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UNDERWATER SWIMMERS

PREFACE

Underwater swimming was firtt looked at strictly from the Amphibious
Operatimse standpoint. It quickly became apparent that the Amphibious irorcee
Underwater Demolition leamm* had much in common with other military and civi-
1*85 activities - namely that of underwater swimming. Whilo. the applications
and the tactics of the several underwater groups vary, all have conam,,n Fhyxai-
logicSal and technical problema. hence the title of the report is the broad one of
"Underwater Swimmers. " Because of these many applications and varied tehni.
cal problems. this report is a group effort. The Stoup is officially known as the
Panel an Underwater Swimmers of the Commnittee on Amphibious Operations.
The panel is composed of mnembers. associate membera. and consultants. rep-
rewoui~ntg operational and te-hnicat&zosee both within and witbnut the milatary ea-
tablishoseft.

Ithe pereowm costributag to thi report are as follows:

Wembers

R. Revelle (Chairssaa). Scriple Iaisitution of Oceasography I
ff. Beadmer. Uaiverabity of (e'iloraia (Berkeley)
W. tsacomn. Scripps Instituing'o of oeeaVogrpby
W. A. Hahs. Natioinal Research Coun-cil
C. J5. Lmansetsm. University of Pairwylvasia,
3. IL ZLvisgsate. Uaiversity of California (Los Angeles)
C. Llmhevo. Scripps lastitutiam of Oceanography

V. ~ AssociateI

3.V I A. Cordes. USX. Office of Navel Research5
LC . T. Joawaoc. USX (MC). Underwater Demolition Unit IWO

LTJO X. 3L tAmpier, VINA (MC). Naperimeaotal Divind Unit

LCV'R D. 0. Ssmidere. tiMER, Undetrwater Demsolitlovq Unit TWO
LXCOR W. K. Wilson. USN. %xperimental Diving Unit
C~l.;. D. R. Young. USNR; Zzpioslv# Ordnance Demolition Unit

4 ~Cosataltaste

LT J. Barkor. USNI. Vw~erwatar DOM. %W00t Unit ONX
a. tIll. Nao" Electronics L.aboratory
LT J. Droom, L'ME, Underwater Demolition Team TWO



UNJIERWAT ER SWIMMERS _

R. Prrgesetto. office at ?aevsl Research let UDU-TWO)
L- Gaff. National liabtitUtPI Of Health
T. A. Mawor. Scripps institution of Oceinc-gritimy
W. North. Scripps institution of Oceano~graphy
It. Specht. National In-t4 *tmes Of liczl#%
M. W. Stroud. Univeruity of PowanylvArAia

An initial activity of the group contributing to tile report was thme Sympos.
iAm on Underwater Swimmers, hold tam Coronado. California. in December 1911.
1This we* the first large gathering in the United Staw& of technical anti obwfatiotal
Peracns int-trested in the fsisd of underwater swimmers. It was clear from that
meeting that only a portion of the potential abilities ef underwater swimmers for
both military and civillan purposes had beept' aploited to date, It Was a!#A clear
that Scientiats and technical men work"inIn conjunction with operatize personnel
have many serious problems before them. Following thme symposium, staff
studies. meetings, discuaaions. and preliminary papers were sponsored by the
Pavel with the view in runmd of contributing to this report. lIt addition. an ad hoc
field- laboratory experimental group was sponsored during the summer of 19S.' to
more clearly formulate wooe of the basic problems in this field sand suggest ways
divad =*nesa toward, their solution. Because of the relative newness of this field.
eves the group '"ieriew..e of these technical and tactical people Jointly writing
this, report -dr- as consi~ered a major stop forward.

This report attempts to present the present "state of the art" of umuler-
watier swimming. Ui further attempts to point out the future potentialities, both
military and ctvfl fop, suderwalor 6vsti. Probably thme most important single ques-
tiont At attempts to answer is. what are the unique csoabilitles of an Underwater
S*.Ammvr? It is hoped that Wei roport. will serve as a guide and a source uf au-
timoria4tive infok motion for thoe" W the field Most Important. perhaps. .ro the
recommendations for research and development that must be undertaken so as to
realise the full potential of this important military wseat sand civilian research
tool.

While taie product of the group, the rescnosibility for the contents of the
* report Uis* with the civilan members at the Poanl an Underwater Swimmers.j

The9 panel wishes to express its thafts -.o Dr. Revelle and to W1. A. Halm
for the finai. editing of the report. owa to Midge Kolesar. and Mavis Merrill and
the Committee am Amphibious Operation's Staff :.r the preapration of the wmaau-
script W., final copy.f

3 Neoember 19$1 ~m Pawt on tilderwa, m'winme! a
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UND::IWATER SWIMMERS

0 2rTRODUCTIONI
This report is concerned with underwater swimmer*. It is not limited -

'7 specifi Ictype of swimmer, such as an underwater demolition man. or an
3give orfta"ce disposal ama, or a bottom scratcher. We aro concerned .
owhat with akin divers but mainly with underwater swimmore wearing seIt
usmed underwater breathing apparatus (SCUBA). For purposes of this re-

an waderwat or swimmer is considered as a man underwater with no attach-
ato the surface such as a telephone line or air hoe.. It L In this respect

Ay that he differs fro the shallow water and deep sea diver.

History and legend are replete withi stories at the eaploit ce individual
wows bthan hesurface, and, In some cases, under At. The pearl divers

thenl divers of the Melanesian and Micromeelen islands. the famed Japanese
I divers and the Mezican *tone divers, with practically soequipment. or at
of the civ' 'st kind. perform ("ato tha weetern man has yet to achieve.

They explore the depths aith *ae" for food or for profit snd perhape for
BSo westera mnan. unlike his *&Mostera cousia, has extended his underwater
itAmsetl~y for =Uliary purposes. Characteristically, a have-ngo nation;
Maly. in Jun of190 InW t the early part e. World War IL led the way 1P the
9 swimmers an a very powerful modern miliary weapon. On a their first
tost'mJ anaokAs was "sumn the British cruiser YORK.& 1M,000 too ship which
sunk to Said& Bay, Crefte. along wIAh three athir shipe. The Itatisos later
Mind their activities to include limpot ewimomere, the use of motor torpi
. and e deadly two-mOm torpedoese. In two years. their effort resulted is
152 ton of shipping sank or severely damaged -- a total of 3A ships. Thie
a cow to the Italians for this impressive dad in the allied navel force was
J~ low; 100 mms 20 of whom became cassaft1*s and 50 prisoners, 17
or heats. 10 torpedo boass e approximately 100 limpet..

The British were dismvqrd to watch their prood ship-a slink In tie mesly
v @ Alexanria end Malta but they sess adopted this ObrisuelY fosd Idea CC

djsom for their uwe purpoese. They directly copied, ImproveA, am adedI
"Nonw~s tir the =",-Water aciwttee ci tCheir swimmers. On ON their
fneasaw epapilet wit* their "X orcit" as they named their midget esaboer.
a. wsthe damaging of the German battle cruiser TflRPIZ. Septenber M93.
Torwegisa fiord. (M noable importance dInnng World War U were@ the (am-
ritlbb "POI Parltea width explored htarbor bottoms,. quoys. lucks. eftc.. for
n aeftacls and booby traps.end cleared newly capred harbors. The

a aLes formed smal Loading Craft Obstacle Clearefte Units which ta'c I-
a the Initial phasess of the Normandy landinge, simualtaneously with. and
V& wuhinupt aware""s of. the ttalian acvtvic I. T t-tOfice 4i atrategif.

!-,.'-e d &Mi trained grc-ups of =ea f~r underwater attacks on anippiaw.

I ~ COKWRETZL46
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beach recormnaiAance and demolitim..,. and the lans'ing of Agents Lby ei Some
of ..iee men were absorbed in tre fo, ration of U.S. tNuvy Underwater lemoli-
tion Teams. while others were assigned to work with the British in England and
burma.

The first U. S. teams of swimmers worked with the British at the Nor-
i.andy liWindns and suffered up to 45% canu'lties. Amonq the i'ruicipil i e.s;oab
for these high casualty rites was the lack of naval Wunfire support. The swini-
mer parties were subjected to severe fire from the beach and to somte extent
frrm aircraft above. The Underwater Demolition learns of the Unitea atated
N Jvy. as we know them today, first saw aecton in the Pacific operations. These
men were trained initially *at Fort Pierce. Fla. and later on the island of Maui,
T.H. Inthe Pacific they performed the reconnaisaence demolition oporatioas which
are etil a basic pattern in amphibious landings today. These teums are an uete-
gial part of the U. S. amphibious forces. We shall see later that tactics and
equipment are mubestrtially those developed during World War U.

Since the war, interest has been growing in sport fishing and In the eight-
seeming ipects ot underwater swimming. In Italy and F; rance, and more recentl)
in the United States. especially on the West Coast. tt.o sale of fine. masks.
spea'-gins. and the formation of uderwater swimater clubs has grown evermore
rapidly. 3

Underwater swimmLag in now becoming a oeemograph.c research tool
Self contained underwater breathing apparmus is being increasingly used by
archeologists. marine biologists. oceanograehers. and others who want to go
&wmn into the shallow waters of the sea for a flrst-hand look at its many myeter-
lee.

What are the unique churactpriLtlce of ma, uader water, both in -.he mill-
tary sense and for civilian uses? What are the limitations of underwater, men,
either alone or aided by equ•lpment? What Is it that underwater swimmers can
do better than can be done in other waye?

A Iset *I the unique capabilities of &Wirwater swimmers would cer*%Wlly
!nclude the folloing:

1. 1nteoilgoem , personal oboervation. ,dgment. direct action in the
underwater environment -- In short. the poersoml touch.

2. Ability to conrdinete underwaler use of the senses of sight, ltaring
and touch.

3. Ability to operate with aimost complete secr-cy -- swimmers are
U&ws ly inviaibla from above the surfacc. nolse output is low and there
is little other detectable signal.

4. Ability to operate near a target -- "the hae.. placed charge" concept,

S. Flexibility. Swimmer units can vary in 4ehee from one "•,.n it, severil

a CONFIDENWTAl
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underwster demolitl, teams, a" we now kiow thm; i,!".s can be
made up for specific tasks frC.. ta=ic elements skilled In the funda-

mentals of underwater swimmiLng such forces are m.ble and relative-
ly nolf-sufttc~snt.

6. Ability to operate in *allow wirer, narrow channels. and pl.•-o where

most other units can not. The underwater swimmer does not d.turb
the bottom nor need surface attendance.

Wha are the limitations of underwater rn-.n? With sufficient equipment
theft are few absolute limits. but the increased ability given by equipment must
be wetiged against the lose of unique capabilities which may resut from its use.

At present time underwater men are:

i. Limit* In depth of operation -- unaided skin divers can go to about
90 feet; relf-ontained underwater breathing apparatus (SCUBA) pa-
mite operations * over ZOO feet (decompresselc required for over
130, when using Wm).

A. ltm~te. in time sabinergd -- skin divers to about Z minutes. SCUBA
swimmers from two to about four hours.

3. Limited Li spaed -- umidad swimmers to about out knot; development

of individual propulsiv equ..puaent might give about four knots. wit.
midLvt :raft five to fifteen knots seems possible.

4. Limited in abUity to navigate -- development at aone systems may.

however, make possible accurate navigatinm of underwater me" nar
ranged 4f several thousand yards from a control station.

b. S. Limited in ability to see -- IN turbid wates- to bJts three feet. in clear
"water 80 to 100 feet. With sonar, some pOMcptiom may be possible at
ranges from hundreds to thoubende of yards.

6. Limited ia power available - 0. 3 to 0.6 horsepower for continousn
opertnoa. 1. 3 horsepower for a few seconds.

? . LimitedIn load carrying abliy -- s to 7 peod pul.

