury In burette up and down with leveling bulb a few 
times to abeorb tbe carbon dioxide. Retnm level ot KOB In 
abaorblng cbamb<>r tube to Its pre~loUll mark by adJusting height 
ot mercury In burette. Rend burette Rgalo. The carbon dloxM<• 
~nteot In percent or YOiume Is: 

DltrPrence betwet-n burette rPIHIIng X ]I)() 
First burette readlnc. 
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DIVING MANUAL 

Turn four-way cock clockwise to connect burette to oxygen 
absorption chamber. Run level or pyrogallol up and down In 
chamber a few tlmea to absorb oxygen. Return pyrogallol leTel 
to original mark on ab8orptlon chamber tnbe, then shift tour­
way cock I'Ounterclocl<wlse to I'Onnect burette to carbon dioxide 
abaorptlon chamber again. 

Tile gas aample Is wa.~hed In the KOH I!Oiutloo again, then In 
the pyrogalloL Adjust the level of the liquid each time In the 
ab8orblng chamber uaed before shifting the stoi)('OCk. 

At the conclusion ot tbe l!eCOnd washing with pyrogallol, llbiCt 
buck to the t'arbon dioxide ub8orblng cbnmber, adJU8t level of 
KOB 110lutlon, and read burette. Repeat washings untU burette 
s.cale reading remains constant within 0.04. This Ia the third 
burette reading. 

The oxygen content of the Bample In percent of volume Is: 

Dltrerence between second and third readings X l OO. 
Firat read! ng. 

Keep the duoreecent lamp turned off except willie actually tak· 
lng reading. The beat from the lamp will cause temperature 
changes and errors. 

B:v careful manipulation and practice, bubbles Of gas and drops 
of llqold can be kept out of the apparatus. 
If either of the solutions are run over Into the burette, they must 

be drained out and tbe burette washed out with a 1 percent solo· 
tton of 8Uipburlc acid. 

The length of time required to I'Omplete the absorption processes 
Is a measure of the strength of the reagents. 

When pota~~Sium pyrogallol becomes old and tblck, It may clog 
the small tubes In the oxygen absorpUon chamber, causing errors 
due to babbles and slowing tbe renrtloo. 

When a test on a sample Ia llnlshed, leave the levels of the Uqultls 
In tbe ('Onneetlog lobes a t their referen~ marks to save time. The 
level of KOH In tbe thermobarometer ronnectlon to the KOH reser­
voir llbould not vary more than a perceptible extent during a test. 

Once a sample bas been taken Into the apparatus the blue end 
ot the four-way stoi)('Oek handle moat not be moved through the 
upper half of Its arc until tbe aooly&ls Is dolsbed. 

Bubble air through water jacket with stirrer ever:v 3 to 5 minutes 
10 keep It 11t same temperature throughout. Do uot agitate water 
enough to mllkc It splasb on burette and thermoborometer tubes. 
K~p the apparatus and the mercur:v rlean to prevent lntroduc­

llon of errors. 
WJ1en apparatus Is to be left unattended for a tlme, open s top­

cock on thermobarometer ('Onnectlon to KOH reservoir to a'l'old 
bnvlng liquids run over. 

Consult standard reference works and text books on analytical 
chemistry for detnlls of technique. 

SECTION IV. DIVING OUTFIT FOR USING 
OXYGEN-HELIUM AS DIVING AIR 

LJST A NO OES(IHIPIION 

The use ot oxygeo-heUum m.i%tures lUI an air supply tor d.lnra 
requires tipeclal equlp01ent. Tbe following special equipment Ia 



DEEPER DIVING BY USE OF OXTGEN-HE'UUM MIXTURES 

lsaued to submarine rescue •esaela In addition to their recular 
diving outfits. 

... ., 
peam.t• Comp\e$e w-ltb brtas.tplate, c:anbter, uplrat.or, 3-foot 

lll:latb ofltand.ard diver's a1r bose. control valve with adapter 
8114 B.ote nlTe, and rectrculator •upply boee. 
~=-o:.Kl~'"· .......................................... . 

Too lfwiiPUIImr ,...llub, ll·lnch hlrcb·pressuro, equloi>Od 
wilb H,OOO.pound pee md 2 left-band nota to ftt Ml.fum -Too lor mblnr 100. li.JPch bllb·..-ure. equlpi>Od with o-4-una ,.., lefL·hond nul 10 t1 beiJum ftult, Uld 
ril:h&.oMod out to nt o.Q'cen C&U:. 

Jtl 1 !wily beo>&ed andenreor: = :::::::::::::::::::::::::::::::::::::::::::::::::::::: 
~ aompllte wltb twlleh~ ammeter, ammeter abuat, and ftl-. 
.,_ bol..O.S, e volti! !liJO A.D ........ .... . . .. .............. . 
11<111r1m. m....bJo.lool 051rt .... ... ......................... ... . 
~ m....bJo.lool ftui<J .................................. .. ... ~~~~-~~~: ......................................... . 

Jloke 'f'a.IVM.~~·· • .. , ..•• ••••• , , ••••• . .•••• , , • , . ·-• ••• , -··· · 
Dlleilorp DOUI& (Vonlwi) ............ . ... ... , .... . ..... ... . 

~-lor IIWIUold: Pel <O<ks ..... ..... ..... .......... .... . 
GlObe nln, H--lncb, hiJb·ptf'!o&LJrt', $,000 pounds ...... .. ... . 
Globe nl•e, JHoeb, hllh·PR'"""", 300 pounds .... .... .... .. 
Val .. , rollel, l·lneb.. ............ .... ........ ...... .. ...... . 

0.. ualJiil ouLfllt: 
Balda.ae-Bf'odtrsoru .... ..•••••••••••. •• •. •..•.••••.•.. •.••. 
Potl8fu.m bydrotl<le. 1-puu.nd boul~•- --·· ·· · · ··· · ··· · ·-··· · 
Pm>nlllo odd, pwi.lle<l, I·J>OUJid boUle ................... .. 
Metciuy, lo IO.pound bottl••$ .... ~········ ..... .......... . 
L .. ell.ol bulbe, 2l>·IDeb..... .... .... .... ...... .. .. ..... .. 
Rubber LUbluc. iie x Me··lncb ....••.•.• ...•••• .•••• .•.....• . 
Rubber 'ubioJ1 ~a H·lnch ...•..•.. . ..• ... .•...•.....•..•. 
Labrt.ol (ll<l ..... t ...... ) ............................. . .. 
Mbler&l oU,l·vlot bottk-1. . ....... ... . .. ... . .• 
Support W' ring, medjum .......... , •••.••••••• . •••••• 
Support JUt rln&, Ia,.. ...... ............ .. __ .... ...... .. . 
Rluuu.ppons.. ...... .. - ........ . _. .. .. . . .. 
Ou oo.Dectlng tu.bes .•••• o . . .... o o o. • .. • • • .0 .. 
Clamp holden, 'I·IDcll ......................... . .. ..... ... 
Cl&rztpa, Bun10n.. ......... . ....... .. ... . . . , ..•. 
M.kl'ometrfc c:oolrol valn5, for blf't-dlng $Rmp1t• from hrllum --SbeD-Na&roa. lo avvro.do1otely 2~i·voond oontaloers, 12 <t1n· 

t&!Dentobo>. 
C.Wt for hNUnl elrcldc undcrwt&r l u GOO-fOOt leatclht. with 

maleDIIIDCL 
~ OD '~we of OO.Uum-ua~·t:t~n mix I urts f••r rli,•in~~;. . •• •• 
P1IDI abOWi.CC UTIOl'!tn~Ut and b()(lk:•UJ• uf bi.'Uum Ol)'lil't!D f:cat 

• taM Ill dlvla&. 

Number Uult 

• No • 

1 No. 

No. 

No. 

2 No. 
2 No. 
2 No. 

e No • 
100 No. 
20 No. 

I No. 
6 No. 
3 No. 
6 No. • No • 
2 No. 
1 No. 

2 N'o. 
6 No. 
I No. 
6 No. 
6 No. 

50 F~&. 
10 F.te, . 
10 Tubo. 
I Pl. 
• Z..:u. 
2 No. 
e No. 
6 No. 
c Nu. 
0 No. 
2 No. 

450 Pounds. 

3 Leogtb. 

6 Ko. 
~ No. 

The ahlp'a recompreeslo11 chamber should be equipped to supply 
os.y-hellum mixtures to divers undergoing surface decompre~~alon. 
Ten t.ace masks are aupplled each •essel !or tb1s purpose. 

In addlt.lon to the above, submarine rescue vessels abould pro­
vide and maintain satisfactory forma for recording oxycen­
bellum matures Blld reaulta of dlvea made with same. Tbe fol· 
low Inc are aamplea: 

l1111kNo.l llonl: No. 4 

a. -d ol dho, p. 126. 
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lJftllae uu1 
t.Jtpb0111 rable. 

Ba(•t;r lodt. 

Spit eodr. 

DIVING MANUAL 

Standard Navy diving helmets have been converted tor diving 
with OXY·hellum mlxlures. The principal changes Involved the 
Installation ot a meana ot con~rvlng the ox.y-hellum mixture by 
ubsorblng the carbon dlo:&lde In the helmet and so reducing the 
amount of ventilation required. The, oxy-bellum helmet welgbs 
about 75 pounds as ag11lnst 55 pounds tor a standard helmet. 
While a minimum air supply ot 1.5 cubic teet per minute at the 
prt!fl>lure o! the dive Is necessary tor helmet >·4mtllatlon In moderate 
depths of water, divers gcnernlly find It more comfortable to use 
two or three times tbls amount of air while working In order 
to reduoe fatigue from carbon dioxide. At deep depths. the 
elfect ot carbon dioxide Is so marked that It becomes Important 
to have a minimum amoWit of this gas present In the helmet. 
Tbe oxy-llellum mixture entera the helmet through au aspirator 
nozzle. The action of the aspirator jet draws the carbon dioxide 
laden atmosphere from the helmet, forces It through a chemical 
absorbent, and returns It to the helmet wltb the carbon~tnxlde 
removed. In this way, norm~! expenditure ot the oxy-hellum 
mixture Is reduced to about 1 cubic foot per mlnute at the preasure 
ot the dive. 

The Interior oC the helmet Is not changed except to provide 
openlnp for the udc.led externnl Ott111g11. The exterior of the 
helmet Is shown on plates 92. 98, !)4, oud 00, with the various 
Ottlngs Identified bY letters. A description of the Ottlngs follows : 

Tbls euble, part (A) plute 9'2, carries the current suppcy for 
the electrically heutl!d underwear. 1t Is standard twin conductor 
rubbeHovered No. 12 11<1rtable wire, supplled In 50().foot lengtl•a. 
1l Is provided with the old Na,·y standard battery type telephone 
cable flltlngs and Is attachl'd to tile middle gooseneck. Tills 
cable Is st<Jpped to the combination lltellne and telephone cable. 

Tbe combination lifeline and telephone cable, port (B) plate 00, 
Is a regular 4-couductor cable such ns Is used wltb batterylesa 
telephones. It Is provided with the usual batteryless diving tele­
phone fittings and Is attached to the gooseneck on the lett side 
of the helmet. The cable Is cro."-~ed over the olr boae, led under 
the dh·er's right arm, and stopped to tbe right side of the breast­
plate. 

The exlutost valve, part (C) plate 92 Is the standard alr-regu· 
latlog escape vulve ot the "non-blow-up" type. The exhaust 
pipe or channel part (D) Is 14!<1 ovl'r the top of the helmet to the 
rear to clear tb" canister. During the dlve It Is normally kept 
closed, the diver uslog tbe chin valve as necessary to regulate bls 
buoyancy. Wbeu ordered to "ventilate," the diver ltolda the 
cblo vah·e open. It It 18 necessary to "go on open clrcult", the 
exhaust valve Is used In the ordinary way and Is opened tu; 

necessary to regulate ventilation. 
Tile helmet Sll!ety lock, part (E) plate 92 boa been shifted to 

the left front of lbe helmet to clear the eurbon dioxide absorbent 
eunlster. 

'l'be spit eoek, common to !be standard helmet, baa been removed 
to provide spaoe for helmet loeklog devloe and to prevent posalble 
losa ot giiJI from leakage. 
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F"HON"T V rF:w 

A-_EJectr1c Cftb l~ tor ('10~1 ric l'l<'hfctl uutlt•rweRr. 
B--LI(e llne nml teiNtiH.1Ut! e.a.tde. 
C-E:i.hiii.U.Sl vn lvc. 
D- J-!:thtnu1t chn.nneJ. 
E-Sa tetr lock. 
F-lll!llum·o.xn:t'n aupplr Hoe. 
G-lloJ.:o rnl,·e. 
H-~ew tn~ control ''RI\'"~. 
l - Air boll<!. 

rL.\'1'11 02.-ll('lmeL Ox:)'bl'D•helhuu (front view) . 

