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i?f.'E:C'.AtJI1IOi.J[~ : Syphon will ki.c};: vth8tJ f :;_ rsT, ·:-.u1·ned 
:;r i:f;;::, • .,\~----·J n,· ~i; 1 s dC)Wr. very q_u:.c~~:.y v1hu1 1.J. 'Y:1 

T~-~ .. ;~ v J.;:i_\ s:..-- sr:.ouJ..d be ke,l;'t clear until s yp.hon 
ha.s 08 :_; : .. ~.ed .. 

:r:·r::-:'l'JUC'TT.CH FOrt USE : Best size pipe 12" with l" 
• •• --- • - -------=....:...=....;;.;= ' 
a.i.r pipe . To be used with 2 or J 100 lbB. com-
r,ressors. The air should enter not less than 2 
feet from b('lttom syph.:.n • 

FS:F: __ OF; Syphon can be used on bottom e ther than 
hard rock, and for tunneling~ In tunneling (ex-

r= 
r /MR L!Nl I· __ --~2f 7 

0 f---- --- r 'ti 
:_ \e11ACK£T--/~ -l 

U ,.,......N 1 c--· S _::) . . I . 0 . 
am:ple, under a sh::.p 1 I.. bottom .,f s~rphon can be 
bent t,:.. fi•':, h'.11:~~ L '::6J) s2'::::hcn i.c.le":, 2 feet. to 
3 feet ::..-:•wer 'en.an au: in.let. 

Syph-;;n wi:'..~- :_j _ _:'-~. r o-;ks or oth'--r me.ter·ial 
that Nill easily pass through pipe~ 

Syphon call be '.lsed to rem1..;ve cargo such 
as grain, coa~, etco 

When used in.side of snips (-'r 1-le.0es 
where lead out j s not fai r. _. b 0t.to::i1 -~f ::iy~;hon 
is made of s-:;ee~. _pipe ~1 ·i,cp be::.~"l . .; .r~0so _.~.a-:, 
can be readilJ ben·;,. ~'\'.:. L.,,., 

--------
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£XC/-\VA77!VC NOZZLE l 15IV T .:>'~S 
PRECAUTION : 

~/hen first used, turn en slow t o get air out 
of hose . To be do~e before diver goes down. 

INS7RUCTIOHS FOR USE : 

Nozzle to be used with a high pressure cen­
tri.fugal two sttlge p11...>;1p . Ha$ beE.ln used up t o 
(400 lbs . ) pressure by diver. 

With this nozzle using h i gh pressure 
(400 lbs . ) soft rock sucl1 as coral, lava, etc~ , can 
be broken up . Less pressu:c to be used on soft 
bottoms. Nozzl e is used to f eed Salvage Unit syphon • 
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A Air outlet f.EY TI Air outlet Area -
B Chin Dutton • K Follower Disc 
C Valve stem L Screw 
D Valve Guide 1I Body 
~ Valve N B01:nct 
F seat o Jennet Guard 
G .Adjustable Sleeve P Adj . Hand Wheel 
H Adj . Sleeve Set Screw R 32 oz. Spring 

,_r _s_1_e_e_v_e _________ _._!_s_ 8 oz . Jpring 
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CH~CAGO PNEUMATIC 
DRILL D 

A 

To CLEAN DRILL: REMOVE' GRf:A-.SE' PI.UG (A) AND PLU'i EXHAUST 
(s) WITH 3✓4-- PIPE' PLUG. SE"r DIRE:CTION CONTROL LE'VER (c) 
HALF"WAY 8ETWE"£ N D£AD CENTE'~ AND FULL. TURN 01'.l AIR 

ANO LtT ~UN rOR s Mlt.lUTES. ~E'PLACE GF?~Asr PL.Uq (A) AND 
RE'MOVE EXHAUST PLVG (BJ. ATTACH AIR L/Nlr OILER AND LET 
RVN F'0R 5 MINUTES. THEN PACK DRILL WITH Yz POUNC:, LIGHT 

GR.E'ASE AT (A). Rt'MOVE' OIL NUT(O) AND F'ILL WITH LIGHT 
OIL. ., 

THIS ME'THOt:> MU5T 2,E' USE'D BE~Ol<E DRJL.L IS 5TORCD 
AF"TEF< USING IN 5£A WATr~. 

U.S,N .TS.SA.LVAGE 

C 

K>f.W. 
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PNEUMATIC HAMMER WITH CHISEL RETAINER 
U.S.N .T S . 5 . 

~ □· i ~ 
SGlJARE" CHJ~EL SHANK 

CH1'3EL 
ZPC.LOWER. BUF"FcR WASHE'R 

RUBBE~ BUF'F"cR 
;! Ft. UPPER BVF"F"~R WASHE'R 
RETAINER NUT ! THR£APEP !>ARREC 
RETAINER LOCK SPRIN(i 
F'l'=>TON 
NOZZLE 

!SV6MERqE' F'NEUMAT/C TOOL~ IN R.UST 
BANC:, OJL WHEN NOT IN U5E. FOR 
BE'"=>T RESULTS WJ,H PNcLIMATIC T OOLS 
IN E"XTREME COLD WEATH ER:, vse: 
AIR.LINE' LVBR.ICA•OR WITH COLON JAL 
OJL CO. (AROX-N0.60) OIL. 
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TO BOOM A~D 
ANCHOlt /--;. :::..... " 

/I '\ 
01\ 0 1 

/ ~ 
~--~;=' = = 

I 
'r "I - - ~ ~ - ,,, L I TI) SHORE' 

( 7 - - _ ........... _ - . ,----

0~~ \__/ /~~ 
110) 1 1(0J' 
'-'=' TRAVrl.lN<i BLOCK '-- -..,... 1 

---rr-~ -~o ~AIR~E~ BLOC~ == -tfo~, WIRE R~PF: TO "'l 
, ,'--.:,~ \ '----1✓ Z O~VM WINCH 

I
'~, -- AS HOR!:' 

''::: ,r-\ TRIG(i£R,? so~ 

I ~~~~--= ..:'\ir-=-;r 

0 
/ f,;RIHr/' 

0
~ ..=-..=---=--=.. ~ ~,e::==~o;. 

,, I ,--, ' !.'\ '- j J 
\\ I 1 \ I ~ - .., 
\ . I ..L..l...il 

HOU: f"OR TRl4C.l"R 
BOLT 

-WIRE' ROP~ ·TRIP LIN£ 

Bl.Ot\<: ~ 

C l ----\ , 

0 .--•- - - - -1--

/ .....__ 

/ / - ----- " 
I/ '\ \ 
I I \ \ 
'l O 11 

I'- \ / 
~--'\\ I/; ' "- //// ' ' "- ,,,,,, 

-..... .......... - -- / .......... __ ,,,, 
0 0 ·:-.:t--=-~--t·: 

---,,. ' /Q, 
\ / 
' , \ / 

------ £YE" HOOi< ~ 

U.S.NT S . S 
HIGH LINE CARRIAGE 

l(.K.W-
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U.5 .N .T .S . S . 
M E ASURING S I ZF: OF' PA TCH S '< PLUMB LINE 

~ 

[---WEIGHT 

:!.. 

I 
I 
I 

DA.t-i AG E:' 
I 
I 

METHOC, 

~ .! 

·SHELL PLATE 

roRE 

.WEIGHT 

DIV~R OCSCCNOS TO PAMAC.£" IN !5HIP5 ~rr>r. PL.UMa LINE IS LOW!:FtEO ANO orVl!R Sl~NAL.S 
TOP$/Olr TH~ 01!5TANCE' FORE OR. AFT ro MOVE LIN! UNTIL 1">/E E'X.TFU:M~ F'OR.WARO ENC, OF OAMA(iE" 
IS IN LINE' WITH THI!: F"LIJMI!> LIN~. THI~ F'OSITIOM (I) IS MA.RKltC> TOPSIDE'. THEN 0/YER. MOVl:S 
TO 'EX'TREME AF'TC'R. ENO Or O~MA<iE ANP THE SAME PR0Cl!OC/1<~ IS F"0LL.0WE:O. THIS OE.'Tl:R.Ml~E5 
~SITION 10. THI!' OISTANCE BETWEEN POSIT/OMS I ANO 10 15 T'fflt 01/ER.·AL.I.. DIMENSION OF" 
PATCH. THf OVER.·ALL OIMEN~ION IS orVIDEO INTO CONVtNl£"NT INTERVALS - THE" LARGER THE PATCH,nlE 
(i~EATER NUMBER OF' /NT'li'.RYALS OR ~TOPS. Pl.UMP I.IN£ 15 LOW£Fl£0 AT l='OSITION 2 ANO DIVER. · 
~l(iNALS TOPSIDE WHEN PLUMB IS AT POSITION A ON OAMA<iE • THIS DISTANCE ZA IS MARKED. PLllMB 
IS LOWER.EC> TO PO!:>ITION BON C>AMA(iE ANO DISTANCE Z B 15 MARKED. THE DIF"F'ER.E"NCE BE.TWE~N 
ZA AHO 26 (ilY!:'S THE' SIZE OF'THE'OAMAGE', AB,AT F051TION 2. THIS PR0Cl!OU~E /S Rl?PE"ATC-0 
AT EAC.H "!!>TOP. 
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,SECURE" TO 
I BOL.T 

F"IRST DESK 

SE'C0NO DECK 

CUT PL.ANKING 
TO F"ORM SHA.PE 

MAKING WODDEN PATCH FROM TEMPLATE 

! BOLT 

WOODEN S.ATTENS 
NAILED ON 

R.U&SER 1-4$1!: 

U.SN:r.S. 
HOGGING TEMPLATE TO SHfP 

QASKETS 

KAPOK 

r,,n 
.:f!!:.!! 
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M[THOD OF HOGGING A PATCI~ TO SHIPS HULL 
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If holes come in way of oil tanks, drill holes and 
fill tanl: .vi th CO2 before burning. Pl ace wedgas in 
botll holes under hooks& When possible, use tongue 
and groove lumber; otherwise cord seams. 
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U .S.N.T. 5. S. 
WOOO~N C0Ff'tRDI\M f'0ft SMALi. HATCHSS IN SHALLOW WATER 

.. .a. rT4 q PLANKS 
WOO• 8J"M 
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II 
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COFFER DAM ON 
SHI PS RAIL 

U.5.N T. 5.5. 

·Ru BB£R HOSE' 4-
,A.. -.(CANVAS 'iA~K~T 
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PLATE' ANGLE:S F"OR. 
e,OLTIN~ SECTIONS 

TOGlrTHEf< 

_erTWEEN SECTIONS 

SANDBACiS 
-WALl!:S 

SUPPORTS 

WAL.ES 
-------"T"'1,+---.,,...,.., ---------4. 

I 

NOTE: EACH TONCiUE ANO 'iR.OOV£0 BEAM 
SECTION HA'5 ITS OWN SAND BAG 
F'LATF"ORM. SltCTlONS C:ONSTA!IJCTE" 
TO FOLLOW CONTOUR. OF ~HIP; THE 
(iRl:AT!'~ TH/r CUR'/ATtJI.!~ OF THf: 
SHIP, Tl-IE SMALLE'F.? THE SECTION. 

TON(iUlt 4° Cif<OOVEO BEAMS 
E!>OI.TE'D TO WALES 
TliROUQHOUT 
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GUN FOR POURING CEMENT 

( UNDERWATER) 

COVER OF GUN MADr UP 
or A·C AND B FLANGE FROM 
JO"f'IPE" 

~ONNCCTIOH 

COVE'R ~VALVE" 

~~ &~ 

( OPEN) 

\ RIBBED HOS£ 
P~Ef'ERRED 
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CONCRET~: rr .~.:.x.J: .. Gf '\'!ORY 

Concrete mixtures in saJ vage operations must be useo under vf'ry c.:1·· 
favorable conditions . Strength: tmterti5htnE'ss and the ability to aC.:herE' 
to steel are the principle requirements for concrete in salvage rork. 
Concrete mixtures usually set in abo,1t forty-five minutes , but for several 
days th<> concrete is very WE'ak and the ordinary mixture only attains its 
maximum strength , 'rlatf)rtight.ness, and ndhf'sion to steel when it is threE' 
or four weeks old. Building lo.rs usually prohibit placing any superimposed 
loads on concrete structures until it h~s had a chance to set for at 
least four weeks. 

Such a period to pE'rmit the concrete to hnrdE'n properly is nE'ver 
possible in salvage ~•ork. OftE'n the concrete must be subjected to pressure 
in a fev: hours after it has be.=:n placed. If satisfactory results , .. 1th 
concrete are to be obtained in salvage v:ork, and if the concrete is to be 
sufficiently hard in a reasonable length of time, it is necessary to put 
more cement into the mixture than is ordinarily used in concrete for other 
purposes; to use a brand of cement that has high early strength , and to 
observe certain necessary precautions in the design of the patch and in 
placing the concrete. 

t1IXTURFS TO USE 

For general use in making patches a mixture of one part by volume of 
hi gh early strength Portland cement to one and one-half parts sand , to two 
parts of crushed rock is recommended. 

When cement is laid for ballast or for bulk, a less rich mixture can 
be used . 

The sand should be clear and sharp, free from all traces of vegetabl e 
matter , or from contamination 'l"•ith oil. 

The water used should, ~hen~ver possible, be fresh water. It too 
should be free from vegetable matter and oil. The amount of water used 
should be the minimum that is nccd~d to give the mixture a suitable con­
sistency for it to be placE:d in the form in v•hich it is to be molded . The 
use of too much 'l''ater in mixing the concrete diminishes the strength and 
watertightness of the mixture 0 Usually betueen five and six gallons of 
water should be used for each nincty-,four pound bag of cement . When con­
crete is placed underwater this cannot be controlled . 

The ingredients should be carefully measured by volume nnd should be 
mixed in a wate-::'tight platform of ample size, The measured quantity of 
sand should be sprcan over the surface of the mixing platform and the cement 
should be spread evenly over the sand. The two should be mixed thoroughly 
togethet', dry. The neces::;e:ry v:ater and stone, both carefully measured . 
should then be adc'.;ed and the mass turned back and forth until it is homo­
geneous in color and appeqrance 4 Four or five complete turnings are 
usually required , 
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Whenever possible cor..c.-f"t,1 r.:}1.;....:.:iJ1 n·. ;L=ic,f 2b·:•i-r(, r E·t'. r ~ 'f ') d:; ~.d.s 
it may be necessary to i:,er~;;:,,>:·(t.:-:!. .... ~· ~e:·~;;(,r -~h9 M .. lp"'d::~-:.::~ :'.'1 vhich ~-i:, :.s 
to bo pla ced but this sho-.ild be doue,, :~f. ·:.t ::..s po,-:":'...:;lc ·-,, di:: f,0, b? --.ising 
a temporary :patch to stop th€\ leakage un·cil the con,,rete can be p:iac(d 
and set. 

The concrete is usually placed in a box form which molds it in the 
desired shape. If this is above vmter the concrete can be shoveled into 
the form or ha nded in by buckets , It should never be dropped in place from 
a height of over 5 f eet 1 Too rru.ch air may be entrained in the concrete. 
Once in tho form it should be tamped do~n sufficiently to eliminate air 
pockets and to insure the concrei:t;.> filling all portions of the form .. If 
this is not necessary it is an indication that too much \'!ater has been used. 

P¼_CING CONCRETE UNDERV'f..TIR 

Placing concrete undervmter is sometimes unavoidable. It cannot 
easily be done if satisfactory results are desired. Cement, sand, and 
stone are, of course, heavy enough to sink in water, but the laitance and 
some cement which >"ill not be immediately hydrated unless guarded against, 
will be washed out of the mixture, and a considerable loss of cement may 
be obtained before the mixture is placed. 

laitance is a v•hitish scum vrhich is -r:rashcd out of concrete vhen there 
is an excess of water. It consists of the finest flocculent matter in the 
cement. It will remain suspended in the wat er for a long time giving it a. 
milky appearance but v•ill eventually settle slor•ly upon the surface of the 
concrete. It hardens slo,.rly and never acquires much strength so that, if, 
at a later date, more concret e is to be added to that previously laid, the 
laitance must be scraped off if a good bond is required betITeen the two. 

It is essential, therefore, that vrhen concrete is placed underv·ater, 
it be so done that sea vm.ter cannot v1ash the cement out of the mixture 
either during the time that the concrete is being transported to the form 
or ~hilo it is in a liquid state in the form. 

The form, th~refore, ~hould be so designed that no undeITater current 
can flo~r through it~ It must~ nec2s8~rily, be open at tho top to permit 
the concrete to be placed in it an:i to perm:1.t the sea water displaced by 
the concrete and the l a itance tfl8.t fc-:::-~f· ~,... P /"C'.'peo All other sides should 
be closed. The hole t0 'Jc :::c\·e-r-crJ ·':;y "..:ho µ;.··ch s:10uld also be closed by a 
nattress of some sort v·hich v•it.l. t;,, s1.,:'f:.d.e::::t to stop any flor of 'l"ater. 

In most selvage wo:rk ✓ con(':>.'c+ i:; un,i('".''78.ter is placed by buckets or boxes 
designed for thio p:1rrose., The c,rJrnar-y t:.J.t:.ng bucket cannot be used, 
for, v,hen the rrix·'.:•.:.re :'..s c1;m:::i•c cu·t o.f s uch a b·.1ckc-·i, , it v•ill be washed by 
the sea wat er,, It1e b11,.~·<1:-t;:::, ·n· h"crs, s~1ould b0 of the largest size prac­
ticable to hand1r' ; s:::.:v:!n a la:gu rr!an-1-,i-Lt of concrete Vl'ill compact bettP.r 
and permit a sr:nJler P'"rJP.nT-P..JE 0: ~r•7er:~ to escape~ The buckets are a 
tightly closed t;\rpo lrl·:h c c<:.nvas boctoI1:. that can b<' opened by a slip knot 
for the dischart:;r c:S: -the -~onter-:.s ~ 'fht' top is c.n integral part of the 
bucket; it cannot be openen .. :.:n • .. 8e, the backet is pla ced in contact v,ith 
cement previously la~.d; the bottom is then opened~ 
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When large s ize~ ~tc.~e:.; OT' l ... ·--i-n L-1' ~-o·~r•.~- r•, - ·,e --1..1 .,::: ·a·~-r 
a trernie is some"':,i:,(s Uf ?C. 'r;-i .. r l :..::i.rgv ci 1 t.-:r l ,t·A :·v• r, "0:.~CJ.l 

shaped top to permit i t bt>~n_· l 1 •• d,~r"i 1~0- .. _ ". •_.' • 1; --u "!:,0 ,'L-..c' r-! v 00<l 

or of metal . In u::,c> .:.t ~-s re> $·..:._::?.); t•':I -.,he.·., ~.-, · : iJ1 .;; :11-£.r.· c v .. r1,·~.cal 
position as possible, b·..:.t jt 1= p:.v(,°::,c'! S(. ·,1-, ___ ·.~ t. ~ .:)Otto:: ,_•.:1 't:1 r.:- ic to 
move horizontally over the er.tire aroa t o be c.oy,;.r(d oy the p:itcli. ":'he 
lcmer end is allm•cd to rest r-ithct' on the b()ttom of the forr-,, or the e:id 
is closed by a valve arrangement until the tube c~v be filled ,ith concrete. 
It is novr lifted a fev inchr-s and the concrete is allo>'·cd t o escape os the 
device is moved over the required a.ren o The concrete should never be 
allowed to pile up in a pyramid and the pipe should never be raised off 
the bottom enough to permit the tube to empty. The concrete in the tube 
should be kept filled to a. l evel above the \',at er line . Concrete laid by a 
tremic must be more 1iquJ.d than that placed by other methods in order that 
it v.-ill flovr through thr- tremie. 

Concrete can also be plo.ced under.·a.ter in cloth or pa.per bags . Paper 
l:e.gs are usually of a brov,n paper r-hich i s destroyed shortly after immer­
sion, Cloth tags are not removed or destroyed, but the cloth being very 
porous , permits enough cement to escape t o bind the bags firmly together. 
Bags arc never complE'tely fillPd ~s it is necessary to heve them pack 
closely . The divers employed to place tho bags can force them more tightly 
together by vtalking on then , .. hen they a r c laid . 

The concrete pla ced in thc~e bags should be mixed rith water in the 
usual ,;ay and should be of a thick consistency . It should not be a dry 
mixture .:'hen the bags arE' sent belorr a lthough this has been sometimes done 
in the belief that the infiltration of SNl rater v·ould provide the necessary 
~ater . The practice proved to be entirely unsatisfactory as the escape of 
the cement was v ery great . 

rCEMEllr Gmr 

Cement grout can be forced under pressure into void spaces such as 
pipes, sea chests, etc . , by placing the grout in a clostd tank and by 
pla cing the tank under a ir pressure~ The gr out is forc~d through a hose 
l eading from a fitting in the bottom of thr t ank to a connection tapped 
into the sholl surroundbg the void that is t o be filled ·rrith concrete. 
When in u~e, a vent shou.!.d 'J<.. !':. ~"'",cd to the top of void in r'hich the grout 
is to be pla ced to permit ·chc: r:1:·pr ('1.'3p}o.ced by the grout to escape . This 
vt-nt r.ia.y, ho,.:ever, br- unnei::c • •;~: ·r "·1 .:.:1° di'3o:..· (!cd •;·atf'r rna.y escape by V"ay 
of the leak rrhich i, to be pl 1::..:.·t1,. ':':1e "l.~. :c;~Tes used r·ith this method 
vary from one- half to one a:1d er,,:; •': t:' J., :./J..i' .::: of sand to one part of ccnent . 