S. Li.ited !n temperature tolerance - 600 P. to t61. wkth#M protection.

9. Limited in range 4 operation- - unaided swimmers u"100 SCUBA have
r " a radius of underwater operatonm o &not two miles.

Ia. Limited In maneuv4rabUilty -- vise. .' at the water eavireameft pt-.
vents quick movements. j

i 1. Vulnerable to explosives and poaslbly ' other -aunteruawaaures.
3 '(•PIDIENTIAL !
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2 . Limait"d psychologically by tie unadaiiltar *nvironmnnt. p.xrt.ru:&rIy
at a4*11

From the above. it appears that the jobs that can probably be perfarmed
with the kechoiquea of sunderwater swimmuris better Leob by other means are:

1. Rs~omuklassoace of leederwater rain near water areas with mnuuuinu
risk u; d~Atemc using visuall, pholograp~Jc. TV. and recording;
leading of ageasa and other meticoc'. for gamthering intelligence.

A. Head-placing at demo~ltion charges with minimuum risk of detection
prio to ompboatoo. Removal oi ')each obstacles and natural barriers
to loading area sadaotage to enemy installations in or near water art&&.

3. blIne detection. location and identification in amea where other mine-
bussing MeGMs are Ineffective.

4. Pemaratio* at enemy held Its e br, rivers and anchorage to conduct
*Mt-shippimg raids. This can be thought of as a relatively safe and
cheap eirtenein of submarine act~v~ties in areas where it is difficult
fot suma.rjina to

5.laspectimal of ship. looka. wharves. ett. for eneMy act~iviy. end
similar harber deferee teaks, including activ. counterrasasures

and anlemw at ofes-diacharged vehicles.

7. 9xplocive ordnaince disposal whore canveasloadi diving Soar in rela-
tively lofsfective or cannot be used. Waiat in In rough weather or areas
of stron currents. wher secrecy is desired, or where ona, does nat

wen to stir up the bsIn

S. Servie, " an - aggresesor fetes- to test covaermeasurls abilities.

Added to thin Uft are scieutific and recres'tionl uses.

40. Assa research tool for shallow watts.* oceanographic studies. enid in

soubmarwo archooloa.
I*. Underwagter flkiig id silgiet~ainj. Tht rapid deveiopmead nf civi-

han i nierat in this field may prove to b-9 of considerable military
imnportanco, not only bec- is@ the dewenonniont of equipme.tA will be
accelersted but because a reservoir af 'reivwad men wi'l 1iecomeo avati-
able. Many of thes" may form a reserve m.. ar forces; unfortunately
soe at them grJtgh prove ina crisis ta b fit. - column saboteiie,.

No existing swimmer group can execute all of lii- operations U.-tod asbove.

CONFIDENTIAL
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4xlating operational conetpts and ioctrines for swnimmer groups Iare not clearly
C-janed at present but in genoti al. the missions of tr I several groups ae ase fcl-
Iowa-

Uaderwater liemolitit Teqr'a. Theac *-a an Integral part of th% Amphiabious
Forces al the Navy. The prtn~ipal jZ6-al the Navy, "Frogmed" in r*COinahasaCO

fathomaln n h high water mark, Other specified missions of the WDT are

salwa sad OIV deoltinater the assault waves have hit the beach. Is addition to
thane missions, Korean experience indicates that UDT's may be called vpm to per- I
form various salvage miseions. advance inland to blow up tunnels 22 to spot mopored
mime.. IUns maein. these activties are carried c -a by skin diving techiques but
each team bas a formed a scmerad oparstion& platoon and the possibilities of
compLetely submerged operations through Uthe use of self-contained undrwater
breathing apparatus ame betng explored. Underwater Demolition Trams. because
of their basic troAiing in the use of expklcive a and in swimming. are plesidaul
capable of WOW Other operational task*. Surh tasks L.4gt lntauds; sabok&.aoU ei-
shipzping raids. limpet attacks, harbor penetration.s and the 10 4. At the present
time tb--re ane five Unaderwater Demolition Teamz In the Navy (three Pacific. two
Atleatic). The war oeisylement al a team is 13 officers an! 100 msn.

C lot Ornanc r, -qsýnissitom of the Zxplaseave O.dofanc
ra ®r .0 -Aspoo. of. nmies. torepdoess bombs,

and other explosives. =e8 I rendering obfe explosives that !=we% be
det.Ana in place, the hi. .4 by XOD personeat is In find ame mine
or other aidsewe. Emplu) swimmers for underwmater oftweace din-
pooal is a staa~d ted1@144 xish Navy sand Io being oxpier*2. by United
States, navy Explosive Oreau osal Unlite. Free swimming tscheqaee, with
the we cc self-conained am -or breathing epperafts. would greatly ancrease
the mail.Uy al the"e -its am. a vduce the Logistica~l problema imposed by the no-
cesatty of using deep sea diviag: *qmupneft. Noise-frest ant nnm-aapstis swimmser I
"qUsMO would be required for this Pnpow@.e together with moviegde or adeeqisstfor systsmatio searcktag ae the bottom.

Marine Reconnaissance Team Swimmers. 7%ero ame an organie swimming
g sa's mach in the Mari"e corps.. h MWARines view vaerwatsir sw Auig as

a moene fie approech the Land ebjectve of thwar rsccinanasscae totme. Iurreptitiima
aerisoed appro"c to beaches Is becomsing Increasingly more difficult. a tactical
radar, which con spat a mssfted craft or man Immnediately. become& mare @swa-
"abei the doasay. Ia thee circoestemees submerged awrembk Is theay lsi' mem
which cam peoul in madmn mo uprtae.

4r~ tIeegrmve The port con etrution, bridge sm onaft
sp e w~tesmrn untso the Arm' %Niworra, whil af habitually

reqdared 1A perfoorm w~frwaler Maeke. ame occasia ..a41y called wpma te dsoem
wasae pier plnesawat. Anspective or rep&&. az t1 demolitismt of& n 'stwatr

B COUFWEHUTIAL.
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Besa~h Jur - Dilversionaryj Oforts of all kinds are the primnary ni podse
of the.. Nasve! untut. They us* swtmml:.g as; oneof many techniques in carrying
cci their objeoflivus.

* Research Swimmere. The F&*4 ha-. pic.;. '-din the use of underwater
Swinimaws. equippod with sslf-coraiar,&d Lreathing apparatus, ior scientific tzplo-
*tion of the shallow deptas of the s"a down to 300-300 feei. They have 00.a!ned
vera~rkable results, particularly in subhmarine a-cheolo~y. In tie United States.
compressed air SCUBEA are being used by neesnographic and other research lsbor-
stories in esrplcre at first hand the subsurface ocean waters and ins shallow sea
bottom. Classes in underwater swimming tedinilques are iavght at the Scripps
Ipstl'ution of Oceanography and in other laborLories to marine biologists. geolo-
gOats and oeesnogrophers.

Sport Swimming, France sand Italy have been leaders in "h numnbers at sport
swimmers operating in their shallow water aneas sand in publications devoted to
theme activities. But interest in spear fishing and undetrwoter sightseeing is con-
tinually growing in the United States, as evidenced by the formation of ma'-y
"bottesa, ueratcher" cu~bs on the West Coast and by the publicatimon c a magazine
eittaed thelL SkaDiver(l6I. The Freach publish Natl (Ill. the ItalianshMando

From a milttary point at view, the operational requirements for offensive .
ue of afsrwator swimmers ste containsi In a sin&l concept. Since It ap pears;q

probable that U. S. forcesa will' not have nworlcsl superiority over poteti oal nmy
for*es, the requirement for tactical surprise end secrecy of operations is grow-
ing ever-me.v important. ie-rever there are rivers. harbors, shores, lakes,
or Othr water accesses, the ietuploymeit of unerwatir swimmers promises to -
be a usefut techoiqe for covert reconnabsosead r chLoving surprise. I h
basic problems of mndsrwstov swimming foe this purpose are solved, the possib ill-
ties o xat,1f u.4nde~rwater swimming operaftion In other military fields will be
greatly enhanced. In additio, to being a patent military weepo., the underwater

swimmer is a relatively cheep atboth from the standpoint of capsti Live imeat
sml In operating cook. He Is a particulsary id-1 weapon for tse by a small awy .
a.,,ahnet a large ame - - the mor so It the formi country has virtually unlimited
&SoPower. The problemn ad defense against veerwater swimmers is the obvious
converseafithe offonsive one. Mdany eoseekatteck exercises practiced by ou Un-
desrmotor Demolitioa Toeas n alerted American aechorages have dramatically
shown that our Navy is eatrefiely voulnrable to an smay attach by swimmers.
DIn effsctive roo the clock daefene is' "nu at proesen. In order to develop snoh

7. defenses, poster emphasis on umnderwater swiammr research. develtipment, and
"SraInin is urgently Moeded.

fracionof heirpotntiI efoctvonss iderwatr. wimmrs an e facte tha

"on peak power output of man is Limited to 1. 3 horeepoww r for a period of only twenty
"sconds, and for contimmrAs operatlo. he can generate on!. 0. 56 horepoyv. [Z .

* i the task to be accomaplished requires maen power, he must be supplied with suitable
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.ti-pment. If man is to oporcte in hot water. somne mneans of keepsrn him coal
most be provided to prevent host exhaustion. If he is to swim in cold watem. he
must be kept warm. R~e must be protected from bleast. abraoian, toxic waters.

t and other hazards.
Many Improvemeos can be made in fine. masks. knives. Shoec, gauges.

wulthem; and oter personal equipmen.t but all of these &-% apt io tarm 9A to be
marginal in tertms of werill improvement L, efficiency. On the other hsni4 re-
search in mined gas bacathing end the dIsvelopmeifl ., self-contained vinderwoter
brem*Img VWpatum fo be usend at 'varying depth@ for imag pert*"odsf time. develop-
meat of suit that allow fteo m of movement yet provide maximum protection
I"=m *ezeetve cold or warmth, propulsion systems, memos cf protactins from
underwater bisall, communications sand navigation. awe apt to rediceLly Incroase
m~a~ ability to perform tasks uander water.

In this i'epw . am sussamt has beemnomde to do three things: 11 to describe
tepresen state of the art said science ad under-water swimatint Z) to state the

X requirements for equipment ýnd teahnkiqes which woejld enable taiderwater swimmoere to achieve Improved operational potentialities; and 3) to suggest the research and
developent nommeess in order to attain the desired eqsjpmeat sand techmlp"s.

U. " CVUCLUSUWU AND RU~OUMMZrtCATlVUU
Allolithe oiclueiaktma P emamaniation with respect to ueftsrie

5w mors hae basom gathered together %uthis section. The fIrnst e~itvsim
403.0@11 camalns C! iat Conclusions aith respect to the brewder ornw ataimpoi-teall aspects Of Vr water G-wimming. The seacnd subdivision (02. @331 ematamn
Genaral Recommendaiost of similar nature. At the end of eack of the atctwM
of the choplre Oft follow, on the conclusions and reaneda ous erning

thoe st .They are repeated in the third subdivision (0U.031 c oathi ectios
fo nconvaniamosma dte *a ,der.

1. Unsieownde swimesers, with espropaicta twagings and ndep"" sqp-
me"atnm uijQ7Vjiei to perform many miliary mid civilian openuess.
They are e10se SubJs to a nmbuer at funismematl limgitatiom. prome miltary
POW Otvif-teMq Orit *sa N thewat1410fduaWegO undeat rwae"simmers cambe em arise ts a aino, oept .. tactical surprise, to future

m have to be ~asateld In oomplets secrecy. Umiderwateg swimmers Vgesijea
memo of seesmpUihm thi.