'l'hr> oxygen-helllum supply lin<> {nllftlrutm· suppls h<>~~). pnrt (F) 
plnl£> 92, IH ll SY.,-foot section or ~WII\1111'!1 olXYA~U hvl!e 1•·•1 friiUl 
lite Elokc ''ulve, part (G), nhcncl of tile coulrol vnlve to U>e uspl­
rntor, pnrt (C), mounted In lbe rlgbt·hUutl side nf tbf• cnnlstcr. 
With tills nrrungctu<•ut Ut(' diving ~"'8 Is ll•tl to the n~plrntor jet 
dellCr~ below, wllh tile t-ontt·oi f'lol«'d, yet should the diver 
requ ire n stu ld,•n uddltll1nftl nlr ;,-,rpply ot gns, ns lo t• lustlllll'C 
when clet!e<'ndlng, he bus merely to OIIPII his control l'lli<e. 'J'h~ 

worklng pre~sure In the o~r)lrotor :IUJIJIIY h!lse Is maltllltloed ut 
5(1 pountls per ~;quure Inch o,·er lwttom pressu.rt'. Th• pressure 
ot the diver's gns xnpply must hi• t•egulnted <'n •·efull~· tn corref!POml 
to tl!e cllvet·'s nch111i d~pth to nvold rupturing it . 11 I;; Sti•Piled 
IO lbe 3·fll<ll hmgtb ot ~gu lnr dJvlng ho~c. purt (1). Dnrlug the• 
clive, the Hoke I'Uive 1.~ k<'Pt Cully open nt oil times to su)lply thr 
o:xygen-h<•llum mixture to tbP reclrculntor nozzle. ft should ne•·er 
1,.; closed unless the nsvlrotor ~U Jlt> ly hose brenks or b~"-'llmcs 
d IJiscon n e<:t cd. 

The control '' llh t•, part (Ul phttt• !!2, is ur I he '"'"' t)'J'l(' •>f 
stnndnrd Wlllrul Vllll'e wllh II lwxugonul nttlng cnrr)'lng the Doke 
•uJ•·e, purl (G), nllachcd t.o the supply side. During the dll'e 
l.ht• control min' Is kept close(! cxe~>pt under tl!c following 
cooclltlons: 
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SIDlll VIEW ( LEFT) 

A-Cnnhne,. fur Stwii· 'Xtatron t\..'~ nb.I!Orbt-nt). 
ll-Oullet tnd ot ~:A.u.lBh•r. 
C-CoupUng for UCe llne and t elephone eable. 
t~lli!.llum-onge.n IIUPJ)Iy hOM-e tu venturi. 
&-Air hose~ 
t.._Sa f~\t.f Joe~ . 

.Pun: 03,-EJehnol ox-ygen h••Jhnu (llfle vJew) I toft. 

Stnl': YlJ.~W (RHalrr) 

A- Ctud.Sh!.r COUCA1nlng. :o:;beiJ•NAtrOD (C0a a.hao-rbent). 
B-JnJet cmd nf cnnl&ter. 
C-Ventur-l 
D-Belium-us.Yfl't'U a-apply to h~ltnet. 
~-AJr lniPL and nourcturn &afely \' tll\'e, 
F- A1r boat!. 
Q-EI~trlc cable tor cle<!trle hea!ell uoderwea..r1 
1:1-Liro llnl'! an4 telephone cable. 
J-l::.X.bRU8l VAh'C, 
J-l~hantlt ('banncl. 
K-F'neC! pint~ 

I'T.ATJI AJ...-Uelmet oxy~¢n·hellu·m (&ide vtew) r-lght. 
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RP.~R \ ' 16W 

A-(;IUJUter t."'ntaln_iDK Sbell·Na.truo {t;Q, absorbeutl. 
a--tol.et end ot t:anlllt..er. 
C---Ve.utUtL 
0-Be.Uum-oa...Js:e., auppty to belmt'L 
E-Outlet end ot ea.nJate.r:. 
F- LUe Une a..od tehtpbooe cable eoupUng.. 
G-Life Une and 1elCilbooe cable. 
a-coupling for electdt' bcnred.underwflar cable. 
1-Elec::trle ctlbl~ to elc-c:trte. heAted underweiU'. 
J- Satet7 noo-returD valve a ntl a1r hose conneetiou. 
K-Air hose. 
t~EI.bautt eba.nncl and ouUeL 

PL4n 05.-lle1mf'l 0.2y g•·n·bcllum (rear ''lew) . 

(a) To build up U1e pressure and volume ot gas Ill the 1rniL 
during tbe dlver·a de&eenL 

(b) Whenever the diver suddenly requires more '-'ftS Ill bls suit 
to regulate hl8 buoyancy. 

(c) To supply gas or alr to lbe helmet In Lbe connntlooal wuy 
tn ca.se tbe re<:lrculntlng apparatus fall!!. U!!e of llle control vuJve 
In tbls manner Is CJtlll'<l "Golng on Ol"-'11 clrcult." 
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(t.l) To ventilate the helmet by replac~ the pa In the 4reaa 
with a fresh quantity of gaa. Tbe control nlve llJid the exbauat 
val'l'e are opened on the order, "Ventilate" and cloeed on the order, 
... Circulate!' 

Tbe air hose, part (I), plate 92, Is regular diver's air hose. It 
Ia attaChed to the control valve through a hexagonal braaa ftttloc 
carrying the Hoke gas needle valve. Tbe control valve and boee 
are attached to the breastplate 1o the usual way. Tbe 3-foot, 
9-lncb length of hOile la led under tbe diver's lett arm and to the 
right gooseneck through ao ordinary safety nonreturn valve. 

RECOJ;lD OF DJVII 

~~•;;::: : ::::::::::::::::::::::::: .. ~~~ :::: · ·Pu= :::::::::: ... ~·~-:::::::: 
ox;:.bOftWiibOiit y,;.;;,·::: ::::: ::·po;oe;,i:-· OiYit:ii : :::::::: :::::::::: ::::::::::::::: 

Bank preasu:m Dla-.ooo!D p....,,.. Cubic foot tiiOCI 

8t.&t'COd down~ •.••••••••• , •••• •.• .••.•••• •••••• , •••••••••..••• . . • . ••..........•.•• __ 
Oo bottom . . . . . .... . . .. . . . . . . .... ... . ..... .. . .. . . . . . .... . ... ...........•...... . .. . . 
0 1! OXY·b.Uum ............... .................. .. .... .. ...................... .... .. 

TotaL. .......... .... ..... .. .... . ............... ..................... ..... ... . 

10 pounds cbanp In b&Dk _.,.a. 5 cubic roo<. 

0<YI'!D: Flaol; llO<'d ......... . 

Cublolool-

~~~'ill~~~~-:: :: ::::::: ::::: .. ::::::::::. ::::.::::::::::::: :::::::::::::::::: 
I>ecompreastoa. cndt<l.. ___ ... . . . . • . . . . . . . . . . ... ..........••.•. ...•. -~- . -- -

Total ... ... ................. ..... .... ... .. ................................... . 

10 pou.nda daqo In a.a proaaur& l8 1 oubJc fOOt. 

Underwear: Volts ·· · ·-···· AtDPf. •. u.._..... Temperature olwatllt ............ ...... 

l.OO 

Started do'I<D ........ ... .... ... . .. 
Oa botwm .......• . ........•... ... 
Stltlod up ........ .............. .. 

SllOOd or .... at (table l) .... ...... leol per IDIDat.o 
Tlme of diva ..... ............ ........ ~mlDat., 
l'arlfal t)nl,.uro (&able Ill) ........ ............. . 
Tlme to ft.rst awp ... .... ... . . .. .... . ~ .... m1D.utes 
s~ veotna.ttng ..... . . ............. . ..... . . . 
Fin.i.sb~d veoUlatin& .. . .. ..... . ... . .... - ---· ···· 

Stop Df.ptb Reached I Left Remarb 
--------------I·~(!M~t) __ l l-----~------------------
Jo' l.nt.. ............. · · ····- · . . . .. . .. . -- ----- --- ···· ·· · ·· ·····--·······---·--Secoad.... .. . ... . . .. . .... . ..... . . ... .... .. . .• . .......... .. ................. . 

i~{~~ii.: =~i :; i ~i· · ::::.: ·i:1·: ~:j~: ~:i :j: ~: ~~·:: · :i: i ~ii:i j~~iimz~~~~ 
~It":::: :::: . ::::::::: . : :· ......... : ::::::: .. ::::::: • • ::::::::::::::::::::::::::::: 
~~~b:-::: ::: :=::: ::: .. :::::: ::j::: ::::::: :::-:::::. :::::::::::::::::::::::::::::: 
Tot.al Umo lot dt'OOmproJSioo . ............... .. . . 
TotaJ time iD water .............. . •... 
Remark> ........... . . . . . .. ................ .. .. ......... ................. ............ . 

. . . .. . . . -... Recorder.......... ..... . ...... 4 4 
•• • 

4 SUP&iVi;D; ......... · · · · · · 
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The aspirator or cl~lator, as It 18 called, Is a Venturi tube, Into 
the throat of which a jet or nozzle Is litted, having an orllice so 
proportioned that wltb 50 pounds per equare b1ch dUferentlal 
f're&SUre, a volume of gas, whlcb contains sufllclent oxycen to re­
place that consumed by the diver, Is Introduced In the helmet In 
any alven time. Simultaneously the movement of the gas mixture 
through the nozzle draws tbe atmosPhere from tbe helmet and 
forces It tbrougb the c:o rbon dioxide absorbent In tbe canister and 
!.ben back to the helmet after purllicatlon. Any exce!IS gas that 
tends to accumulate escapes through the exhaust valve. By this 
means, tbe helmet Is ginn sufllclent ventllatlon and tbe amount 
cf gas wbkb Is required Ia only about one-tlttb of that need In tbe 
dd method Of ventilation. The uplrator 18 shown In Its a88eiD­
bled form, as part (C), plate 95, and ·In eross section on plate 97. 

The connection to the aspirator, as shown on plate 97, conatsts 
of a %·Inch pipe elbow to wblcb the aspirator supply bose eon· 
nects. This elbow Is ecrewed to an oxygen hose adapter contain­
Ing a line wire gage ecreen. It Is Important that this strainer be 
kept In good condition to prevent solid matter blown along tbe 
bose from plnaglng tbe nozzle. The strainer screws Into tbe blgb 
pressure nozzle fitting with a 'A. ·lnch pipe tbresd. 

The high-pressure noule fitting as sbown no plate 07 Ia 
threaded Into the aspirator body with a metal to metal joint, 
no packing being used. It can be removed for cleaning with 
" *·Inch wrench. 

The nOZ"Ziea are machined to extremely accurate dimensions 
and llnlsbes. The relative position of tbe nozzles must also be 
EfXBctly as designed. They must be bandied very can-tully. A 
nearly Invisible scratch or a tiny bit of foreign matter around 
tbe nozzles w111 alter the flow of tbe gas and will result In In· 
adequate ventilation of the helmet. The dimension of the Jet 
orllice Is 0.0225 Inch, or No. 74 drill slt:e. 

Each time a helmet Is used. Inspect tbe strainer and nozzles. 
Make sure the hlgb pressure noule Is clean by running a No. 
74 drill through It from the lliglt·preuure lide. It the d~lll Ia 
soldered to tbe end or a small braa.q rod about 4 Inches long, It 
can be Inserted Into tbe nozzle easUy. 

Alter tbe helmet Is UBed, the noz~les should be removed and 
blown clean and dry before being put away. 

The jet produces a low rumbling noloP,. Any change In tbls 
sound may lndlcnte that tbe redrculatlng syst~m bas failed. 

The dlacllorge DO?;zle, plate 07, Is a Venturi tube. The J~t or 
gaa trom tbe blgb pressure no2'.Zie rushing through the throat ot 
tLe venturi sucks the atmosphere from the helmet and force~ It 
through tbe canister. The discharge nozzle Is screwed Into the 
lower Bide of the aspirator body and projects down Into tbe 
co.nlater. It can be removed with a ')4-lnch wrench. 