Cement grout is appl::...-a ::i:r t!d.s m€-l.,hod to plug pipe lines Phen val ves 
cannot be clos0d , to c) occ fifa :.hcsts s i:.o i'o-:-0,: cc ricnt in t o plug leaks 
that have occurred undi:.r cor,crcto p.J.T,c,1es .:-ir:]vio·1sly made , and in other 
r.iiscelle.nE:'ous ,•ork of the 11ar.t(! cho.·:2..:tc:.:. 

A cement nortar i s ~oncti□es 2pplied as a spr~y throu gh a cement gun . 
In building construction t~is is usca to coat, surfaces for appearance pur­
poses or t o apply c.s n·c..··e.1.~ ~;,ht f . .::ing,., It can be used in salvagel'ork 
when compartments are bein5 made tibtt for a ir pressure. In these compart­
ments it ccn be appli ed to the unueraidc of decks to plug up leaky rivets 
or seams provi ded the compertr.ient in rhich it is being used is partly de­
water ed . It can be used by divers in closing miror leaks in the hull from 
the inside. 
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It is not practico.blE for· ·.:~e c:v civi-r·} on t·10 on'.,:-;~. ttc: ._ " t,1"' ~r::l for 
in this case the cemcn-.; rr..1.si; be ay.:;,1.~&C. fro:-1 ·rc.c"·• . .'n.P,F.i.t~:, l::.LJ ' ;5 ;t :)E·i•rg 

h€avier than n:i.ter, V'ill si:'lk v-hen rclce.scd f:ron th,:) g:.m. ~-t nas be,.n pro­
posed to try a mixturf of cement c.nd sa-.·(•us-r, in such y·ork. If it is fo·,md 
possible to apply this mixture on an overhead surface it v·ill be of much 
value in stopping leaks through loose bottom rivets. 

When used underwater a richer Mixture should be used for a considerable 
amount of the cement ,.rill be lost before it adheres to the bottom plating. 

DESIGN OF FORMS FOR PJ;..TCHES 

When a pe.tch is to be constructed in a conpartmcnt that has been de­
watered for the purpose , a v'ood form should be built in ~hich the concrete 
is to be molded~ ~he hole to be cover~d by this patch should be tightly 
closed by some temporary patch~ This temporary patch should be of a form 
that vrill interfere with the form of the concrete as little as possible. 
The leakage through the temporary patch should be reduced to a minirm.im. 

The concrete should have a good overlap ~ith sound shell plating a l l 
about the hole . The surface of the steel should be thoroughly cleaned to 
remove any dirt or oil that rould prevent adherence to the concrete. It 
should also be v•ire- brushed to remove loose paint and every precaution taken 
to obtain a good bond between the steel and the cement in order that no 
leakage rill be obtained bctv'ecn the two. Such leaks are difficult to 
correct . To ensure a good bond a couple of inches of a one- to- one cement 
mortar is sometimes v·orked into the patch in the portion adjacent to the 
shell plating • The richer mix ensures a better bond and more v,atertightness • 
Studs and scrap steel rod can be ~elded to th€ shell plate that is to be 
covered by the concrete; This ~ill greatly improve the bond . 

The concrete should be bonded to the plating as near the edge of the 
hole as possible in order that the area of the cement patch ·rrhich will be 
exposed to the pressure of the v:ater; ,"hen the temporary patch is removed 
or has disintegrated , rill be a m5.nimi.:m., For this purpose , no pockets shoul d 
be allo\'ed to form in the face of the concrete adjacent to the hole . 

The back of the form should also be re..i.l braced ,·ith shores so that 
the petch , ,,•hen in use, Fill be he:;.a fir:111.y 9.gainst the outsi de water 
pressure and will be prevent~j froM bein~ dislodged by any rolling or pitch­
ing that the ship may do~ If ·-:,11~ ,;•a,;er pressure to \'hich the patch wil l be 
subjected is applied on the bot-c0rn nf the paT,ch, shores rrill be needed on 
top of the patch. These can be' p:..1.ccd 'l"""'.en the concrete has set . Before 
the temporary patch is removed a~::.. shores sho1.1ld be wedged up. 

The most important preca~:ion to be taken in fitting a patch on the 
ship' s side is to provide for d::-ain'.'gc of ar.y uater that should leak in 
through the temporary patch bex'ore t,he concrete patch has sufficiently set • 
Failure to ta.kc thif' pr~e;-.rution has frequently caused a great deal of trouble , 
for the resulting leaks are very difficult;, if not impossible , tc stop. The 
leakage through the tem!)ot'r-.ry patch rr.:iy be sll'.all cut the void space left 
bet~een the concrett p:i.tch and the temporary one is also small and it may be 
quickly filled by the leakageb ~!hen it is, it r•ill be placed under a hydro­
static pressure v1:1ich the semi-liquid cement cannot resist . This v.ill usually 
result in leakage betncen the cement and the steel, but it my, if the cement 
has set , cause the patch to cracko 
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This possible damage ~av be pxe;v:r.~~•a bv fining ad.re.in. pi~,e to the 
bottom of the hole ju.st :...n.,~r:it :.ne :.c::n_::~:~c.:..:-y pcttch,, The concl'b':':l cai1 'l)e 
placed about this pet~h / b: ... t nor, '::it uree11 1t- and the te:mpornry patch., 
Through the pipe any pre~surC' developed by leakage v1ill be relieved; v,hen 
the cement has hardened sufficiently to do its work, the pipe can be 
plueged . 

A similar pipe must be fitted through a ccmcrete patch \-;hen one is 
built behind a temporary patch in a compartment under air presrure . The 
pipe, in this case, ,1ill b0 an air vent &nd it can be plugged v•hen the 
concrete has hardened. 

The shoring of e. nm:--rc-inforcrd concrete patch should be placed so 
that the i;atch is stiffer.ea ~ire --tly in vray of the water pressure. If 
this is done t.he concr('t8 in thr patch will be subjected to a minimum 
amount of bending. If it cannot be so shored , the patch should be ~ade 
suffici.ently thick to resist any bending movern.c-nt induced by the vrnter 
pressure . 

In building the form, advantage should be tuken of any structural mem­
bers in the immediate vicinity t½at can be enclosed in the concrete and so 
used to give it better anchoraee . 

Evrry possible precaution should be taken to obtain a. satisfactory 
Jntch, but it should cl~ays be rem8~bercd thnt sooner or later the patch 
must be removed and that the removal of any largo block of concrete inside 
a ship is alv·ays a difficult and tedicus oper l'.tion. Consequently, ex­
cessive use of concrete shculct be avoidrd . 

Concrete forms built unnE'rr.at€r shoulct be tight enough to prevent any 
flow of v-ater through the concrete r-fo:m it is in e. liquid state . The hole 
thnt the patch is to covE:r should be tcmpnrarily covered v-ith some sort of 
a mattress that r-ill stop this flovr of 1;•ater and ,hich also r,ill prevent 
the concrete, ,--hen it is placed in the form , from falling through the holE' . 
When the ship in v'hich this r·ork is being donf> is lying in the presence of 
a. stronc ground sr·ell or surf, thE're r:ill be a. strcng curge of r:,ater in and 
out of the hole ,•hich riay cause difficulty in fitting such a r..attre!ls . 
When such conditi0ns are encountered , a large diameter pipe should be fitted 
to by-pass the hole so that the rater can surge in and out of the ccmpart­
ment ,ithout subjecting the mattress to largo unbalcnced pressure. It rray , 
in difficult cases, be advisable to cut a hcle th~t can be plugsed later in 
tho r.hip• s side to pernit this surge of the v.'o.ter . 

REI~'FORCI:D_CONCRETE P~TCHES 

"V!hen the hole 111 +he obip' s sicl~ or bottom that is to be closed is a 
large one~ thf' cnnc,~ctc· shot..J_d be ;:'d:iforccd v-ith steel . The reinforcing 
should be fitted ger,c.rl".lly i!1 acce:rcu:mce \''ith the rules used in building 
practice., b.t the sides of th"' pnt.ch .,, i:.he r einforcing rods should be v~elded 
or otherrrise sccur0l~1 f?.st.ened to sound members of the shipf s structure in 
order that the patch ,ill for~ an inte0ral part of the ship. The entire 
patch fhould, for purposes of strength and ~etertightness , be a monolith with 
a suitable increase in depth in v:ay of transverse frames. If properly de­
signed and installed, the usual ~ood shores required tc support a plain con­
crete patch can be elimiw.ted . J. feT: ships h&VC' ml'tde long voyages v-ith com­
paratively lnrge areas of the side consisting of~ reinforced concrete patch 
th~t ras built up behind an american Patch or Brjtish Standard Patch . 
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(1) Srrall concrete pc.tch in sn~p:s side~ f1gure 16 indicates the con­
struction of a sir.all concrf'i;c, p::-• .-~~h f:::.tt( d behinC: o nofo i,1 the shell 
plating of a vessclt s side thet has bef>n temporarily closed by st·,.lffing .. 

(2) Concrete patch over a h cle in the bottom of a stranded ship: 
This is the most difficult of all pe.tches to mn.ke if satisfactory results 
are to be obtained. Tho hol,· in the bottom, or in the tank top, r.rust bo 
temporarily closed if the cei1on-:. is net to be , .. o.slwd out of the ccmcrete . 
Because of th0 poor v1oib1lity \:hich 1.:ilJ. be found inside, not much can be 
done to trim up the hole uy cutting m-:ay the torn ple.ting. This should not 
be attt>r1pted unless it is so deformed that it interferes greatly v·ith 
making the patch') 

To close thc, hole in the bottom tempornrily, it cen be covered r•ith 
scrap pipe or scrap structural r..atcrial Phich, in turn, can be covered by 
a piece of a tarpaulin,, More structural rr.a.terial v-ill be requirerl to vreight 
dorn the tarpaulinJ If difficulty is enc0untercd in keeping the tarpaulin 
in place it may be necessc.ry to provide a by•~pnss for the ;,ater to surge 
through. This might b~ done by fitting a large diameter pipe in a vertical 
position over the: hole in such a v•ay that it >Till be encased in the concrete 
i:e,toh. It can be closed later when the patch has hardened . 

The patch should he designed to overlap on nll sides the sound and in­
tact plating ar0und the hole by a substantfol l"largin. The form can be 
~ade of planks, but it should be tight and should be ~ell braced . It should 
make a tight joint v·ith the tank top or bottom plating. If this cannot be 
done, a rampart of sand ca.gs might be mnde to s~rve, esp~cially if some of 
the bags are filled v•ith a concrete mixture. 

Reinforcing rod should be liberally arranged for strengthening the 
patch and the ends of this r od should be secured ,1herever possible to the 
intact structure. If underwater v:elding is possible it can be used to good 
advantage. Double ho0k bolts should be used, v•herever possible, to tie 
the reinforcing rods to the: structure. 

In placing the reinforcinr rods, consideration must alvro.ys be civcn the 
problem of placin0 the cement. This Till need to be done in total darkness 
for the laitance civcn off by the concrete as it is placed ~ill eliminate 
any visibility that there mo.y have been inside before the v·ork of placing 
the concrete was cor.uncnc0d . 

Patches of this type heretofore hc.ve been ~a~e sufficiently heavy to 
overcome the buoyancy of the v•ater underneath by r.hecr rr.ass rcight . It is 
not belicve•:1 that such a v;eight is necessary if thE:' patch can be properly 
tied to the c1.rlj~cent structure, By taking adwmtagc of every place ,-here a 
fastening can be- secured, it is bdiov~c1 th(>t a lighter patch can be sati s­
factorily constructed . f'hen cnmpletcd , it should be reinforced ~ith as 
many shores as can possibly b<" fitt0a . 
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Diver 1 s Diseases 

Introduction: 

When you divers get away from this activity, out ln the combat areas, 
you will probably be on your own where it comes to medical difficulties. 
True, there will b'e a pharmacist, s mate in the vicinity and medical otrioe·ra 
may be within a 100 mile range, but you will probably not have access to 
medical attention from men especially trained in diver's diseases. Therefore, 
you can consider yourselyes on your own and if you want to get back to the 
good .old U.S.A. in as good shape as you left, it will pay you well to learn 
something about how your body functions, and how to take care of yourself. 

As you know, there are certain diseases and injuries which divers 
get that other people .do not get. In underwater work,· working in varying 
pressures, there are several serious sicknesses that make your work "extra 
hazardous". The government recognizes this fact and ·pays you men extra money 
Qecause of the chances you take. But if you know abou~ these hazzards, know 
how to . prevent them, what to do for yourselves when you get into trouble, you 
can pocket that extra cash as just so much "gravey11 , and not have to stow it 
away for hospital bills the rest of your life. 

Another thing you had better remember. At this school you have been 
guided and guarded by men .who know this diving and salvage game inside out. 
These men have tried to keep you out of trouble and teach you the tricks and 
precautions of many years experience. out in the field, you will not have so 
much supervision, and may even see men doing ·things or asking you to do. things 
that are dangerous, and could well be done another way without risking your 
life. A good point in case is the guy who blows up to the surface after a 
job of 6 hours at 50 feet. We'll talk more about this later on. 

The medical hazzards in divillg and salvage operations to which you 
men are exposed are caisson's disease (bends), air embolism, squeeze, various 
poison gases, underwater blast injury, ear ache and sinus trouble. 

caisson Disease 

caisson Disease, commonly called "bends", compressed air sickness, 
11blind staggers", "the chokes 11 , or just plain "a hit", is probably the most 
well known of the diverts diseases. rt was found that-men working in caissons, 
tunneling operations and other jobs involving work under increased air pressure 
would develop severe pain, blindness, unconsciousness and other troubles when 
they came out of the pressure. Hence the different names for the disease . 

Before going into a description of 11bends" you first have to 
understand a few simple physical laws. 

Let 1 s fill a strong bottle half full of fluid, cork it and through a 
tube put pressure on the inside of the bottle. To the eye, nothing happe~s 
inside the bottle. However, we know that ( l) As . the pressure increases the 
volwne of the gas over the fluid is compressed. (2) The liquid absorbs the 
gas in increasing amount. The gas actually passes into the liquid and 
dissolves, just like sugar dissolves in water and, like the dissolved sugar, 
is invisible. The more pressure put on this system, the more gas the fluid 
can hold in solution. The gas dissolves in the fluid slowly and it takes some 
time before all the gas that can be dissolved gets into the fluid. VJhen no 
more gas can be dissolved in the liquid we say the liquid is saturated. At 
every pressure there is a suturation point which is reached slowly by leaving 
the gas and liquid together. To get more gas into the fluid, you have to 
increase the pressure. Now·1et 1 s say the fluid in the bottle is saturated w1th 
the gas at a pressure of 50 lbs. P. s. I. ~nd we release this pressure on the 
bottle. The gas in solution is now too much for the new lower pressure and it 
comes out of solution back to the surface. If the pressure is released slowly, 



the g~s passing out is not visible, but if the pressure is released quickly, 
gad bttbbles form in the fluid and rise to the surface. Every time you take a 
oap off a beer bottle and see the foam appear you are witnessing this change . 

. Bubbles won•t form if the pr~ssure is released very sl-0wly. ~ _ 

A diver is just like the fluirt in that bottle. In fact a human 
being is mo~tly fluid, in spite of the fact we seem to be solid enough~ And 
a diver is exposed to a gas under increased pressure. The air we breath is 
comp·osed of roughly 1/ 5 th oxygen . and 4/ 5 ths nitrogen. • we suck it into our 
lungs and it is absorbed into our blood and 'carried all over our bodies, to 
the muscles, brain, bones; fat an~ passes into these tissues .in solution • 
.rust lik:e the fluid in the bottle under pressure, our tissues can hold 
increasing amounts of this. oxygen and nitrogen, the greater the pressure (the 
deeper the man is in the water). And, like the fluid in the bottle, the 
longer th~ man stays under a cert~in pressure the more time he has to become> 
saturated with these gases - up to a certain point - after 8 hours, the human 
body cannot absorb more gas - it is saturated for that particular pressure 
and depth. 

The oxygen thus absorbed is burned up by. the tissues constantly and 
is therefore not a problem to the diver. The nitrogen gas however doesn •t 
burn up and must be gotten rid of when the pressure is released from the man. 
And here aguin the diver is just' like the fluid in the 'bottle. If the 
pressure is released slowiy, the nitrogen passes out of the tissue into the 
blood and is carried• out to the lungs to be given off back into the air space 
in our lungs and blown out. But if the pressure comes off quickly, just like 
in a bottle of beer when the cap is removed, nitrogen bubbles are formed in 
our tissues and blood. These nitrogen bubbles block up the blood vessels 
stop the blood from flowing in that area and cause plenty trouble. 

The fat in our bodies can hold much more nitrogen than muscle , bone, 
and blood - 5 to 6 times as much to be exact. And because of a poorer 
circulation of blood through fat tissue, it takes longer for the fat tissue 
to get saturated with nitrogen and also much longer for the nitrogen to get 
out of the fat when the pressure is released. Where as blood Mnd· muscle and 
such red tissue takes only 1/2 hour to get rid of its extra nitrogen when 
pressure is released, the fat tissue takes eigl;.t to ten hours to rid itself 
of its extr~ nitrogen. so you can see that it is the fat and fat containing 
purts of the body that are mainly to blame for the production of nitrogen 
bubbles which cause 'bends. And if you can figure where these fat tissues are , 
you can pretty, well guess where a diver's troubles are when he gets the bends . 

causes 

There are several conditions ·nhich make a diver particularly 
suceptable to bends. We heve found from considerable experience that the 
older a man.is, or the fat~~r he is, or the poorer his general physical 
fitness, the more likely are his chances of •·etting bends after a dive. rt 1 s 
easy to understand why the fat man gets bends if it 1 -0 the fatty tissue which 
hol<ls most o;r the extra nitrogen. The older man, say in his late thirties 
and fo~ties has poorer blood circulation than a younger.,man and apparently the 
nitrogen is :therefore carried awa:,· from the tissues slower, making bubble 
fonnation mote likely. General poor physical condition has the si:1ll'le effect. 

An important cause for getting bends is over indulgence in alchollc 
beverages. Time o.fter time, divers suffering from this disease have spoken 
their regrets for having been out drinking the night before a dive. 
Apparently get,tini:; drunk slows up the circulation, therefore making nitrogen 
bubble formation more likely. 

O~ course, the conditions of the dive rreatly influence the man 1 s 
~,lwDc.e.s ,of.' gett!Dg bends. If the body can hold more nitrogen at the deeper 
a,ep~ en4 lf the lOllger a man s~ays un~er pressure the greater are his 
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chances of becoming completely saturated with nitrogen, then it naturally 
follows that iiis chances of {"etting bends are better after t},e loneer and the 
deeper dives. l:Tany men believe you cannot cet bends unlees you have been 
down at least 60 ft., but there are plenty of recent cases of severe bends 
after dives to 40 and 50 feet, Bends can occur after any dive to 30 ft. or 
deeper. Two of the most severe cases the Navy has had recently were both at 
this school after dives to only 40 ft. so dontt think you can1t get bends 
unless you have been down deep. 

As a matter of fact, your chances of getting bends is far better after 
a dive to only 50 ft. for 6 hours than after a dive to 300 ft. for only 3 
minutes. The reason for this is that even though your body canit hold as much 
n:itrogen at 50 ft. as at JOO ft., you have 6 hours time to absorb nitrogen in 

the first condition and only J minutes during the later, and you ther~fore 
contain much more extra nitrogen after the long 50 ft. dive than after the 
short 300 rt. job. 

Experience has taught us that when the water is cold, when the diver 
is working very hard, and espe.oially if he is in a cramped position, he has 
a little better chance of getting bends after his dive. If the man has an 
old healed fractured bone or healed big soar on his al'lll or leg he may form 
nitrogen bubbles behind this obstruction to the local circulation. 

The most important cause of caisson disease is inadequate 
decompression. No matter what other o~ndltlons are Involved, it the diver 
comes up too fast, he is asking for nitrogen bubbles to form just like the 
bubbles that form when the beer bottle is opened. wa.y back in the early days 
of diving this fact was recognized and various schedules have been designed 
for bringing a diver back to the surface slow enough so that nitrogen bubbles 
will not form. The present decompression tables tell you how slowly to bring 
a diver up after his particular time and depth. The decompression time varies 
according to these two factors. If you stick to the tables closely and keep 
in good condition, you wontt get bends. 

o~e serious mistake that some divers make is coming up all the way to 
the surface to make it easier to find the descending line and then dropping 
ba.Qk to the prescribed decompression stop. sometimes they get by with it. 
1'Ut this is just like pulling off the beer cap and then slapping it back on 
again. The bubbles form anyhow. If you do come all the way to the surface 
When you need recompression, drop ba.ok to the bottom at once and stay there 
tor at least JO minutes before again starting up. Many cases of bends could 

- ha•e been avoided by doing this. 

Let me interpose a short warning about the "controlled ascent" 
without descending line. This ls a very useful trick, and like a rabbit gun 
it is fine if you know how and when to use it. Never blow up when you need 
decompression. Never blow up from deepar-than 60 feet. Never blow up if you 
have been down deeper than JO ft. longer than 2½ hours. 

you are just asking for caisson disease if you do, and your chances 
ot getting it are good. 