A. Underwater swlmu.ae~ can be a patent rilltar weanoo for harb.3a
penetrationa"ZEi~piag rauts as has been demoomrawa by the Ulaigih medItaftsms daring World War 0 sed is receat U. 8 ' -t exercisess. U. S. fore

do" UAresftl haveavaiabl the kMWwiedf* eq'41.L-9 for the ftUl euulegatims Cthe Of0I 0S" 10O f ~Pat*90,-~ a hYsdtAl eend Jthero&M mhvwte l"e gintaPr tdtrae~wue

cOIFIDE J4L.
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Thiough currert doctrine ums* surf ace swimmers. it does not plan for ^.'e offensive
use of underwater swimmers as descri..ed above. a&J only recently 4&-4p rmel1 '

research efforts been initiated toward sotc~imar countermeasuires.

3. Mon without adequate equipmaent and training can achieve only a minor
fraction at their potential effectiveness ut.Urwater. TXquIpment. training objectives
and nmaterials. safety rules and the lMe specifically designad for the underwater
swimmer are urgently needed. The areas in which further technicil ;uiow~edge
and tatchanlsailaf will yield the maximum increased performance and effective.
nee$ are: clooed and senri-cloeed circuit MiAed gas self contained underwater
breathing appar atus. swim suite for protection against cold waste and underwater
blast, swimmer 'roptaeion uwilte and submerged crait. secure communication
and navicallna systems, and the daveLopmetof st andWardised safety and training
procedures.

C. Specific quantitativ* ISdormatIo. with reepect to the abi~ltis and Ulmlka-
tiom oi underwater man is urgpouly requIred to provide adequate guidance for thedetailed pla~aaing al lutiare sy- ems and techniquos.

S. AllbouvAk new tactics are wooiimnly being deve'spsd by operational
unfervoder Swimmer grisqe. considerable techelcal work Is in progress. andI
nWJR.sr COMMerMOOUaesir UVe now begizUIng to be Studied by Some harbor datease
agencies thev- So M single groupr thtis Specially echarged with the responsibility

for the crztnued 4avelopmeftat of ~rvnter swinmming ic.%fiquse and squlpmsutI

6. tecasase of the curretend an sticipated increase in research and devel-
upoM eff orts on pk.obleug of underwater swimmners, the various items of under-
water sawmmorls equiposent are paogresaiog at diferent rat"e and with insulficient
811SteAtt to matatuCan cpstibiluly ason the several coompowans of ths System.

7. There to w uieftd body at henwiedge is ezistenct relating to the masy
apee of problems CC Underwvter swimmers. Withim the L'. S. Military Services

tlret are Several centers atof aornenlioa relevant to this field. Knmowldge onre-
laded tschodcal eMatacts Is spread throagboa @sýantl c and general litersatre %d this

cCC-a" se abroad.

1. ft GaMral

1. The ftube exple~aimatino the unique poieatalsitoes of wunerwater swimumers4
for eab~ievln tafticAl surprise should be mobe In fidur military plamind we

1. heeearch and development einpslsanto aed to be placed as projects#
us, E~ed uzvaroe 8aalm"Unin this major a'avassage of ueUg widerwoU.P ment.

1. The abve reeommesedattlm imply the dr. t : end of insnew whereby
u&Jerwater mae's speed and endurance be Increased wid AmI liability to detection
wed uomatemeassure minilasise. Zr'.ltasla should therefwe be placed w,,
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a. Closed and semi-closed circuit mixed gas self L.ýr.ained under-
%aniter breathing apparatus

b. Swim sufts for protection against cold water and IntforwaterI

c. Swimmer praipulsion units and suibmerged craft

d. Secures communicaidon and guidamnces ystems

0. Development at standardized safety =Ad training procedures

4. It Is neonimended that the responsible naval agency assemble all avail-
4A6d recordedo actual aNd etmulsisd shipping attacks and harbor penetrations per-
formed by underwater end eurface swimmners. It is expected that an analysis of
thoem data will cwMnstitt forceful evidence of the usefulnese of underwater dwim-
mere in afeusive operations and of the 2erious threat they pose to ozir defense.

S. So a" to minimize delay In initialing vigorous and sufficienit effortto
ward the technical and tectica& development of offensive and defensive underwater
swimmer tecimiquea., It in re%;oamended that the responsible navel agency stage
a large samle realisticailly simu~sted and~rwator swimmers attack against a fare-
warned and defended harbor or fleet Insta~llion.

6. Capertmental, analytical. aud a~perstocas research technaiques shoiL! I
be applied to underwater swimming operations in order to develop quantitative
expressions of their abilties end limitations for use In future systems and opera-
tional pisanag.

* ~7. Ilean should be established within the military establishment a emall
9 of operational and technical pereomiel charged with the responsibility

for the continued deveLopumat a&d teat of new technical andl operational Wdass --
atoechialuane prtatp rdctican eqanls ropm. bIt raherl nto bea wthe itaskohsgraup
totechnicale ne actcly proventions gouipm. Iut shrdaoether todask withi groupan
pm e sre further In the future.

9. f such a group is established. it should hae" the additional function at
serving as an underwater swimmier counitenwairt of the Army's "Agreemor Forces"
for the continued teoting of the state of our swimmer countermeasures ability.

9. Xffort needs to be directed toward toordLnated plawd and develop.
meat; of underwater swimmer myomne sUld components. White the responinbility
for this plasnning and development must remain within the miltaory estsIb:.lnme~nt
one device that might be of aseistanre In secomplLehln.g It wule hne the conlinuanuo
at a Panel similar to the one rweponsi'loe for this report. 1%e Panel should be
composed of civilian experts Ircox the several .. .technical fielde of initerest,with the participation endl advice of informed &M' in-weated associate mqppnlers
drawn from military rejaeareta and operational activaione. Aes&-ige os.amaora.
while they may be official, representatives of thne aencieg to whicil they belong.
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should be at liberty to express unoific.'d opinions in the discussions oa the Panel. -

10. A ceanral point of information exciange should be maintained for the

compilaioh. receipt and diasemtination of l operational and technical information
relating to underwater man. An apprp-iuta loc.t

4
^-i for such an activity would

be within the Office at Navel Research. One task of thl. activity might be the
assembling a a selected end annotated bibliography of scientific and trehntiial liter-
ature on underwater swimnawro including a thorough search of the anthropological
and sociological literature for informatio. relating to the activities of native pearl 4
and &halU divere. Consistent with good se-urlty praaLzces, this centra! irf.,'mati•un"
exchange activity should maintain contact with similar activitles in U. S. civil

affairs and foreign governmenta and groups. An lz.ormation Exchange Project A
(1EP) established with the United Ktngdom. rances, Italy and perhaps other countries
for exchange of information an swimmer probleme sad advances might y'-ld much
valuable information in this relatively new field.

I1. Within the limits of reasonable military security scientific and technical ""

Information should be treated un an unclaafdled basin in order to make the princi-
plea and technical advances in underwater equipment aw.allable tu civlllan (and con-
tract) researchers and sport swimmers, so as to increase the fund of knowledge
,.d experience in this enuntry for the mutual benefit - all.

0G. 03 Summary of Specific Caetm.ies and Recommendatacee

Phyeiologtcal Problems

1. Continue field and laboratory study of eign•flcant physiological aspects
"c! 2urreatiy conceived undornater swimming activitiet. Those snottld include
uveestiptton of work rate, work etficiency. oxygen conrumption unid ventlatlio

in order to facilitate design and evaluatica of required breathing equipment. 103. 00)

3. Advance and expand research on the alterod dynamics ot blood circulation
during esbmergence. particularly a" thie epplieu to rapid chamngs in attitude under-
water. (03.01)

3. initiate study at phyulclogical effects of prolonged breathing against ab-

normally bigh resittance. both Lnaplratory ant expiratory. 103.01)

+•, ;-.4. Continue study of the infrluence at nittopse narcosis an huma-n performn~ace.

103.01)

S. Continue laboratory studies of o*"gen breathing in man aimed at conatruct-
ing usefil tables relatial diuration ad ox:, en t.reathing to )xygen tolerance under vai tous.

conditions at Gepin, wuAl. iti,.1' Ln.rt Czccs. - nsplr.id rrhnn dv'ir4,, tPmrwu.% tUIqe

"and physiccl condition. (03.0Z) 1

*,. - v..+ UTolowing the eonclueioa or recommendaU,..., refer to the sections of

tie report costailing the O',pporttng text.

10 CONFIDENTIAL
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6. Centlz'ue rescarch in .ttempt to determire b~asic mech anlem of oxzygenl
o~iasoulng. (03.02)

?.Inditste investigation at incident* sand tune at onsaet oý oxygen poisoninlg
It depthsn loea than 60 feet. obtainae speilitf' ~If'brmsltion concerning influence of

small amouwts of carbon dioxide. exertion. *nxiety. cold and other significantr
103.02)

S. Inditat or coatinue research on spe.Jiv. medical probl!zra arisiuag in
underwater swimming. i.e..* prevention and management of fungus Wofction, treat-
Ment of contact with harmful animal and vegetable lift, etc. (03. 05)

9. Initate study of decompression problems peculiar to underwater swim-
mingt including methods of applyimg standard decompression tables to these activi-
ties, which often involve multiple changes in ciepth during a single dive. 103.0OZ)

Selection and Training

10. There exists so formal body of knowledge on the art of underwater swim-
Ming. OWd standards of performance toe' underwater swimmers are unknown. As a

* ~result. the trwalnng at saimmere variles from place to place and fgcli time to tlime.
and the principlea of selsctOh c4 aen for swimming taask have only tn empirical
basis. (04. 03)

11. Performance criteria for uasJewwater swimming should be dswlap..
(04.02)

It. After these* criteria are developed. a series at qualificaluim for differ-
eft ls"se of umlerws~r swimming ability should be established. (04. U)

13. 04 when i is cdear what a swimmer can end should do, can standard..
isad curricula he developed, instructors emasI~tentiy indoctrinated. u si dequne
training matertal and facilities prse'ide4. (04.03) 5

14. Training facilthies, tests. and materiel aids are lnaesquais. Stai*@
should he, initiated toward designing and doiveloping otanawiM:ei training poeue
tailor*eA to the psrtlcultw needs ad underwater swimmers. (04. 03)

19. Vurlher etudy should he given We questioes of the best localan~ feor
* eficlest and sat training at underwater swimtmers, and whether swimming should

be utinaM sepmrately from the specifIn skills e ieded for r~emmkisesnee. doemli-
t1as, ordnance diNpoesl. eame=rged atWAche elaippln, andother Mifsinen.
104.02-.04.01)

Effects of Underwater BlastU

* ~6 Vak**W bls inmjUEury mw aC Anus3 potentia hasiard to under-
* ewoes swimmers. L, deep isothermal wstec tiie . tdanger of injur; frorsa a I pound
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charge at distances less than 65 feet. and at let@ than 300 feet from . 100 pcund
char •c. Safe distances for large rharros are uncertain, because It is auot known
whether peak blest pressure or total impulse from the ezplosl-n determines injury.
Research should be continued on the basic mechanisms of underwater blast injury.