Carbon-dioxide absorbent Is a compound known commercially 
as Sbell·Natron. The partlclea are mouhled to permit easy 11ow 
ot gas through tbe mate.rlal. Sheii·Nntron bas a very blgh 
alllnlty for carbon dioxide. It Is extremely cattstlc and will 
produce active burns If It comes In contact wltb the akin. It Is 
packed In 2*·pound containers, 12 containers to a boL Sbell-
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Natron mnat be kept completely dry and alr·tlght to prevent 
absorption of molllture and carbon dioxide from the air. 

The canister, part (A), plates 94 and 95, holds a little over 
a carton of Sbeli·Natron when the bame Is Installed, or about 
3 pounds of absorbent This quantity probably will cootlooe to 
absorb e~~rboo dioXIde eft'ectlvely for about 7 hours. II 1Aotlld 
be cllanqed atter 3 h01<r1 of ""e. 

The discharge (left) end of the canister Is fitted with a 
removable ecreeo to prevent tbe absorbent trom eoteriJJg the 
helmet. Sheii-Natron wblch has powdered 8hoold not be uae4 
because the caustic dust will be blown IJJto tbe helmet. 

The canister Ia attached to the helmet wltb two large nuts 
wblcb can be turned with a 3-lnch wrench. Leather washers 
Inside the nuts make the connection watertight In aaaembllog 
tbe rectrcolatlog system It Ia eaaeotlal that all connections 
be rompletely Ugbt to avoid 1088 of gas and to prevent water 
trom reachiJJg the Shell·Natrou. 

With the canlllter removed from the helmet, OU It carefully 
with Sbell·Natron trom both ende. Lee,·e no empty space In the 
asp! rator end of the canister to accommodate the dlacharge 
nozzle. Sbake the absorbent down enough to lusure that the 
canister I& otherwt.e Oiled rompletely. Ae originally laflued, 
there we~ no bames In the canister 80 any uoftlled pockets would 
pass the gas over the absorbent lnatead of through It and the 
carbon-ill.oxlde would not be removed. A bome, plate 96, waa 
subeequently lnetslled In aceordaoce with Bureau of Shlpa letter 
Auguat 14, 1941, No. ASR/894c EN28/A2-ll. After use, remove 
the Sbell·Natron from the canister and wash out thoroughly with 
freo!h water. Any absorbent left In the canister will produce 
heavy corrosion. 

The manifold shown on plates 98 and 99 Is ulled to control 
tbe supply ot gas to the dl ver and ae a storage rack tor the 
gas lla8ks. OxJ'·bellam mixture Is supplied at 50 pounds per 
square Inch over water pressure during the dive. Thla Ia changed 
to pure o:rygen during the decompl'e&l!lon at the 60-foot stop. 
In 110 emergency, rompreesed alr can be supplied to tbe diver. 
These three systems will be explained In detan: 

The helium Oaska containing the o:ry-heUum mixture are ar­
ranged In a steel raCk In tour banks, a. b, c, and d, plate 99, with 
live Oasks to the bank. Only bellum llasks, which have a left· 
band thread, will Ot the Oask connections on the manifold. All 
lluk stop valves are opened and one bank at a time Ia uae4 
by opening tbe stop valve to tbnt bank. Flasks lo an exbal18ted 
bank can be replaced wltb full llaska without Interrupting the 
supply to lbe diver. 

The mixture flows from t11e hank In IL>;e through a strainer to 
the Grove preesure regulator. The llask pressure Is reduced by 
the rt'gulator to the pressure required by the diver, 50 pouoda 
per square !ncb over water preMUre. The oxy-bellum Ia eupplled 
from tbe Grove regulator, part (P) plate 98, to the diver via a 
volume tank, part (T), plate 98. 

The test pre~~Sure for the hlgb·pressure portion of the system 
Is 3,000 pounds per square Inch and tor the low·preMure portion, 
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SECTION OF RECIRCULATING SYSTEM 
PI.AD 96.-Belmet oxyatD·be.ltum, l'le<"tloo ot .reclrt'U1atlr1Jf ~)··at•m. 
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e 11t It 0 

.....-.cw-··1.-. btlmm<nn!!Obou>k ~. 
b--CW-SJOUwl (tin', beUum~1)"1f'1t di\""frl' 'JUI.,,I>· a...,...;_,. 
o- OOO.pound sliCe. OX)-pa ~. Os1n4 "'olu:rn. tank ~no., 
d II 1'. p_,...u (pun) 11Mk _.,...., .. 
~c•:a.)"bD •.tce--01-nea \"'illmfl IAn:k SJf'tWU''" 
f fl.~t)'leD (J~)-RCUlalor. 

a-f)l)'&t:D (pwt)-Ut)()f!fOl)'Jl:'D l1aaJr; JUpply Or CUl-41UI \ al\~ 

h Oanto (purt")-lo•·u Ol)"J;t>D G.Mksupphror out-out nl\ (1, 

I O•)'etiJ (PUll') hypaasnh·c(trom U~ to\·l•luru(' Ut.ukJ 
Jantllr- C'ut-out. , .tllve.e. Oro,·tu·,_odo«r. 

I Uellum-o•n~o b)"ffaS.S valve (to b>'1'W Oron1 ~~~~rJ, 
Ill lle11um-os-)'lf!.n MMIIOhl ' 'ah't't (from hC!IIUJU><•'-)I•'ll \'UIUIIIO tAnlc 1.(1 dh' tr-). 
U Ol)'CfiU (rJurt) manifOld \'A)VCJ{ftolll OJ)'If!:U VOIUUll'riAUk 10dlver). 
<F--Air tn&talfold v.tv~1h·er.s• &nefl-etltT air IUVPI)' r·rom ablfl't-'.r m.lhiiQid. 
Ji-Oro\le r~utv. 

Q- llumtloMier---reculata pn'lS$UJll in •lorn• 11f Oro,·• rt!ducr.r. 
r-U P. &t1111Dtt k>rhfllwnenm ban4 
.-llr:1lWD-o.J) CtD \'Oiuma LliDk. 
c- thnea ,-oJwneiADk .. 
u lll,tn'.UtheUum•.rpa,) t~a~eooatw!t'Uun. 
• Alr-DDilD«tloa"-oblp'ultm..WoH 

l't.ATa tS ~:IS.cten bf>llhm dl•inc maultold (runt (fond) ~l1.·W. 
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!500 ponndJI per aquare Inch. Working preaomre oC low preesure 
portion Ia 300 ponndJI per aquare Inch. 

Two llaaltJ of pure oxygen, parte (I) and (11. plate 09, are 
placed In the rack below the oxy-hellum 't'Oiume tank. Tbe atop 
nln on eaeh llaak Ia opened wide. Tbe piping t rom eat'b Auk 
Is equipped with a atop valve, parte (0) and (B ), plate 09, 
on the control panel whlcll cata In the llaal< to an ordinary oQgen 
preuore l"fCUiator having high and low preaaure 11asea. Tbe 
regulator reduces tbe oQgen 6aek pre&Sure to tbe pret<sure 
reqnlred by the diver, 00 pounds per square Inch over water 
pressnre, and dll!Cbarsea It to the dlver'H bose via U1e oxygen 
Tolnme tank. A valve part ( I ), plnte 98, Ia provided for b7· 
paaalng the OI)'geo regulator In COlle It !aile. 

It the Oil'·hellum or oi)'gen syatem tall, the diver can be 
ahltled to compreaaed air. A length of standard diver's air 
hoee from a regular dlnr'a air anpply Ia anncbed to tbe air 
hoee connection, pert (V), plate 98, at the control panel Wben 
the dl"er le shifted to comp~ air, be abonld cootlnne to 
"Circulate" for 20 mlnutea without "Venlllatlng" before be goos 
OD Hopen ell't'Uit." Thla wUI precvent biB anddenly becoming dluy 
from the anaeatbetlt' ell'et't of the nltrocen. 

The OI)'gen·hellum volume tank, part (K), plate 99. bas a 
capacity of about 8.'1!! cubic feet. It Ia .equipped wltb a relle! 
•alve having a 300-pouod aprlns Installed and eet to !Itt at 
27!1 ponnda per aquare Inch. Spare sprlnp of 400 and 1500 pounds 
are eupplled. Tbe teat pretl8\lre of tbe tank Is 1,000 pounds per 
aqoare Inch. 

The oxygen volume tank, part (N), plate 09, le of tltP Ill\ me 
alee aa the OQ ·bellom volume tank and baa on Identical rellet 
"Valve wllb spare aprlop. 

The conn~tloo to diver's air hoee ia wllb a standard 8 Cttlng 
attached to a manl!old at t he top renter of the control panel, 8 8 

ebown by port (U). plate 98. Tbla manifold has Ali nhes, pllrta 
( MI . (N), And (0 ), plate 98. Two are atope tor the oxy-bellum 
117atem, two t or tbe oxygen system, and the other two control 
the compreaeed air eupply. Between the two etop ni'Vea In eat'b 
aystem Ia o pet cock aceldeotal JeakagP between SJttema. 

Tile Grove preaeure regulator, pert (P), plate 98. automatically 
reduce. the lllll!k pressure of the oxy-hellum mlxlu\'1l 10 that re­
qolred by tbe diver. It Is similar In construction to other 
dhtpbrarm-operated regulators except that Instead of a spring 
nplnat the dlapbrngm being used to control the dll!\lhnrge pres­
sure a dome over I he dlnpbragm Ia cha rgee! to a suitable pressure. 
A a lnatelled, the dome pres110re Is adJusted from the blgb pressure 
aide of the line to gl¥e the desired dlechntJ!e pressure by turning 
the handle on tbe dome loader. In case the dome loader doee not 
opel'llte, tbe dleeharge pffl!Sure can be regulated by Inserting the 
proper wrench lo 11 •mall fitting on tbe llaoge of tbe dome. 

'nle preaure delivered by the regulator must be carefully 
adJneted to ISO pounds per llquare lneh O¥er the water preJIII\Il'l' 

correepoodlng to Lbe actual depth of Lbe diver. A p~ure lower 
than Lbla amnunt will prevent proper fnnctlonlng of the dlver'a 
l'et'1rcnlatlog eyetem. This reqnlres contlnuoua changing of the 
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dome loader setting wblle !be diver 18 golog down and coming up. 
The most likely causee of derangement of !be regulator are 

failure of dlapbrngm and worn or damaged valve parta. Nt>w 
fl&rla may be obtained upon reqolllltlon to tbe Bureau of Ships. 

1. Helium l'Onducts beat much more !ban does air. Wben dlv· 
log wllb oxy-bellum ml%tures, !be beat !a carried from !be diver's 
bod,y so rapidly that special provision must be made to keep hlm 
from bel'Omlog cold. Bellum penetrates fabrics and oilier ma­
tertals ao actively that electrically heated diver's underwear had 
to be developed tor diving wllb oxy-hellum mlnurea. 

2. The heating elements consist of fine loterwoven wlrea ar­
m nged In mulllple series-parallel circuits. Each wtre Ia Insulated 
wtlb spun glaas !bread wound around lt. The wires are placed 
between two ~&Jere of spun glass c:lolb and are sevrn to one layer 
wllb glaBS thread. The Inside and outside of !be garment Is 
knitted wool, dyed blue and Impregnated to make It fire realataot. 
Tbe high concentrations of oxygen lo the dreBS Increases the po88l· 
blllty of lgaltlng materials which ordloarlly will not burn readily, 
hence tbe glass lnsulatlon nod lire-resistant lmpregn.ation. The 
underwear and the means for operating It are shown on plate 90. 

B. Six 6-volt, 200 ampere-hour atornge batteries are supplied 
to furnish the current for the underwear. The lead.~ from !be 
batteries are lead to switches on the pa.oel so that any number 
ot batteries can be used at one tlme In series, giYing 8 to 96 Yolbl 
on the leads to the underwear In 6-volt steps. Only nne swtteb 
at a time should be to the "On" position, otherwise one or mon> 
ot !be batteries will be short elrcoltl!d. It Is necessary to have 
tbe batteries sod all purls of tbe elrcult well ln9Uiated from 
grounds to avoid glvtng tbe diver a possible . shock that will be 
uncomfortable, bot not dangerous. 

4. 1100 feet of No. 12 twtn-coodnctor portable wlre Is 110pplled 
for the underwear eondnctor. It Is led Into the helmet through 
a gooeeoeck using the old atyle battery type telephone connections. 

Ducripli<m of PiaU 99. 
o, b, c. d-Bellumooxrgea bankt ($ ~O&Ira P<r bonk). 
e. t, I• b-Bellunt-oa:J'Ct:n b•ak m&olfo\d C'Ut-<lUl tal'fe.. 