Symptoms 

The first symptoms of caisson disease usually occur from i hour after 
a dive until 8-10 hours after a dive, but may appear while the man is still 
in the water, coming up, or as late as 24 hours, after the diye. The symptoms 
are variable, If bubbles form under the skin the fat tissue that lies there, 
you would feel a skin itch, maybe see a blotchy, red and white, flat rash. 
or maybe the first bubble that gives you trouble is plueging up a vein in the 
fatty bone marrow in your leg or arm. Then you feel a deep pain. This pain 
is, in fact, the most common single symptom of bends and may be in your arms 
or legs, hands, feet, stomach. It is described as a dull ache which gets 



r;radually worse, 0ecomes throbbinf in character, c-nd eventually makes tough, 
strone men roll on the deck crying. 

If a nitrog€n bubble forms and sticks in your spinal cord, pressing 
on important nerves to your lower body, you may not feel pain at all but be 
unable to use yonr legs - you are paralysed, or perh9.ps the first bubble 
that causes trouble is in your brain and may cause immediate blindness or 
roaring in ears, headache, unconsciousness and cnnvulsions. or, if the 
bubbles formed all over your body don rt st-l..c''" "!"" hlook th~ ci:-culo.tion out 
in your arms or legs or abdomen, they may be carried along up through the 
heart and block up the blood vessels in your lungs, just like bread crumbs 
gradually block up a sieve. Then you have trouble with your breathin6 , plenty 
of trouble . . you begin to cough, then as more and more bubbles stop up the 
blood circulation in your lungs you gasp for breath, turn blue, and finally 
die of asphyxiation. Any one of these symptoms, or several togAther, may be 
your first warning that you have bends, Many old divers still believe that 
it isnrt a case of bends unless you have a pain and a rash, Remember, you 
can drop unconscious, or be suddenly blind, or have eome vague symptom of 
severe bends without ever feeling any pain. 

The most important thing to remember about the symptome of bends is 
that anything that goes wrong. with a diver after a dive must be ..:onsidex-ed 
caisson disease until 1roved otherwise. And 1f something goes wrong with you 
after a dive, don't wa t , to see if it goes away , without telling somebody 
about it, Remember it doesn't do any good to have some Doc around to take 
care of you if you don't go to see him. Another thing to remember: Bends is 
a killer, and the symptoms of bends never go away spontaneously without 
doing permanent damage. 

Treatment 

If a man has caisson disease, or the symptoms of what might be 
caisson disease, what are we going to do for him? What are we trying to do? 
Get rid of the bubbleJ And the only way we can do this is to put pressure 
on the man. Remember Boyles laW?. The volume of a gas i.s inversely 
proportional to the pressure - when the pressure gets greater, the volume of 
a gas gets less and viea versa. so by putting pressure on a victim of caisson 
disease we can make the bubbles smaller and thereby get rid of the blocks in 
the blood vessels. In addition to this, increasing the pressure increases 
the absorption of gas back into solution in the man 1 s body. So we try to 
make the ·bubble first get smaller and fj nally go away al toget:.ier by being 
absorbed back into the tissue - then the symptoms caused by that bubble ~o 
away too, unless the bubble has been allowed to remain so long that permanent 
damage has been done. 

Dnmediate recompression is· the only treatment for C&isson disease . 

The following schedule of treatment is important to remember. you 
moy be able to save some friends life by learning these few directions , 

caisson Disease Take down to Teave 11on the bottom" BrinR no on 

Ordinary 
Relief·of At least JO minutes Air treatment 
symptoms plus NO longer than 2 hrs, tables for next 

(Pain, rash) 33' (14,7 lbs.) deeper depth. 
or at least 100 I 

severe same as above same as above Air treatment 

(Paralysis , but at least tables for JOO•. 
stop at J0 1 for 

asphyxia, 165'. 12-24 hrs.(over-
convulsions, 
blindness numbness) 

nite soe. k) . 



Recompression up to - 140 lJC 120 110 100 90 80 70 60 50 40 JO 
ft_ ft ft ft ft ft ft ft. ft ft ft ft 

100 ft. -------------- ··- -- -- -- -- -- -- -- -- -- 14 42 
150 ft. -------------- . - -- -- -- -- -- -- -- 22 JO 35 42 
200 ft. -------------- -- -- -- -- -- 7 22 24 26 JO 35 42 
250 ft. -------------· -- -- -- lJ 18 19 22 24 26 JO 35 42 
JOO ft. -------------- 4 14 16 16 18 19 22 24 26 JO 35 42 

Time is in minutes. Rate of ascent between stops is not to 
exceed 10 ft. per minute. 

20 1-0 
ft ft 

52 68 
52 68 
52 68 
52 68 
52 68 

Notice that the depth of recompression has nothing to do with depth 
of the original dive. we treat Caisson Disease according to relief of 
symptoms, and not according to the depths of the dive that caused the disease. 
I stress this because m.a.ny divers have a misconception on this point. A 
good case along this line is the diver who developed a paralysis of his lower 
legs after a dive to 40 ft. for 50 min. Taking him back to 40 ft. would have 
done no good at all. He had to go to 200 ft. before he could again use his 
legs. on the other hand many cases of bends after a 250 ft . dive have been 
relieved at a recompression to only 100 feet. 

The above schedule of treatment is for a recompression chamber. If 
there is one in your vicinity, acquaint yourself with it, and learn to run it 
if possible. The chances are you may not have a r~compression chamber handy , 
and then it will be necessary to put the man into his dress and send him back 
down in the water. Treat him along the same lines as in the above schedule 
as far as possible. Always send a healthy diver along to tend the victim's 
air for him. you may not have enough depth to give the man the proper 
treatment, if you can't, lean over backwards in bringing him up plenty . slow! 
Remember that the mistakes in treating caisson disease are always in either 
going not deep enough or in coming up too fast . If you want to err, do it 
by going too deep, or coming up too slow - you can 1 t hurt the man this way. 

If you haven't a chamber, and if you can 1 t put the man back in the 
water, you're in a bad spot. You can't get rid of the nitrogen bubble. you 
may control the pain with morphine, and hot towels help a little. It 1 s 
probably quite evident to you by now that it is considerably more important 
to know how to prevent Caisson disease than to treat it. 

Air Embolism 

Air embolism is a far too common accident in the Navy. It 1 s a killer 
and it almost always occurs through ignorance and carelessness on the part of 
the victim. Recently in Panama a man doned a shallow water mask, went over 
the side of his destroyer to clear a fouled propeller. Apparently, after 
finishing the job he "ducked" the mask and swam to the surface holding his 
breath. I say apparently, because we don 1 t know, because upon surfacing the 
man was unconscious and in convulsions and he died a few minutes later. This 
same accident has occurred with minor variations many times . '\'/hat happened 
inside th is man I s body? 

The lungs are composed of many very small a ir sacs which are 
connected by progressively larger air tubes connected finally with the wind 
pipe and thereby to the mouth and rtose. Around each one of these small air 
sacs is a rich network of small blood vessels . This is the set up which 
allows the oxygen from the air we breath to pass into the blood for 
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transportation to where it is burned in all pa-rts of the body. As you oan 
imagine, the wall betwee·n the air spaoe and the flowing blood is necessarily 
very thin. 

Now if a man holds his breath while under the water and a.t arts 
toward the surfa~e, the air trapped in his lungs expands as the pressure gets 
less (Boyle 1 9 law again} and distends the air sacs, finally bursting through 
the thin wall of one or more of them. Air is forced into the blood stream in 
the fbrm of fine bubbles and is rapidly carried to the heart and through it 
out to the rest of the body. These air bubbles plug up the blood vessels in 
the brain and the resulting severe symptoms appear very suddenly. 

The symptoms are always suuden and severe . Within a matter of seconds 
the man is unconscious, in convulsions, blind, or paralysed, and if untreated, 
dies in a few minutes. If a man is conscious he may complain of dull chest 
pain, may be coughing and he may have a pink froath i n his mouth and nose. 
The damage to the lungs is of secondary importance to the damage done by the 
air bubbles and usually heals up fairly quickly if the man lives. 

In this accident, even more than in caisson disea.se, prevention is 
more important than treutment. Don 1 t duck a face mask. non 1 t hold your 
breath while coming up through the v.re.ter. If in a diving dress breath in and 
out naturally. If your face is in the water, blow your breath out of your 
mouth a s you come up. Then the expanding air will not be forced into your 
blood in bubble form. Always warn new divers about this danger and instruct 
them accordinely. Especially, don•t let them duck a shallow water mask or 
helmet. 

Th~ only treatment for air embolism is immediate recompression. Often, 
immediately is not soon enough. Where as in bends you may have a few moments 
to an hour or so lea way before the man is beyond help, with air embolism you 
ha ve to get h im under pressure as quickly ae possible. Run, don•t walk , with 
the victim to the nearest recompression chamber. Treat as you would a severe 
case of bends, 

Squeeze 

Divers squeeze is an uncommon, but plenty serious accident which 
occurs when the sea l>ressure is no loneer neutralized by tlie air pressure 
inside a divers dress and the diver is suddenly hit by tons of water pressure. 
It ocours when a dive~ falls through the water rapidly arid is unable to get 
his hand on his control. ve.lve- to increase hi·s air supply. It happens when 
his air supply is cut ott, and if· the non-return valve is not functioning, 
the air rapidly escal)ea ·from hie suit. It may happen if he tears his dress, 
thus a llowing air to esoape. It may happen after a blow up if the tender is 
not right on the job to hold him from: ;falling. 

Injury received by a squeeze varies all the way from minor bruises 
of legs, chest, and shoulders to death with diver's body squashed up into his 
helmet. one bad squeeze happened in washington recently when the air supply 
was cut off while a diver was only a few feet deep wearing a face mask. A 
non-return va lve had not been installed on the mask and the air rushed out, 
causing the water pressure to suddenly force the m9.sk and the face toe,ether. 
The diver experienced sudden severe pain, and surfaced, bleeding from nose 
and mouth, with his eyes bulging out of their socke.ts wid his face looking 
like a beat up turnip. Be sure that a -non-return valve is inst,alled on all 
your diving eeur. 

Ea r Trouble 

The most common of all divers disease3 i s ear trouble. Probably all 
of you have h c::.d some trouble with your ears while descending, a t one t 1me or 
other. 

"· 



transportation to where it is burned in all pa•rts of the body. As you can 
imagine, the wall between the air space and the :flowing blood is necessarily 
very thin. 

Now if a man holds his breath while under the water and star ts 
toward the surfac.e, the air trapped in his lungs expands as the pressure gets 
less (Boyle•~ law again) and distends the air sacs, finally bursting through 
the thin wall of one or more of them. Air is forced into the blood stream in 
the form of fine bubbles and is rapidly carried to the heart and through it 
out to the rest of the body. These air bubbles plug up the blood vessels in 
the brain and the resulting severe symptoms appear very suddenly. 

The symptoms are always suuden and severe. Within a matter of seconds 
the man is unconscious, in convulsions, blind, or paralysed, and if untreated, 
dies in a few minutes. If a man is conscious he may complain of dull chest 
pain, muy be coughing and he may have a pink froath in his mouth and nose . 
The damage to ~he lungs is of secondary importance to the damage done by the 
air bubbles and usually heals up fairly quickly if the man lives. 

In this accident, even more than in caisson disea_se, prevention i s 
more important than treutment. Don 1 t duck a face mask. non•t hold your 
breath while com.ing up through the water. If in a diving"dress breath in and 
out naturally. If your face is in the water, blow your breath out of your 
mouth as you come up. Then the expanding air will not be forced into your 
blood in bubble form. Always warn new divers about this danger -and instruct 
them accordlne;ly. Especially, don 1t let them duck a shallow water mask or 
helmet. 

The only treatment for air embolism ls immediate recompresslon. Often, 
immediately is not soon enough. Where as in bends you may have a few moments 
to an hour or so lea way before tl,e man is beyond help, with air embolism you 
have to get him under pressure as quickly as possible. Run, don•t wal!< , wi th 
the victim to the nearest recompression chamber. Treat as you would a severe 
case of bends. 

Squeeze 

Divers squeeze is un uncommon, but plenty serious accident which 
occurs when the sea pressure is no loneer neutralized by the air pressure 
inside a divers dress and the diver is suddenly hit by tons of water pressure. 
It occurs when a dive~ :falls through the wate. rapidly arid is unable to get 
his hand on his control v~lve- to increase his air supply. It happens when 
his air supply is cut o:ft, and if the non-return valve is not functioning , 
the air rapidly escal)ea ·from his suit. It may happen if he tears his dress, 
thus allowing air to escape. It· may happen after a blow up if the tender is 
not rir,ht on the job to hold him from·fallins. 

Injury received by a squeeze varies all the way from minor bruises 
of legs, chest, and shoulders to death with diver•s body squashed up into hi s 
helmet. one bad squeeze happened in washington recently when the air supply 
was cut of'f while a diver was only a few :feet deep wearing a face mask. A 
non-return valve had not been installed on the musl< and the air rushed out, 
causing the water pressure to suddenly force the mask and the face tor,ether. 
The diver experienced sudden severe pain, and surfaced, bleeding from nose 
and mouth, with his eyes bulging out of their sockets mid his face looking 
like a beat up turnip. Be sure that a non-return valve is inst_alled on all 
your diving eear. 

Ear Trouble 

The most common of all divers diseases is ear trouble. Probably all 
of you huve hc.d some trouble with your ears while descending, at one t :!me or 
other. 

.. 
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The ear is made up of the following parts: The outer ear is tl::e 
portion that sticks out froJ'l'l the side of the head. Leading into the head 
from the outer ear is the ear canal. This tube is about l¼ inches long and 
is plightly bent. Closing orf tlie bottom of the canal is the drum, a tissue 
paper thin, round, flat membrane which is put there to vibratew'Ith sounds 
and transmit these sounds to our inner nerves. The drum also forms an 
excellent seal protecting delicate organs from the outside air. Behind the 
drum is a space surrounded by bone and filled with air, about the size of the 
last joint on your little finger. This space is called the middle ear. 
Leading from the middle ear and opening into the upper part ot the throat at 
the back of the nose, is a small collapsed tube called the Eustachian tube. 
The middle ear and Eustachian tube are lined by a delicate moist pink tissue 
called mucous membrane. the same tis~ue that lines your mouth and nose. 

The only opening of the middle ear to the outside air is through 
the Eustachian tube and nose. 

When a diver descends, pressure increases and air all over his body 
and in his body is compressed. The pressure pushes in on his ear drums, and 
to avoid damaging them he must equalize the pressure by getting air into his 
middl.e ear. so it is obvious that whe_n a diver oan•t "POP his ears" the 
trouble lies in the Eustachi8,dl tube which won•t allow air to pass to the 
middle ear. There are a good many causes for a ~looked Eustachian tube. colds, 
sore throats, blocked nose from irritating smokes - any condition which causes 
the delicate mucous membrane to swell will block off the opening of the 
Eustachian tube.and make it difficult or impossible to equalize pressur6 1n 
the middle ear. Often a glob of phlegm, or mucous, will lay over the slit-
like opening of the tube in the throat and cork it up nicely. 

When the diver descends with one or both of Eustachian tubes blocked, 
he experience~ first a pressure on the ear drum, then a dull pain which gets 
worse as the drum is stretched farther in by the increasing pressure. If he 
persists in descending in spite of the pain, he will rupture the dram, 
experiencing a sudden, knife-like, bu17ning pa 1n in the ear. lJ'pon astrending, 
he will probably have blood in his mouth and nose, and blood trickling out 
his ear canal. 

you can avoid these difficulties by keeping yourself free from oolds 
and sore throats and by avoiding pressure when you do get these troubles. If 
you have to dive in spite of a oold, get your nose sprayed out with 
neosynephrin 1/4~ just before you dive. A:11Y similar medicine which causes 
the nose tissue ~o shrink and allow the Eustachian tube to open may be used. 
Rem~mber however, that you are taking a chance diving with a cold, because 
even if you are able to "pop your ears", you probably will be blowing the 
germs of your cold or sore throat up into your middl.e ear, and this is the 
way ear infections and mastoid infeotions start. Never descend in such a way 
that you can't stop yourself on a second•s notice if you have difficulty 
equalizing pressure. As a tender, remember that your diver may fall and it 
is your job to hold him so that he doesn 1 t get a squeeze or rupture his ear 
drums. 

If you have trouble popping your ears, don 1t try to go deeper with 
the idea that a little more pressure is all t~at is needed to force the 
Eustachian tube open. Instead, come up your descending line a ways, and try 
to pop your ears. The opening of the Eustachian tube in the throat has a 
sort of flapper valve effect and sometimes the greater the pressure on it, 
the tie,hter it closes. oon•t let enough pressure get on your drums to cause 
pain, because you will always have damage done to the drum and lining of the 
middle ear )'{hen you feel pain. If you damage your drum or middle ear, you 
will not hear well with it for several days to a week or longer, and of course 
you should not dive during this period. You can hasten along the healing 
process by keeping the Eustachian tube open with nose spray three times a day. 



You should ahiays let the doctor know if ·you huve hurt £Ill ertr drum. 
If no r,1edical uttention is uvailable , yo•.t can pretty well clear yourself up 
by follo,vin(.; tLe above treatment. If tltere is blood in your ee.r canal, do 
not put e.nythinc; into your ear except u light cotton plug. no not let 
anybody put ear drops into your ear to stop the pain. If the drum is 
ruptured tl.is medicine runs right through the tear, carrying germs into the 
middle ear, thus adding infection to your troubles. For the same reason, a 
diver with a ruptured ear drum does not dive until his drum heals. This may 
take anywhere from a week· to a m0nth or more . occasionally a ruptured drum 
never heals, and the man has ear trouble all his life. Like many another 

.trouble, it 1 s for easier to prevent than cure. so don 1 t take chances, 

Blocked Sinuses 

There are a hal:f dozen other small air spaces in our· head thu t give 
us trouble while divine. These are our sinuses. The~· are situated in pairs 
ubove :.:nd below our eyes, end beneath our brain. The a ir spo.ces in our cheek: 
bones .:.re cclh.d maxillary sinuses, or antral sinuses, and tho:.:e above our 
eyes, the frontal sinui>cs. The untrals &re each about the size of the end or 
your thumb; the i'ront1:U.se1. bout the size of the lust joint of your little 
finger. The others are smuller. All are completely surrounded by bone except 
for a smull a ir passuge opening out into the nose. And like the opening into 
the middle ear, these holes are easily blocked by colds and phlegm, so that 
when a diver descends, air cannot pass into the sinus. ~~en this happens, he 
feels pain in the blocked sinus, usually either above one or both eyes, or 
beneath them, The pain is often very sever, and goes away suddenly when the 
block is relieved. After such an experience., when the diver comes up, he will 
hnve blood in Li::: mouth and nose. Sometimes a diver can get down pretty well, 
but when he starts bad: up, he eets the same type of pain and has to drop to 
the bcttoM. again to relieve the p1:1in. This occurs if some thick mucous or 
phlegm J·a.::i been forced into the sinus on the descent and is pushed back, 
blockinc the openinG on the c.scent. such a pluc; acts like a ball valve, and 
has effectively kept rnuny a. diver on the bottom rn.uch longer thc.n he intended 
to stay. Infection of the sinuses can ·mcl does occur very easily a.fter 
divine; v1ith a cold. The genn.s are forced into the sinus by the air presrure 
end grow there qu ickly, When this happens the mun develops a fever, headache, 
und needs im."lediate medic&l attention, Here ass.ire, it 1 s far e .. ,sier to prevent 
these troubles than to cure them. .Avoid di vine with a cold. 

some me~ believe thut sinusitis can be cleared up by eoin~ under 
pressure nnd then releasing the pressure quickl~', They u:ce acting on the 
t.r..eory tlw.t tLe pus is blovm out of the sinus by the expandinp, air behind it. 
occasionally this does happen, but it is a dangerous, c~d Nost o:ften an 
unsuccessful treatment. Don •t try it, or you may be in the sur.ie fix as the 
guy who r;ot down but couldn 1 t get back up. Always get medical a id when you 
have trouble with your sinuses or your ears, 

Gas Poisoning 

In salvage operations, there are a good mun~, different gas hazards 
wr..lch the salvage man has to cor..tend.with at all tin:.es. For a very good 
de script ion of these dangers read the pamphlet 11sc.fetr in Sl1ip salvage 
Operations - section one 11 put out by Bureau of Ships . It ls short, easily 
understandable and very interesting, 

There are a few cas dancers with which divers c;re particularly 
concerned. The most important of these is carbon monoxide. Tl:is ls colorless. 
oderleu: and tasteless g - !: , commonly found lu the exhaust fwi,u: of all • 
internal combu£ticn engines, and ls a killer. It has accounted for a good 
many lives. 



Recently, two advanced student divers working on an unaerv,ater wreck 
from one of our salvage vessels quietly passed out after about one hour at 
50 ft. Both men were brought up unconscious, cut out of their dress, and 
were found to be cherry red in color and not breathing. They were revived by 
artificial respiration and oxygen from an oxy-acetylene torch. They luckily 
made a full recovery after several days in oxygen tents in a local hospital. 
A check up on the air supply system revealed that the exhaust pipe on the 
gasoline engine running the air compressor had been turned down to prevent 
the rains of a previous storm from entering the engine, and the air intake on 
the compressor had been sucking up the exhaust funies. The divers, did not 
smell or taste anything, and they just quietly passed out before they even 
knew what w&s happening to them. This accident has happened many times, and 
should always be thought of when rigging up a diver's air compressor. Be 
sure that no exha~~f.lt fumes are get tine in his air supply. Never put your 
unit in an enclosed space where fumes can accl.ll!lulate. Even in an open boat 
this danrer is present, unless the exhaust is piped over the lea side. The 
symptoms of carbon monoxide poisoning are as described above. usually the 
man so poi·soned will die unless quick, correct treatment is instituted. Treat 
these cases by starting artificial respiration at once and by giving them 
oxygen from whatever source is immediately available. Burning oxygen is all 
right. Try to give oxygen by mask, if available, or by rigging a cardboard 
cone around the end of the oxygen hose or valve. Do not stick a hose in the 
vidtim•s mouth, or you may distend and rupture his lungs. Keep giving the 
oxygen after the man regains consciousness, and keep him quiet in bed. Often 
relapses occur, and the man may die after coming to, if the oxygen breathing 
is discontinued too soon. Of course this is a good case for the doctor, but 
do not wait for him to arrive before starting treatment. 