17. Explosions ar likely to be included in enemy colmtermeuaures and
theme may nullity or deter our underwater swimmer rorrainsne (05.00)

18. Protective clothing containing air or other mound-reflecting material
might appreciably lessen the distance at wnich an e;,•A..sive charge of !:v,'n msite
is a seriu hazard to i swimmer. (05.00; 06.03; 06.04)

19. Research and develop.ment on methods for protection of swimmers
against blast imjury are urgently needed. (0S. 00)

20. Reliable experimental data shouLd be obtained on deterrent and lethal
distamnee true explosive char es of different sise. Until more mu-h data areavailable. calculatioms for safe distances from known charges should be cwsi,'ored

tentative. (09. 00)

suite
21. Viae of the existing suite in use or in the process of development apptars

to be completely ssfalca-tory for protection aga•nst cold water. The "wet" suit

06.03; 04.04)

22. Study of optimum %*esip an I materials for "wet" suits should be under-

taken. The only work done with "wet" suite under the cognizance of the ranel
has been to confirm the principle of the suit. The problem oa aessgning a "wet"
suit must thus start appromlauntely from scratch. Certain features of tle expert-
mental suits may be useful In designing am operational prment- I) the extensive
use of nabf-watertight) tippers, laces, or snaps, t* produce a snug fitting suit
which can be dommwed by the ndilvidual swimmer; mnd 2) the use of a tough Loamed
"eaprees. with a stiro, mesh which allows the suit to stretch in aln directioeaI
and yet in reigd enomgh to prevent excessive buoymacy change. (06. 03; C6. 04)

23. alevelopmeant of imprtov dpoel4 for dry suits should be continued:
1) the fit of current issue U. S. N. two-sipper .ites needs to be revised with res -
pect to such things as c€-f and thigh aiz.% tipper length, fit around face. and man-
ber of suit stes available; 21) efforts to iprAes t',. watertightiss of zippers shoulid
be enrour.agd; 31 until wa•t' tight tippers can be jdaar.meed. a dry suit without
tippers su'!h as the Pirelli or Dumas should be used; 4) the pose'bility of avoiding !
suit squeeze in.deep ope rvdons ahmd he appra,,id. The Cousteau suit with ajo-
matie iternal pressurization inmy have useful features in this rma,.J; and 5) the I
Dumas French suits are reccmmeuaded as a guide itowfrd tho de- eaopment of an
efficlent dry suit. (ft. 02)

24. Investigaton sh•uld be cntiamued on the physiological and humvA
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Eviiglleoring aapocta of protectivb clothing and related subjectsAV, 33)

stif Contained Underwa-ter Breathing Apparatus

15. fNo present typedo SCUTOA is ae. i for all types of underwater "Mers-
tion. F~undamenal risarch in the physlolua of breathing under pressure. sand
development of improwe equipmeft with wider feilbility aMnd eater endurance
Isneewded. (07. 04; 0?. 06)

26. Open circuit. closed circuit and semi-closod circuit "yis of SCUBA
each have distinct advantages and disadvanztages. Each type is beat adapted to
aid in accoPaptishtng certain underwater swimmer's missioins. and the decision
an actual operatlo~aa possibilities. (07. 03)

27. Mauimuma security and/or the need for coatituoua underwater "oeration
aver a relativel~y long period will in naaaV cases require that a closed or esmi-
-74osed circuit type SCUBA be employed. But for many opermations requiring use
of SCUDA. the simpler open circuit equipment can he employed. (07.0GS)

28. Zifoata should he directed toward lintensified study and development ot
carbon dioxide absorbent materiala. aid at subsetances whiah botha absorb carbon
dioxide anid release oxygen (ea. S. high oxides of potassium 3nd the chelwsiss for
use in closed circuit ozyqso and mixed gas SCUBA. Correlation of reesoore now
in progreas by governmient and civillwr agencies to determine applicability to
SCUBA should be conltlamed. (07. 0?)

AV. Ithere should be centiaameman ofdevolopment *( SCUBA from operational.
safety sand physiol'ogical viewpoints. aiming at increased security. we* caaciy
and submerged operating time of the equipment commonbuwaie with man's bodily
endurance and ability to do useful work. Improvemenrt of open circuit. closed cir-
cut' and semi-closed circuit apparatus to achieov: 11 lower breseting resistance;
3) increased gas economly I in open and sexm -closed circuit types), 3) more effective
carbon diox1We absorption fin closed and eomi-closed types); 4) atreamuawn form;
5) ols~p... my end reliability of operation. 6) simplicity of rsimismeance; 7) maximum
field at vision. 6) minickum magnstic signature. anod 9) m'iamim sound output and
echo, target strongth. (03. 00; 04. 03. 07. 011

30. Competition is SCUBA develupmest and producti6m in consanitly grow-
ifg. stimulated by Incroening military requirements and publis interest. Thin
healthy commercial situttlon should bring more and better modue la te, existence.
pr ovide mew principle@ of operation aund insUe" RAfr anid easier operation.W0. 04)

31. Investilgatioa o the feasibdayltyo a sete closed eircuzt maixed gas SCUBA
should We continued. (0?. 06)

33. Contlinud study in requilred of quaaatital..' laborslomy and figid athoda
of testing breathing apparaturs with the purpose of tmu4roving validity et' tests and
obsitalng Isaalc ~nformettion of value in L.n~prT-.wg teagn. %07 , 071
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33. Factors responsible for resistance to respiration in SCUZ.. and means
of m!i-tmling them should continue to oe studled. 103.03; 07.07)

Communirationta

34. A seatisfactory means of underwater sowu communications among
swimm,.rs. auhmarines and large surface craft utilizing underwater sound ha.
been developed and is believed reedy for naval procurement. Underwater sound
communications equipment for use between swimmers and emall surface craft is 4
about to be evaluated and should be ready ior procur.-,,rnt shortly. While this is
a big advnr.e, underwater sound in twt necessarily secure, so efforts must con-
tinue toward developing a secure underwater con.municat on (and navigation) system.
(04.00; 16.00)

35. Underwater Electric Potential (UEP) and direct wire methods should be
further investigated as alternate means of underwater communications because of
their greater security as compared to sonar. (06.00: 16.00)

Navicationo

36. Electronic aids to navigation may prove useful in typese o swimmer

operation where secrvcy is not pursmomnt. or where a calculated rink at detec-

tics can be taken. (09.00)

37. Promtsing results have been obtained in preliminary trials of both

guidance beams and two-way communicatlohh sydtems for underwater navigation

s weU as with infrared equipment for use shove water. (09.00)

38. Deewse use of electrnic side to navigatio• -ili lnevitably diminish
the secrecy with which underwater operations can be ccnducted. further develop-
meat should -.s guided by an operational analysis of the navigational and other re-
quiremeots of the several applications of ewitzuers. (09.00)

39. The difficultises o underwater navigation resmlting from the absence of
land marks, the short rnge of visibility snd us marked effect of currents o.. the
I.fwttion o a slow moving object may weU prove to be the Ilimiting factor in under-
wmer swimmer operstione. Unique and ingenamou methods of what might, be called"Ipassive" aw:v/gstion am therefore required. (09. 001

Underwater . raphy and Television

40. Underwater cameras end accessory equ:?ment an not readily available

in this country for scientific or military use by underwater swimmers and thnse
unite that are available are very expensive. (10. Ol

41. Lquipinent which is available in most caoes has been designed for other

types of diving and is not, in genera. applicable to. stional use by underwater
awinunere. !.10.03)
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42. Czchbazn" (dr Inormatln with prench and other foregp .,rderwater
4-tmM%4rO &nd photographers sho..-d greatly aid development of adequate United A

states photographic equipment for military and scientific uses. (10.03)

64. Underwater teievime eq Ament tedupulate by swimmers Should
prove ustef for identification of mines Oad oter submerged objects, for asivage

* operatlONA and for inspection of unierwat.r structure. The possibilities of elee-
trOncaUly edhtancing contrast suggest that underwater television may be made motv
effective than the human eye as a moeae of see*in underwater. (10.041

Shis. BnOtSO and Craft

44. The limited range of unsasisteW swimmers, particularly If they must
carry equipment or exploeivee, makes it - ceeseary to transport them as near to
the objective as poefblo. (11.01)

45. For present surface UDT operations where one or two teams of 13)
officers and m:en each are employed. a semewhat larger and better fitted surface
"ship then the APD would be deesrsble. (!1.02)

44. A better emall veurace craf than the LCP(R) ts also required. It
should have 15-20 knot speed, lmw silouette, minimum bow wave and other features
4doel42d to me0t the specific ands of Underwater Demolition Team swimmers."*" Dovelopment at llter eat amore easily handled rubber rafts should also be can.
tlmed. (11.03)

47. Wheoever it is necessary to operate wsr an enemy hcld neare in as
complOte secrecy a6s pussble, the approach to the bJectiOv must be nede under
water. The first part at the approeach can be made in a flettO S ubmarine, but
for the file approech, a small submersible to be carried wad launched by the sub-

Kma&rieI s needed. Foe these submerged operations certain modlficatIong of fleet
s atype ambnaaaee a desirable to facilitate egmres and re-entry Of swimmers and

for stowa sad launching of small submersibles. (11.01)

44. The desirable characteristic of eman underwater craft for underwater
swintneor depend an the kinds of work the men are expected to do and the nature

Sof the mother ship. In general, the beots should be quiet, have low gsor target
strength and ma•netic signature, be an nearly invisible a" possible, snd hat ads-
quate torag spae, speed, endurance, a&W seaworthinee. (11.041

R•t. 4e Open and closed cockpit, small subrtera/bie geach t oveadvantagso and
disadvantages which fit them for different types of underwater miemons. Model,
of both open and closed cockpit small submeresAle should be designed am built
for experimental use by United States underwater swimmers. L' order to fully
dev"lop the operational possibilities and roquirement at these craft. Becanme of
the smail number of men who can be trsamportc.' .. emal sbmnersible, the gen-
eral we of these craft may markedly alter the d~ch, :ne and tactics of vI[Y@. (3 1. 041 101

A'0. lt the design of small submersibles, pr blems of Stow•, en lwach, "
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fron r amoving atubmarine must be taken Into account as well as the nee! ar ade-
quate speed to overcomes currents and to allow evasive tactics, endurance. ease
of egress san re-entry. safety and comfort of the crew, and minimurr, detertbtility.
(11.04)

51 Man's efficiency c• a swimmer is v.ery low. that is. only a smell part I
of the energy he txpends in swimming to effective for propu.lsion. An "underwater 4

bicycle" is needed which would either be mechanically powered or woula link the
swtmmerlS muscles tu the water in a more cfficlent rn'nner. Lievelopmer.t of moAn
of prcpulsion for individual underwater swimmers should be vigorously pursued.(03. C4; 1,.05)

Underwater Object Location

S2. In the development of mine hunting equipment. advantage enould be
taken of the ability of underwater swimmers to carry and direct detecting and
identifying devices close to .ines and other obstacles. ( I". 00)

53. Buoys are an inmportam Itea of ean undrwater swimmer's equipment
because they traeslate him detailed knoledge of underwater conditions into terms
suitable for surface forces. It is conceivablo that the success at a large operation
might hinge on the succeseful use of buoys iy underwater swimnere. Present
simple buoys for daytime use are reasonebi•j satisfactory but there is need for
lighted. depth-taking, time-delay. "complex" buoys and their associated antAtors.
(13.00) j

54. Deopam at complei busys. preferably taUor-made for epecific

types of operattois, shoild be eoatitaed. Use of new materials stuch a plastic
foam, self-sealing bag•. washtub concrete. honeycomb, reflector urfarees. fluo-
recen. paint ant , ylam line. etc.. shboud be Investlgated in this davelopment.I(13.00)

f'•moltitm and Ordnace Equipment

55. Demom i.tta explosives for UDT we under current dortrine am sale-
factory &Ad uins of eubmerged towig at ezplo-ve charges are under test. (14. 10)

S4. World War 13 U. S. and toreip limpet and sneak attack ordnafce design#
are avatUbte As sneak attack and aidlihippLng te hntques are developed it will
be rncessary to concurrently develop t1'j required demolition and ordnance equip-
meat 401.00; 14.00)

Mtaellianeawe Equipme,

s7. race nmake. life pr!esrvers, swim fim, ie. *-_e! aand Knit -et rwo
4.ed by' 4m; r•,r 4 ,•,,. t :cutnud vak,."!.e t tomri,, are reaso-.wy
satisfactory. Some improvemen.s or chatnges in.y be Icelrahie The field of
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"vision through masks needs to be widened; life preservers mligt profitably be

'.egrated with SCUBA. swur fins with soft. pli.,,ac c'bber around the foot. be-

coming less compliane toward the tip, might result in Increased swimrning eff.ciency.
The depLit rangi and night readabaylty of depth gauges could be imnproved, and
a new knife now in the preliminary deatim stieo aooesrs superior to *he type cur-

rently used. (IS. ail IS. 0; 15.04; 1S.06; IS. 0?)