1-Uppor orygoa (puro) ftiOI<. 
)- Lower OIY~ftl (pure} ft&st. 
lc--UeiJum-ot.Yc~o (mbtutt} volume tank. 
1- Relitf nlve. 

m----6(1).. ..ad @pound aprioas ror rellof Vlh'o (300-pound sprin&lo.st&l1ecJ). 
o-Oxneo (punt) volume ta.nt. 
~ReUeC valve. 
p---<00- Ol)d 100-I>OWld sprlap lor rolld valvo (300-pouod •Pring l...,.llod). 
q-BoUum~rseo (mbture) ll11e from manifold to l't..'<.luoer. 
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r-Hellum"'1ygen (IIllrture) line trom beUum-oaygen volume tank LO dl~tn' he.IJ.um-os)'geu SOP· 
ply m&Jillold (1!11!1& "M" on end 'Plew). 

t-HoUum-oxrten liDe rrom Grove reducer to bellum-ol)'gtn volum~ taok. 
&-Oqp.Dllne from o•YI"D bypass valn (see "I'' on end view). 
a-T·.IIt.tJnr-ooD.DC~Ctlna' osygeo, bYJIIr.M line and dlven' osygea tupply l ioe to oxygen \'Olume taa.t. 
"'--x)'Je:n llDe trom os:neo volw:ne t&nk to divers' ot)lte.D m.an.JJo1d, 
•-oaneo lt.ee Uoe (aM j•c:•• oa eD<l Ttew). 
x-oxyrao JUpptr lloe trom oryee.o regulator to o&ygea \"Olwne. tank. 
y-O·JYPD suppl1 ll.oe to eut-out nhte (~ .. , .. on e.ad t"lew) . 
.--ol1l6D .supply lioa to cut.-out 'fal'f& (se& "b .. on e.ad vl&w). 
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Connection to the underwear Ia made Inside the helmet with a 
small bakelite plug and jnck placed on the left side of the dlver'a 
face clear of bls telephone. 

ri. The resistance of the dress ls about 2 ohms and It Ia de~~lcoed 
to operate on a maximum current of 15 amperes. The reslataJlce 
of lbe cable must be considered In calculatlng the voltage required 
t:> obtain lbe desired current. For example: No. 12 wire hu a 
rt>slstance of 0 .00162 ohms per foot. Five hundred feet of twin 
conductor cable will buve 1,000 teet of No. 12 wire with a resistance 
ot 1.62 ohms. The resl.stLmce of the circuit through the dress will 
be 2 plus 1.62, or 8.62 obme. The maximum current obtainable 
from thP 36-volt supply will then be about 10 amperes. To furnish 
15 amperes, It will be necessary to add three more 6-volt batteries 
to the supply In order to raise the potential to 54 volta. The actual 
current through the underwear Is rend directly' from the ammeter 
on the panel. Divers report being comfortable In water of 
46" F ., uatog lUi amperes. 

6. The underwear must be handled carefully to avoid brealdng 
the wlrt>S lo the hPatlng element11. Do not fold or crease lt. but 
atow It on hanger& to a clean dry place. 

SECTION V. DIVING PROCEDURE WHEN USING 
OXYGEN-HELIUM MIXTURES 

1. The dlve.r puta on the electrically heated nnderwear whlch 
replaces all of the diver's underwear usually worn. If dealred, 
the diver may protect his bend by wearing a leather a'•lator's 
helmet buckled securely under his chin with holes cut In the ear 
flaps to permit hlto to bear. 

2. A standard rubber diving dress to good condition and 
equipped with gloves Is worn. Place electrl~ plug on lbe left side 
ot diver's neck. The breastplate nuts must be well set up to avoid 
any le~tks. Use a full belt. 

a. Inspect the connections to the helmet to see that the7 are 
tlgltt and properly mode up. A safety nonreturn valve most be 
used. See that the 08plrstor hlgh·prei!Sure nozzle Is clear and 
c!Pan. 

4. Screw helmet on breastplate, open faceplate, attach control 
,·alve to breastplate, tben stop llteUnu and heating coble to right 
s ide ot breastplate and bose to lett side. Connect underwear heat· 
tug plug and Jock on the left aide of tile diver's face. Test the 
underwear by turning on the lowest voltage available and noting 
I be ammeter rending. Teat tile telephones. 

5. Check the ftlllng ot the canister. Place screen In lett (dls­
~llnrge) connection and leather washer In each connecting not. 
Attach canister to helmet, settln.g up on nuts with wrench. Turn 
ou o:ry·llellum supply with a pressure ot 75 pounds square loeb 
nod listen to sound of 118plrntor. DJ,·er opens nod closet! control 
valve to test It and the sotety nonreturn ,·aJve. Close exhaust 
mtve. Close face plate. Diver Is ready to enter tile water. 

6. There should be no Jenks anywher~ In the dress and there 
must be none at all to the reclrculntlng system, partteularly tb~ 
canister. The entire operation ot dressing Is done more con-
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venlently with the diver seated on a stool. Be should be lowered 
Into the water on a stage because the weight of tbe <jreas makes It 
v~ry dlftkult for the diver to handle himself out ot the water. 

7. During the descent, the dber uses b1s control ~ahe to keep 
b1s d.resa Inflated.. After he reaches the bottom. the control valve 
Is kept cloaed. The recirculating system then replenishes the 
oxygen and provides the necessary ventilation. The exhaOllt valve 
Ia kept closed, the diver using bls cblo valve occasloonlly to recu· 
h•te bill buoyance. The control valve mas be opened If the diver 
needs a sudden increaae of atmosphere In his dress. 

8. Wben be receives the order "Venlilole, • the diver opens hla 
control nlve about one-quarter turn and holds the chin valve open. 
This Is done either to renew the atmosphere In the dress, or to 
remove the oxy.hellum mixture from the dress when shifting to 
pure oxygen during the decompression. The diver may ventilate 
bla dress at Intervals on the bottom If be Is working hard, or 
Is not satlslled with the adequacy of the recirculating system. 

9. At the order "Circulate," the dh•er closes his control valve 
IUld releases the chin .alve. pennlttlng the recirculating system 
to supply him. 

10. The order "Go on open circuli" means to open both the 
control valve and the exbauat ulve, operating the dress In t.he 
..ame way that the conventional compreSsed·alr dress Ia used. 
Tbls must be done If the recirculating system fulls. U the diver 
noll~ from the sound of tbe aspirator Jet that the circulating 
system 1s not working, he should ahlft at once to "open ctreult," 
reporting his action via telephone and by signal. 

11. The aconstlcal properties of diver's telephones have gen. 
E:rally been poor. Wilen diving with oxy·bellnm, the deOlllty of the 
mbture being different !rom air, a peculiar property Is Imported 
to the sound of the voice. It Is almost Impossible to understand 
the diver. Experimental types of telephones with tonal control 
built Into the ampllller b11ve given better results. With experience. 
men learn to adopt their voices somewhat to the bellum 
atmosphere. 

12. I t Is on excellent pracllce tor the diver to speak over the 
telephone about once a minute during the dive. A contlnuoua 
description of the conditions be encounters and a report of what 
be Is doing will give blm something to talk about and may be 
ex~ly u!le!ul Information. 

13. The following Si.CCial band signals with illellne and air 
hoee seized together are recommended tor use In case the tele­
phone tails : 

1-2 pull-Reduce current to underwear. 
1-8 pulls- Increase current to underwear. 
8-2 poli&-"Ventllate" or "Go on open clrcull" 
4-8 pnlls-"Clrculate." 

14. When made by the <liver, these signals Indicate that the 
diver 18 carrying out tbe operation lnd!eated. 

ll5. Speed of ascent Is an Important factor In the decompression. 
The diver should keep himselt heavy while coming up, permitting 
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the tenders to haul blm up at the proper rate. A stage wblcl• 
co.o be used to land tbe diver on deck Is the beat arrangement 
for decompN!SSion. 

16. Ufldf"el8inll Is done moat easily wltb tbe diver seated on a 
stooL Open the faceplate. remove tbe canister, uofasteo Jllellne. 
air bose, and control valve from breastplate. Dlacoonect under· 
wear from belmet and remove helmet. Proceed wltb uodreaslug 
tn same manner as with compressed air out11L 



CHAPTER XIX 

SALVAGE, SALVAGE VESSELS, AND SPECIAL 
GEAR 

l'erhape the foremost duty of Navy Dlvera Ia In aalvoge Opllrn· 
tiona varying from tbe rerovery of small Items ancb as anchors. 
HWll<en torpedoee, etc., to the raising of aunken submarines and 
t:be ulnglng or surface wreck&. The procedure In tbe recovery of 
t:be IIJDA!Ier lteme nrlea wllh tbe clrcumatancee In each cue and 
uually embodies IUCh a multlpllclty of varying conditione tb&t no 
attempt wilt be made to lk>lk'rlbe sueh operations In tble chnpler. 

v-1 eaiYage operations are normally of two eta_.: namel)'. 
(a l aubmarlne, ( b 1 beach. In the former lnllaoce the wrO('II: Ia 
rompletely aubmerced and therefore all the wort In preparing 
the wreck tor ralator moat be aceompllshed by divers. In the 
latter ea.ae the wreck Is bot partially submerged and dlvera are 
usually neceuary only for aternal bull and underwater terrain 
examinations. 

In sobmartoe aalvage It 18 necessary to raise the wreck to the 
aurtace p rior to towing to the drydock for reconditioning. Wben 
anbmarloea have IJuJrered considerable damage to tbelr watertlgbl 
Integrity, It Ill necefiMry to provide sutllclcnt ezternol buoyancy 
by pontoone or other means to provide a lifting force of a mug­
nil ode capable ut breaking the suction or tbe bottom and to pro­
vide poatttve buo)'ancy tor llftlnr to the surface. lnumuch as 
submarines are dealped u oOderwater craft, It Ia uaoally posalble 
t o mate watertlrbt ID&Jiy ot the compartment& of tbe ablp and 
in tbla manner provide man7 tons of Internal buoyancJ. 

Yany anrtace craft bave BDDk to a depth eumctent to aubmer11c 
tile enUre ablp. Tbe smaller ablpe can be raleed by tbe aid of lilt­
tog cranes or by tbe nee of floating buoyancy membel'll, tbc lilting 
force bel or supplied b7 powerful winches or by the rlee and fall of 
I he tide. The lnrger ve>ssels may be salvaged by making tbl' bull 
watertl&ht and b7 dlaplnclog the water wltbln b7 romptl!l!sed 
air. The reclamation of the e<:Uttled Gcrmnn Fleet nt Scnpn ~'low 
l1l an tmprt'8slve exnmple ot this method or 111\IVASC-

Surtacc snlvogc Is occompllsbed by UUiny different menu•. and 
tbe method used Ia dependeut upoo tbe clrcumstant'CIJ surrouudlng 
E>acb cue. Many vessela nre relloated by llgbtenlng ablp and pull­
Inc off at blgb tide. Or hers are forced to avail themaelvea or ad· 
d!Uonal means aucb as tbe use of bencb gear and towing power of 
other ablpe, and agalo It 13 necessary to dredge tbe bottom ! row 
aronnd the ablp to provide tbe necessary draft to refloat tbe vessel. 
Pontoona, barrea, or other external buo,aocy members are fre­
quently ealled upon to 888181 lo raising tbe ablp a autllcJeot degree 
'" clear bottom. 
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The use of divers to the salvage of surface wreclat Is of a minor 
nature nod therefore tbls chapter will devote Itself mainly to sub­
marine salvage In which dh·ers play a mojor and lndlapensable 
port. 

Salvage ~uadrons consist of the salvage and attendont 'tefl8('18, 

pontoons, and other Mlvnge gear. and a complete stair or sal.-nge 
t.ersonnel lnt·ludlng experienced divers. The number of the above 
is dependent upon the size of the vessel to be salvaged, the extent 
or dam.age to the wre<>k, nod other miscellaneous tactore sucb as 
tbe depth of wntt>T for submarine wrecks, navigational ba~.ards, 
etc. In eubmarloe wrecks, a submarine rescue vessel Is oaually 
deelgnated as the salvage and diving ,.ei!S(>I and the other vessels 
stand by as attendant vessels. Eacb ship bas a speclllc function 
In the salvage operations. The diving ship Is moored directly over 
the wreck so that tbe divers con be readlly lowered to tbe desired 
location. Usually a sister ship of tbe sunken submarine Is ordered 
to stand by In order that tbe divers can familiarize themselvet! 
with the location and operation or an exact replica of the corre­
spondlng part or the sunken craJt prior to descending to accom­
pl!Ab a certain taek. Tbe United States Coast Guard nod tb~ 
United States Lighthouse Senlce bnve cooperated wboleht'artedly 
wltb tbe Navy In previous 1311lvnge operaUons, and the salvage 
f~>rces would have been seriously handicapPed without their ald. 