Another gas poisoning which stalks the diver is oxygen itself. If a 
man breaths pure oxygen under pressure he will get oxygen poisoning 
convulsicns. We don•t know why this happens, other than it in some way 
damages brain cells. working in depths up to 50 ft. you can probably safely 
breath pure oxygen for half an hour. over 60 ft. deep do not breath oxygen. 
The symptoms are variable, but usually you first feel irritable and J~PY, 
then after a moment you may develop a headache and feel sick at ·your stomach. 
If you oan see through the water, you may notice that your vision is cut 
down on the sides. V/e call this "tunnel vision". Then you experience what 
may feel like sparks o.r small electric shocks in your arms and legs. Then 
you become unconscious and go into a convulsion, just like epilepsy. This is 
not so good under the water, and you will probably drown. 

This occurs in just a few moments breathing pure oxygen below 60 ft., 
but takes longer in the shallower waters. At surface pressure it takes a bout 
8-10 hours of oxygen breathing to develop these symptoms. Treat oxygen 
poisoning with fresh air and rest. The convulsion will stop of its own 
accord if the man is in fresh air, and he will be perfectly normal in a day 
or so if no other injury was sustained wh ile in the convulsion. 



• 

• 

!.•TAA MOl(S TO tr 
'10ft,rtO 8't IU' Uikl 
•l.Utl 0, NON·.:OHOUtTIN& .. ,.,,,..,.\. ~--r; 

J(-«©1t-H+·----

QI 

OAILL a TU .J NOl.(t 
,OIi ..,.·. 1~-2 sn 
Sc.AC• Af TUI NH•Tt .. 6 

l()Jlt ,0111 JhlJG, ,if 
OVEII MOSI.. Pt M) ) 

"' "0 l (D HUD ANO (!)PLUG 

t11,· ta '"° 

~ 3--_,,__ _-____,------. 

~ 
Oll1llMI" 
01• •ou7 

-:-::._ • '=--::--q 

~111• iTD P'lf'[ THO 

two 0, "''' 'LAff[NCt.) 
ANO Ollll.1..C:0 ,o,1 GAil[ 
•T fACHllif(rT 

!-;TT - a l.,.;., 1 
-1~.a • 

.. . -" .~u __ s .... 

.r:r•·· 
@SET SCREW 

BILL OF MATERIAL 
PC 110 OUAH DESCRl'1IOH M,U'l I SIZE TYPE ETC 

© I tt(.AQ Ill.US Sll"-ll1•-:111· STO ru:, 
MC)CU,1(0 AS SHOWN 

© I ..... IRAS, 

(i) I MOS[ llnltt(,t Sttt• IO OXTGlN HOH t1,i LONG 

© I &OAPTl:111 IIIUS t/K• ID l 11, LOMI 

@ I UIOW Ill.SI 111• tTO [ll 

@ I TUH coP,Uli , .... OD eo,,u1 TUIING 

0 I N1rP'Ll IIIIASS 114• 110. N1r,u:, l/4'" LONG 

@ ' VAl~f auss 114 - 100 LI LUlt[N.~(IMIR 
0'I lOUAL 

® I NOS( ab.4,ttlll ell.ASS 
l/4 ,1,r TNO OfC SICJI • ) /ti 
OllYIC:,f MOSE C~ OTKCllt tlO( 

@ I UT(NSJOfl "" 1111:0N !.I'. W~T lltON r1,t aP,ltOI ··-@ I S[T SCltf.W I tlllASS WADI 'IIOM v•• IAA tTOG.K 

IIOTE 
I 0'0 :110 '6,tTS OI fOIICM l0 H COM"-ITILY COVfAt0 WITH 

AUll(llil u,c ,,relit &HflilllLY. P[CIAI. Ult[ SHOUL.0 H 
T.U.(N TO TAI"( IN IUCN ' MA~Nrlt Al TO Nl[V[N:T ry:cTIIIICA.L 
c,,;,Nf&eT KTwUJlil v,1..vt, ,c. (!) &NO c1TCNS10tt, ~ - 9 

4 7--:-:: --------
a .I - - ..__.., , ... t

. - I --,r 

. - :,. ~•I' 
. -.J_ ~ ---:-::::::===~---_J 

@ TUU 

TN•I ,,_.,_ IUP'l:11$1~1 COOl ltz METe,,t llfOI UJO a tlJI 

NAVY OE,OTM[NT 
9UNEAU Cf Sltn 

WASHINGTON, D C 

UNOfot""T(R A~•O::Y.EN CUTTIIIG 
TOIICH OCVflOPED AT u.s11.·sts1 

Pi(R M, N£ .N Y(I~• Cl TY 

CODE 692 

.. lTtM "0 

2550 

°"" 2·28·44 



-

-

3.• I• 
e·,i ,uo. 

e USHI NG 

, .. Tl/SOLAR 5T£EL 

0.E'CTRODE I¼ .. LON(i rm - . 
NO 

r 
I 
2 
~ 

4 
s 
6 
7· 

MA·TE'~ IAL 

Nlt\ME' MATERIAL. 
HE'AD BRASS 
INSULATOR FW6eE'R 
GASKET 
~ECURl r.G TE~ SRASS 
TU e>ULA R. £LECTRO OE STEE L. 
RF:P. S VSM IN~ -¾"ro ~-- IRO N 
COU P LI Ne; 3/s' 

N > I 18 
~ I~ 

Pl PE', 5TO . .3~' I 5T"~E'L 

~.t-u 
..... 

TAPE 
~-~!!f_;,_., L. 

-lrl)i- COLJNT[RSINK----1 t-- IO~ 
.3• ' 

NO 7 DRILL 
• I • 
TAP~·zo 

I ;;rD z 
s Ec u R I NG 

T EE 
SWAFFORD ROD 

ADAPTOR 
SILICON CARBIDE ROD 

ADAPTQ_R~ 

/RON PIPE ENCLOSING 7 WE"LOING RODS 
(COVER WITH MA"5KING TAPE' AND t>IP IN 

~ACETATE:) ' WE"LD RODS T04E"TH<I< 13\\\\b? \\\ \17::YAND DRIV~ DOWN 

C"LEC:TRODE:5 

NOTE': TWO (2) '51ZES Or 
51L.JCON CARBIDE" RODS 
ARE' IN U5E' A_T lJ.S,N.T.S, 
SALVAGE' ('.ri;. D - 9/t6"D). 

MAKE' ADAPTOR TO FIT 
ROD U5E:D. 

ADAPTORS¢ 

SW A FFOR D RODS 
½'sTDPIPr WELD ROr::>S TO F'IRST U SEO WITH OX'l· (LECTRIC 

~ t\\\\\\\'1 £,\\ 11[ ., ~~~ ;::•,;;f"y:::~O~l-~:o CUTTIN<i TORCH I . SCALE: • FULL SI%£ • 14 

SWAFFORD RODS U.S.N.T.S. S/\LVAGE 

Pl E R BB N£\.I YORK, N .Y. 



~-------------..-,...--------------...---------------------(..-.::wWWW U.:4...-.yw ~ l a le...; ....,_.._.. ___.. ______________ ....,, 

::PR!i/G TENSION LCX,« W AS1l:l-? f -OR /\/A/Y 51 A!VDAlW SU0 f
1
Lf:.1i1l)VT/IRY l:t1c~- PL~ITE 

-
// ____,,,,, 

~ f\ '//~ r. 
! , 

• 1_1· i I 
i,.'' ,-,.._..-,-..._ ~/ 

\ 

I 

I 
I 

' I 
/ i . I I , 
I I 
I • , I J 
\ I I 

\ ! 
\ \ 

,, 

--

<?J 

.:/ 

./ 

.. -· --- ·-·-·- ..... 

---- ··---.,_ 
.....__ 

., 
t J--.-8'/?A.SS PIN 1=--:1 

/ 
, HING£ --; ~..t- SPklN6 

; i:-::-J 
' • I-~-

' , / \' I· 1-:J ,~5RASS WA.:>HER (0Z¥ 
fo\ '. / \ r, . 1-::;j } FLU TES) J'Oi. Ot RCO 
\:::J ' .. --:=:--. ~ TO HING£ 

-~ \ .-.,..,.:......-.--:::...:...~~h 

-----·--- - " ' \1.. 1: '.. BR.As~· r v~SHER (SIA' 

\ 

-~ I '. 

, 
/1 

I 

.I 
I f 

/ 

·', 

I 
/ ,. 

/ \ 
r 
i 
l 

11 ;: ,· FLLJTtS) ,00LD£R£D 
! •. I • :' • TO fl/Nt.iE 

\ \ ' I ; 
• I I 

II i' 
+:-HING[ 

I t . i 

I I i ' 'I ,·,---:-=-1=-
,.: , I ', ,'-
. , I •.- - .r 

~ 
\ \ , ---
\ 

-...:.._ __ _ I 
I 

/ / i r: 
.' I : I : :,- ; 

I . ,l J 
I-- ~ -:. . · :,;;, -

HANDLE > 

(o'> ~ '. . / .I 1. ) ~ -c oTTE:R PIN 
·-' / I \ : II '. --

• \ .- / ' 

-"~ ')t\ .:--H ING£ ,, \ ,, \ 
___ .....-/ { ··--BR ,i./,ZE 

•.. ..___ ..... __,,- '\ 
------· - / ' - FACE PLATE 

·, _, 

·-----... - · -------- - ---- SUPP!..£M£NTARY Mc£ PLAT£ 

MARCI-I IJ, l9ff. N. T 5. SALVAGE PIER 88 NL: vv ,VORK WAt. S/.-/ 

.. 



INcon"'KT CUTT! 

DH~ECTI0I~ O~ CVT 

\ 
t'Jj Fie.A F10.3 i\1 / Sl.L VAGE SCHOOL Wl'.LDING MACHINES 

\ I I ARE SET VOLTAGES. FOR BEST 

✓ RESULTS USE 175 AMPS. 

.. 
, . ' 

I • ' , I • 

.. 
i 





HANDLIN(} AND "CSE Or' CZ~·~/.C 1.:::-1'::S~•:::;.? :XYrJTPT','1:4:NT -------- ,,_ ~....---.-- .................. _ , ..... -~ ..... .,_ -~- -· ._....... .. ..... ~--·---
1, Never let bottles lvy on s!d0s "to~!~ use. 

2 . 4lways handle bot~los with co.ut~on , 

J . Before uttaching guugos, break valves nt bottles so as to 
clonn valve soatso 

4. When gauges, l~ncs, nnd torch ure hooked up , and all connec­
tions arc chcok0d for lonks, 

m 
( d) 

Ope.::i vn:1.~rc et tunk 
Open -mi vos on torch 
Turn lcoy on gaugo until right adjustment is 
rco.cho<.\ 0 

Close valves at torch until ready for use . 

5. \'1/hen i gniting torch , 

!a) Turn Acetylene on first 
b) IgnitG 
c) Turn oxygen on until you get a neutral f l ame. 

6. When securing torch , 

a) Shut off Acotylono at torch 
b) Shut off oxygen at torch 
cd) Shut valves at tanks 

) Drain lin0s and gauges 
e) To.kc keys out Of gauges . 

CAUTION 

Never turn acetylene pressure higher than 20 l bs . 
(At J~ lbs , it will oxplod~.) 

ca.re should always be ta.Icon when using this equi p­
ment, for it is expensive o.nd dangerous . 

IF IN DOUBT, ASK SOMEONE WHO IS ACQUAINTED WITH 
THIS EQUIPMENT 



The swufforcl elc:<'i;,. ;_,.: .xrc:c: -~--.1::::1 v!·,11 "•:ork sa~is f octorily 
over a l o.r gc r·o.:-:ge c:f' t:.1 n··.r; .l:CJ :,J,·. 1:.,) ~:.JE:;'..::Lr i.1.,C::. 1JC"tv:...,e;n any of 
t h0 s ettings bc:c~ 

The 

DE:?']1H 0:;{'"C'I'.H ---
S.Jo. level l,.G :. bs . 
10 1 4'.i II 

20 t !,'-) ,: 

JQ t 53 " 
50 ' /' ') 

C''. " 75 , '/3 ft 

100 1 $!. ...,. " 200 ' 128 ti 

approximnt c hoo.t for mot ul 

DEPTH OlrlGEK --- -- ----·-
sec. lova l 80 J..b3 . 
10' 85 " 
20 • 139 ?t 

J0 1 O" ,) " 
50' -"') .l J -~ 

ti 

/;, I llj " 
100V l '24- II 

200 1 168 " 

NOTE -

150 o.mps . 

155 11mps . 

160 mr:ps . 
170 u;-.:JiS • 

1;2,: up i s : 

ELEC1rRIC - --- ...-:..- --

2.50 nmps . 

255 nm.ps . 

260 ::i.mps . 
270 ·unrs . 

T}iis torch mny be u.sod wi th 150 amps & 168 
1 os. o:n oxy--;nrJ. o:;: 2?0 n:mps ?· tC l bo O 0f mcyh~•n -
01· IuilY :ic x't· b1..,t'l.n.:cn n:ir o~ t:1r;~, se-+.:,~~nP3 desir ed. 

T~s 8w~Jfv~a i? teed ~0r burn5ng u~y~h:ng 
thc.t •• . .c.o ;,x~ ... yu.::·ogrJr. 7..c•~-::..h cc~1 b-... 'fl •:11:1y :I'a::-... ·ous 
mc··.r 1., . 

A,~"rn-.T;,".gos 0r." swr1.::<:f ::-,:cd ~re b1 1rn::.~1 g thr ough 
doublE', mct·1J &. no ,'ls -::yJJ.nde.rs ~o i1ci.:1r.!-.e r 



It i..J l...GCl. .. d't,~ ry to U8v jur"tL;ncnt hl. c~-..1tti··a • } tv ... :1. to ·•1.., t ':-, Lt rc_;­
s ul ts frou the cidscl .,. ,, i?1 cuttint3 ~G.r:l 11, .torL11f, , u~·e ·1 1)11::1t t· .por­
ed cuttiac edge os s:.(.'Y:n in :?i~· · A. ri:; . B I'·-:'::.·~-8Jnts ,1. ,.'('CJ ._;c1-or·(l 
nn[;lc for fnst c1.'tt:i.u,·· , tct it :Ls bl1t:.1t c:r'._1.,:·~1 t.c- l:olc1. u:. ,!! ··:Hr·130 
stcol you woul''t -..:or~:.~ c:i.L . I'i •. C s;10·::ru t~1~. t:· . .i·~ . r,'un,'..ocl v·.,·L'e u::ioe,1.. on 
Rluo- Point Chisols . 'l11 o ·1_;.~,-L..\ is ti1;,) s . .r:v :.8 :/:l,: , :J. buG t~_(, r,. un.,lo ... -:. 
sho.po uakus for oc.<~:n· 'J.jl .. ~ 1'•.t,1tvr c''l.tti.:1··; -1i: (.;J.i1 :L..1:~t,·~, :·.~::~t ()1' 

poss i blu brc,,-:t]ciico . 

(A 

I I ! \ i \ 
/ I D I C I , I 

\/ \ j 

\ I 
I 

""'--// \/ 
}/)'.:' '_2::) ·un~~ \ (Y~:r.s:~r. 
- · ----·-- ·- - • +-..- - ----- .. - - --

1 ~ :V'irut f.rno:i,.~o Vto r-;tocl to °Ju cut; ll:r .:::t:-t:i:,i11,; th,} chis .. l ,. ;:;1 rica 
of lit~.ht blcwo o 

2 . cut witl1 t:_c f1111 o1~P :.:f tl .. e c,.~ir~olQ 
3. Do not us0 v,c ccrn0r , ·1s it w11 :_ :tl:..ttcn quic:;:l:y ~.11 "1::.rst :1t.r J. 
stec1 ... ct1t vrit:,. t'".0 cc..11t ... r o.: blrll~\.; . 

4 . Aftor sc0:"i.n~· '.'l.i.th fu2.l c1.rtti:t··.: u.:.~~o , fol;.o-.;; i:a t~l8 i3:..r:.e ~·:r-o(ve 
wi th ir~cr0r-,sin1_;J.y lLtrC.or blC'ws i..'f t•w ~.r· ... .:::·.r. 1r . 
5. [itrikv dirl,ctly.Hcluncjn,; 0J.ow'1 1..1 ru .::..r.,·(.r,,us . 
6 . Wb.en '.1 cleo:-~ cut is ::.:.·tC:~c , '1\1'('h1 \lC~"t. .... :in:· --:-s ''. slir;).lt ,~l(.r.cJ.'1t; blm-; 
c~n wo'.lkou or oru .... k the c 1.·i:i..ecl. ol:::.do . 

7 . If chisel is w0dL:uC:., ro:._ov1.; it c:,rui'ully ·.:it! ,,ut sL:1,.; blo\J':J, 

c. Grip the. chil,vl wit11 r~ full fir:-1. :·ri·· tc r.v,.,i1 0c'lmci:l(..; 0:1 uorlc. 
9 ~ !(E'.:ep tho v<1.cc oolid ~1l:cin~Jt the cut, 0r yon v;ilJ. tur"t tho u.1 co 
easily on hnr1 vmrk 0 

10 . USG :i'it., . G in ~)D.LUL.Ltic :1·'.:J:.cr . 

11. use c.l. .. isoh, cJ.t a 45o ,'J1t·lc fc1r '"J(.,st r"'f1ult:J. 

Vvl-fflH :;:m: ~OYl J:::;. Itl\T~rrc __ .. ________ _ 
Use a ri v0t buster 0~1 rivnt h01.·~~G c~nt1 s:·v"' ycur cl'.i.:,;::;lc . ).'iL • e D 

BhowrJ wronc 1..:.ctl:oc'.. lU,ir.: • chisel, l!'i(..; . :J ..;hews t~.G cc:~rcct ;· l. t\Jt. of 
usiw; ,"'. ri YC't bu1..1t,n- o 
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•n,,.. r-T_1 i-n , tJt c hi:.:_;'~ 

1. 
2, 
3~ 

4e 
5e 
6. 
7. 
8 . 

Seizin~ ljfe line ~nd eir hose toge~her wi~h ~~rline. 
}h .. x 1.· ..:..n

6

~~n:1, st.i tcho -

Cu.11•.c.iS sewed ar01..1.nu llfe c.1nd air 1.:.~.~-~ Thia 6nd also 
wh::i r:pcd with t ape cve-r cr>.rv-::i.s . 
CunifuS ~ucked under to give adl6d s~rength. 
Air hGse. 
Telep~one cuble. 
Fer.;..J.le air 1.ose connection to control VCJ.l ve . 
Telephone Juck-plug~ 

Length of s igm .. l h&ly.:..rd on shoe 43" 

Length of signal halyard on breastplate 42" 
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NOTE; 
To break down vessel's side, 

burn holes at "XX" then insert 
toggles and lash charge to ship's 
side. Charge will c~t through 
plate and franes . 

U.<2.N.T.SS. 

)U<. 
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BLASTIM~ CAP 
ANO .OR/MA C0/10 
SID( ev SJ r>e 
WRAPPED WITH 

•TAP£" 

REMOYEO ro~ 
ENT/i!AHCE Of&" 
WATE~ 

,:· ,. 
,., ~ 
I, I 1-.: 
I ..._ 
11. ~ 

",• q;: :·,, ~ ., ~ 

:. ~ ,.,. 

SOTTOM 

TO F"I RI N4 REE:L 

(Wl~E) 

--SECURE TO 
' BUOY WITH 

MARLIN!!" 

THIS IS THt! F"IRIN<; WIRE 
aEIN<'( P/.l'tYEl> Ol/T ON 
THE~E8.~ 

THIS 15 THE E3LASTl1'/ft 
MACH/Nt, 

_,,,--._--- / I ) 

------ ...---,.._ 

~ 

t--------
......--,______ -- - -

PRIMA CORO 

SLACI< StrCUREO TO SLl~(i 
KEEPIN(j ST'RAIN CJF"F PRIMA 

CHA!24E 

"' 

ONE !STICK Rl!MOY/£0. WRAP 
P~IMA cater:, WITH A 'c:t.OVE 
H/TCJ{~Ni, TW4.HAl.F HITCHES. 
,HEJo.l PLACE JN 012/C,/NAL 
POS/TIO.'i WliH EfJOll<iH 
SLAC.K ON THE PRIMA Cd.er>~ 
rOR. SECl//<ITY, 

U.SN.T.5. SALVAGE 
NEv./ YORI< Pl ER 86 

~""IM LINS 
TO CAP /!ND 

~·· 

l 
BRI\NCH 
LINli 

~ 

-
NOT l.~55 ~ 

THAN go• GI R? H J-11 TC H ., 
l/S£0 TO CONN EC'. 8RANCH 

/./NE ro MA1"4 LIN/! OF 
"DETON/4TIN(i Co~o· 

,·· ·1 
CONNIZCTIH4 TWO 
ENDS TOtiETHeli! 
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A - L.lF'TINGi PAD MOL.E' & PLUC. 