S2. Watchee compasses and bottom surveying equiRmeat need co.aslderabl-
Improvement. Most present swimmer watches leak when subjected to hyd.ostatlc I
prcssure. (iS.03, IS.05; 15.04)

59. A small. @turd,. lumilnois-dial c.LpasLs. operable to depths up to
ZOO feet and when inclined as much as 30, and rtgigly attached to the swimmer, s
face mask where he cia watch it rontinuously when necessary, is needed to aid
swimmer rr.vntot.a. (IS.05)

60. Development o self-recordlng devices for meisuring bottom depth and
"distanes would increase the speed 1-W accuracy of swimmer reconnalssance.
1(5.")6

61. Both mechanical and scoustie method* of automatic bottom survey-
!lehadld be Investigated. (l .081

e4. Underwuaer swimmers change depth frequently and unexpectedly. An
"ansol computer" tyW C4 depth puW which would simulate the inerchange of inert
pass between the blood and the tissues might greatly aid ii controlling oecom-
presso.on to avoid the damage of bends mad alow mniximum tUne submerged. Re-
seaIch aid development leading to in analog computer type of depth gauge ahould
be Initiated. (IS. 07)

63. Development of devices for measuring beach trafflcabiltty to not war-
r because the sampling errors would tw too large. instead. UDT's should
raceve more rsiiadag in estimating beach trafticbility. (04. 01; 15.09)

Countermeasures

64. Cvintermessuresagaintst undoe -water swimmers have been practiced

in slmp.s form but U. b. forces do not have availhble the knowledge to mount
a round-the-clock defense of harbors and or.+.ihored fleet elements sgainst a
grou nt determined swlnmmera. The reed esrits for intensified systematic
research sad development in this field.
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03.00 PHYSIILOGICAL PROBLEMS .
Underwater swimming and diving with self contained underwater breathing

apparatus (SCL LA) is subject to certain physiologlcal limitations which vary in
relative im.',ftance In different diving tPsks and 1-hnliques. Moat of these :imita-
tions are predictable and therefore avoidable when established restrictions are
adhered to. &W when diving education and training are adeepinto Under these con-
dItions. unuarwater awimming Is a retatively safe operation. This Is indicated
by the rartt. of serious accidents in UDT training programe aid ops-atonal mis -
sione during and since World War It.

The major problems of self contained diving are essentially similar to those
of deep sea diving. They are relased to the physical effects cf exposure to great
changes in hydrowstic pressure, or to the pi-yeialoogcal effects of respiratory
gasee under incresed partial pressure and wil be discussed under these headings.
Another cles of difficulties bears no distinct relation to diving depth v'id will be dis-
cussed•s•psatel.y Considered in this categ•or are troubles due to equipment
faire, lrv. -.o ur to low or high water temperatures, physical exhaustion and dan-
gers imrodui4.4 by wurtne Wie.

03.01 Presvure Effects

Squese - Scaiese may occus if a few simple precautions are not observed
during & It to due to the effect of increasing external pressure upon the ears
san sindses, tk. fAco plate or the swim suit tmcompensated by &n equal increase
in pressure fmrn.- wi: an. The incidence of squeese ts low. It is recutinued by
beginning Itia in the ears and sinus areas, or by a feeling of tightness within the
face cowvueai usually within t:e first ,.w Noet of descent. This pressure lifferential,

decreases with increased depth. FAce &%uee so can easily be prevented by ehaling in.-
to the face plate. Equaliatti of the internal ear pressure can be accomplished in
several ways. The most effective method Is to close the noss and mosth and force

S air toto the back of the throat. Deliberate yawning may help if mouth place is not
buing used. PreluntnwTy iltlon of the ears just before entertng the water to very
helpful and should %e practiced rAuti•ly. The swimmer with an acute head cold or
""t-ast inection should not enter the water. If pain does occur at any depth the
siimmer shotuld s•cend a few feet before agin trying to readjust the Internol pres-

Soeriots cuwequernles of squoeeae are uss.oly. Nosebleed. hemorrhage in

the conjuiscliva. sinuses or middle e*r, and ruptured eardr•ams cun occur if the
symptoms are Ignord m ad Aubelquent complicatinS usually prevent swimmingi

# for a week or two.

Avuen,L•Iltrn. '.f a man holds his breath ostoring masent the air in his Ihane
rap 'ly eype-ids ad. by overdistension, insy tear the lung tissues ".jowing sit

0 This term ds celiberately employed in a wider 4es ae '. -as usual to cover Ql1 .'.-
stances of aum ompemoatd presus e..
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to be forced into his pulmonary .,lood vessels. This injury c:.n eer~ar oft ascent
irom even shallow depths. The .gcider~ce is very low, particularly among well
trainei Samid experienced swlzrimers. in the Pxienntve open sea "elf contained
diving since World War U~n. cases of seroembolism are known to have occured.
It can almost always be prevented 4y mainta... A4g relaxed respiration upon ascent and .
avoiding breath holding. Because the disorder forces air bubbles Ugoo the blood

* stream it at47 be serious. rsulting in convulsions, pain. paralysis. reflex spasms,
* ~Or even death. Treatment involves immediate recomnpression in a pressure chau.-.5'.

Relief Of sympoGms is to be expecte:1, if the duration sand severity of symptomns is anot
great.

03.08 Effects of Breathing Respiratory Gases Under Increased Pressure

Narcosis. Like most inert geese. nitr ogen in Wi or N - 0 mixturses
breathed atTQ;mhlit pressure can decrease ment. al lri%+. lAýa judgment
anM produce poor muscle coordination in a manner similar to that found in aucohol
lntouticalion. The narcotic effsect is related to the partial pressure of inspired
aitrogea; It Is therefore a function of depth of diving and the percentage of nitrogen

in the respired gas. Nitrogen narcosis is noot in Itself harmful, but when a1r
(80% mitrogen) is breathed Jes In cspe circuit equipment) at depths below shout

with Performance sad predispose to accident. Tin narcotic effects increase pro-
gressively with depth antUl at aouot 294.300 feet e*ea routine task* become ex-
tremely difficult. As is the drinking of alcohol. personality, motivation. anid
training is a specific task account; for the different reactions among different ;iaon.

nothode.d deep sea diving narcosis cs~a be reduced by subsiltutias of
helium for aitrogen. Unfortunately, as deep dives at short duratios. typical or
underwater swimming. 161e use 0 helium in placeOf a ntroge Increases the dec~om-
pression time required to avoid bends. ntocr o

Doemreshmsickness or bends DOsoolved nitrogen In the blood and

eneept daring rapid changes from greaft- to lesser pressures. The diasolved

askrngm will caems out of solvUtio and farm bubble@ In the blood and other tisuses
* -'Is the seans way that bubble@ are formed In carbonated beverages when they are

dacomproeaed byremoeval of the cork. Nitrogen which comes Old cc 9olisonUmUFAqr
OWNhes C*Mfdithe.0 form fltficletly large 4001 MAMerOUS bubbles to cause abetru. f
HiM to blood flow Is small vessels. pal-aul distention of tnons Joitt tissues.
muscles, old scare. fractures. etc. If the ascent is a ficient~la lwthe excess
ait.ri.n will he harmlessl eliminated by the Iug and bends ocu.Io
ech depth dow to I3 Jf Ht there to a diving duration which can be accomplished

winot as"ee for desempressals other then tha& accomplished by normal .8cent
rate. The danger al bends during decompression to Increased hy exposure to, greater
depths, by exposure ove longer periods of tim~e. and by Son rapid asent. Therg

is lJune tendency for beods on dive@ loes than I-t ' even while breathing air.
e. if do spir diving to to he performed using air, olw.. andi reguAted 0400111 rust be

"crrtied VA hsUWOe ~sotmrt aea otvgssay wihwl
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prcV.doe not only- ur the p. nod of wc-k at depth, but also for the p-'riod of.-,low
dec-r pressioo as he returns to 'he surface. Navy Jec 3mpreissiontoeshul
be strictly observed in regulating Uecompression. j 4 i Pain evok,!d by too i apil
accent can Wi eliminated by redescent or recomipression Lin a chamber if available.
This increate in press-
ure will forc* the bub- 24___________________blcs back into solution.
It thei'e are no lasting
effects caused by the pro-
vious existence of the
bubbles, and if subse-
quent return to the our-
face is graded properly
recovery will be immed-
iate and complete. It in
interesting to note that
the French have develop- -

ed special undlerwater
swimmer decompression
tables, characterized
mainly by "factors" for
repetitive dives an the
same day, 16 1 The valid-
ity of theme has not yet
been checked in this
country but perhaps they
might serve as a tametiog
point far extension or
specialization og Standard
Table* to fit the special-
toad requiremntsat of

underwater swimmers.

An extension of
diving depth and/or diar--
i~tioa beyand tVtt feasiblej
with air cam be accomn-
plished by the use of other
gas mixltures. in which the
pere~ntage of nitrogen it#
lower than in air to dllft
the nitrogen inhaled. Fig. I Field resesreim on problems of underwater
Much research is n-edo d swimmers to an nhga~morous parsuit.
along 0,0eW lilwo

Oxylen tozicity. Pure oxygen cannot be breiA1*td inatefit tly at pressures
greater Uthan atmospheric. Fall*%n a masaf prlerl di. .ia become~s shorter aso div-
ing depth iftessee. symwiome of oxygen toxa'ltv c-&u.. Theme include 4-volr.dtsry
fine twitcktes around the eyes mand mouth that later extend to include larget muscle
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groups includinig the hiaphragm, causing abruptness of uisplirtiOn. Anxliety, and
apprehension may occur and sourr' times loss uf listeeal visual fields and ringing
in ears Tnese preliminary sy'nploms are followed by genes-si convulsions and
unconsciousness. These can be avoided by not exceeding th. safe depth-time
relatiU.shipa for pure oxygen bre.. ttung. 71. cet of oxygen poisoning ca;i
usually be arrested by inhaling a few breaths of a gan, mixture with a high pro-

porionat itrge orothr sor ga. vrmae afer ffetsfrom oxygen oi

The asi phsioogial echaismof xygn pisoingand the effects of
oxygen at depths from 15 to 60 feet, and greater, are subjects that require much
more study. since oxygen poisoning in the major factor limiting diving depth and
duratio, with mixed gas as well as pure oxygen apparatus.

03.03 Equipment Failure

Resirtoryblochae. The most obvious problem Is severe interference
with breathigfrom man1j -o.. 1t should not occur in properly designed
apparatus. If the swimmer Is completely familiar with the equipment and does
not panic, he will usually have time to Initiate remedial measures or to surface
if necessary.