The Nuvy has converted m!ne21weepers of the bird ctass to 
submarine rescne vessels. The vessels are normally stationed at 
submarine bases. 

These shll18 hnve the ronowtng cbarncterlstlcs: standard dJs. 
placement 1.000 tons; designed speed H knots; length 180 feet; 
beam 36Y, feet; drott lOY, feet. They are excellent sea ve-la 
and are especially suitable for submarine rescue purposes. Tbe 
Installation of additional equipment made necessary by advances 
ln the art of diving bas crowded the diving vesselll to a conelder­
oble el<tent. Tbe attendant vessels can relieve the crowded con· 
dltlon or the dlvlng v~ls during salvage operations In many 
ways such as quurterlng sal.-nge personnel, manufacture of sal­
vage equlpments, etc. 

Submarine rescne ahlpa are required to be equipped wltb many 
Items of spectnl snh·nge gear Including tbe following Items of 
maJor Importance: 

(a) Diving out11ts. 
(b) Recompression chamber. 
(c) Compnossed-alr supply. 
(d) Pontoons and pontoon genr. 
(e) Underwater cnttlng and· welding outllts. 
(f) Washing nozzles and lances. 
(g) Cement guns. 

Beach •alvnge gear Is chleJiy carried at established salvage sta· 
trona nnd depots. 

Diving out:tlts ore tully described In chapter III. 
Recompression chambers are essential to deep diving operations, 

not only for treotment or rolsson disease but also to preweot the 
contraction of the dls~ose on emergency ascents and under other 
conditions requiring the diver to be brought rapidly to the surface. 
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Tbe present standard type recompre.salon chamber Ia designed 
tor worklDJ presaures not exceeding 200 pounds per square loeb. 

Tbe standard recompresalon chamber Is cylindrical ID Corm aod 
Ia dlvlde<llnto three separate airtight compartments. The tarsest 
lock (medical lock) cootaloa all the equipment used In decom· 
pte88lon and Ia the lock lu which the diver Is placed during the 
decompression operation. The man lock 18 mucb SmAller and Is 
used tor equalizing presaul1!8 for peraona entering or leavlog the 
medical lock while decompression Ia In progresa. The air Jock Is 
used tor pasalng supplies or equipment Into or out of the medical 
lock. Duplicate valves permit control ot air pressures either from 
the Interior or exterior of the medical and man locka. Suitable 
collOecUon boxes and deadllcbts are plaeed to allow for telephone 
and veaael commonlcatlon with persoDS wltbln tile cb8.lllber. 

Tbe Navy standard recompression chamber Ia Shown on plate 
100 In wblcb the compressed alr piping, valves, and llttlngs have 
been omitted to permit greater clarity. 

Compresaed air may be obtnlned from three sej)Cll'ate sources C..p......t 
on submarine rescne vessels aa follows: oJr nnl7. 

(1) Diver's air supply consists of two compressors capable 
of supplying approximately 100 cubic feet per mlnuh! at a pressure 
of 400 pounds per square loeb. 

(2) Salvage air supply coaalatlog of a dual set of low pressure 
compreasora capable of supplylog nlr at lUO pounds per square 
loeb. 

(3) HJgb-presaure air bonks contnlnlng air at appro:r.lmately 
2,500 pounds per square loeb. 

Tile hlcll-presaure air banks are usually carried as an emergency 
air supply but may be used for deep-sea dlvlog where the condi­
tions are such that tile alr supplied by the @.pound capacity e<n­
pressors Ia Inadequate. In special cases such as the Jloal blowlng 
ot pontoons and watertight compartments In the ralslDJ of sub· 
marloea, compressed air Is also !urolshed by the attendant vessels. 
AU submarines posseas high-pressure air banks and especially lend 
themelves as a reserve air supply. A diagrammatic sketch ot a 
typical layout of tbe diving all' and salvage a.lr supply Is shown 
on plata 101. 

The air supply to dl vers most be at tile correct pressure and 
temperature and must be free of carbon dioxide or other undeslra· 
ble tmpurltlea. It most not coat.oln excess moisture, especially 
when diving In cold water where such moisture may freeze lo the 
air Unes and Shut ott the divers' air supply. 

Tile euess moisture Is separated from the divers' alr supply 
by compresslog aod cooling of the nlr ton point where the relntl\'e 
humldlly exceeds 100 percent, at which point the moisture con· 
deoses and Is drawn ott. The alr Is then expanded to tile desired 
diving pressure with tile relatl~e humidity decreaslng accordingly. 
Further .alr conditioning Is often oecell511ry by air beaters or alr 
coolers as the circumstances warrant. These units llre usually 
perm.auently lnst.olled In the divers' air supply line equipped with 
b11)8118e8 to cut out each unit If that pnrtlcular phase of air con· 
dltloDIDg Is not desired. 
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Tbe use of pontoons In salvage operations baa led to the de­
velopment of the larger 3 C<lmp&rtment type pontoons. Originally 
pontoons were constructed to give a mnxlmum lift of 00 tons 
whlle the deadweight of the empty pontoon was 86 tons. Tbe later 
types are approXimately 32 feet long by 12~ feet lu diameter 
giving an 8C).tou buoyancy lift from an empty deadweight of 35 
tonB: Pontoons are normally divided toto 3 watertight compart­
ments, each compartment having separate vent, flood, and air 
relief valves. Eoc.h end compartment contains a hawse pipe 
through which the llttlug chatas are paased and secured by 
meana of chain stoppers or wire rope stoppers. The controla to 
ea.ch comportment are usually painted d11ferent colors to permit 
easy ldentlllcatlon and to avoid contusion when submerged-

A wood sheatbtug Is placed around the cyllndrlcJII metal tault 
to protA!ct the tanks from Injury. When toWing In rough weather, 
the pontoons are very active In lbe sea due to thelr great buoyancy 
and frequently crash together or against other shapes with great 
force. It 1.8 therefore lmperattve that great care should be taken 
lo protect the pontoons from exceaal ve sheathing wear or from 
puncture due to contact with sharp projections. A diagrammatic 
alretcb, showing the plplng, flooding, and blowing arrangements of 
Nary standard pontoons with tbelr towering linea, etc., Is shown 
on pia te 102. 

Pontoons may be transported to the scene of salvage operations 
by stowing on the deck of barges or other vessels or by towing. 

There are two kinds of underwater cutting outfits, namely, 
Ox.!'l:eo-hydrogen torches and electric ar~ torches. Tbt> ps 
torches have been found to possess the hotter flame but the elec­
tric arc torch. while elower, Is more adaptable and dependable for 
underwater use In tba t It will cut all commercial met ala and ad­
justment Is not nece8$8ry after descending under tbe sur!a.ce. 
'l'he oxygen-hydrogen torches will not cut nonferrous metals and 
adjustment must be made to control tbe length of the cutting 
ftame which to turn Is dependent upon the external pressure or 
depth of water. 

Oxygen, supplied to the tip of the electric arc torch, serves to 
Increase the flame temperature and to form a gaa bubble to wblcb 
the arc burns. The apparatus can be adjul'le<.l at the surface 
prior to the descent of the diver. No further adjustment 18 nec­
essary after submersion regardless of the depth of the water In 
which the cutting Is to be done. Underwater electric arc cutting 
usually requires up to 300 amps at 00 to 60 volta across the arc. 
Tbe oxygen Is supplied at approximately 60 pound& per square 
tuch In excess of the pressure at the depth at which the diver Is 
working. A sketch of tbe Navy type oxy-hydrogen underwater­
cutting torch Ia shown on plate 103. 

For underwater work the Navy uses electric arc welding. Cur­
rent Is supplied preferably by a 200- or 300-nmpere commercial 
weldtui set at approxlmarely 185 amps and 35 volts acro88 tbe 
arc, but the 150-kllowatt generator, such as that u.sed with the 
underwater oottlng torches, may be used. when modified, tor weld­
Ing operations. Surface electric arc sets cnn be converted to 
underwater work by using an Insulated electrode, electrode 



SALVAGE, SALVAGE VESSELS, AN'D SPECIAL 01>AR 

hold~rs. nod U1e euble tleslguetl for use with the electric uoder­
" ' uter cutting torch. 'fhu electrodes should never be uurued to 
lesa t!mo l 'h lne!Jes o! IW!gth no the b~nt would dumnge tb~ rub­
ber rover o! the holder thereby .;erlooll!ly hnnllicupplng repluce­
meot ot nc•v electrodes. 

A uow uude•·wuter cuttlug torch I$ l.:•lng procured 1uul supplied 
to th~> fleet at thl~ tlmll. 'this torch IM vr the urc oxygen IYJ"' 
111\\'lng n chuck bead permltllt•g ready ~ewnl o! electrodes, The 
elo:.octrodf'S nrc boiiiJW-<'Oaled stet•! rodB. This contlng 1.1 a llrue 
n c llon mixture. 'J'hu Oulftl cun I.e upcrntcd trom the suwdllrtl 
300-umpe.re welding Jnuchlne , und I~ much more etlielent t.bon ony 
m ethnd prc•·lonsly ou;ed. DeloUed inllLmcllonH ure supplied with 
eacb outtl t. 

Dlvl!rS should wenr n supplementary :tuce piece or goggles 
wh.eocver performing cutting or welding. Th~ !at-e-piece guard 
o bstructs the diver's view on.d theruforc mMl be remoYL'Il, ncetll;­
sltatlng the replncemenl or the ordinary face-piece wllh a non­
shnucroble gloss fnc~ple<>e. Care ahouhl be to.ken ln cbedclog 
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tile bevel of the !nceplece frmne with the curvature of the non­
sbatternble gloss to prevent crncking on lust.ullntlon. 

Afte r all cuttlug or welding operations, the diver's exhaust 
valve should be overhauled nntl thoroughly clenned to remove 
minute particles whtch frequently cleposlt on the esbnust channel 
or vtUve seat. 

Velocity power tools should be especially adnJJted to under­
wuter use nnd to any other type or work wbere the operator ls 
t>hyslcally restrlctrd. Of speclnl vnlue In sulvage operations Is 
the cable cutter and the power driver. Tbe other velocity po\ver 
toolil nre the pipe bonder, rivet expander, rivet remover, and 
wire rope bonder. All ,-eloc:lty power tools (lerlve their actual· 
ing tuJ·ce from powder cartridge• similar to ride cartridges ex-

I'Lo= liH.- Veloelty power pipe bonding p~. 

cept that the cartridge contains only tbe powder. The velodt:y 
projectile or moving part l.s an lntegrttl part of tile tooL Plates 
lO.J, 100, und 100 show the pipe bonder, power driver, and cuble 
culler tools. 

Tbe .-elocll:y power drh·er l.s useful In t)ulekly attaching steel 
plates by driving studs In the base and by h!serting the plate 
O\'er the studs through boles previously pnncl1ed lo tbe pin te 
by tile drh•cr. Tbe plnte can r.hen be t<eeurely attnelled to the 
bll.Se by uuts a!ter wblch "'eldlng may be uecompllshed lt a more 
permanent anncbruent Is desired. 1n addition to driving studs 
nod punching boles, tile llrh•nr ClUJ be tilled for rivet removing 
by clulllglug tbe type of projectile bend. 

Tbe ,-c lodty power cuble cutter Is c~op.uble ot cuJUng wire 
ctobl e up LO 1 loeb diameter. Cburacteristlc or many of these 
tools, th~ cub\~ culler cnn tuncllun 011 the ~ul'lllet! or uuder water. 

The pipe prl!$8 Is used for bonding c>r COilPIIng steel, Iron, brass, 
or t-opper pipes togetber without the use of threaded connections 
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l'l..Ulo 105.-l"eloclt.Y power driver. 

rnnglog lu si7Al8 from 'J!.·luch ll lpe to l-Inch pipe. A plnlo cou· 
piing of on lntcruul dlurueter slightly larger than tbe exteroo.l 
r.llnructer o! Ute pipe to be couplcr.l IH slipped over the ends of the 
pipes nod the pipe press Is pl:tced In operating pOsition. On 
tiring the blnuk cartridge, tho coupling Is compressed over the 
tJipe to the extem thnt the coupled ottlog cnn withstand an ln­
tenml hydro~Lntlc pressure of nt least 4,000 pOunds per sqnnre 
Inch. Tho pipe prc,;s 18 designed for 80rfnce work only. 