B - Re'CESS FOR STUD NUTS 

C - l.lFTINGi PAC> HOLE' d ~LU<. 

0 RE· PADS F'OR. CHAIN F',t,L'-S 

--

rJ~. I. 

SKEG 

LEGEND : 

F - SCREW 

~ - 4ASKET RETAINJNq RIN<i 

M - ROPE GUARD (SPLIT) 

I - PACl'ING RE'T'AINER. RU~(i (SPLIT) 

J - ST!rR1'1 TIJSE SEA.~IN~ 

SCREW CHAN~E- OPERATION 
EXAMPLE L. S.T. 

(OPERATION PRACTICAL ON MOST 5HIP5) 

U.5.N.TS (sALVA~E) PIER 88 NEW YORK N.Y. 
I( . . w 
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rlG.t. 

G 

SKEG 

LE~£NO: 

P l E • PADS F't>R CHAIN F"AL L 

F' • SCREW 

Q • ~ASKET RETAININ(i RING 

K - SPLE'EN NUT WI™ LOCKING PIN 

L - STUDS 

M- THREAC,S TO BE COVE.RI!:[) WITH CANVA~ 

N - CHAIN F"ALLS 

0 - WI~~ ~OPE wr,H EYE' 

SCREW CHANGE OPERATION 
EXAMPLE L.S.T. 

(OPE RAT.ION PRACTICAL ON MOST SHIPS) 
U.5.N.T.5(SALVA~E) PIER 88 NE:W YORK; N-Y. K.H. 
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a'TIE"TIES 

FIG. 3 
LEc;ENO ; 

F' - SC.REW 

I< - SPL.E~N NUT WITH LOCKING PIN 

P - SPLEEN NUT W~ENC.H 

LEADS 

Q - CH.ARGi~ POCKET 

~ • KeYWAY 

& - LI F"TIN~ PAO EYE 

SCREW CHANGE OPERATION 
EXAMPLE L. 5 .T. 

OPERATION PRACTICAL ON MOST SHIPS 
U.S.N:T.S. (SALVAGE) PIER 88 N.R. NEW YORK, NY 
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This operation is successful on other sbips and the only change 
is i .'1 the rigging. The process is car1·ied out in the same manner. 

Two divers will work better tl1 an one. The divers will go down 
with a pneumatic hammer and a 3/411 side cutting chisel. With this 
the concrete is removed from the holes in the dunce cap. When the 
concrete has been ref;'\oved the nuts can be remo,,ed from the studs. 
'.l.'bese are the studs which hold the dunce cap to the hub of the screw. 
The lifting pad plug (A) is removed and a lifting pad inserted. 
bfter this has been done the dunce cap can be pried cff and hauled 
topside. 

~rom this operation the spleen nut (K) is exposed. The lock-
ing pin is found in one groove in the spleen nut. This is removed 
with a screwdriver. At this point the spleen nut wrench (P) is low­
ered to the diver. The spleen nut is removed. Remove the studs 
which hold ' the dunce cap to the hub. Lifting pad plug (C) is re­
moved and a lifting pad is inserted. At the forward side of the 
screw on.the hub is found the gasket retaining ring (G) held on by 
studs. The studs are similiar to those found in the dunce cap. 
The nuts are removed and the ring slid forward and the studs are 
removed, Next, the stern tube bearing packing retainer ring (I) 
which is in halves is removed. The screw is turned until the key­
way, which can now be seen in the hub, is directly at twelve o 1 clock . 
~everal turns of canvas (heavy) are wrapped around the threads ex­
posed· on the shaft, to protect them, and the canvas is secured with 
sailtwine or other small stuff. 

A charge is now prepared and placed in the charge pocket (Q) 
fig. III. The charge pocket is packed with a lump of white lead 
putty about the size of your fist. The powder is pushed into this 
putty. The charge is wired and placed in position. (Shown in fig. 
III). Powder goes against hub. 

both divers come- to the surface and the charge is set off. A 
one ton chain fall is placed in lifting pad (D) and by hauling away 
the screw will be removed from the shaft. A wire pennant (0) is 
lowered from topside and shackled to lifting pad (C). Haul away on 
(0) and release the chain fall. Retaining ring (G) is left in place 
on the shaft and the key in the keyway can be secured in place with 
some small stuff. 

HEl-'LllClNG Tllli SCREW ON AN L.S.T. 

1'he replacement screw is placed in a small boat and brought along­
side under the counter. Pennant (0) is shackled to lifting pad (C) 
and the screw is hauled clear of the boat. Prior to lifting the 
screw from the boat the stud holes may be cleaned with a suitable 
tap. Keyway should be measured for fit on key. (0) is lowered 
away until chain fall on lifting pad (D) can reach lifting pad (C). 
If this operation is done correctly the keyway in the hub and the 
key in the shaft will both be at twelve o'clock. Haul away on chain 
fall (E) slacking off on chain fall (D). This is done until enough 
threads are exposed to start the spleen nut. Chain falls are slacked 
off and the nut is turned up until the screw is home and the same 
number of threads are exposed as were on the other screw. 

Locking key is placed in spleen nut. ~tuds are inserted for both 
the dunce cap and the gasket retaining ring. These are put in place 
and secured. Remove lifting pads (A) and (C) and put in the proper 
plugs. The old packing is removed from the stern tube bearing, now 
packing inserted and the stern tube packing retainer ring is put in 
place. Chain falls are removed from lifting pads (D) and (E). 



- ,.. • 
If the new screw should bind before enough threads are exposed to 

start the spleen nut, slack off slightly on the forward chain fall and 
joggle the screw by pulling on one blade. This should cause the screw 
to slide on, 

The most common error made in the replacement of screws is in not 
being able to remove various parts. Should this occur examine the part 
carefully and see if there is not a locking pin that has been overlooked. 

When the charge is set off, be sure there are no men in the water· 
in the vicinity. 

Always take some precautionary means for preventing accidental 
turning of the shaft while divers are working. 

Before starting work, report to 0.0.D. Report before charge is 
shot. Report when job is completed. 

hECOMMENDED CHARGE FOR L.S.T.: 

Two 3 oz. charges of 60% gelatine. 

RECOMMENDED CHARGE FOR DD: 

Two 5 oz. charges of 60% gelRtine. 

RECOMl\lliNDED CHARGE FOR APC, LCT, SC, PC AND YMS: 

NOTE: 

Two 2 oz. charg_es of 60% gelatine. 

Same amount_,ll weight of plastic TNT may be us~d as a substi­
tute for 60~ . gelatine. 



A • 1.t,TINGt PAD MOI.!' « PLU(.i 
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F"IG.Z. 
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SKEG 

LE~£ND: 

L - STUDS P 8. f: • PADS R>R CHAIN F"'ALL 

F" - SCREW 

Q • ~ASKET RETAININ~ RING 

M- THREADS TO BE COVER~[) WITH CANVA~ 

N - CHAIN f"'ALLS 

K - &PLE:E.N NUT WITH LOCKING PIN 

SCREW CHANGE OPERATION 
E:'XAMPLE L.S.T. 
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FIG. 3 
L~C,EN 0 ; 

I< - SPLErN NUT WITH LOCKING PIN 

P - SPLE£N NIJ'T Wl.?1!:NC:H 

LEADS 

Q - CH.ARG;~ POCKET 

R - KEYWAY 

6 - LIF'TINC!i PAO EYE 

SCREW CHANGE OPERATION 
EXAMPLE L . 5 .T. 

OPERATION PRACTICAL ON MOST SHIPS 
U.S.N:T.S. (SALY/'\GE) PIER 88 N.R. N E'w YORK, NY 
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This operation is successful on others.r ips and the only change 
is i ., the rigging. The proces s i s car r·ied out in the same manner. 

Two divers will work better t han one. The divers will go down 
with a pneumatic hammer and a 3/411 side cutting chisel. With this 
the concrete is removed from the holes in the dunce cap. When the 
concrete has been renoved t .r e nut s can be removed from the studs. 
'l'bese are the studs · which t old the dunce cap to the hub of the screw. 
The lifting pad plug (A) is removed and a lifting pad inserted. 
~fter this has been done the du.nee cap can be pried off and hauled 
topside . 

~rom this operation the spleen nut (K) is exposed . The lock­
ing pin is found in one groove in the spleen nut. This is removed 
with a screwdriver. At this point the spleen nut wrench (P) is low­
ered to the diver. The spleen nut is removed. Remove the studs 
which hold the dunce cap to the hub. Lifting pad plug (C) is re­
moved and a lifting pad is inserted, At the forward side of the 
screw on.the hub is found the gasket retaining ring (G) held on by 
studs. The studs are similiar to those found in the dunce cap. 
The nuts are removed and the ring slid forward and the studs are 
removed. Next, the stern tube bearing packing retainer ring (I) 
which is in halves is removed. The screw is turned until the key­
way, which can now be seen in the hub, is directly at twelve o'clock. 
beveral turns of canvas (heavy) are wrapped around the threads ex­
posed' on the shaft, to protect them, and the canvas is secured with 
sailtwine or other small stuff. 

A charge is now prepared and placed in the charge pocket (Q) 
fig. III. The charge pocket is packed with a lump of white lead 
putty about the size of your fist. The powder is pushed into this 
putty. The charge is wired and placed in position. (Shown in fig, 
III). Powder goes against hub. 

both divers come. to the surface and the charge is set off. A 
one ton chain fall is placed in lifting pad (D) and by hauling away 
the screw will be removed from the shaft. A wire pennant (0) is 
lowered from topside and shackled to lifting pad (C). Haul away on 
(0) and release the chain fall. Retaining ring (G) is left in place 
on the shaft and the key in the keyway can be secured in place with 
some small stuff. 

hEi-'k~CING THl!. SCRiW ON AN L.S.T. 

'l'he replacement screw is placed in a small boat and brought along­
side under the counter. Pennant (0) is shackled to lifting pad (C) 
and the screw is hauled clear of the boat. Prior to lifting the 
screw from the boat the stud holes may be cleaned with a suitable 
tap. Keyway should be measured f or f it on key. (0) is lowered 
away until chain fall on lifting pad (D) can reach lifting pad (C). 
If this operation is done correctly the keyway in the hub and the 
key in the shaft will both be at twelve o'clock. Haul away on chain 
fall (E) slacking off on chain fall (D). This is done until enough 
threads are exposed to start the spleen nut. Chain falls are slacked 
off and the nut is turned up until the screw is home and the same 
number of threads are exposed as were on the other screw. 

Locking key is placed in spleen nut. btuds are inserted for both 
the dunce cap and the gasket retaining ring. These are put in place 
and secured . Remove lifting pads (A) and (C) and put in the proper 
plugs. The old packing is removed from the stern tube bearing, now 
packing inserted and the stern tube. packing retainer ring is put in 
place. Chain falls arc removed from lifting pads (D) and (E). 
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If the new screw should bind before enough threads are exposed to 

start the spleen nut, slack off slightly on the forward cnain fall and 
joggle the screw by pulling on one blade. This should cause the screw 
to slide on, 

The most common error made in the replacement of screws is in not 
being able to remove various parts. &hould this occur examine the part 
carefully and see if theTe is not a locking pin that has been overlooked . 

When the charge is set off, be sure there are no men in the water 
in the vicinity. 

Always take some precautionary means for preventing accidental 
turning of the shaft while divers are working. 

Before starting work, report to O.O.D. Report before charge is 
shot. Report when job is completed. 

hECOMMENDED CHARGE FOR L.S.T.: 

Two 3 oz. charges of 60% geiatine. 

RECOM.J.'\IBNDED CHARGE FOR DD: 

Two 5 oz. charges of 60% gelatine. 

RECOMMENDED CHARGE FOR APC, LCT, SC, PC AND YMS: 

NOTE: 

Two 2 oz. charg~s of 60% gelatine. 

Same amount~ weight of plastic TNT may be use~ as a substi­
tute for 60% gelatine. 
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BOLT 

f:L CTRICAL WII<. 
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SECURIN HOOK 

DIVERS 

MATERIAL 
LVANIZED IRON 

IRON 

C0PPE~ RV815ER INSU~"TEO 
LEAD I POUNO 
IRON WIRE 

UNDER WATER LIGHT 
U.5.N.T. S. SALVAGE: PIER 88 NEW '(O R K, N.'r'. 
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Oocorapression Table ifo. l • Ordinary time li:ni to in deep ·.:utcr o.nd 
ntoppa.f,;es to be JilO.de durin[; ascent. 



Decompression.Table No. 2. stoppages to be made during ascent 
after exoeeding the ordinary limits 
of time on the bottom. 

Depth Time from leaving sto ppa 11;es at different depths (Min.) Total 
Time Ft. surface to begin- 100 90 80 70 60 50 40 JO .GU 10 

ning of ascent ft ft ft tt ft ft ft ft ft ft 

66 over J hours 10 JO 42 
72 2 to J hours 10 0 42 

over J hours 20 0 '>2 
78 1 1/2 - 2 1/2 hri:i_ 20 1n '2 

over 2 1/2 hours 30 30 :,2 
Bl.. 11/l.. to 2 hours l 'i 10 4, 

2 to 1 hours 5 30 30 6? 
Over 1 hours 10 30 35 ?'' 

go ltol1l2h1's. 5 15 25 4" 
1 1/2 - 2 1/2 hrs. 5 JO JO 67 
over 2 1/2 hours 20 J5 JS 92 

Q6 'i'i min. - 11/2 hrs. • 5 15 130 52 
l. 1/2 - 2 1/2 hrs. 10 JO J5 77 
over 2 1/2 hours 30 30 Vi 102 

l.08 i..o min. to 1 hour 10 , 15 120 48 
l. to 2 hours 5 15 25 35 BJ 
Over 2 hours . 15 JO 35 40 122 

120 35 min. to 1 hour 5 10 15 25 57 
1 to 2 hc.•irs 10 20 JO 35 97 
over 2 hours JO 35 J5 40 l.L&.2 

132 1/2 to 3/4 hour 5 10 15 20 5J 
3/4 to 11/2 hrs. 5 10 20 30 -m 98 
OVl!ll,. 11/2 hrs. 15 30 3'5 L&.0 L&.0 161 

ll..L&. 25 min. - J/4 hr. 3 5 10 15 25 61 
3/J,, to 11/2 hrs. 10 10 20 30 11i 108 
over l 1/2 hours 30 lO 35 L&.O L&.O 178 

156 20 to 35 min. J 5 10 20 20 61 
3S min. to 1 hr. 7 10 . 'i 30 1U 95 
over 1 hour 4'U 25 30 15 40 40 193 

168 16 to JO min. 3 5 .LO 15 20 56 
3 0 min. to 1 hour· 

., 
3 10 10 15 JO JO 101 

over 1 hour 5 25 25 JO 35 40 40 20J 
180 14 to 20 min. 3 3 7 10 15 41 

20 to 30 min. 2 2 J 10 15 25 60 
30 min. to 1 hour 3 J ? 10 20 JO J5 111 
over 1 hour 15 25 30 30 35 40 40 218 

192 lJ to 20 min. 3 3 ? 15 15 L..1~ 

20 to JO min. . J J 5 10 15 25 6 . 
JO min. to 1 hour J 5 10 12 20 JO 35 11 
over 1 hour 5 "u 25 30 30 35 40 1...0 228 

204 12 to 20 min. 3 J 5 7 10 20 51 
20 to .30 min. 3 3 .3 5 l.O 20 JO 67 
JO min. to 1 hour J 3 5 10 15 20 30 ·15 124 
over 1 hour 15 20 25 30 JO 35 40 i~o 238 

225 10 to 20 min. J 5 7 ? 10 15 20 ~o 95 
20 to 30 min. 2 3 'i 7 10 15 20 25 30 125 
JO min. to 1 hour 5 5 10 15 15 20 25 JO 35 164 
over 1 hour 10 15 i::U 25 JO JO 35 40 40 2, ,9 

250 10 to 20 min. 2 3 5 7 10 10 15 20 JO lC l 

20 to JO min. 2 3 5 7 10 15 15 25 JO JO l.. ) 

JO min. to 1 hour 5 5 10 15 15 20 JO JO 35 40 ·:.Zl )I .,. .. 
over 1 hour. l.U l.5 ,u 25 JO JO J5 1...0 40 40 • ';<,IP.f 

. 



1 Pull. 

2 Pulls. 
.3 Pulls. 
4 Pulls. 
2-1 Pulls. 

l Pull. 
2 Pulls. 
.3 Pulls. 
4 Pulls. 
2-1 Pulls. 

1 Pull. 
2 Pulls. 
.3 Pulls. 
4 Pulls. 

.3-2 Pulls. 
4-J Pulls. 

• SIUNALS FROM TE?-.l· TO DIVER 

Are you all right; or when diver 1s going down, 
means STOP. 
You have oome up too far; go back down until 
stand by to come up. 
')ome ,,p. 
I understand you; or, answer the telephone. 

SIGNALS FROM DIVER TO TENDER 

I am all right. 
Lower; or give me slack. 
Take up my slack . 
Haul me up. 
I understand; or, answer the telephone. 

SEARCHING SIGNALS 

stop ana search where you are. 
Go straight ahead. 
Go to your right . 
Go to YOUI left. 

.More air • 
Less air. 

Am SIGNALS 

EMERGENCY SIGNALS 

we 

it 

stop you 

2-2-2 Pulls. I am fouled and need the ass1stanoe of another diver • 
.3-J-J Plllls. I am fouled, but can clear myself. 
4-4-4 Pulls. Haul me up. 

SPECIAL SIGNALS FROM THE DIVER 

2-1-2 Pulls. Send me a slate. 
When the tender receives this signal, he w1ii answer 

it with a 2-1-2 and stop off a slate on the lifeline and air hose. 
When this is done, he will give the diver 1 Pllll. The diver will 
haul down until he g9ts the slate; he then gives the tender l FUll. 
When the diver has used the slate, he gives the tender J Pulls. 
The tender hauls up the slack until he gets 1 Pull from the diver, 
which will signify that enough slack has been hauled up. 

1-2-.3 pulls. send me a square mark. 
When the tender receives this signal, he will answer 

it with 1-2-J Pulls. He then stops oft a ~ieoe of bunting on the 
lifeline and air hose about ten feet from the water•e edge. When 
this is done, the same routine is carried out as for sending down 
a slate. 

5 Pulls. Send me a line. 

NOTE: All signals will be answered as they are received between 
tender and diver. When answering or giving signals all slack shall 
be taken up in lifeline and air hose until diver oan be telt before 
signal is given. The proper method for giving a signal 1s to use a 
gentle, distinct Pull. Speoial signals, in addition to the above 
signals, may be made up between Diving ottioer and Diver to take 
care ot eny salvage operation9 whioh may oocur. 
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i.e.•'-• .,t .. p !.i _C!' 

Hu.1.:.· ..J: •. _. ~-- n · ~ (.,,,..) ... .. ::.c.:.!l0 ) 

L.i., , . r . ::; '·e. d.l. n._, 2••~ ft .. 
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J; G OV'.) 