Carbon dioxide excees. CO excvss is a possibility wherever carbunt -"ixide
absorbing cosilstere are used ofrwiers. because apparatus design doces not reduce
apparatus dessispace. sorts carbon dioxide is "e-ladmaled. The chief symptoms.
which furnish ample was ning to Gs alind men, are increased effort ci* breatting, a
sense of breathlsesness ad headache Unheeded warning may ressut in exhatention
and untonerlnmswas 'rho incidence to low, Ammueming that thse #Ioelgis M~ $1. Prppr-
atus is utsqimte for the purpose for which it is used. prevention is accomplished
by using fresh soda lime with each dive, correct canister loading. and care in
beeping the soda lime dry.

Anoxia. Anonia ans occur it large amounts of nitogen are present in the
rebreatbingbags of closed or semi-closed circuit rebreathing apparatus and the
nxygru supply fails or become* exhausted. The onset of anomsa is freauently, acnom-
passed by a feeling of elation and well being which Is so deceiving as to be difficult
to recognise eve. by experienced swimmiers. The man usually loses consciousness
whithout warning In pure oxygen rebreathing units, this ran only occur through an
error in the divorle technique (poor nitrogen elimintatlon sand should be completely
prevenstable by training. Where nsitrogen is Intensionally used in the breathing mix-
turv, ensoxia can rseult frous snecasnacal failure of it.e apparatus or exhessetton of
the 6ee supply.

03.04 Eshsueimi

A limiting fautor in the execution oo a usalnj. m will frequent 1 ae 6xcessive
tatigue ad the swimmer rather than any ad the factors mentioned abo-P. A man can
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prad.'e an output of rougt~ly 0. 3 to 0. 6 horsepower for several hojur_, providing .I
that he is cornfortiioly warmn, does not Attempt work heyond his ability, ýajj is not
handicapped by reepiratcry fatigue due to resistance to breathing. rectors to be
borne in~mite when analyzing the causes of fatigue in swiimmer* follow.

Thermal exhaustion. the underwater swirmeur is extremely sensitive to
moderate changes In water temperature in both directip.as because water is a
much better heat conductor than air. At prea.'t tnere is no equipment to protect
a man against moderately warm water. Heat prostration mav occur during exercise
in water around 861F. and at rest in water .arund 46*P

A much commoner atresi' is water colder than 651 to 721F. Many types
of clothing have been devised to protect against cold water. Unfortunately most

have obvious handlea" such as loss of protection when wet inside, limitation ofmotion, squeeze and chafing at depths, marked buoyancy chances at depth and
lack of a mechanism to rid oneself of sweat and excrete. It would seem imperative
to look for a radi-sia change in thinking about cuit material. Recent preliminary
"stuie with a wet foam plastic suit are most pronijinag and encouraging. (06.04)
More such studios are in order.

______A

Work exhaustion, Often a man may mwed help either during or after a mis-
mione due t-o fat-igue-w. Exaag~plss are inability to climb into a boat or raft, to enter '

a submarine ,~t-r a misso~n or to remain afloat when surfaced. This suggests

at least two precautions: 1) to have available moe-fatigued sasociales at the endat a mission and ZI to have ava~lasble an easily inflatable bladder or life jacket thatwill keep the swimmer comnfortably afloat at east.

Respiratory exhaustion. Resistantce to underwater breathing has faux com-
ponents: 1) airwiny resistance cammed by valves, length and diameter of tub~ng. and
poseihly Inertial factors due to the density of the Inspired gas aL Increased depth.
Z) hydrostatic resistance caused by the difference in pressurv;etwusa lieeU levvl
of the swimmer's center of breathing (most commonly believed to be st the bottom
of his thiwxet) and the level of the inlet or demand valve; 3) inartial resistance in-
traduced by the inertia of water which must be displaced during respiratory move-

mreats of the chest; and 4) miscellaneous factorb such as the resistance of breathing
b.'q fabric to inflation and deflation.

43. 05 Miscellasneou Problems

Otitis externa. Infections of the external ear canal may occur. The tmci-
doen th4isdiorder is fairly frequent. It is not serious hut is inicapacitatizag
because the swimmer should nut put his head underie sate until the infection is
Loinpletely healed. A few drops of an alcohol solution or other drying agent put Inthe ears after diving will help dry the canals and prevent infection.

w)rifrom maýrire anima]s The underwatcr swimmer oppsrwn.*Iy has as
'much tear fro invertebrate ani~nals such rns bar,.L .:. . coral. jollyfisa and sea
urchins, as from vertebrates such as shsarks, barraw'uWilv andt seal, althotiq. Mi iray
sale wila bite -aeel Itm"ae , aswilifitawudifsopdu-a h
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tnvertebrates cause lacerations stings and punctures when thi swimmer brushes
against them. These wounds may become infectee and usually pre"ltU swimming
until healed The incidesce is low d proper precautions are taken. Except perhaps
"for a vary large jellyfish these inju..ies do not incapacitate a swimmer but a. large
conceatratloau of Jellyfish would constitute s- 4riou operatio &I hazard.

Dangr, fe -on rtarine flora. The swimmer should vnia becomal•ntefitaf-
led i kelp or eelgrase. Generally the swimmer can ease" his way cat kelp

but the po=sblity o such emanglement serves to emphasse the need to carry a
knife at all times end the importance ot the budd) system in readtzr:-g sssistance
to the victim.

03. 06 Avoidance of Umdrsater Swumming Hazards

7mneofar s an factors are concerned, the best precautione against the

dangers Involved in diving are: proper selection of healthy, educated. Intelligent

man of stable character, proper training in accordance with the principles set
forth herein, and imteUliget adheresce to established doctrine.

03.07 Conlusuons and Recemmesdations

1. Coatime field and lorabtor7 study c signiflcan physiological aspect&
CC cu'rently conceived underwater swimming activities. Those should Include
laws ttato6n at work rate. work efficlency. oxygen consumption and ventlation
in order to facilitate deson and eveluation 0 required breathing equipment.

A. Adve and ezpand research on the altered dynamncs of blood circulation
duaring submerenCe. particularly as thin applies to rapid changes ia anntude under-
weor.

3. nidtiate study of physiological effsets of prolonged breathog saiat eb-
normally kl resistance. bo lath mpastoty adn eupiratory.2 4. Ca e tudy 01W o the innussnee at nitrogen narcosis on himamn perfosma'ice.

SS. nU.e lia•lbonoy studies "1 oxYgen breathi in me im at cmnstruct.
togu "dl table relstng durat•o 0 oyi breathingto ozyge, tolerance under vaio
condtljas 01ddepth, work., Inspired inert gases. 0nepired carbon dioude, temperat:re
end physical coudlion.

6. Contii reosearo is aitempt to determine basie mecha d onf syg,

7. Imlfte investigation of incidence WWd time 01 onev* of Ozyge petsonlin As
at depths less than 60 feet. obtaining specific iviormstlon concerning Influence c

small anouts 01d carbas dloside, ezertion, ansfov co€d 8-4 other eslticaunt
facto". Stud to imelude significance of so-€ca,.f ' mUd" or "worming ev.iptoms.

N. taotiat or contiane reserch 0n specific medical pr#*lem arising in
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underwater swimming. i e.. prevention and management of fungus snectlon, treat-
ment of contact %i~h hsrmfidl animal an~d vegetable life. etc.

9. lu tttato study of decompression problems peculiar to underwater swim-

ming. including methods of applying standard decompression tables to these activi-
ties. which often involve multiple change ain dept~h darrlng a single dive.

04.00 SELZCTTON AND TUAaINING

04. 01 Selection

There are as yet no generally accepted principles to govern the physical
and psychological selection at underwater awtaimmers. Since swimming demandsI
a c~ontinued bodily exertion comparablet to running. it is obvious that a candidate
should be in id st-ite cat genera~l good health and be in prime phvelcal condition.
A'ny history or evidence an complete physical examination of chromlc respiratory
or cardiovascular disorder ahould disqualify a persona from this activity. Middle
ear disease, exaggerated susceptibility to motion sickness, or nbuitility to clear
the earn is similarly disqualifying. Exaggerated vasmeotior response to cold, or

other nuanieetation of unusuO sensitivity to cold water expoeure also ought to be
eliminative. Fear of the water excessive tear of the dark, claustrophobia, gen-I
eral apprehensiveiness or excttab~iliy. foolhorldineae. or a teniency to take incon-
sidered risks -- should bar a niaa from underwater swimming.

At proeest, the Navyr Urlerwater Demolition Teams accept only vowunteurs
sand consder this to be en emeantial factor in .heir succesa. UDT'a must qutalify
in the standrd physical examination for' deep-sea, divers. The early stages of
their training are orgeaaisd to acres. net those men who are unable to take the
rigors a ciwfflcult aperstirnsi. 11w UDT volunteer undergoes a "Hol Week" when
he is awakened at a boadhrsi, takes long. force swimis, hikes and portages. dur-
Lag which explosives are frequenily set off nearby. AU candidates for LUDT are
exposed to pressure equivalent to a dept of lI 1 feet of waiter in a recompression
chamber, andl they must deuuonaate an ability to equaltse Ineir earn to this pnes-
sure ctange; they are aila. tested for their oxygen tolerance. fbr which pur pose T
they are kept at reet at a simulated depth of 60 seet for 30 mianiee while breathing
o#*.. ge. Elecause the UDT men may be called up=n to pe form eolitary and diftl-
cult missiomas in straso e w re.s the UDT applicrAt ashuld have a menital ability at
leasst as a per with ~that ofeuabarite aml div Ing pemsonnl.

It Is te expert knemofs a bmarimo inedtoel officers tat own with low alcohol
tolerance, or small menlial staturet are eepecialy eusceptible to the drusksetee
causen by high pressure nitrogen. The more mature, serious miund" Imlaofival V

We to overcome the ffects of nitrogen under high proessure by determination and
will, ands can perform .seful. work at greater depths.

* Good swtmmers learn underwater techniques ra~utidly w4aa-dmoaril y have a
high degree of cmdiseice in the watc r. At presenat it - . . necessary that the
u~acerwoter ewwmeor be ablel to swim long distasco.e Re;, tle~mes deman.1 an
ability to swim 300 yards Is ieee t-an IS minutes using at least three satndard
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muriace swlmr�iL�g strokes.

04.OZ Tra�ziing

The primary training Objct.'e ir. wmi.�.-p$er swimming Is to provide the
swimmer with the necessary Information. skill and experience to enable him to
operate safely and effa�.aeml� in this new and wifamijiar envlruuanuail to which he
Is not naturally adapted. Only after he has been thus trained can one prolhtably
consider his further training for the swysral specific mlisions for which the under-
water swimmer 15 unIquely qualM led.

The would-be undemter man must first fulfill the selection requirements
descrIbed above. After it has been determined that he Is physically mad mentally
qualified to undertake underwater work he must demonstrate a reasoasble swim-
ming ability and begin training to perfect his swimming caps.cltles. It is suggested
that more attentioa be paid to swimming form, synchroniaed breathing. and per-
fected underwater propulsIon techniques with an emphasis on maximum speed and
endurance in the water. WhUe mastering thee, skills, the undcrwmier swimmer
should learn the essential. of diving physiolow. Existing documents and training
films are adequate for teaching the essen�tals to future deeo sea divere but new
material should be rresred to meet the special needs 04 the free swimuming under-
water man.

The swimmor should he well Izidectrinatse in the use 04 the face mash, fins,

and the techniques 04 skin diving. Particular ettentlon should be paid to ihe �revsn-
tion 04 air embolism, how to 'pap" the eare. hy�erveMUat&an and breath-holding
for a relatively extendEd period. Having dsmonatrated coafldence and skill In ths

water, I.e caitoijate ma�' start le�ning the use 04 SCUBA. As in the basic step..
care muast be tekee to build up confldemee, beginning with dry drills, .�ans in the
comfort end safety �E th. swimming pooi. and then in cabn, clear, open sea areas,
�efore going to cold, rough, dark, and deep advanced operatIc... The swimmer
should receive inetructiom relating to safe underwater practices at every stage
in his training. to the end that he succeeds in developing an ability to dominate
emergenciss by habit.