The wire rope press Is slmllnr In principle to the pit"' pre,;s 
<'Xt'ept tha t the former Is uS()c\ roan ncb llttlngs (eyes, couplings, 
etc.) to wire rope. The completed attncbmeot ls capable of 
W(thStnOcJing fOrces eQIIllJ (O nt feaSt 11!1 perCt:Jl( O( (b(' brenkJng 
streogtll of tbe rope. Slmllor to the pipe pregs, Ute wire rope 
press ls deslgue.l tor surtuL'i' 'vork only. 

l't.ATe lOU.-\~tl-luchY powM c:nble cutt~r. 
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The rivet rl>mover Is similar to tbe drl~er except tbnt attach· 
noents ore provided for exact!)' renterlng the apparatus over 
tbe rh·et to bA remon)d. ThiM devic-e Is cnpnble <•f removing 
coumenmuk, buunuheall, nnd punbead rivets in si7.es (rom ')(, 
lnch tn 1 Inch trom Cubrltatcd steel strucl'llrcs. The perfOrm· 
uncc Is rapid and complete and no dlmculty Is esperlent'Cd In 
rrmo••lng the drl\·lng unit from the hole and r~repn.rlog for tbe 
next operation. This unll 18 designed for surruce work only. 

The rh·et cxtxtndl!r c•m be used tor surruce or underwater 
work operating equally well In eltber case. The principle of 
operation Is similar to tbe driver except that the projectile Is 
u snonll UltJercd Jllll which Is llreil into the head of tbe rl\•et, 
tending to lnt:t•I!Jtse lit~> dlolllctcr ()( the bend and UtJper hotly 
llJlproxlrnately 0.03 I nell. 

Detnlled lnslrucUous In the operation, cnre. tmd mnlntenance 
ore tum!Jihed wltb ench velocity 110wer lool. 

The purpose or Ute w•L•hlnJt nozzl~ und In nee Is to el'ilnte n 
tunnel or tlllssog~ under rhe submnrlue through which nre ree'' l'll 
tbe large lifting cllulru; r.ltlll' Ol'f' ntlllch('(l to 1 he pon toons. Water 
under grent pt'CSSUro is SUJ1Jtlled 10 Ute mlz>.le or lnnce whtll'e It 
Is directed nlthe bottom ut gretll velocity. Tbe force of Um wnter 
stream tllolodges Ute mud un•l slit nnd the now or wnter from 
rlle no>.zle curries It clenr of the washing operation. 
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The waabloa aoales almUar to lbe type abowu Ia plate 101 
were uaed Ia lbe 8-SJ aod lbe S-~ aubmulue uln,ee bot -•e 
found uuatlataetary for tunnelllllg pu~ durlDC lbe Sqo~~Jlou 
811Yage due to lbe cbarader of lbe bottom Ia wblcb lbe 1ubmarlae 
waa partially Imbedded. 

Durlnc tbe Boulllou ulnge, a Lauce wa1 developed coDSIItta, 
~fa wubtng nozzle atta.cbed to lenglba of curved 1%·1Deb plpea 
Jollied b7 ordinary pipe DDions. AD attempt was made to force 
lbe 111.0ce under and around tbe submarine. Tbe orlclnal lance 
was not aallsfactory u It wa.s nearly tmpoe~~lble to retain correct 
allnemeot by using lbe ordllllll'J pipe uuloua and It was alao dUll· 
colt for tbe dlve.r to make union between tbe ~~e<:Uooa. Alter lbe 
lance paaaed lbe keel of tbe submarine, tbe washing water tended 
to eacape on tbe tar &Ide, pennlttlllg alit and wud to settle nrouud 
tbe lance aDd prneut fortber advancement. After tbe lint 
W18UC<!I!S8ful attempt lbe laoce abo.., Ill plate 108 waa developed 
wblcb eliminated tbe deddeadea ot lbe original type. Tbe Lauce 
was made up of eelt·allnlq t~plc JolDtJ wltb four beckwardly 
d~ted boles every 4 teet ot leogtb to provide reaction Jete to 
ualat lo adnnctng tbe lance IIDd to keep tbe laoce cleared of 
mud and aUt. A llre b011e waa conoected to tbe H&r eod of lbe 
lance tor the blgb·preasure water supply 111d lbe lance waa forced 
aoder and around lbe submarllle. wllb divers attacblnc add!· 
tiona! ~~e<:tlona when neceaeary. Alter tbe nozzle of tbe lauce 
appe11red on the opposite aide of tbe submarloe, a small steel red 
was pa..OO through tbe lance ta wblcb a wire ropo was attaeboo. 
Progre~~alvely larger wire ropes were rove through tb& lnnce, and 
the llftlllg chains were eventually pulled under lbe aubmartne 
after the htnce bad been disassembled aDd removed. 

Tbe use of tbla type of lance Ia restricted ta bottomo ot mud or 
und and cannot be oaed oo rocky or gravelly bottoiWI. 

Submarino reacue veaaela carry liD allowance ot one of tbe 
above lancea. In t.be event of ao emer1ency tbe lance cao be COD· 
atnlcted aa outlined In C. & R. drawlog No.lJ6U2.10, a copy of wblcb 
ll carried on board. The diameter ot cunature of the lluce Ia 
depeodent upoo tbe type of submarloe aod tbe lontltudloal toea· 
Uon oo tbe submarine for lbe llttlog challis. The conatructlon 
of tbe lance Ia relatively almple IIDd any oar)' yard cao conatruc:t 
IllUDe In 48 hours after receipt of plans. 

Cemeot guns are used to seal hatches or other opeolnp wllb a C.omat .-. 
cement wblcb oormnlly bardeos Ill appro:~IIIIJltcly 24 boura. Tile 
gun Ia compose-d ot a large steel cylinder bavlog a cement outlet 
bose oo tbe bottom and ao air tolet hose ou top and Ia further 
equipped with small petcock.s Ill lbe crllnder wall to aeeertaln tbe 
level of tbe cement In the gun. The cement Ia forced !rom tbe guo 
by compreued air and Ia led to lbe desired location tbrougb a 
SUitable lencth ot bose. In aea!IDg aoderwater spaces It Ia oeeea· 
lll1'J to bove tbla sealing 8p&ce suitably protected by cauvaa or 
other material to prevent water currenta, etc .. from waablnc lbe 
cement away aa 11000 as It ls depoelted. I t Ia further neceuary 
ta u.e lbe cement aoon after It Is mixed and to clean out lbe gun 
IDd boee tborougbly as aoon as possible after using. In tordog 
lbe cement lbroucb tbe bose, care should be tokeo not to deplete 
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tile enUre cemeul 8UJ1Jlly iLS ulr will then ru.sb tbrougll lbe hos~ 
with such fofl'e us to dlsplacc the t't!llll'nl rrnm the scnling ~lllle\.'. 
A l'i!Jlleut gun or tlll~ type IS shown on pi ole 109. 

SECTION IlL NOTABLE SALVAGES 

The F- 4 sunk lu 800 teet of wuler otf nonoluln on March 25, 
191!), dnrlnJ; normal ol)<'.ruilons. The culllil) of the ldnklog wns 
never definitely asc-ertained. Soh·oge operations wr•re begun lru· 
medJolely upon locnlh•g the wreck nud thr, snt.omorlnc wa• soou 
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woved Into shallow water (40 feet} by sweeping wires under the 
bow and stem and lifting by the use of wlocbea Installed on ecowa. 
Sll< pontoons Wet;! then constn•cte<l to provide t~ llftlog toree 1n 
t~ last stage. These pontoons were 82 feet In length by 11 feet In 
diameter weighing 3G tons and clvlng a uttlng force of approxl· 
mately 60 t<ms when completely submerged and entirely !Nf' of 
water. The pontoons were submerged, three on each side of the 
v~llllel. conni'Cied In OJIPOBlte pairs by two chains swung und@r· 
n4!11th tbe P-4. When everything was In l't'Rdlness, the pontoons 
were blown clear of water by compressed air tb~ causing opprox· 
tmately 360 rona of lifting force to be exerted on the P-4, raising 
her to the surface where abe w1111 towed to drydock. No lnt~r11lll 
buoyancy wos ut ilized either In the Jlrst stage In mO\·Ing to shallow 
water or In the Se<.'ODd stage In raising to the surtace. 

The salvage ot the F-• Is one o! tbe most noteworthy ..alvoge 
undertakings ever ronducted. Dlvl ng to depths of 300 feet was 
theretofore onbeurd of and tbe actual salvaging of a Vellsel !rom 
~ncb a depth was rooe!dered Impossible. U•tduunted by the sppar· 
ently uQ8unnountable hazards, tbe United States Nuy force 
tackled the problem with n grim determlootlon that eventually 
spelled success after 4 months of exhnnstlng etlorts, In spite of 
many dlsbeo.rtenlog re,-ei'!M!6 trow wind, weather. and tide, and 
lnsuftlclent mnterlal both lo quality and quantity. The diving 
rerord o! 806 feet stood for many years os the deepest dt>pth ever 
nttaloed by man using regt~lar diving equipment. 

The F--+ was of approxlmntely 275 tollll dlsplacem~nt carrying 
a crew of 21 o11lcers nod men at the time of tbe dlanater. All 
hands were lost as there were no re.'l<:ue devices provided tor snell 
pui'J)O!Ie8 at that date. 

The S-51 was acting ns a surface vessel on Saptember 25, 1!125, 
c.lf Block leland wbrn rammed by the steamship Cilv of R<>n1e. All 
ventilation valves and ducta w~>re open as the submarine was 
uavlguUng on the Diesel enJdnes, uod roosequenUy nearly all or 
nil of the malo t'OIDpnrtmenla were Immediately llooded cawdog 
tbe S-$1 to sink In 182 feet of water. Salvage operations rom· 
m~>nt't.'<l on Uctober H , 1025, extending t hroughout I he wlmer and 
~prlog with Intermittent deloys nod tiui'J)ension of operulons doe 
to rough water and t'Uid weal her. The S-51 was llnally rol8ed on 
July G. 1926. nnd towed lo New York hnrbor where she w~ot 
nground on ~f11o of War Rock. Tlle S-r.J was relloated a few dnys 
Inter nnd lhoully come to ,...,.t In drydock at the New York Navy 
Ynrd on July 0, 10'~6. 

The rai•lng of the S-!i1 w11s RtwrupllshM by using poutoone to 
r.ro,·ldo• extE'rnul buoyancy nnd tile dewatering of all a.-allable 
~'''llllllrtmpnts of the submarine to providP Internal buoyancy. 
The churu~14'r or the bottom ue<.-essltated tbe use of wsshlng 
nQzzlrs In Immel under the S-G.I, thus crentlng an opening through 
\7blcb thr pontoon lifting rbalns were passed under tbe wn>ek. 
Tbe ba~ic principles of this method of salvage are di?9Cribed under 
lhP SnlvO(lC of I hE' U. S. 8. Sq!lalo/3. 

The S..:ll bud n ~uhme.·ged displnN'ment of npproxlmutely 1,23() 

tons nnd wus flperatiog with a crew of 36 o111L-ers and men at the 
l ime of the di•a.f<t~r. F'<mr mPn who were on wotcb In tbe conning 
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tower were tllrowu overboard by tbe colllBioo and alz escaped 
from the sobmarlne tllrot13h tile coonlog tower batdl ae tile TeBBe! 
wu alDklng, but only tllree of the latter wet"e eventually picked 
apaodsued. 

The S-.f was emerging to the surface o.tr ~ovtncetowo, Ha.sa., 
on Saturday ])ecember 17, 1927, when struck by tba U. s. Oout 
Guard Cotter Polll4(11f1. The mbmarioe rolled to port upon colll· 
Ilion and sank In lCYl feet of water. Beecae opemtJoua llepn at 
or;ce but were forced to terminate December 24, 1927, when no fur­
ther l!icua of life were pertoelved.. Salvage operatJona were com­
menced Immediately wltll the U. 8. 8. Falco" aenlog as tile IIBI· 
•ace and dlrit13 'Yes&el The metllod of ralalug was practtmlly tile 
aame aa tllat U8ed In salvaging tile 8-St. The 8-4 •u tlnall)' 
ras-1 on Harcb 11, 1927, aud tben towed to tbe Boeton Na\7 
Yard for reconditioning. 

The S-4 had a submerged displacement of approx.lmately 1,000 
ton& None of the fO olllcere and men on board at tbe time of the 
coiUalon were saved. 