33 G 610 
33 G ol5 
33 H 16 
33 H 18 
33 H 17 
33 H 20 
33 H 25 
33 P 490 
.33 T 75 
33 -~; 45 

Gaskets , face plate , D. rl . 
G:..sk0ts , h:dmct, kath0r, D.A. 
Gusk:its, oil- s.3parcator, leather, D . A. 
Hose , air, D. i-., , high pressure, 3 ft. 
Hose, air, D.i,, high pressure, 50 ft . 
Hose, air double fi:;mru.e;, D. A. , 3 ft . 
Hose., air J D h.. , 3 f"i:,. 
Hose. a~r, D rt•; 50 ft 
Packing, D A,, str-i.ne graphite 
Tubine; D A .- rub.,_,,.., ·3 ft , 
Washers, D J.., > au· hcsn 
Vi...shers. oil S1;.;pa1t:tor. D .... 33 Vi 50 

33 r: 60 V."ashers. t0lephone eouplings, D .A. No.l 
VIashcr, non-r-::turn valve, small (vi,,<:m purchase) 
Pri~ary & secondary springs for valves (open pur ,) 

37 B -850 Belts, D . A., weiJlted 
37 C 3200 Cuffs, D .A. 
37 D 280 Drmvers, D.A., 
37 D a5 Draw•~rs, D • .n ., 
37 D 290 Dro.v,crs , D. A., 
37 D 295 Drawurs, D,h., 
37 D JOO Dl'awt:rs , D . J.. ., 
37 D 360-100 Dr esses , D.A ., 
37 D 360-200 Dresses , D. n. , 
37 D J &0-300 Dresses, D.A., 
37 G 2170 Glows , divers 

woolen, 
woolen, 
wool0n , 
woolen, 
woolen , 
rubbt'lr, 
rubber, 
r ubber, 

size 36 
size ,38 
size 40 
size 4~ 
size 44 
No . 1 
No . 2 
No • .3 

37 J 400 Jock- strap , D .Jt .; l eathe r 
37 S 800 S!,00s , D. 1-.. ., w..:i~hted 

37 s 2100-111)) 
J7 S 2100-120) Socks, D.A., woolen , Size:ls 11, 12, 13. 
37 S 2.100-130) 

37- T-J0I) Trousers, D . h. J over<J.ll"s 
37-U-'15-360)- Undershirts , D . A., woolen , siz~ 36 
;7-U-'75-380) 
37- U-75-400) 
37- U- 75-420) 
37-U- 75- 444) 

41 K 855 
o+.l t 1020 
41 Vv ]Jll- 50 

II 11 II I t 38 
II II II It 40 
II II ti tl 42 
II II II II 44 

K1.ivtls and cases 
V:rench, D. n ., o:,en end, ?/8 11and 1-1/1611 

:rNnch, D .... . , open end, 1-7/1611 

"'~ 

52 C 1315 Cement, rubber 
Sp.rir.co, axhaust valve, primary (vp,:m purchase) 
Sprinc, 0xhaust valve, secondary (v~en purchase) 
Washers , valve, non-ratu,."Tl , stem ( open purchuSe) 
D~-com;ression tables (Divin0) 

N...:·., Y0rk l'-luvy Ye.rd 
VYo.., .. .i.r;"'ton , D .C. Diving School 
Navy Trainint School (Salv&ge) 

Aud weather proof sockets &nd cable portable . 
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2 
1 
l 
l 
1 
l 
2 
4 
4 
~ 
2 
2 
2 
I.. 
8 
2 
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" 3 
6 
2 
1 
2 
l 
4 
l 
l 
1 
l 
8 
2 
2 ,vds 
~ ;ds. 
2 
5 
5 
l 
l 
l 
2 
l 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
l 
1 
J pr. 
2 
2 
l 5..l. 
2 

.1. :;,:;t 

- -cmiPI.ETB EQUIP?;;.!,l'.T FOR DIVER AND STANDBY 

14 0 3105 
17 C 755 

17 B -,533 
4-J.7 T .:.657 

18 1h 170 
~l L ..:-.60 
,l L ~65 
,1 H 105 
23 ",1\ '75 
,3 L 169 
,J L 168 
23 C ~Jo 
23 F 1C7 
23 F .:.&O 
23 h J.53 
23 N J.10 
23 N 115 
23 R 105 
23 R 110 
23 S 1 ... 5 
23 S 335 
23 S 3...,0 
23 V 100 
,; V 110 
23 V 116 
.c:3 W 1 .... 5 
23 W 150 
.c:3 i'II 105 
~3 G 135 
23 G 1-.0 
23 G 1,..5 
33 H 18 
33 H 16 
J; C ""5 
33 T 75 
33 C .305 
33 ·,. 1.15 
33 W vO 
33 G 6v) 
:>J G 6:-,.Q 
37 D jt>0-100 
37 D }60--200 
37 D JoO--Jl..i.. 
37 T Jvv 
37 B ,..,50 
37 J i+vO 
37 S 800 
37 G 2170 
37 U ?~-360 
37 U 75-380 
37 u 75-4...,._ 
37 'G ?5-420 
37 D ,c.O 
37 D .c.E,5 
37 D ~90 
37 D .::95 
37 S ..c::J.00 
41 K 855 
41 W JJ:LJ.-150 
52 C 1315 

ST,~DARD S'IOCK CLASSES 

01.l, .. ..:~tsfoot 
C,:ull.3, D • .h ,, cvm..,i~ .... tion telephone and 
life:i..ine 200 ft . len,ths. 
Bi .. 1.,i,.._ri..::s, stora..,e, (6 vvlt) - 100 amps. 
Tc ....... ,,hone & .:,pe,res 
Wc1tcn, st,::,p, timer 
LL,as, descendine, 20L.. ft. 
Li110:: .• distance & circlin0, 60 ft. 
hi:i. .... 1-:\.::ir:i; -'nurnl, 3/4" ~ ..i.O it. 
W ... i, .. .11.t.s. D ,A . 50# 
ha:s:~c; •• "i h.::.rle, #b 
L-,r,s,.;s ~ :::~1ad0 i/6 
Curh:i.or.:,: 1) fa. , .. ,cl::et 
Fi;!.c.a ~•l.:..i e, .hc:.!",2t 1 ,velding 
Fi:.i.t.,J'.'.~, Spon,;e, D.A ,, -.,il s~pE.rator 
tiCJ.u.,;t,::; , D .J,~ , c0;;,t'lete 
Nuts, J..:~:r;e 
N1.1.t-1, srr.:-.lJ. 
Rcci .... c:.:rs , t.:, pe 11S" 
Rcc,.;.r:~rs r type 11 T11 

S"';:,"'.:r;;;to:rs ~ oil 
St...:0. .... s lor1b! breastplate 
St .. r-.~; , short, breastplate 
Val.v'- , D.A, cc .. trol 
Valve, re l.,ulatin[; 
V cl , es, non-,re turn 
Wr-... .-:ch, safet.;, valve 
,;:,•,::a,chu$ , helliet, 11T11 

Mc,.ni.f :il<.i, 1, .c1. • 

Gl~vses r jivin£, face 
Gl ... sses: u.i vini:,, side 
G.ta,.,S~!S' w.vin~, top 
Hv...;..,, ,.ir, D • .1,. ., 50 !t. l en..,ths 
Hv~vJ ~ir, 3 it. 
Cl0th 1 D h~ , rubber 
Tuu~.: .. -,: D ,r., , r.ib...,,..r, 3 ft. lenbths 
C'-'"'t'} :.ur,s, (_.ouble fem41..e 
Wa.:,1 .... :r-s , air hose 
\,·c:..,r,_ "'::., telephone , coupling 
Gav,.~t.s, f .:.ce plate , ruboor 
GaS,~s;:t , .~cl...et, l eathBr 
Dr-=: ... v:, DJ.Vi .. i;,, #1 
Drc.....,s; Divi:.b, U 
Dr,.,::.s, Diviuc,, ,!J 
Trous":rs ~ D • .-.. 
Belts , l~ia.tuer, D .J..,, ,;;;;i0 nted 
Jvcnst.:r.a.;s 
s ,.0 ... s , ~ ... .:.r-,hted 
Glv\~s, div~rs - t enders 
U11c. ... r ... r . .i..rt~, ... i vin0 , size 36 
Uu ... 1;..r::=hirts , di vin..,, size 38 
U!ic.,...., r.;;hirts, ci vin..,, size 40 
Ur;u-,r~h'i.rts , di vinL,, size 42 
Di>o.,~r.s , c..i vin<->, size 36 
D L·c.;,0rz , ~ vin1:,, size 38 
Dr.~".,1:;rs , divin..,, s i z.a 40 
D t'<\tt ..... r$ , a:i. v:in0 , Size 42 
Socnr,, D ,.J:.., , -.oolen 
K;.iv0s r..nd cases 
'fr.,f,':-I'.~S? sinble , open end 
C<,,,,,, .. t.. ,ubb<::r 
S~·n.l,t-?,_, .;3.x.haust valve, primary (vp.;n pur . ) 
S!,r.L.t.c;; _ .. haust vr.lve: s,_,condary (v!~ .. i:-~r . ) 
Do·-C\J/ ,..,r...,.;,~i.)!~ T,.vl., ... (s ... .:..·v ... b"- o~.&.ic ... ) 



SALVAG~ DIVER 

1 . Be physically qualified . 

2. Understand and oper1:1te air compressors . 

J. Be able to dive and accomplish work to 
water . 

Be able to use hand and pnuumatic tool 

Be able to operate under water the gas 
torch . 

depths of 125 feet of 

unu.er water . 

ancl electric cutting 

6 . Be able to c .:>r1f~lte •1,;hc pressure of gasses required to operate 
the gas under,1,1tcr t0rch . 

7. Know seamanship a!ld how to sling and lift heavy weights, 
splicing wire, and l!lanila rope . 

8 . Know the uses o.nd how to use excavating nozzle . 

9. Know the uses and how to operate air syphon. 

10 . Be able to read a blueprint . 

11 . Be able to enter a sunken vessel and work, from reading blue-
print . 

12 . Understand the case, preservation , and use of all equipment , 
such as pump, hose, heL~et, suits, etc . 

13. Know how to test, repair, and adjust all equipment and deter-
mine if they are safe for use . 

14. Be expert in dressing and tending a diver . 

15 . Know diir::.ng signals . 

16 . Have a detailed knowledge of decompression table and how to 
use them . 

17. Undor~tand first aid . 

18. Know how E'.nd when to use rccompression chumber. 

19. Be able t o eq~ip a boat for diving . 

20 . Be able ~.o [.s '.:.Jr~ate an underwnter situation and give an in-
tellige~t d~2~~ipti on~ 

21 . Know how t o ta}:c moasurements of underwater damage . 

22. Know hew to build templa"Tjc for unde:i:-watP.r patch . 

23 . Know how to manufacture vo.rio:is patches for use under water . 

24. Be able to secure patch and various methods used in securing 
S B..'110 • 

25 . Be able to lay out set of beach gear. 

26, Know how ~o set up high line gear and operate . 

27. Know how to set up, operate, and care of 'Water pumps . 

28 . Know how to shore decks and bulkheads for excess pressure . 
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S.fC-P ·.,. ~R1 ·~1 - - ---·---
3ERTH DECK: A name applie .1 to e. ::...v:•,er clc 11'- ev . • neu:r- t:1 .: \It.. :.a:-· 1 :.;l" 
on old vessels and used primarily foi- her~ni~'I pu1·.t-~ .. ~ q and n.Yc t'I.!:' t 
gun deck . 

DOUBLE BOTTOTuIB : Vlater-tigh·t subdivisions of a man.:. of- war next ..,~ 
keel and between t he outer bet.ton and inner botto:::n. the 

FORECASTLE DECK : A pnrtial deck at the bow over the mai n deck . 

FOURTH DECK: A compl~t2 1e~k next,below t he third deck . 

mm DiCK: A name appl::..Ad on old ·vessels t o a deck carr ying guns and 
between the ma:!.n and be-rth decks . 

HALF DECK: A partial deck above the lowest complete deck and below the 
main deck . 

:{OLD: The space below decks utilized for the stowage of ball ast , cargc. 
and stores . 

HAIN DE<:::K: The highest de:ck extending from stem or ster n ; in old 
vessels, the highest covered deck. 

ORLOP DECI~ : A name applied to a lower partial deck below the berth 
deck and on or abovu tho prot&ctivb deck on old vessels . 

PLATFOR:1 DECK: A partial deck below the lowest complete deck; 6all ed 
first, sBcond , etc., from th0 top, where more than ono is found . 

POOP DECK: A partia l deck at the stern over the main deck . 

PROTECTIVE DECK: The deck fitted with the hoaviost protective plat i ng . 

QUARTER DECK: A name applied to tho part of tho upper dock reserved 
for the use of officers . 

SECOND DEC:~: A complete deck next bolmv tho main deck . 

SPLIJ1!TER DECK: Th6 c.cck fittocl with the lightest protective plating . 

SUPERSTRUCTURE DEC~ : A parti~l deck above the main , uppor for ecastl e , 
or poop d0ck, and not extonding out t o tho side of the ~hip . 

THIRD DEC1C: A complvtc docl:: noxt below tho second deck . 

UPPER DECK: A partial dock a.midships , over the main decks . 

ARiIOR BELT: The vridth of armor carried on a man- of- war above and be­
low th0 water-line . 

BILGE: Tho curved part of th~ ship ' s hull wher~ the s i d0s and tho 
flat bottom meet. 

BILGE KEEL: Tho kcol fitted at the turn of tho bilge to check a 
vessel from rolling. 

BOTTOrI PLATIHG: Tho plating on a vessel's bottom. 

BUIJGIE.AD: Transverse or longitudinal partitions separating portions 
of the ship . 

BULWARKS: The light plating or wooden extension of the ship ' s sides 
above the upper dvck. 

Bill-~<ER: A compartment for the stowage of coal. 



CARGO PORT: A s 11n .. 41·e s: dc-_')GT '; -+''1.. • 

CARGO 1IP ... TCH : A hatch 0v0r a Jfll'f. o 110].c:_, 

COA:;nra: The raised fr .. mcv!C 1 1<: ,.l '1out c. .. ck opc.ni:1.,n. 

COFFERD.Ai- : A celluLtr tubclivlsion usually fill(.;d with ccllul')~ 
on old ships as a protGction a.t the uaterline. 

frnmc. 

COLLISION BULKHEAD: A vmter-ti13ht o.thwurtship bulkhead a short C:.~_stance 
~baft the stem, for tho purpose of confining damage duo to a head- on 
collision . 

JUT- V/ATER : The for0m0st pn.rt of the stem, cutt ing the water as the 
~0ssel forgos ahead . 

DEAD RISE: The unglo cf a ship ' s floor to tho horizontal. 

DEAD WOOD : The trianc;ulnr shaped piecos·torming the connect i on bet ween 
th~ keel and tho stem, and the stem post . 

)ECK ffi:;.A1i: An athwartship beam suppor ting a deck. 

:.EAD LilTE: Li no of cotton twine, braided, for boat l ead l i ne ; of f l ax · 
vwinc , braided , for t~ffro.il long lino. Th~ l ine is sccurod t o the l og • 

• 
LJ.JITARD: A r ope made fast t o· an artic l e for securing i t i e.g.: knife 
lanyur d , busket lanyard , etc ., or for setting up r i ggi ng. 

2AINTER: A short piece of rope secured in tho bov.r of a sma.11 boat , 
. .1s0d for making hor fast . 

?REVEN':'ER : A r ope used for ndditionul support·or for additional secur­
ing ; e . g . prC;vcntcr backstuy, preventer hf.lwsor , otc . 

SLIP ROPE: A rope bent to the unchor cable outboard of the hawsepipe 
~nd s0curod on the vessel's quarter; used in slipping the cublo. 

STOPPER: A short length of rope secured at one end; and used in socux­
ing or chocking a running rope; e.g.: deck stopper , boat- fnll stopper. 

~OPPil~G LIFT: A lift used for topping up n boom and sustaining its 
,rcight . 

PRIPPING LINE: A line used for capsizing a sea anchor . 

JELAY: To make fast to u pin or cleat. 

JEND : (1) To make fast ; e . g. : bond u cnbl& is to make it fast to the 
1nchor . (2) A knot by which c rop0 is mnde fast to tinother . 

1IGHT: Any part of a rope except tho ends; usually r0fors to a bond 
in a. rope . 

3ITTER- EIID : The last part of u r ope or tho la.st link in an cnchor chai 

CATCH A TURN: To take~ turn with a. rope quickly , usuo.lly for holding 
it turnpora.rily . 

CLAP ON: ( 1) rro soizc a. ropo o.nd haul o.wo.y . ( 2) To me.kc more, c.s 
clap on sa.il . 

CLEAR FOR RUNNING: Rondy to ru.1 out without fouling . 

CLINCH: A h.:i.lf hitch stopped to its ovm p::i.rt . 

COW ' S TAIL: Thv frnyod or untidy end of u rope . 

DEAD ROPE : A rope not l0~d through a block or shc~vc . 



I • 

DOCKING KEEL: The heav,.- ·.;code~ k~· .:. : i :;'.,r;e, o • 1 l~t-f loor ves::1els out­
board of the main keel for use in :..tk:in~ tr.o sh:i.p 1 s weight when in 
dock . 

FALSP KEEL: A thin }:eel spik0d. to t,l1e l o.:er sia.e of tne main keel of 
wooden or sheathed ships as a r,rot~ction tc t~e keel. 

FLOOR PLATES: Removable iro11 r lates forming the deck plating in fire 
and engine rooms . 

FOREFOOT: The heel of ti1.e stem wh~re it connects to the keel . 

FRA:'I': · The ribs of u. shit , strengthening o.nd supporting the shell 
platinc. 

l!'REEING POR'l': A port abo11t 3 feet long and 18 inclles wide in the bul­
warks for the purpose of freeing ~he deck of VJater. 

ll'ARB01\ED STR.AKE : The st rake next to the keel • 

. ATCl .. : .An opening in a ship's deck i'or communication 0r for handling 
stores or cargo. 

INlr:ER BOTTOM: The top of the double botton and consisting of \'iater­
tight plating secured to the reverse frazies. 

INNER !-:EEL: The keelson. 

KEEL: The ti~ber or bar forming the backbDne of the vessel end ru..~nin 
from the stem to the sternpost nt the bottom of the ship . 

KEELSON: ~he longitudinal timber or bar bolted on top of the keel . 

1G'Il.E: An angular pie(:e connecting o. v-esscl' :3 1':::-ame to the beams. 

LJ'.J-J)ING STRPJill : The second line of planking below the gunn-wale . 

LOFGITUDINAL: Fore-und-aft strenr,thening bars placed a.t intervals be­
tween the keel and the armor she:t.f or bilge margins . 

~-10':S: A vessel 1 s cut- water . 

OlJ"TER KEEL : The: vertic ,1 keel . 

OVERHAHG: 1I1ho projection o:f the stern beyond -~he sternpost , and of 
thr bow btyond th0 stem • 

. 'L,\.HKil~G: Broad planks used to cOVtir a wood"'n vessel 
1 
s sides, or 

covL;ring the deck boam.3 . 

P0R'f : PJJ. opening in a ship~s aidc- -such as air- port, gun- port, or 
cargo-port . 

PROV{: The part O"' the bow abOV\.; the \'later . 

RIB: A frame of a vGs3el . 

SHEER STR.AKE: Tht, uppermost strake of a vcJs0l
1
s sido . 

SHELL PLATING: Tho •·,ator- tight -plating riveted to the frames . 

SI<EG: Tho continuation of the keel aft , protecting the propellero 
and taking the heel of the rudder . 

STEH: Tho for :most vertical timber or casting and fittinf; in'to tt.Le 

forward end of' th"' keel . 



STEITh'POST: The af -cr:cro:::t • ~M 

the after end of t1a k~u~. 
'11! • 1nto 

STRAKE: A continu.:>us pla1.kluc ,W 1.:1.e.ti.·:.t, 1' 1 •,•i,<: i ,1a<: to end J.rom stem 
to stern of a vessel's sirte. 

STRINGER: A horizontal p: o.n~c or p l['.t•..: secur•.ic to a vessel, s frames 
and supporting beam.-0nds . 

STRUT: The bracket sup-por-r. for a vossel's tail shaft. 

VERTICAL KEEL PLATE: A ver•\jical plc.tc rurininB from steT'l. to stern p~t 
and secured ·1t its lower cde0 t~ th0 :flat l<"ool rl·-1tc. 

ACCOl'~iil(;);lTION LA.DDibR: Tho :por-r,abl0 ste:ps f:rom the gangway down to 
the, m1t0r-:iin€; . 

BREAKER: A smull cuslc for frosh wate,;r carried in ship, s boats. 

BUCKLER: A plating fitt(id into a port or hawse pipe , to close: i t . 

CILI\.IN LOCKER: A compartment forv.rard whoro tho chain cable; is stowod. 

FLAGSTAFF: Th0 staff to which the ensign is hoisted. 

JACKSTAFF: The stqff fitted ovor tho stem to carry tho jack. 

MANHOLE: A holG dosignod so as to admit a man •s body and closed oy a 
water-tight plutc . 

SCUTTLE- BDT'r: The container of fresh watbr for d:t-inking purposes and 
used by the crevr; formerly it consisted of a cask. 

SCUPPER- LIP: The metal projection at the bottom of a scupper for the 
purpose of keeping the w~tcr from the scupper cloar of the ship ' s sido 

SEA COCK: A cock in a pipe connGctcd to tho s'Ja; a vossol may be 
flooded by opening the sea cocks. 

STANCHIONS: Wooden or motal uprights used as supports . 

VENTILATOR COWL~ Th~ swivell~d opening ut tho top of a ventilator. 

VF.~TILATOR : A wooden or metal pipe used to supply or to exhaust air. 

Waterway: The guttc.,r at the sid0s of a ship's deck to carry off 
water through the scuppers . 

\'lIFDSAIL: A canvns trunk spread to c.1dmit air below do~ks . 

CROW'8-IIBST: 'I'ho pla.tform on thv mast for the lookout . 

FJJ\fTAIL: The part of tho storn of a vcssol oxtonding abaft the st6rn­
poDt . 

FORECASTLE: Tho upper dock forward of the foremast . 

FORE P:CAK: The, part of thc.i vcsoc.,l below decks at tho stem. 

ID~AD: Tho ship ts w.:ttc~c closet. 

MAGAZINE: The sr>acc providod for tho stowage of explosives. 

SiiAFT ALLEY: Tbo tunnols over tho shafts. 

SHELLROOH: Tho spctco providod for tho stowu.g<... of shell . 

STERN: The tLftcr t)u.rt of tho vessul. 



UP TAKE : The cncl0sr:.,-d 1,1·1. __ ·'r r,r:_.,_ ··1•,' "' •.J~ , ~ u .'.•. • .. . -1·· ., ~"?"'•v, ,,1· ·)-,· l"'r.s 
- - • > • ~ • l ;:, - • '-' ' ' J. ,, • • 

t o the smoke stack, 

DISPLACE1-'IENT: 'rh e weig1;.t of thG ·;; tor c..~3pi<.1c1:.,d by :1 vessel, 

FLUSH DECK: J... continuous up.t)Or 1ock . 

FREEBOARD : The distance fr:,m th-.'l uatcrlinc :,;o the raii or covering 
board. 

HAJ\TD HO.LE : A small hole i ~ .JhE..l.l pl.1ting for aocoss by hund tools. 

1IBTT1~ - 80TTO:!ED: Hnvi!l€; a f J.et floor . 

LICT-T'J:l.•~ r C1''G B:OI ... B : A hole out into f\hcll plating in ordor to lighten 
the pl~t.c . 

LIEBER HOLE : A hole cut in thv fr runing noar the k0clson to allow 
water to flow forc-and-tlft . 

PLil.ISOLL MARI~ : Tho circle "Nith a horizontal line painted. on tho out­
~ide of some merchant vessel s . 

TUMBLE HOME : The inclination inboard :)fa V6SSol' s sides . 

WATERLHJE : The line u~int od on t ho sido of c. vosscl at tho wat er's 
edge to indi cate the propor trim. 