At this poim the trainee can be considered an underwater swimmer
bat what are the qualifications 04 an undsra atar swImmer� As yet there are no
formal qualifications lot mierwater swimmere that are comparable to the deep
sea diver ratin 04 second class, first line, and master dIver. ft is recommend-
ad that careful study be given the scale 04 abIlIties 04 underwater swiwnmnere with
aim La mind 04 drawIng up quallflcatloae for different levels 04 abilIty, and makiag
eu�gestlams fcr roquallfications procedures. Onra an underwater swurner is
quaLfied, be can thee be trained in a number o nthe, skWe to perform many untar-
water mlasims. As a mailer tat ,,es..ai l.aas.ll�e, t!l.se subjects are usuaty taught
concurrently. It is empt..aalaed here th&i underwater swimming compones a bod�*
04 knowledge 04 Itself and that performance crit,' . cui ri-iRa, training materials
and the like at. needed in order to formallse uinpr. 'ml training procedures

Present UDT training curricula vary among the lesms and eveo between

CONFIDFNTIAi.,
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successive riases. Instructor turnover and the absence of standa.,ýK uf perform'
once contribute to the variations. Trere is as yet no establihed patter., fk-r the
"tra.iing of L'D'r,s in the additional sk..s of explosive ordnance disposal, guerrilla
operations, etc. Training methods And organUsationsr Jiffe, betweei the East and
West Coast Ui) Teams. West Coast underwater demolition men receive tl'elr basic
training in a scnool designed for the put ,;." and ,.. then sent to the teams for
advanced and on-the-joh tfaining. On the East Coast the entire training cf the
neophyte is sccomplilhed by the teams themselves. Of ccuree training shouid Le
continuous throughout the man's naval career, but the present underwater demoli-
tion man spends most of his tour of duty in training before he is considered thor-
ovghly qualified for surface operational missions. This is even more serious in
the case of submerged operations (SubO(s) personnel, for they take longer to train.
World War U experience indicates 3-4 nmonths ia required. Training facUlties vary.
between the two coasts. West Coast teams have jasy access to a swimming pool
and the ucean is within walking distance of their headquarters, but they must put
up with the relatively cool. not too clear waters ot Southern California: T"e
East Coast team@ need auto transportation to reach sea water which is warm in

,* summer, cold in winter, and always soerewhst murky; they must travel to a nearby
naval installation for scheduled use of a pool. During the winter season their ad-
vanced and submnrged operations training is corducted in St. Thomas, Virgin

* Islands, where the warm. clear, calm waters provide ideal evimiming conditions.

UDTs send wen to Explosive Ordnace Disposal and Diving Schools for
special training. conversely, other underwater units send their men to the UDTI
for underwatcr swimming training.

Once the underwater swimmer is trained and in proper physieal condition
• . a new problem ari-se -- how to maintain him in good physical condition. .At his

* home bas., the problem is relatively simple compored to that existing during long
. periods of transport in submarines or surface craft. More information is ndede,

concerning the-best regime d exercises to maintaLn good swimming condition in a
restricted and cramped enviroment.

04.03 SUMestd Safety Precavuln

" Mtn, properly equipped and trained, can operate efficiently and safely in
*"their fortL-gn und'rwater environment to which they are not natu-aliy adapted --

but in order to do so, they must be familiar with the rules imposed on then', by
this new medium and by their own physiological and psychological limitations. Ai
with training curricula, there are no stladas dised safety precautions designed
specifically for the guidance of SCUBA equipped underwater swimmera. An attempt
to f6r' utste iuch utlee was made by the Palmis ae hoe Cooperative Underwater

S" Swimmers Project in San Diego during the rest sutnoer. .]

Wnuhie not carrying the full endorsement of the Panel, theec rules are pre-
sentod here to give the reader a more complete undrstanding of some ot the primary
aspects of wuderwater swimming end of ways in wh>-. me no the dangers afherent
Sin underwater swimming can be minimixed. P-*:ha-,e ,a -"q rules wili seem reatric-
tive w*es compared to the erpici's of some of the expe Le in undsrwater # wimmung

•6 ~ ~ l~ N11 - 1•,T .4
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but they are written for that rnyh*ical being. the average as"anier. Foe convefl
Itflce they are divided into groupP. tt~oee relat~ig to the swtmmej- aerUoonlily. h115

*"pment. the art of swlimming underwater', and the dive or operation. !-

SUGG)ZSI7O SAFFTY 9PRZCAUTIONSO

for use with
Self Contained Underwater Brc~Uiing Apparatus

I.TeSwimmer

A. Musat be payehologtca~ll and physically fit.

1. Must pass a complete phyeicri exam~ia-tion whir~h places wee-
isa emphasis on the heart. lungs, ears, nose and throat. A
history of slinus or reapiratory ailments should alm"ms always
diequalify an underwater swimtber.

A. Muset pa@3 periodic (perhaps soml-winual) check upe. again with
particular emphasis an the heart and respiratory eyetams.

3. Must "ted o.k." -- i.e.. must not dive. nor be penalized for
ntdiving --hes seriously desiring not to.

i-W -4. Must und dive otter exceesive drinking of alcohol until well
reusted end ill effects have paaaed.

S. 3homul be well rented (uuually S hours sleep the night before
O~tw.end %01qg posiblbe. should be permitted to i tt after the

6.It is higly deetrable that the dtver be "tasehape". Regular eCa-
oerises at rnninag and skin diving have been foind to be good
cosoittmmers (Or underwater swimmers.

1. Muet like to dive. Underwralor swimming should deflnitiy be. a
r'oluakeer activity. A seaxonabiy reliable tent of this Is for thie

new sqigmmer to dive a taw tUnes with en expertenced diver wt,,
cam usually tell it the P%. ýmier is enjoying himselif underwater

4.Me r whether he has 20O c A.hr motivation (or diving.

bU e tkOrONOiY 41alified bafore being permitted to dive. Showild tv.

and acqluaiated with the use of iecoMpression tables..

; Un-Classfe with respect to security information.

CONFIflET,.~
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z. rhorougrhly trained in the usne ef his specific equipiner.t :Even
the experienced diver netdo to "check-out' on a new device be-
fore being permitted to dive with it.'

3. Trained in overcom..., •,irgency .t.uations e. g.. i-Anning out
of breathui. itas. lose of buoyancy control, nuoded equipment,
loss of sen - of direction, entanglement in marine growth or
underwater objects. etc.

4. Famtliar with diving birnIs.

a. Hand signals

Il) Visual

(2) Rope pulls

b. Sound sigals

!1. Swimmer's Personal Equipmeat

A. Mutg always be in firrt irr. oc-riating condition.

1. Schedulels ahf, 5 be Set a.p fot inspection at

a. Regulators, valves. homes, masks. etc.

b. Cylinder*, cainisters. ~aug0, etc.

c. Harnese. vests, belts. etc.

A. Swimmer moot persosnUy cheik operationand positton of sup-
ply vilves, reserve supply lines, and operating controls. ims
mediately before or.-itng w..r.

3. Prior tW entering water, swimmer should check s&lI at mask,

4. Swimmer shol4d determine proper additional weight required
for neutrali buoyancy when -intring aplparatusl.

S. All equipment should be washed in fresh water sad properly
@iored on the completion of the die.

Ui. addition to the SCUBA, it is highly t4esirsble thn't the minimum per-
sonai esquiuimeet worn by the swimmer i ,

I. Swim fins qi col,..sct site (I pair fur ,:.ji I patr for sut .)

a. CONFIDENTIAL
I
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A. Belt with knd-. (Note: slip-hitches for aU1 atrapsa

3. Belt and weights for buoyancy control.

4. Wrist watch

S. Depth games

6. xpoem r sun in wsters colder tha 6041.

7. tRoievilag iward on face mask (it separsae).

C. The swimmer may also delire to wear. or carrr.

h. Compass

Z. Plartic sltte and pencil for recordinR lnstructioms or observa-

ticns. -

3. Special e*qsipent for the .-nsion. such as fuse pullers. tools.
Set.

4. Underar me cod water. htw where an emposure amaia not

S. Coral aboso and gloves wha working %a bottom nr when *merg-
imam shoe .

4. Wesr a nows clip but W recomemided.

D. The swimmer ab havw savilable warm dry cloths* to pit as after

B. The swimmer abashomen

1. Wear ear plugs

A. Wear put"e

m. Canre ed Leosdig at Cyliders

A. NeMwr fill cyUllders beyqd raed pressure.

1. Set up periodic Izpectits of cylinders fnr No01oa. utraina. tte

a. Never t 01 In air W CU1BA %*•wre .: ou ceomlig in contct
with O wuner prees e.

3. Perlodically tnspect compressors and fUtfre for .ontamiatson

19 •ON IrlDENTLV'

".. - . 'O * - - - -. i -



CONF !DENT AL

UNDERWATEhI SWIMMERS-- 4

o air supply.

4. Stow cylinders a os to avoid posLibiLity d. falling. or receiv-
ing shocks o any kine. Same for cylinders in transit or use. I

B. Always use correct lsze wrenches on Ali fitting., and never force them.

C. Periodically calibrate gauge* used for pressure measurements. Avoid
oil in oxygen gauge*.

IV. Underwater Swimming

* A. An underwater stwmmer shourd never swim alone, but always be accom-
ponised by a "buddy". Buddies must have confidence in esch other's

abil. Day -* visual range. Mote: ia shallow clear water the buddy
* "may be a surface swimmer. or a man in a boat. )

Z. Night -- or reduced visbility -- use a buddy line 146, to 10' long).

B. The use o a floetation bag and line is highly desimrble where It will
nat interfere with tis op-ration. ".)angroue operoatlos may even re-
quite the use at a afet7y line.

C. Neverd#rh the SCUBA undemter waes"e allelee .ifushmld fail. afree
"ascerd maybe made. If theSCUBA iaspoeitivebuoyancy( as in breathing lig
typwo) keeP iteam, vie it top 'iportinf surfer#,; linegative. ditchIt.

D. Always keep breathing while underwater, particularly on ascelt when
t . danger o( air emboliem exsUte. Excessive breath . can also
reesut is shrtness of bread, sad evontually headache and rnusea from

a COX accumulation.[ X. The swimmer hebld adjust buoyancy to slight positive when fully labaled.

Sineo go& to lost in ope circuit apparatus positive buoyancy Increases
throughout the dive. It may be doeSrable to pick up a few rocks from
he bttim s to maintain piLa.um buoyancy.

jr. Swimmers rote at asceM shald be leisurely and never forced.
Thumb Rule: Never pass your emall bubbles oa asLoet.

G. A diver must knt' how much breithing na Ls In his .SCUDA. sad his
.. own use-rate at the depth he in to oyrat, A m-arvg of safety should

he applied in calculating the limtning time for the dive.

,H. Duri• g deseet. it ears do not squsllse a. r, c descent. asm nd a few

Tcgt and attemnt to cIear e•utachian t bblcW d'o. If the ear: *anqot
7I
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be equaiised. the di--er should not coninue to dowcend.

!. Uney-.-- wM-ua will Meet uniQue lituatioma which often cannot
be anticipated. There i&som cause for pain.. wasm confronted with
MeW situatlonm or dinvger. the di-or should "la and think his way out :

Go it. far his Itilactsam aredo always reliable in the wait esvr *nvmett.4

J. Whenma swimmer imeso visual contact with his swim buddy, Ilsten first
for his breaoking mat". then signal by ban"in on battles. or pieces
*I metal. 9 sa located -- alulC..