The U. 8. 8. Sq11ahu was on builders' divine trials olf Porta­
moutll, N. H., on May 23, 19189, whe.n an emergency dl•e was 
attempted. The lodlmtor paoel slgniJied that all valves and 
opeoloce atl'ecti11g the watertight Integrity of tile bull were 
closed and tbat In all other respects the submarine wu Ia full 
preparedness for the diYe. However, upon snbmerglug, water 
entered tile main veotllstloo duct through tile malo engine out· 
board Induction val~e and entered the tour after compartments 
through tbe hull valves cootrolllng the air Inlet to these com­
J)Ilrtmentll. None of tbeee valves could be closed against tbe 
lni'UIIh of water and the submarine lmmedlat.-ly aank atera llret 
In 240 teet of water. All personnel (26) In the after four com­
partmente were Immediately drowned and the 33 men In the 
control room and forward battery and torpedo room were traJllled 
In tbe snnken submarine. 

Suspicions of dlaa.llter were aroused when radio communica­
tion conld not be eatahllahed with tbe 8q111Jlu1 at a ttme when 
her dive should have been completed. The commandant of the 
Portamonth Navy Yard lmmedlately order.-4 the U. S. S. 8CI6lpilt 
to conduct a search and fUrther ordered the U. S. S. Falolm to 
stand by preporro for re~~eue operations. 

Tbe 8C1Jlpi" soon located a red smolce bomb Indicating the 
presence of the eunken I!Ubmarlne and telephone communication 
waa soon t!Siahllahed through the marJter buoy. Telephone com­
muulmtlon was broken olf ilue to tho pouting of the mble but 
the coudl tlOIUI Jo the 8qual111 bad already been 89certnlned and 
rt'8Cue "'"'rations commenced Immediately. 

Of ftrst concern was the AAvlng ot the personnel trapped in 
the forward compartments of the Squa/1<1, ntter verlllcaUon of 
tbe assumption that all persona In the flooded four afte.r com­
partments hod perished. Communlrotlon with tbe Squalua bad 
indicated that sulllctent oxygrn nnd ('0• ab6orbent wns ava1lable 
oo board to permit rescue <~pl'rotlons by the u!Wl ot the rescne 
chamber. The downbaul cable was attached to the <'8t'Bpe hatch 
by a diver and the llrst trip was soon completed bringing aeven 
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Jlt•rsorJS to the s urf11ce. All went well until lbc fourth und lugt 
trip wben the downhnol cable jammed ond the occupants were 
forced to remoln submerged Cor 4 hours uulll the cable wus cleo red. 
•.rtJe llllt~ of t.ne rescue clwmber was nmply demonstrate<! In 
saving nil entrapped personnel at lbls exeeS$h·e depth. 

Wlt.h rescue operations termlnntcd. 81llvalle operntlon~ com· 
m~ueed Immediately nod continued diligently day oud night until 
('()lllpleted. The FaJc<m wos deslj,'llnled ns t11e sah•age and dl~lng 
v•~ lind 01 her ve.;sels were nsslgned ns attendnnt vessels. 

Exnmtnotlons by divers revealed tb(IL the !our compartments 
r.ft were totally nooded ond Urut lbe forward Utree (-ompartmeots 
wew nearly empty of water. The Squolu8 bad n trlru of &JlJ)roxl· 
runtclY 10• by lbe stern with t.ne ntter part nearly burled In mud. 

MJlby l!lllvnge plans were con!lrlered nnd !lnnlly n ponrooning 
nrrongement similar to t.hnt shown in plate no was agreed UPOil. 

~---"· U""' 016 ra ..t41\..V, , .... 
........ c;. , ... 

t--t.A'I'J: 110.-Biilvnc:r> or 0. s. s. Rqun:h;,-nrrnngement ot l)tmtOOM. 

The ron••nrd roontoon chain~ nnd cat1les were swept onder lbe 
bow rurd 11bult Ute how phurcs wbllc tbe stern chnlus rurd wires 
w~e r('(•vt'd undur tllu stern by tbe u.."(! of the lance. The first 
lnntoe provL>d unsuccessful but tbe lrur>roved lance mode o suc­
t't!Sl!ful horn under the hull and pennllted the pru;sage ot n 
~mnll flexible steel wire tO which were nttncbed wires of Ln. 
creasing diameters. and finally tbe pontoon ebnlns were ree•·ed 
througl1 nf'tcr the lnocc bod been disassembled. 

PonfoonR 'vere Juwered und secured, ntr hoses o.tto.ehC'd. nnd 
suha~e ol: line• at tnched to 1 lie subornrlnc·s hnllast anti fuel 
t:tnks. The llr4!t tltiPmpt to raise tbe •ubmnrlne proved unsuc­
t"ftSHful nFI \ nsu..ffiul<:ur JX.lllWons w~r(! pluecd ot the upper lev~L 
'fbls t'8used lbC bOW to r[Se IO lbC SUrfftl.'e 800 itltOWed air to 
e•curK· !rOJm the bullust tuoJu1. Tbe I!Xressh·e angle permitted 
suJficl~nL r~fi<H>ding which Ot•stroycd lhtl po;;lll•·e buoynney nod 
l'N<ult•<l In th(' ho\\• ognln •cttllug to th~ b<lilom. Rcnrrnnge­
ment •J! JK!ntoons 111 ngrt•c wltb the Drl<l JK!~illnn Sl1own In plute 
111 Jlrfl<('t] Sllll>fOI'tM)', uml Clh AUgUSL 12 !he Stern WIIS rnlr«1d 
un111 lire upp!'r pOUllilliiS llrokc surfnce urtcr which further 
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blowing or tanks and torwnrd pontoons caused tho:! bOw poulooo 
to surfncc. The vessel was then towed stern ftrst to shallower 
water where she grounded at a depth of 160 feet aft and 180 
teet torwnrd. ~'he pontoons were rearmoged ns Indicated by 
the second position In plltle 112 ond n se<,'Qnd llrt was successful 
by the some process, followed by towing to shallower warer 
where the Squ<J.Iu.t grounded In IJ2 feel o! water. After several 
ullliUt'tCSStul ottctuptll to raise by using Internal buoyancy alone. 
two pontoons were attached Jongltudl.ruilly puraUel lo the bull a t 
the stern ll.Dd l wo at the bOw 118 cl08<> to the Squalu~ as [ll'tlCU· 
cnble. The malo outbOard ulr Induction vnlve wlill closed nncl 
nll comportments tuJd pontoons blown tree of water eo.using tho 
final n•lelog t)f the vessel and subscquem Lowing to the Ports· 
mouth Ntwy Yard wbere she was drydoel<ed on Seplcmber l!i, l9:ll). 

[ ,11_.., 

~ t:1f& ~c•l~ 
........,. OIF ,, • AUO,,n9 

t•t....nc 112 Suhage ot 0 . S, S. Stt¥fJll'B-a..rran.(Cewt~tn ot vontoou.JI, 
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Six hundred and forty dives bad ~n conducted during re&roe 
aud salvage operations at tbe Sqwahu without toes or life or seri­
OU8 Injury, 302 of wblcll were lo depths exceeding 200 feet- Air 
alone was UBed as the respiratory gllll durlog rescue operntloD& 
but oxygen-helium mlxturea proved lndlspensoble In the saJ­
vage opera tlon& 

Notable advances In ret!Ctle and salvage gear were the 811ccees­
ful rt>SCue or all entrapped personnel' by the use ot the rescue bell, 
the development of the lance, the use or multilevel pontoon ar­
t;mgement, and the auccees or oxygen-bellum mixtures to deep 
diving. 

The U. s. S. Om4ha wllll proceeding to the Charleston Navy 
Yard for overhaul at approximately 111 knots when abe grounded 
upon Ca.stle T818nd Iteet. British West Indies, during the darl<o1!88 
ot the morning or J oly 19, 1937. 

Prior to grounding. the Omoh11 bnd a mean draft of approxi­
mately 16'h teet. rorrespoodlog to about 0,000 tons dlllplacemeot. 
After grounding, the forward draft was 7 feet and the after draft 
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was 17~ teet, corresponding to a displacement ot about 6,~50 
tons and signifying thnt the Om<>lla was grounded by 11 weight 
equal to about 2,650 tons. 

The reef was a allgbtly sloping ledge of white coral wblcl> 
dropped otr sharply to 100 fathoms at about 2 ships' lengths abaft 
the stern. The forward halt of the vessel was In contact wltb tbe 
reet. the Impact having crushed the forward bottom up a &IIcht 
amount but without any serious ftoodlng. . 

Repeated attempls were made to float tbe ves&cl by sallying 
ship and by tbe uae of beach gear after stores, ammunition, fuel, 
etc., bad been removed by barges and lighters, but 1111 early 
atteDIPt& proved of no avail. 

Additional weights were removed until approximately 1,650 
tons bad been removed leaving an estimated negative buoyancy 
ot approximately 1,000 tons. On loly 28. another attempt was 
made ualng elcbt beach gear laid out utero coupled with tbe tow­
log force or tour veeaels astern. During tbe strilln, destroyers 
raced by near tbe stern cresting a wa'l'e moUon capable of roUing 
tbe Onoallo and thus asslatlng In setting ber In motion. The rom· 
blned force resulted In moving tbe vessel a distance of approd­
ruately 25 teet on tbe ftrat pull and later In the day an additional 
dlatance of 40 teet was a tis I ned. Oo July 29, slmllar operations 
resulted to tbe lloaUng or the 0m411o exactly 10 daya otter 
groundlog. 

Art"': taltlng on tuel and supplies tbe Omallo llroceeded onder 
her own power to NorfOlk where ebe was drydocked and recon­
ditioned. 

Plate 113 Judlcates tbe arrangement and tbe number of llAivage 
gear used. 
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GLOSSARY OF TERMS 

Aloeolar alr.-The air contained In the somewhat enlarged ter· 
rulnal sections of the broncheoles whose walla are beset with air 
cellll, through whlcb the gueous exchu.oge In the air and blood 
take place (see Trachea). 

<tpllcui<>.-Total or partial loaa of the use of or understanding 
of language, the vocol cords remaining Intact. Any of the qualities 
or varieties of communication mny be all'ected, both spoken and 
written. It results from Injury or dl.ea.se of the brain . 

..trterlo•cleroll.t.-Abnort!UII thickening and hardening of the 
walls of the arteries, especially of the Intima (Innermost coat), 
oc:currlog naturally In old age. 

4.rfi/kial rup(roti<M.-lndoeed respiration by artificial means 
as with the Bcbatl'er method. 

A•z>lll!:rlo.-Apparent deatlt or suspended animation, In living 
organlama due to deOclency uf oxygen or an e:rcess of carbon 
dlo:rlde In tbe blood, as Interruption of respiration from sull'oca· 
tlon or drowning, or from Inhalation or Irrespirable ga&ell. 

Cc.tucm.-A watertight box or chamber within which submarine 
construction Ia carried on under air pressurn to keep out the 
water. The diving suit may be likened to a cal880n. 

CCJt)IUCII'If.-A minute, thin-walled vessel, as the smallest 
lymphatic and biliary vesaels; ~Uy one of tbe minute blood 
vessels (the smallest barely permitting the pasaage of tbe blood 
corpuscles) which form networks In near11 all perts of the bodJ. 
They are continuous with tbe minute branches of the arteries and 
with thoee of the veins, and are In most parta of the body the onl)' 
communication berween the arteries nod veins. Capillaries COD· • 

slSt of a single layer of endothelial cella. Through these walla tbe 
tissues ab30rb the nutriment and o:rygen from the blood and 
discharge their waste Into lt. 

Otmlral nervou• fi'llt!m.-That part of tbe nervous S)'Btem to 
whlcb tbe sensory lmpulaes are transmitted and from whlcb the 
motor Impulses pass out: In ,·ertebretes, the llplnal cord and 
brain. 

Oerebral.-()t or pertaining to the cerebrum, or hemispheres of 
the brain. 

Oompreuion.-Subjectloo of work.men to compre88ed air. 
OOIUJOmltant.-Tbat which accompanies, or Ia collaterally COD· 

necud wltb, another; an accompaniment. 
Dec:omprenfon.-Releoae of excess air pressure from a work­

wan, as, tor exounple, In an air lock on returning to tbe outside air 
from a caisson under compressed air. 

Dermalills.-InllammaUon of the derma or true skin. 
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Dfminution.-Beductlon In else, quantity, or degree; reduction. 
Dv.,.,..ea.- Dimcult or palntul breathlnc. 
Eard"'m.-The tympanum or tympanic membrane ot tlle ear. 
EcCA~.-A livid or bladt and blue spot produced by the 

extravasatlons or elruslon of blood Into tlle alveolar U1!8ue. 
Embollam.-The occlusion of a blood vessel by 8n embolus. 