DRAINAGE : The system of pipes and pumps instulled on board ship to 
expel water . 

FIRE MAIN: The l arge pi pe running foro-und-aft undernoo.th tho protec­
tive dock for di stributing water to the fire-plugs . 

FLUSHING ~iA.IN : Th0 l ar co pipe running fore~o.nd-aft underneath the 
second deck ;for di stributing flushing wqter . 

Yi.AG.AZINE FLOODING SYSTEM: The so.lt-wa.tcr system for flooding magazines 

SEJ. SUCTION: A connection i n the ship ' s side to the sec.. 

SECONDARY DRAIN: A drain smaller than the mnin drain and·capable of 
~cmoving smnll quantities of wat er by connection to pumps~ 

HL\WSER: A Ltrgo rope used for hGavy work; such as towing. 

H::iJ.7Il7G LINE : ;. small line secured to o. ho.wscr and thrown to nn 
ap~ronching vessel or to a dook, for n messenger . 

HOGGING LINE: A chain bent t o the dip r ope nnd scoured to a collision 
mnt~ for hauling the mut under the side of tho vessel. 

J .. :\.COBt s LADDER: A l c.ddur of rope with wooden steps used over the 
side nnd aloft. 

FAKE: (1) A circle Of a ooil of r ope ; the coils overlap and the rope 
is clanr for running, (2) To f nk~ down is to coil dovm a rope. 

FLEET: To shift from p l ace to place, e . g .; to fleet forward·on u 
boc.t-f.:ill; spoc ifioally to drmv the blocks of o. tackle a:po.rt . 

FLEMISH DOWN: To coil flut down on dock, ench f~ko outside of the 
other, beginning in the mid'ill, nnd n.11 close together. 

GEAR: Tho gen0r al nmno for ropes , block~ und tQcklcs of 3purs or snils. 

IRISH PENNANT: ~\n untidy 100s0 end of n rope or a.rtioLi . 



. ' . -

J1ESSEI~GER : A ligt:c lL1<, U S·('_._ ,;_" · 

in old sa.ili ng ships, t.~ lir.L,, .:--·d f~ 

in t he cha.in. 

• :ivc~· : .. <:'•- ,·'L - · ;·· 1< 

~ ... 1 .. <<it->·r~r iJ.1 ··,c ..1s., ! [·..: .J.J 

·) •• 0c b.Lo; 
.G 3-.:·· J.~ ~ 

REEVE : TC pc.ss th(;; e11r: of ':. •Cl_).; t.i'.!.I'Ougn 'l!l?. le 1d .:mer. o.s ci. shea ve or 
fnir- leed . 

SINGLE DPl, To come up a.0uc1.-, lL1cs so ·cho.t only singl0 p2.rts relllE'-in 
secured. 

VEER : To sla.ck off Cl.nd nllow t:::i rtm out,; said of a. chc.nge of direc­
tion of wind with tho sun. 

1,'lTRE ROJ?E CLIPS: Clo.:mps for holding two parts of v1ire togethE::r . 

BR'E:C::CE: The bottom cf' ... block. 

BRUSHJJ-TG: The bectring of tho sheave of a block on the p i n . 

CLr..EKS: The sides of o. block. 

HOOK: The curved metal p i ece fitted ut t he top of ~n upper block and 
used for hooking the block. 

PIN: The metal ~xle of n bl8Ck upon which tho sheave r evol ves . 

SCORE: The groovo cut in tho sides of o. block to tako the rope or 
wire strup ; blocks aro now usu.o.lly str~pped with iron. 

SHEAVE: The ·wheel of n block ov0r which the fall of the block re0ves . 

SHELL: The co.sing of a block within which the shoavo revolves . 

STRlu? : 1~ rope, wire or i ron binding encircling a. block o.nd with a 
thimble se i zed into it for tc:..king n h ook. 

S\'l.ALLOV/: The l o.rger opening•in c. bl ock o..bove tr below t h0 she:o.ve 
through wh ich the f c.11 loG.ds . 

TI~Il.IBLE : A wire · or mota.l ring o.t tho top of Ltn upper block int o whi ch 
the hook secures . 

DOUBLE BLOCK: A bl ock with two Sh(:UVOS , 

FOUR- FOL.D BLOCK: A block with four she.J.ves. 

SINGLE BLOCK: A bloclc with o sing lE:; sho:.. ve . 

TREBLE-FOLD BLOCK: l'· .. block with three sheetvos . 

SNATCH BLOCK: J'.. s i ngle block siffe;d so that thti shell or hook hinges 
so tho.t t he bight of 2. rope r.in.y bo p~ssed through i t . 

FOUR- FOLD P1..TRCru\S'E : A t11ckl0 '.Hi th two four-fold blocks--power = 8 . 

SDJGLE WRIP : A tn.ckle; witb. u single stc.tion:J.ry block--por,rer - l . 

TWO- FOLD PURCFL'l..SE: l'i. tnrJklo \iith two dsuble block~- -power = 4 . 

RErffiER: To p:iss thro1;.gh ·:.rc,ily . 

ST.Al-,TDING ?J,.P.T: 'l'ho.t p:.1.rt of th(; fo.ll ~f <'. tuc;lcle:; which is mo.de f 2.s't , 

TWO BLOCKS: Whvn thG t v,o blocks of u. t ncli:1 0 hc,v0 boon dro.wn c-_s close 
t ogether cs possible . 

UP BEHThTD : J-..n order to c c2.se pulling ~nd s1-.:.:.ck u p roundly so that the 
gear mQy be bol ~ycd . 

VEER .i".!ID Hli.UL: To slo.cl~ up ,:md ha.ul nwc.y nltornntoly. 
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~•.:.J:J ~: ·1.·. ·,·._ : 
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t :, . .. L._ r' 

p,j~-~1,. 
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,_ 
I ,1,I \,,. C:: J.d.C 

J.~ -pc...:,,·,. u.- . 1.•.it:: "th.; }·, .. nd lc(~...i. line 
:-": t'-::r i .:. -~JJi:,,~ i. ·.,::; c·." l<..:..i.V.lll{; pert. 

tl_o lend_ 

pi.;,;-... of .i.l' ... 1i_ or stGE;l with eyes in the 
b.:lt ~!- J.•l 1.,. ~)lC'.CG by a. f"or olock pin. 

15 fnthomu . .. 
Il1~'i'f!.: : :•..;;rtlcc:l •·,~1:-.,rt1..i ... )l' i:L' •:, t.ll!i:-81' : ·.~· timburs projecting ubovo 
t) <: 'i1,cl" .-.,-.d U.',,:ir' f .n· w ·)1n: i ,.~ gt,L:r . 

c . .:.r,::r.r_·_rN: The vo:rt~-~cl ,)-r.?~,11 :~l.h.::~'.t~ ,:i. r:••. t}-:t... t'():..•n,•ustlc Q.!ld goo.r ed 
to the windlass. 

CH!JN H0OI:: Long mct,:-.1 hooks us0d in h. ·.ud line ch; ... iJJ ~ r. bl o . 

WILDC:i.T: A· s-prockc,t -.·;heel on the windl··.s s for to.kin.: 1-:Ju li1ii.:s 01· n 
chr.in en blo . 

WINCH : An engine secured on docl.: ::-.nd fittud ·with drums or gypsoys 
driven on n horizcntal nxlu. 

Vr.Iii~DL!.SS: : .. n o.nchor C;ngino used f :ir he:::ving in tho chC1in cnble, and 
a.nehor . 

CON!E HOEE:- Said 01' an .::.nc.hor wb.0n it dr:1gs tow,:i.rcl the ship i n hca.v in{ 
in . 

DTI.t~GGil•:G ~·J-J'CHOR: To h,\Ul the ,'.lnchor c.long the bottorn when it 1'ni ls 
to hold . 

·FOU.E n~,io~~: :;:.il ;J' t!L , ::•·:r-C: -1vr:.:n ":il.O:'.':.r•,d --ind tho chain docs not 
;lone. cl~:,.J. oi' tn:.. _:1ti:.1.c-r ,......, :i:1 . 

1-rr.::..~IL ·~HvET: 110 !!~':' \"(. tL''.. tu-~t~J thv YUJ ~il, l is .1•·•di:1G )1u"\.rly OV(;T hor 
anchc:r . 



To: 

Subject: 

Hcfercnce: 

I-til VY DEPiU.tTl.EllT 
NaVAL S,LLVAGE Tll.,Ul.•Il:G SCHOOL 

}l!Z:R 88 • HCl-l'i'H iil I/ER 
i-!I:.:,1 YORI~ CITY, N .Y. 

Ml•;i .. CRAND ULi 

All concerned, 

Salvage Divero, ~ualificntions of and additional 
couponr.a.tion of. 

(a) Lui .. cd ltr P2•5fo94(l0.3)R:JLA of 18 Fob.19/}J as 
published in ihvy Depurt1:1ont DulloUn (R•/.,29) of 
l I.arch 194J. 

(b) BuPers .i'.:anual, Purt D, Cho.ptcr 5, Para D•5.326. 
( c) Bu.Pers Eanual, Part D, C hu.pter 5, Para D •5 .327 • 

.. 

l. .References (a), (b), und (c), which contain information rela• 
tivo to salvage divers are quoted herer;ith for tho information of all concerned: 

Reference Ca): 

"From: 
To: 

The Chief of the Bureau of r.:edicine o.nd Surcor1• 
All Shipo and Stations. P2 ... ,t,94 (l0J) 

R:Jl-A 
Subject& DlVl~~, S,\LV,lGl,;1 Physical Feb. 181 194J. 

~ualificationo for. 

(a.) BuIJers ii:a.nual Art. D•5.327 (l). 
(b) ; .nnual of l~ed.Dcpt. ,chap. 11,110.ruGraph 15.36. 

l. The Secretary of the lhv:: has approved phy::dca.l qualifica-
tions for the ratinl.J 11Diver1 Salvai.;c11 \,hich have been included 
in reference (u) by an approved codification. 

2. }'or the duration of the present r:a.r candidates for "Divers, 
S.o.lvuec," ohall r:teet the requirements of reference (b) except as 
follo,·,si 

(a) (1) Syphilis• history in not disqua.l.H'ying if there has 
been adequate treatt1ent and no sicns of activity or organic 
involveqent are discovered. 

(b) Age- not over 40 years unless tho o.prlicant ,ra.s employed 
in civilian lii'e as a divor at tho tir.io of enlictnont. In 
cundidatcs over 40 yours of age tho ~a.1:d.ner should care• 
fully consider the c,;cnero.l physicul fitness of tho individ• 
uo.l in relation to his experience as a diver. 

(c) ~-leit;ht• r.iodcrute excess over standards 1s not disqualify­
ing unlcsc due to obesity. 

(d) Vision• not loss than 12/20 binocular vision ·:-ithout 
lenses. 

(l) 



• e 
(e) Dei'0-ctive color • crcc:_:~:i.on ir, not c.i;:;qualify:l.n[..;. 

(h) BrcQ th holc1inr, • Cio.11~icl;'. :;Er; r;;:oultl Le c..-;.i;:eble of noldi.1g 
th~ brc,:th after i\~J.l c::tJi:co.tion nii( in~·_;il·ntioi.1 fo:.· u. t)8l"• 
iod of JO sccondi:i. 

(i) lkc·1)ir::-.tor;,' -::J:-:;·:.;crn• Deviation of t,,1c nas..:.l ;,cptu.:i is not 
dii:;qual:i.f;-/ii1;_; provic,ed thc::..•c if; ac-cclu..1.to vci1tilaUon. 

(j) Ca.rcJj,ovG~Cl1lar s;,'stclil• (1) C~.ndid".tes Y itit modcr:!te 
hardcnir:.~,. of the ·,.ccriph0r":l vcucc,lo r.iaj' Le ucce1)tcc.1 9ro­
viderl t ie:;:c.•e is .io .. vi6c:1co of c.rtcrio'.lcle1~otic clla:i1r.;en in 
tho re l;inol vcnsc.h . L.}.oo<.1 pi:·~:: ·:~t·J'c ~:10·,!ltl l t:- conHcncurat.e 
~:i t,1 e1.0c a:iC. 1~uiJ.c, of tlw :-.i!t::, vidil.i.11. In [..Oier,•.l ::iy[;t.olic 
pr esuuro of 15C o:c 1,:O:cc or c1i:;.ctollc ·_):i:·e•rnu1·u o~: 95 or ;.,ore 
in c1isc .. 1)_:~lif'._ ~£!~• 

(G) Teeth .. Sha.lJ. r11cct t; LC rc .. ,t,,h·ci ci:J.t·i for c1.tli;itne:1t iu the 
U .0 . I1aval .. :Jan·ve. 

i0,A•jY i.,...,p_.,ld', ~,J:1· i,'...L.1 :.,!.'l.. Dui ed. 
I·,iarch 1, lS/4,.3 !':- 429 

Hefgrencc (L) 

(.3) .An cmli t:tu: ; ia:r1, 1:1:10 L: <-•coi;,:1:.., c<l o. n•.c.ter c1i vcr , o. c:i ver , 
first clusn, :: cnlv,·., c (·':iv::r, or~·- c'.ivw1·, :-econo cl .. '.ss, in ,1ccord­
a.nc0 Y:i th nrticle .u- 532~', d1alJ. rccf;.:Lve pa.y, :i.n o.,lc:i.tion to the 
pay ancl allo• :o.ncc::: of h:Li; r:,tin~ .. ::.::l1 :,crvice, in ..icco1~co;.1cc ,.:iU1 
the act approvE:6 .. i:ur:vf:t /;, 1942, as :'ollo· ·s : 

(a) i.astor div~r, .. -20 per . ,onti"! :l.S 1011;_, a:.:: clcGii_.n,•t~~c1. a::i 
Buch a;iC:1 det,dlu' or a ·.::dwncd to tho 0ut;:,1 o/ c~iviuc; 
plus 5 coiri.,s per f oot of to:21 <lCf;th for di VGs over 120 
f ect , or oqui vaJ.cnt ·•·re, •• :-,iirc, h1..d:. not to e::cced (,10 per 
nonth; plus :.,,5 per :C,our or .:·ro.cticn tlie:tcof. .. ,lule cn;Jloy­
cd in divin:; in actucl culv .. -._ c o:-iero.t:i.om· in de;)ths over 
90 feet , 
{b) Di vers, firnt cla~:o , :.11:5 p<":r 11011th a• l ong <1B cl.c3ir;nntcd 

• as such und &e toiled or n.rAdi.,ilcd to the cluty of c' i vi11L.;; 
plur. 5 cents per i'oot of totul de:,rl-h for fivcf: over 120 
feet , or etJ.ui vuleu-::. p:ccssurc, but not to c;rnecd (.,15 per 
r:1orrth; plus :,,.5 per hour for each hour or fr .... ction there­
of \'hj.J.e or.,plcyc..:<.1 iu divins in a.cti.;.ul :m.lv~..:.c O!ierD.tionn 
in <lc~)th ovc::r 90 feet. 
(c) ~ulv~ce ,,,12 per :.nontl1 us lon;c; ar; dosir.,,u::iicd as such and 
dcto.:ilcd or o.cs:i.bn.:d to the c'.ut) of c1iviilJ; plus 5 cents 

(2) 



• 

pEi:r foot oi' tot-..11 de~jt!l fl1r dives ovor 120 feet, in 
enori,cneies ~ nc.n re1·r i ttcd b~· senior of.i'icer .n·c::-ent a.::; 
prov:i.clcd for in Article D- 5327(6) but not to c~:cccd 118 
per month; ~)lur, ,.,5 per ho,u· for ca.nh :tour or fraction 
the:ccof \·1hilc err'. 110:,cd in actual Cf'.J.vct;_,e operations in 
d0;_)tns ove1~ c;o .r'eGt in enci\.,;cncicn as provided :or i n 
Article D- 5J27C)) . 
(d) Divers , second cla.ss , :,,.10 per month an l one as dosic;ua:l:.ed 
as such and dc·i::.ailcd to the dut~1 of diving; ··>lu::; 5 cents 
per foot of tob.l depth for dive:, over 120 feet , in 
e1!iorconcics ,.,hen ·_;or1dttccl by t.~10 re.,ior ofriccr pro:::ent 
a.B 1:1·ovic'icd i'or in ,~r"i-.iclc D- 5J72 (v) but not to e:,rcccd 
, ,20 per r onth; plus .. 5 per hot'X f 01• each :1om· or fraction 
t•icreof' t1hilc 01 • :>lo~ C'c-. i n c-.c·i::.t1al suJ.vu..,c O)crations in 
clc)ths over 1)0 feet in cnc::::\,oncic~~ ::.~u provided .._·or in 
.u·ticle D- 5J?.7{6) . 1'his c;:tru pay ~.ill accrue to divers, 
scconcl cluoo, oHl:· 1 1ho:i rcBt•larl:.,· atta.cLccJ to a ~hiiJ or 
nto.t J.on to •.,hich divc:c·s , ::.cconc1 cJ.uss, arc o.t t:.rJrizcd 
b;, :Durc~u c5 rcuJ.o.i· let tcr. '£1,c ,mrr.bm• oi' sucl1 (:i vcrs, 
::;ccontl clase , ch·~: in~, ti1ir. c;{tra ·.m~: liUGt not c::-(cccd the 
mmbcr of divc:cs , ~cco;.1d cJ.as::: , .1x.t1,oriz:x1 for the :ai·ti• 
culur o>.i1.; or sktion. Divcro, scco._d clacn, ,·hilc e.:plo:;• 
ed in clivi,1" in ..1c'i::.1:nl ~alva..· c o 1cro.tioM in dc.Yt.ho over 
90 foot in oi1crt;cncicn ··ill 1·cccivc .•5 c.n hour or fraction 
thc;:cof ·,:i.1iJ.e so cn;•lo~ctl , \:i thot1.t uppl;i cntion of the 
ubove reotrictions. 
(c ) ?he follo• i11l; . 1<.,11 uhall rccd.vc cxtro. coI,pcnr.ation for 
divi ne; t'.u·l;y a.t the rat e of ,,.,JO ~)er ;,1onth: 

(l) ,Jjvcr::: , e.ny cluoo, arni:;necl to dut y nith the 
E:=:~ei·i, 1{;Ht..:.J. Di vi.nu Unit, i~~-~r Y ::1·d , .:aohiHu ton, 
D .c. L1 a«'oition, ;.,:102.c t'ivm·s ~r.i.11 receive ,,,5 
an hour fm• caci hou1· or f.!.·c.ction t:1croof 
uhi.:i..c en~ :loJ" cd :i.n ,~ i vi::L. in o.ctua.l oe.l v:i.; c 
opcr:,;l;ions in cJcpths over 90 fee.. t . This cor:1-
pcncl~tio.n )l."ovidcd b~ sub:ul'l\:.,ro:)i1s (o.) , (b), (c) 
and (d) above. 
(2) Bnliskd r,1cn o.ssi~,;.1ec.1. to the dut~, of divi11[:; in 
com1r;cticn ~. ·i t~1 -the ouur:ru:i11c cr:ca.l,c tr~ininc 
tanks o.t the i:;ub1 c.r5.na l:t,sc:i, iic-..: London , Conn., 
and ?cc.r 1 1,m.·:..>or, 'J.' . ;,: • , uot to c,:~cccc1 10 . ell 
at or.ell of the a:,ovo er.ca: c trninin~, tu1i'.:::; . 

(f) In accor•c:u.-1cc \ ':i th t:1c.: act ~;)1J.:.·ov..:cl ,i.u; u..1t L., , lC)/~2 , 
c..i,1c1.~in0 t:1O c.ctc a:..: r :vcd .~_1ril 9 , 1~23, a.:ic Ja.nuary 
16 , 1936, enlisted ,1en dcd~,.10.tcd ao <ljvcrs , ~.1:. clc:-:s , 
0r;r_)l0Jcd o.s cliver·s in o.ctua.l salve.Ge or rc1.1c,ir o::cro.• 
tion ia tlc.nths of less t:1un <;o feel. ,1i1cn the OCficcr in 
C:imri..e of t.1-a salva.,o or rcpuir o~'cr2.tion sl~ll find 
tlic.t oxtrv.orclina.ry liaz(·.rdou::: cont1~ tions c::i:::t , sh:d.l , in 
aclc.l.ition to tl1c f'orcgoin(; , receive the sum of .. •5 per 
hovr for ca.c:1 hour Oi" frt.ctiol! the,:i.•co.2 so c:· ,1l0Jcd • 
.LJXtrnordi~· ho.zv.rdou::;; com·i i,;ions ohall le dceued to 
exi st \!:1011 : 
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(1) Diven <.il'e m:.:c.1.e indlle a ouvken vesf;cl. 
(2) Dives ae mu.Ile alou,:-;:.;idc a ,.reek v:herc a jau~ed 
plntine, debris, or other wrccka;:,e to.ny tend to 
cut the hot,e liner; oi· to tl-o.r the diver'~ dress. 
(.3) IJiveti nre made iu the open sea und.ci· o.dvcr·~e 
weath0r concii-tj_onn 01· in the ·,.renencc of a ht:uvy 
ground sr:ell, or stroitC undercurrents. 
(4) Div~n are m,\de in \1uter~ CXf>oscd t,o imminent 
c.r.cmy attack. 
(5) Live explosj_ves c.re hnndl(·d under , :atel'& 

(e) In other con(d t,j.0:1:., co!1side!•,,;d by tho Officer in Chart,e 
as e~uaJ.ly hu.:.:;arc•o·.is 1.1. ;o th<.'~0 ment;i_oncd abov~ ~ the 
fects shall be pi·c:i,cntccl to the Eurcc.u of Haval 1:er:::1on-
nul i'or determilll'.tion in e.:i.ch c.:wc. 11 

"D-5,327. 1.i;.ualifico.tionr; i·or Divers. 

(l) ltualified divers are divided in-~o four clas:;ea: 
(a) Mc.ster divers. 
(b) Divern, first clar.s. 
(c) Salvn.,,;c J:i..vcrs. 
(d) Divcr::;1 second cli:.:1s. 

(2) bi.star divoro a::.'c.: the mo::it COi:ll)Ctont lcG.c:.i11g divcrE. They r.1ill 
be de~ignutod 111aastu1' divei-s11 by the lnu.·cau. Any diver, :first, 
class, may ce rccomnc:rn•od by his cor.:oom.,inc officer to the Bureau 
for the de:-dgncltion of 11Ill[,otcr diver11 who•• 

(a) Has served ut lca~;t 0110 ycur ni th the desicna.tion of 
11Divcr, first clr.:.m. 11 

(b) r.:cctn the follo~;•in~ re(;UirQments•-
(1) Hc..s ~~u.ulific~1tion:3 of diver, first, class. 
(2) P.vei·,:.ges J. 5 in cfi'icienc;-,1 in divine --tnd as leader 
of men c.ut'in1; the precc(iuc: yea1·. 
(3) I::; o.blc, ,;hilc on the bo·l;tom, to direct. t•-:o or more 
di vcrn in their tm1ks • 
(IJ l s able to t :..kc ch1·.rgo of a divini.; oper,'.tion in o.n 
efficient munncr. 
( 5) Uncl.(:)1·stands tll ty:Jcs of air comprc~::;ors h..:.bi t..a\.:lly 
uscc. in div;Li;.: O!lt:.t·::i.tior~r; . 
(G) Hai; kno,·.lctl;;o of what a ohi '.J fitt,ad for co1i-•·r1::6scd 
air divin{; o :)('r: tion:.: ::;hor,lv carry, ant~. hes a pr .. :c .. 
tica.l knm~lcx,.1_-;c cf the uir oysten. 
(7) Ull\lt:-r:=itLl.ntl s the princi:·,lcr; of Loylc 1s, Charla:; 1s 
and Do.ltonl s la·.m a11d the theory oi' satur,:tion and 
deseturntion of tho to<ly bluids aad ti:-:sucn. 
(8) Unocr:.:ti.illdo the ditf e.t•tmt fo1·1·1:.; of cciciwn dinease 
und t.rc~·.trn;;ntr, rcguJred anc. the condition::. uno.or 
,:hich oxy;~cn poir,in;; occur~. 
( 9) kl.G a t hurou01i )~no·. lcd;:.0 of the efi\.:ctr, of suc~1 
r~oi::c11ous E'.,[~;·;::os .?.fi mu;y be c.1countcr:.,d ~~1. di vi~1g 
u ::;o;.1 t!ie re:; ::i.r:.,tor:>,. s;:_;f:to:i, and be fO.i"J..t1ar 1.•1th 
a p:,;1•oved mcthoc~::; of t.r·e.,~ti:,cnt. 

(I:.) 
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(10) Uru1er:--tancl:::; the vc.rious fuctors 11hich contribute to 
the ccntraction c;.nd severity of cai:::;con dioea.oc, 
atld f oru ttc bade principles of docomprc::rnion laid 
dO\m in the Diving ;,..un\U'.l is o.blo to devise the 
proper rcconprcssion and dccouprcssion table:: for 
tho treatment of caioson discane. 
(ll) Be rocor:i.7endcd by tho fo.culty of the dccp•nell di vcrs 1 

ochool, Navy Yarc1, '.iashington, D .c., for mstcr 
diver der.ienntion. 

(3) Divers, first class_. uill be trained, qualified., and dcuig­
ootc<l at the deep-sea d:i.vi::1g school~ No.vy Yara, 1ii\Sl,h.G'.i.'Oi!, D.C. 
Ho mun vrill be plc.ccd Li t ·ai:linr! for d:vm:· 21 f1r:::;t claui, at any 
other place ,;Jithont prior c.uthorit)· of tho Bureau, A divol', firGt 
clusn, munt have -~he follO'.!inc q~·-clifico.tiono: 

('-11) ~ualificntions of a sulvt:.r:e div0r. 
(b) l.,ust ho.vo cor:ipk tccl satinfo.ct orily tac course at the 
deep-sea diving school n.t .,addntton,D .c. 
(c) Bo o.ble to \"lithntand prensuron cqu..-u to 200 feet of 
water. 
(d) Be able to dive and o.cconplinh r:ork at dopths of 150 
foot of ,1ater. 
(o) Be able to u:.,e hund und po•.;cr tools under r:utcr. 
{r) Do ablo to opcr:ite t1.1X1cr ·r:atcr tho e;as and electric 
undcr.:ater cuttir.g torches, 
{g) lindcrstand in dcte.il the opc1'0.tion and care of the 
nachinery a.nd apparatus required for undcrr.utEir 
cutting. 
(h) be able to compute the prcnsuren of cases required to 
satisfactorily operate the ia;as undcr1:.ater cut.tina 
torch a.t v::.rious depths. 
(i) Kno•;_i the do.nc:crs that arc aosociated \dth tho use of 
such gar:os. 
{J) J(n0'.1 undcrro.ter scur:-:a11sbip und hOYJ to ::.line; and lift 
hoo.vy \·1eic;htfi, 
(k) Knot1 hov, to riash and reeve liner. and to c..-;ecp •;;ires 
and chains unc'l.(,r sul,1,:cr£,cd ob,iccts, 
(l) Le able to enter a venscl ',iith di:=:cririination as to 
ability to get out; but only supcrvidnc officer:, ,·!ill 
plan and decide on this. 
(r.i) Kn0'.1 ho,.-., to make uir conncctionr, to diff ercnt types of 
oub!ilarinooo 
(n) Knon hm1 to vent,j late comtartr:ientc of subnertcd vessels 
and r.iake thct1 ho.b~ ~::i.l::lc ~ 
(o) Bo .J.blo to rccocn:i.ze the s);npton::; of cu:i.s:::;on disca::e, 

(4) So.lvGr-:e divcr-1 may ·oc traincdJ qv.a::..:ified and. ded.f~i::at<:d. on 
boi:..rd any nav:ll vc~sel or any na·:.rul trtu·i:,ion ho.vine the proper 
equipment und coui:etcmt off:icer })erconncl for efficient and safe 
instruction. '.L'hr;:y shc.11 have the Ea1..c qualifications as divers, 
second ola~rn, and in addition the f'ollm:ine: 

(::>.) i ust have donon::;trated 1accoonical ability. 
(b) Lust 1010....-1 h0\1 to une pneunatic and hund tools under 
r1uter. 
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(c) ;.,ust kno ho·:: to use the m-76cn ... hyC:ro~cn torch .:!nd 
o;cyeon•clcc t,ric tor cl! under n:: ter. 
(d) J ,ust be proficient in i;urforming underr:at~r wor!c such 
as ta.ld'ng mca{lurcmcnts, mo.kine temtJlates, mukint; and 
fittin;; patches , usinc-; cei-:cnt, shoi~inc usin::; the ex­
cavatinc nozzle, etc. 
(e) lUlon ho1;1 to ma:l.nto..in eJ1d operate oulv.:,_;:;e !)Uinps, air 
cor-1;:°JrE:)ssors, -r:inches , jacks, beo.ch t-,ef'.r a.s sc1.,blie::; o.nd 
sk~1line asf,e,r1tlics. 
(f) Understand in Gt:Jncral the sc.lv~:..,inc of ve8:, elu and knon 
hon to install, t he necesnu.ry purrr9s and air compressors, 
and to l u;y the. neccss<J.ry too.ch s et~r for hauling off 
s tr,•.ndod vesseln. 

(5) Divcrfi, second c:la.ss, mu.y- be trv.incd, qu..~lified, and desig­
mtcd on bot:.rd an;y naval ves :sel or v.t an~, naval station havinu the 
proper equipment ~nd conpctcnt officer perso11r.el for efficient and 
sufe instruct,ion. Divers, second class, \·;ill not be desicnc.ted in 
excess of the number of dive1•s, second clttss, authorized by the 
Lurcc.u by circular letter for the pt!r·ticular shi:, or station. The 
(:uo.lificr.tions fo1· divers, second class, nre• 

(a) Be physic..:.ll;y qualified in accordance r.ith the N;anual 
of the Modical De1)nrtment. 
(b) Unde:rs tF.;:,nd the care, preservation, and use of all 
equiiJment, such a:3 ;')urups., hose, helmet:.; , suits , etc. 
(c) Kno~·· ho·. to t Gf,t out, repail·., v.nd adjust all eqtdpment., 
such as hot,e, pumps, <lrcsso..i, helr:10t::1, br·0.:.stpk,tcs, 
v2.lve:., ,et c., and dcte.c;:,ine ~J1ethor they arc Si:!f e for 
use. 
(d) Underst. nd the use of and be o.blr..: to use storo.gc com­
pro::;sed air c•.nd air surjpliec1

. from , o·.:er dri vc.i1 uir 
cor:,pre:.;sors. 
(e) ~e alert in d!:'~t,sin[, a.nd tend.in& a diver. 
(i') lbor· t he diving si 1.)1als t!1orou1;;bly. 
(c) Ee t \ c.~r·ou1),J.;-;· f ar.uJ.ic.r ;_,_;i t h tho t l,cory and pr nctic0 of 
decompresnion and have a det ~:i lcsd kno•··lu5.ce of tho de• 
compr ession t u.blc and ho\.• to U f;e it. 
UnderctG.nd rosu.-;cit.-:.tion and fir::;t; aid. 
(i) .Bo fa1:1ili~:c 1:;i th the cont ent::; of 1,i vine 1.~nual. 
(j) Iio.vc kr.01.11 ·..!d__;e of the physics of diving. 
(k) .Kr10·.-: t he m:.it hoc' B cr.:ployuc1 in r E:.coverine object s from 
the bottor.1 and the pru:c:.i.:.tions to be used in the re­
covcri;.1;; of 1..:. cli;tr~;ed u.ir fl, ... :::;l: and a torpedo. 
(1) Knon hon and r.:hen to use the r cco1,1pression cht:.nber. 
(m) Be able to e(!uip a bo..-,. t for diving. 
(n) Be c.ble to unchor- a t'.ivinc; bout in r;ino. anc~ tide. 
(o) I.Jc able to 1:-.erform ~:ork e.t fifty feet for a pcrioc of 
l hour. (This to cons titute the qu.::lifyin[; dive). 
(Oppo:rtunit;y shoulc~. be e iven for divine, at de!)ths up 
to 150 feet. This oualification to be mude by uctu.:,.l 
dives in \;atcr, nhcn operl!.tinc; condition::: 1:icr r1i t. The 
Mwdmum depth for y:hich c1 uo.lifi~;d \.d.11 be entered in 
th~ man1s service record.) 

(6) 

◄ 
.. 



• 
(p) Le al>lc to c;;1;i 1Jatc un t1ndcr·.:pter situation nud c;ivo 
intellicont description of the sUJ;:c. 
{q ) De able to caro :i' 01· o.i.ld opc:i."'ato the Ho.vy stunda.rd OX'J• 
~en brcuthine api11."1:t·c1tus . 
(r) De atlo to o.sci~rl, a c'i vcr, r :·.rsL cl o.ss , in depths up 
to 90 feet . 

(6) Only nantor divoro u11d di vors. f~rot. class, -.1ill be peruitted 
to dive nt depths cr ocJ:i. :n"' -:;ho.n ),5(i f( ct. Sc.lvo.?O clivc:to a.nc.1 cli• 
vars, ~ccoacl. class . ·.ii 11. it')~; rl:i.\lc te~ oncl t:.i1c <lc:)tl! for ,ihich 
quo.lii'icu~ as st.;.1.tcc: j n •. i:u::.:i.· ..,c r ice rc:ccn .. ..:, e;~cc :r~ for qUD.li• 
r::..cu·~:i..~"'n -~urp?fl0::J , :Cri .J:· 1c, ?(;CiJJ:i ciJ _. t:10 :;t:1,io~ officer pi·ar;ont 
sh•.~,.,_ 1.o ,h::: j :cl·~•l r:-f :. i'c··1i~t'..u1 c,!: th,3 llbovc .. 
(,.( Lt ·i;hc :;<•.L--:.: t::..t,:: '11!1·~ t·.•.i:.1~.: i,;; v.L· .1011 for di vors ~ C ovnunding 
Oi'i'icc0

:..; unf e,:: . ·::..1,l·\:, 1.0:..::clc. :;hall l:c : ~ic~eJ strictly by tho 
Navy Hcc,~...1J.o.tionu, ·w1e 0:1.v:i.;1:, , ['.i:!i..l.'.ll, the , :i.nual of the i edico.l 
Doµo.rtr.iont , um1 cur .... cnt i.,1:1tructions. 
(C) 1!0 nan shull be allo·.·od to c"\ivc t .1til he has been t,iven tho 
ph:,•r.ic,11 cx0-!d.:li.ltio11 outli.1co. :i.,1 tho i.:o.ima.l of the l.:edical De:)art• 
mcnt. 
(9) iUl divine; opcl'ations shull lJo ui.dor the ::ei"sollt'.1 clirection of 
a qunlif:i.ecl ot.'iccr, ~ ho shall 110.in·tc:in a clocc contact \.-ith the 
raodicnl officor in oi.•c,cr to elimin:itc- accidents. 
(10) Un.loos specific ::i.ut,llori ty in ohi.ainocl in o.dvanco from the 
Burco.u tc> ciutinue his rlcsi[.,nn.'vion, the dc::ii~iintion of a.ny mooter 
diver or diver, first claso, \Jill la1so u 10n the ~:i.)iration of 
6 iconthn from d.:,.tc of 1-.lst l!ualific-iti oi1, if dt\ri11£, t ::coo 6 i•ionths 
he has ,1ot 1,iadc :.:'our d:tves in .:at.er, .>nch divo to o. depth of not 
lcr:s -t.ho.n 150 feet , Ui d re11ain unc:"ier • :a tor, froH the surface t o 
tho bccLminL of the a.::,ccut , c.s fol lo .. s : 

Tino lmdor .uter1 Fr OJ,1 
Depth In Feet ~iu~faco To BeGinninc of 

,\gc~ent ,- I.ti.nut.or, 

150 to 168. • • • • • • , • •, • • • • • •, • • 15 
168 tO 2)0. e e o o e G • o. e O e o e • o e e e 10 

Ii' the desi~n.ition should l!:'.p~o, ~ 1 ont:.r:y to thio ci'-cct ,;ill be 
made in the sm:-vice record. ,u-1e;1 ~ ·ho .1c. d ,::d,,nut.ion ha.~ so l ap:;cd 
sho.lJ. not l:c icrr.u.t·::.oc.' to <liYc u.,a.in ,.urtil r cquulifj.cd, o:cccpt i'or 
rec:.1-1.alific,.'.tion or ih e11ot•z:;011ci(is , of ·;.'hich the . :::e.aior officer 
present slull lo ·i;j,c ju( c . '£his rec.~.ta.lh'icc.tion ,•o.y ho ,:.ndc at 
the ner~rcr.t !.lhi::.::, or ,·t...i.t-iou • :1lich is o 1tt.l pp.:xl 1·,i ti.1 pernom1cl and 
ec1uipnent to u:.fcly cone uc·i, co.rue in r Ct,or,~e.ncc . i th cut•pa1·a;;:i.•o.µh 
(:3) 1 providc..d t.h ... -..t ·i;i.10 c'.c□i~;t1,,t:i.on 1.u s noi; l1i>3Ud conti.m.1.0".lsly for 
more than one ;yc·i.r . Ii' for noro thaL one yeur , !'cr uir,don to ro• 
s_ualii'y c1us·i; '.:ic obtained fl'O!·t the rur Ja.U ;:hich \!ilJ. de "iwnc. i-c tho 
place r;hc:i.~c r cqv.olii':i.c..iti on ·.:ill te t' 1c' o. 

ifo nuu sho.11 to cl.csi:.nu i.,ccl. u nast,o·.• di vcr c~~cept l::y the 1,Ul"'o:;.u. 
I!o ,an zhull '.e rcc.odt.;11-.. tod a C.i vor: 1 h· Gt- cl:., rm , c:~ccpt. b;r the 
Dure.::.u or the dcc1; .. sc~ d:i. vin[; sci. 100.l, .,o.chin::;t, n 1 D ~ G. 
(11) The clcsi[;l:u:t.tion of any :;alvq_;e d.lvcr , o .. • div,;;r , .,ccond clazs , 
,iill k:;,sc upon th~ o:~_Jir~tio11 or si:: ; orrlihs fro1.1 t.l:c d:.i.to of l.:.~Dt. 
.,ualification, if duri,1c thc::ie :.dx ::lon-Lhs , he h~.~. not 1:0.clc four 
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•• ... • • , • . • . ·J •• • • . . , ... 
dives in , u·::.cr to tt1c. do }th of ct l o..lst 5c., fcot 1.-:d :i.·c,:ain<.;d under 
nat,cr :i'ron t.i1e ti1 .e of lcn.-.vinc, t 10 nur J ace to tho Lci:;iuuin1., of tho 
ascent, 45 1uinutcs. If c1.coicJ.1<-1tion :::hould la: ic.e, .u1 c,1tr;','· to -chis 
o . .i.'fect, •. ill l:c rna<lc in tho sci..,,ico r-ccord. .l 1..::in 1-1:osc c.1c~ i:.,i1::i.tion 
hus so lapsed siiilll not Lo ,,er; .i·i;-t,cd to dive D.£,cin until rcquc.li­
ficd, o;,copt for rcqual~.f'icn-t:i.on or in cr:ier(;oncior. , of \1hich tho 
sonior officer :irc.:::cnt ::;hull jud, c , Su.ch 1,1011 nic:r be :i.~cdc,--:.iuic. t;c<l 
salva~c c1i vc.rs, or c.li V3:CS, necond cln::.c, by u ch~ ,-., or ::;ta ti on if 
roqualificcl in accordG.ncc • ith fX!l'u...,ro.phs (I,) a11c.1 (5 ) rcn >oct:i.vclr. 
(12) Dives 11ado in ac·i;uo.l sc.lv.:.;..c Ot~crr.tlons ·,!ill count for :i.·c• 
to.inina dcoi3,1e.tion, p-.rovidc<l t,hc diver moot tho characteristic::; 
dcrc:dbcd in 1x•.ru.,ru:~hs (10) -~:1d (11) . 

:;!1crc a diver is bd,itll..!11!· e.1 ,lo;:;c.o. in ;;-roJ.01:~cc' ::ia.lva~e o:icra• 
tionc in ;1i,:'..ch tho dcr,t:.r: r.ra lee~ t:1c.11 t:10:;o rec l'.J.:i.·cd i11 subpc>.ra­
C-•'nphs (9) a.nd (lL), Sl)cc:iul rcco1., ·1cnfaydon11 ·'.JiJ.l : c conddcred by 
tho Fxrca.u to count sane :or rctniniuc; t. c:;~ .:,na:i;ions. 
(13) :;:.ntry of a.c..;i6nz.tion or rcc1csiL,ri..:.tion c.nd ck.tcs t:1cl'cof for 
e.ll <livers s:1~11 lie ir:adc in t~1c :-;c1·vicc r e-core.' ct ti10 tii ,o, nnd a 
corre::,pondinr; :lotr.tion si1a.ll be ,.ia.clc on the 1·ovorso of the clis• 
char·,e ccrti.i..'ic-.tte. 
(14) Tho cl0si!.:;ria:l..ion oi' oalv:'.'. .c diver and tlivcr , scco.1d clc1ss , ccy 
be rcvo!:cc b;f co1 , .a..:Cinr; on iccrr;. Cona.:n1ir.~iu[, officers may re­
co1,u;1ci1d to the :.,uroo.u tho rcvocatio..i o:/' the t'.cdenut::i.ons of r.actcr 
civcr ::i.ilt C.:iver, fil'st class, i_;iv:i .•. ~ ruc.::ions. 
(15) Each oh~i,l or etc.tion allo· c.~ divers (en~ cl:.oo) ·,ill fm;•·.:c.rd 
a rc!10:i:-t to t,.e ; L,rec.u in c':.~:::lic.;tc , on tiw first dcy of each 
quo.rt.er, u::irJL· Form h . L.t'. 629 , cont.:~ininu chc :::ollo,1ins in:i.'orr,:c.• 
tion: 

(c.) Nnr.:o in full . 
(b) :1atiar;. 
(c) CJ.ass of d::.ver. 
(cl) De. te o.ecivit!t~d or luut :tot C.SJ.(_,;:c.-Loc'.. 
(c) De.tee of Cfi.'.c.lii':·ia3 clivcs r.adc o, .. 1~inc )rccc<.",in~ cr,°1<.:rter·. 

(If none, :li:c15.cutc C..!t.O of le.st c!uc.lif., iHL, divo) , 
(f) ; c.m.r:u.-.1 dc11th in feet of CSvcn. 

,l si:·dlar re:?ort, r_;uc.1··~orl: , is r cq1. :i.rccl ~ron :,}iipo o.nd c·ootio:1::; 
h.::.vi1..g r.iantcr or first clacs di vcrs on 1Jo .. lrd, in ca:-cs Yrhcro no 
a.ctual ollo· aucc of dive;:s is o.t1-l:.11orizc.d , " 

(8) 

,., . ... 
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