Embolism In tlle brain often produces sudden unconaclouaneas 
and paralyaiJI. 

Bmbolui.-A plug brougbt by the blood current and lodgfd 
1.n a blood vesael so as to obstruct tlle cJrcul8tlon. It consists 
usually of 8 clot of fibrin, a shred of a morbid growth, a globule 
of fat. air bubbles, or a mlcro-orgllD1sm. 

Eplphflrii.- A part or proceea ot a bone which oesl.lles separately 
and subsequently becomes ankylosed to the malo part of the bone. 
In the hlcher vertebrates tbe ends of long bones of the limbs are 
formed In this wa;r, and In man In some cues do not unite with 
the dlopby818, or shaft of the bone, untll about the twentieth 
year. 

Ef"JIIAema.-A m.orbld redness of the skin of many varieties 
due to conge8tlon of the capillaries; rose red rasb. 

B"'lllefiCJI·- Urgeot or exacting want; presal.ng neeesslt;r; a case 
demanding Immediate action. 

Boulachia" lvbe.-A channel of communication between the 
tympanic cavity of tll.e ear and the pbarynx. In man the lllustaehl· 
an tubes are a.bout l'h Inches long, with walla or bone, cartilage, 
and fibrous tissue. They open Into the upper back part of the 
pharynx, each aide of the median line, nod serve to equalise the 
air preasure on botb sides of the cympanlc membrane. 

E"'tremilv.- A limb of tbe body, as tbe arm or leg. 
B"'Vd4t~.-Exuded matter. 
Jil:Dude.-To discharge through poreot or lncll!tons, ae moisture or 

other Uqulda; to give out. , 
Gtu~trlc.-Ot or pertaining to the stomach. 
Hetd cooufvctioK.-Beat ma1 be conveyed by condncllon as along 

an Iron rod ; by convection as tbroqh the rooms of a bouse by alr 
currents; or by radiation, as from the son to the earth. 

HCfftiplegla.-A paralysis that alfects one side onl;r of tlle body. 
Inferior ulremitic•.-I..ower limbs, Including thlgb, leg, and 

foot. 
/Mdorou&.-Emlttlng no amen ; acenUe88; odorle811. 
/tnll>iroble.-Unllt tor respiration; not resplr11ble (so as to 

au~taln life). 
/rrilant.-Any agent b;r whlcb Irritation or lnftommatloo Ia 

produced, as a chemical or mechanical Irritant. 
Labyrlnth.- Tbe Internal ear or Its bony or membranous part, 

so called from Ita complex atructure. 
Larvn.:r.-The mod111ed upper part of tlle trscbea. In man It ta 

the organ of voice. The framework ot the human larynx consists 
of nine cartilages controlled by numerous muscles. The largest 
cartilage, the thyroid, Is V -shaped In horizontal section, Its point 
waldog the protuberance on the front of tbe neck, known as Adam's 
apple. 

257 



258 DrVI:s'G MANUAL 

Lelion.-A burt; an Injury; any morbid change In exercise ot 
function or texture or orgllll$. 

Lfter.- A measure ot capacity Ln the metric system, being a 
cubic decimeter equal to 01.022 cubic lncbee, or l.ll507 U. B. liquid 
quarts. 

Monoplegia.-A paralysis nlfedlng 11 single limb or part of the 
body. 

Monllund.- In a dying state: near death. 
Motor.-Deslgnatlng or pertaining to a nerve or nerve llber, 

which passes from a cangllon or from the central neM'<lll$ IQ'&tem 
to a muscle a.nd by tbe Impulse (motor Impulse) which It trall$mlts 
causes movement. Tbe term Is often loosel:v applied to an elferent 
nerve as opposed to a ~~e~~sor:v or a1ferent nerve. 

No.,iou.-Burtful; harmful; painful; destructive: unwhole­
some. 

ParuiJI•i•.-Abolltlon of tunctlon, whether complete or partial; 
""peclally tbe toss of the power of voluntar;v motion or of 9enaa­
tlon In any part of the bod;v; pals;v. 

Parop/qi<J.-Paral;vsls In the lower halt of the body on bolb 
sides. Usuall:v due to dlsense ot the spinal cord. 

Partial prenvre of a gu.-Tbe preaaure of any Individual ca& 
IJ1 a mixture of gases. It Ia the same as that which thegns would 
exert were It confined atone In the space occupied by tbe mixture; 
call{'<! also Dalton's law. 

Patvlov1nou.-8tete ot being open. 
Pharvrur.--Tbe part of the allmentar:v canal betwt!en tbe cnvlty 

of the month and the esophalrll$ (gullet). In man It Ia a conical 
mW!Culo membranous tube about 4~ lnebes long, conttnuoua above 
with the mouth and nasal puseages, communicating through the 
E!ustacblan tubes with the ears, extending downward past the 
~penlng In the larynx, where It Ls continuous wltb the esophagus. 

Plllegllltllic.-Blogglsb; not easily exclted; cool; calm; eompooed. 
Phv81c8.-Tbat branch of science dealing with the material 

world; natural philosophy. With tbe growth of science various 
pnrts of this llehl, as biology, cbemtstr;v, astronomy, and geology, 
gradually were excluded. Now physiC'! Is u$ually held to comprise 
U1e closely related sciences of mecbnnlcs, beat, electricity, llght. 
and sound, and to deal only wltb those phenomena of Lnenlmate 
mlltters lnvolvlnc no changes In chemical compOSition. Motion 
Is the most general and fundamental of all such phenomena, and 
11hyslcs Is sometlm•s deftned as tbe science of matter and motion. 

Pneumonia.- Inllammatlon of the lungs. Lobar Involvement 
of a lobe or lobes {large areas). Broncbo or catarrhal Involve­
ment ot lobules or small area•. General ; Involvement ot both 
lungs In their entirety. 

Ponaerable.-<:apable ot being weighed; having appreciable 
weight. 

Potaulum hydrale.-A wbltl' deliquescent I!Olld KOB, di8801vlng 
with much heat, In less than Ita weight of water, forming a 
strongly aU<aline and caustic liquid; cnW!Uc potash. It absorbs 
cnrbon dioxide from tbe atmosphere. 

Progno1i1.-Act or art of foretelling course and lermlnatlon ot 
n dtselll!e ; nlso, the outlook alforded by this. 



GLOS&JIY OF TEBMS 

P,e!Uu.-Inllammatlon of the pel•ls OT the llldneJ. 
Re<lomjlreuwm.-To aubject a worllman to rompreaalon after 

'*lng de<:empreeeed. 
lkctombe..I.-Recllnlng, IJing, u a recumbent pOeture. 
R<!lplr"GIIOft.- Act or proeess of bl"eeltblng: IIIBI)Iratlon and 

f>XlliTatlon: the drawing of air Into the lunge tor OXJ'CI'IUlllng and 
t>orlfylng the blood, and Ita aubeequent exbalatJon. Tbe term 
dealgnatllf! both a alngle lniiJ)Iratlon with tbe following ezplratlon, 
and the rontlnued n.>petltlon ot these acta. wblcb ronatltutea 
brt'atblng. 1n ordinary lniiJ)Iratlon the musclea cblefly uaed are 
the diaphragm. whleh t'nlarges tbe col>nclly ot the eheat b7 
becoming flatter oa It contracts and preulng down the abdominal 
,·facera, and tbe t'xternol lnterroslals, levatores costarurn, and 
othen wbleb ral11e the ribs. Explratlo•~ unleaa forced. takes place 
chiefly b7 the return of the parts to tbelr natural J)Ol!lllon of rest. 
Bot a amall pllrt of the total air lo tbe loop Is replaced to an 
ordloAI')' reaplnUoo. 

SlttlltWlf.-ot or pertaining to tbe aenaortum or eenallon, as 
&eruiOfJ' tmpa._: eepeclaliJ applled to aeTYea and nene IIbera 
camlng to a nerve center impnlaes reaultlng In aensalloa: al80 
Bbm.etlmee looeel7 Wled to the aeoee of atrerent, to Indicate nern 
fibers ronYeJing any lmprefllllana to a ne"e center. Of the nature 
<>f eensatlon; pertaining to ROll('. (See Kotor.) 

Bolt~tlo!t.-The act or prore!B b7 which a subatance. whether 
solid, liquid, or paeoua, 1.9 absorbed Into and homoceoeoaaly 
mixed with another liquid aubstsnce: also, the resultlos liquid 
product. Any homoceneoua mixture (usually liquid), the com· 
IJO&Itlon of which can undergo rootlououa variation wltbln cer· 
tala limite; sometimes callt'd pbyatcal mixture. Al8o, the a ct or 
J>roce88 b7 which aacb mixture Ia produced. 
Bp~flo prcu>lllf.-Tbe ratio of the weight or any Yolome of a 

aubatance lu the weight of an equal volume of some other aub­
Ptance taken AI the IJlAndard unit: relative denslt7: tbla atanctard 
Ia aalllliiJ water tor solids and liquids, and air tor rca-. 'lbWJ, 
ro, the epeclllc gravltJ of gold, eltpNSsee the tact tbat, buill for 
balk. gold Ia nineteen times as bea.-,. u water. Jn the cue of 
~ aau&liJ the weights of equal ~olumes at o· centigrade and 
iOO mm. arc compared. 

Specific llcot.-The ratio of the quantity of beat required to 
mise the tempera ture of a body 1' to that required to raise an 
l'quul mass of wnccr to 1 '. Also, the beat ln calorletl required to 
rQitoe the tern()llrnture of 1 gram of a substunce 1 ' centigrade. 

Stoouer~.-A cerebral and spinal disease, attended by reeling. 
unatead7 galt, or sudden tailing. 

Subcuta"•ou•.-Sltuated benl'llth the akin. 
1'endon.- A tough cord or band ot delllle, wblle ftbr<>us 

<'ODnectlve tl88ue uniting a muscle wttb some other pnrt uod 
traDCIIDitUng the force wbleh the muscle exerts: a sinew. Tendons. 
except In the \af!:eat. ue vefJ' IIJ)8rlngiJ or not at All suppllt'd 
with nerYea or blood ~ecusels. and are rontlnuoua wltb the roo· 
necllve tlasue abealba or tbe muacle and, wbeo laaertt'd Into a 
IJOoe, wltb the periosteum of the bone. 
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TetczKic.- Havlng the character of tetanus. Tills condition or 
muscle, tbls fusion or a number of simple spasms Into an apparent 
smooth continued. e1rort Is known aa tetanus, or tetanic contrac­
tion. 

Tiuue.-An &giregate of cells together wltb tbelr lntercehular 
~ubstance, forming one of tbe structural materials out of wblcb 
the bodJ or a plant or an animal Ia built up. 

Trocllea,-Windplpe; ln vertebrutes, tbe malo trunk of tbe 
system of tubes by wblcb air p&IIIICS to and from tbe lungs; ln 
man It la about 4 Inches long and somewhat Ieos tban an loeb 
In diameter, and extend& down tbe front or tbe neck from tbe 
larynx, bifurcating to form tbe bi'Qncbl. It baa waits of llbro1111 
and mU8Culsr tissue, stllfened by Incomplete cartUaglnous rings. 
wblcb keep It from collapslng. and Is lined wltb mucona membrane, 
wbose epltbellumls composed of colu.mnar ciliated. sod mucu.&­
secretlng cells. Tile broncbl divides Into bronchioles, wblch con­
tinue to divide and subdhlde. 

Tubercular.-« or pertaining to tuberculOSis ; an Infectious 
dl&ease, tbe exciting cauae of wblcb Ia tbe tubercle bacillus and 
wblcb Ia cbaracterl2ed by tbe production of tubercles; speclllcally, 
tbla dlaeaae wben eeated In tbe lungs; pulmonary pbtblsls, or 
consumption. 

Tvm11<1111te1.- A distension of tbe abdomen ; due to air or gas 
accumulating In tbe Intestinal tract or peritoneal ca•lty. 

Verllgo .. -Dir:zlneoa, or awlmmlog of tbe bead; an atrectlon of 
tbe bead In wblcb obJects, tboogb stationary, appear to move In 
various dlrectlollll, and tbe person all'ected. linda It d.l.llleult to 
maintain an erect posture. It results trom changes In tbe 
blood 1111pply to tbe brain and often precedes attaclts of epllep97 
or cerebral hemorrhage. 
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