* K. Before descesodiag the swimmer should check, all his apparatus whem
immedimatly below the surf ace. signal his buddy, and If neceasary -

watfor him then obtain permission ol the surface man in charge at
the divet submerge.

T. Ptemagof aUM Cmntrouisg the Underwaetr Swim

A. Go@as pply. doemepresela. time. temperature. and fatigus are the can-
trolling IA toreis t the dive. and anot the amount at work is be done.

M.A ell time 8 is highly desirable to have an extra "stand-by" SCUBA
available th aed*"ece. %Iw the need for deccmpreseks is a pos-
aibility 1t is numandaiy to have am extra uani along ta doe event the
swimmers .~a outE air during decompression.

*C. SwImsmere mast be familiar with the decompression tables, amd be
inal W r U Um~~ma ofeach spec*ilo Alve. Whcaever ose088 .

the dive should be limitled so as to avoid the 'ieee for deLomprossion
maere &lawe.

D.Wheat dwesmpres~elaeesmee as n acry. end wh.otter deo, p too

the wartas" to the deeompresebas depth for the swimmere. In the event
a wimmner sabsuld rum eAt of ai while decompresigf Masher unit can

be tabem dews to him, or. is I m"egecies Ohe diver can surface. gab
a CUMA (do 00 Ihee time to don it, or datch thes empt 0.1 and imnmedt. -

hNMA borfrsfe gsproper do"t:.preaala depth.

X. A qaslished - ha be As charge 01 the dive es the eurifte nd roe.
~ for celcy 01 wimms.. I he igna s hawunmere to

Ouresse *F, ama do se &mumsilaiely, beet at a I aseaeate rate of as -
reaw n wh deemprO~ewee r"Otr"Oct t~we applicable. Rcgrd. ..66

Az: o ran* or pseoliti. a submerged swimmer slaomWl ran be is charge
doe sfatium allwe &MW"0 disebv I' orter UA the Me whe is.
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04.(14 Concluslons and Recommeodatione

I There exists no formal body of knowledge on the art at underwater swim-

ming. and et.,ndards ot performance for underwater awunmers are urnknown. As

a result, the training of swimmers varies from place to place and from tiff., to
time, and the princilpes of selsctiom of nion for swu1,mtng tasks have only an em-
pirical basis.

,. Performance criteria for underwater swimming should be developed.

3. After these criteria are developed, a series of qualifications for differ-

eant levels of underwater swimming Ability should be established.

4. Only when It is clear what a swinmer can and should do, can standard-

tied curricula be developed, instructors coasiestently indoctrinated, and adequate
training matertil ad lcalities provided.

S. Training facilities, texts, and material aide are inadequate. Studies
should be initiated toward desigpig and doeloing standardized training procedures
tailored to the partictlar nee"d o underwater swimmers.

6. Further stud) should be gives the questions at the best location for
efficiest sad safe treaiing of uderwater swimmers, end whether swimming should
be taught seraotely from the specific skills needed for reconnaissance, demoll- I
tion, ordnace disposal, siubm rgsd attacks es shipping, and other miesions.

as. 00 EFFECTS OF UNDERWATER BLAST

Underalt~r blast constituteo an impoetat problem to the swimmer be-
cause eaploee ewwry La trUsmmited very effcinlnUy by water. A man who would
be unharmed I-y a air explosion of o hand genade at IS feet distance, provdig I
be to aot of direct line ot the shrapsel, would undoubtedly be killed outright or die 3
subseq4atUy a a result at blast inJury when a siamiar cbalge is exploded at the
same dimnce underwater. Any swimmer may iaadverteniy be submerpd when

a charge Ls set off, and iS warfar, military swimmers may be requl-*d to swim
pt tet clsOe is toward a target as possible, even in the face ao countermeasure ex*
plosions. Twom pra.,tiral nuestioe tUwe prosont temoeslyes: at What 41tMnce Jtea

given etis of charge likely to be dangerous and with w.ut shockwave buffer neck-

anism may the swimmer be provided?

Eve. though tie actual maentsm ao damage to tiesuee i not clear, we can
employ the well est.bllshod thUsry of underwater ex, loeions to obtain exprvession
for the distances at which different site cherows will produce comparable effects
in deep water. The followiun brief discussien draws freely on Cole's book. U,.Mlr
water KPloel1on. (1)1 and on eraimas,' report am this subject to tht- Panel on-Trndr-
water Swimmerd 1161 I

When in eaploelve Is detonated underwater tr,, rr."1liy expanding gooes ria-
*rate 8 pressure disturbance whic,. travels Outward as a shock wave with a snarp
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(rm By the tlime this sok- W4the swimmrer It is ang ata velocity

zoA resed to the spa" f &un. Iwater, g . 9..dialin rm ft.u per @*oed.a 0 1w
prexgeethe sho rirtote hck wave arrivaronll;fe ho smudhe of IaO sec eegrte moentar

poeshr effects may hea grat ienog toa caurseatisei damsaghel. Therear tue-
wave soc trtesultin hrod esuaciaw zus IN- Seeat haubbale podmeb the ae isxi-

l sion but thi prssuaes a"~ a* maoriiei than on-is large. thes MeAeWe
&bock ate andhec poam notid unpohaee with the advac"Lq iec avmdi

A5c rcr ceatiec th e pressur e t n givene disthne :rmthe eaves io shoadiie.
the roor )Apio oO shock wave otrkeea wleral surfce rflcts ale jocersbut i~s

s hiocke~ - therieslco w ave chaase srucha a srmoothhrd Acrtese to e ma w r fcisre.
Thectd ra atmu pasel isml tammed ofro the pniooat 01 i M.Ti reflectio tsodtedsm

Speed as the shock front. Recording a suc.:.seios u( pressures received Just be-
nmbt the surface. one sees normal pressure suceeded- I byv the. shock wave. and
then as the preseere begins to decreae" emponemttsll. there Is a sudden fail in
pressure to coniderably below the nraM value. Noew tOn oxplaosiam thin pros-
Oure redmatie is suficlsal to cause vioieal cavitation. iToe redesd preesure
thereafter iacreesee upseaaftmly empamalsolay toward mutual.

The dumpy to asi underwater swimmosr loe in the fact that within his own
111 haMS minq wfter-air SOufCISM Whici are subject to these preesure-fteflon

phammemafa. -.U long. :@0op 01 jowel cosaialala gas. the sir passages in the
threow ad mouh.OWO air simoos is to thoehed are the princial stes at injury,

due o uidevear epleim.Theperte al the body which ds af coataist air or
*gSM troaMsf the shook wve" practically witha iisawtiss. boome the mas~cies,

bome., liver. beant, sad braft are usually undamtaged. to addition to the else .. i
disisace of the chaug,, mowac stors. including depth ofeileim depth of the
swtsmmer, alshW and eharaster of the bottm, and regrusties d the shock freom
becoe at taw"psa,. w oatieft gradisate. is the water. all markedly effe the
M"ay aM darstim 01 the Pressure dltshin reachin maams swimumer, eM
thereshe 6the doom. 01 we toard.

Abbo most srimsesdere seoww~er that poah preemawe is the dote ruis-
log facter is Maot Sajuey. careful sdex otensive werk Wa tho United lIttgdom 1[..9. 131
isdiclc 0" that the ieo sad energy 4 the ahock wave may bo meoe important

*tam din Peek pesee-uw. DIMi Impl"e "eeaes ~"4q&wtev w ii samrp weig-st
Sand d L4 ileaftae f-em Itoe eplasiom). eh~k pO~h p-rosuO seek 3 al5ppreaimastoly

"as F"5 , hoew Ohe out distance from aSM OPloelca will 106r"Sse aPPOELaukcY
Ofedtfim. as reptidly with MOiSeuM9a hbAP VVl# It Iapusef is She primis& ft..-
ter determisala injury rather thea peeh preeeurp

Dale ms to odajot anw quite lum"wqst. bo6 Itoi fleady z inalered
that even a determined saw emesa seedlems to perste Is an sam is which peak
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blast pressures of approximately .100 pat Ire encouniired. A pieak ble-t pressure-
of 300 -vQ0 pet will probably cause death -lthia' a few mimr.ee. These nuambers
apply to a full'y oubmerged, unprotected, swimirncr. Asaunting that peak pressure
is the factor determining serious aijrwy and deterrence, we can sasily eetsolish
a relation whecagiveedeterreldtand l..th., d'etancca *-.- wide range of -hargss
in deep water. The physical theory of exploeion& leads to an equation for the
peak pressure in pounds per square Inch from a charge o; w putamle of TNT fired
in deep water at a distance d in feet:

p. 2. 16 I i@'V~

This equatio, Is displayed in the form Of a wemogrsph in Fig. Z. if we take Zoo
psi for deterrent, and 300 pat for Lethal pressures,. the equation gtves us:

deterrent a sae in feet. 64 wMiI~be. of TNT)
Wuhat range infeet a 44 wV 1 M5 lb. ofTNT)

Those equaltims =so be 4Gm provisiemlly. At best, they hold for water w~ich
is as ldeast toi asdeep as #14 distafte from exploetom to swimmer, so that sur-
face aet baftom reflect ions ane relatively waimepostaft. In considering counter-
measures. hmwevr. we may safely accept half the distanet given b.- the equations
as the rangie Is which exploseives wiU be qifts effective apiast swimmers.

The iiormatio am deterrent and lethal wdevaour blast as fragmestary
end inconsistest. Much at the work Is tweaidsede beceause It was done in sb#llow Iwer withou preessoe mesaen-umc e. At is of utmost importance, be"h for davel-

-Ipoe as a caimsermeeeures againsit swimmers ased for our owe swimmer dotrine.
to obtain good eaperimena data in deep isothermal water on deterrent mod etho"
distances fr. difereft sised ezpllosi. The Isthm data should be gatherd os

j large mammal~s. i.e.. gusts; muc of the deterrent data cam be obtaisel froet

z3wrimwiabtsl nmaum is alas sweeddm onMeme of preteetlag swimMer
againt eposetwee. Mach dt thi work can be dame by eacloelig blast gauges wt&-
in test materials. Prelimiawry theoreitcal asd 94perimenal work indtcatee that
a umi-osllulsa plastic suit wouild consIderably redace the peak pressure and impulse
received by a swimmaer. Injury to the unprvie-tea undferwater swimamer oCCUrs

p. because the biast wve" psefe wearty undimished f rem the waS.? Lsa the flesh of

the men. The preesere wae pm"Seeeo eremwter to flesh with little lage becaose
*h0 eto materials hae" class to the *soe "sweft~e Impemce. 1. 0..* the saein
product of density times bouse velocity. The transaaltetl pressure wave cast be
maoe much emealer by kAelrpweiaag a layer at material with~ a widely dtfforo..o.t tin
pedence Aprrntimsto calculations can be mL-de by wel-known acouatical theory,

S and give the ratio oftast~e-oltm pressure'4 Otnr at "h impsedafce,
of awater, wod Z& ofthe protective laer.
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Tranamitted pr *our. 4Z .
incident presaurit 7if-

If the protertife layer is foam plastic surh as the neoprene used in the expert-
ment.l "wet" wan. the approximate theory predicts a preasure attenuation by a
factor betwesn 60 and 200, depending on what value is chosen for velocity of
sound in the mnaprene. Unfertunately. there are nn ouwprimental data available
yet to check the correctionsat the"e predictions. The theory probably givea too
optimistic a f4pue. and should not be trusted until experiments are made.

05.01 Conclusioen and Recommendations

1. Underwater blaat injury constitutes a serious potential hazard to under-
water swimmers. In deep Isothermal water there Is danger of injury from a 1 pound
chbarge at distances Ieas than 65 feet. and at leoc than 300 feet from a 100 pound
charge. Sate distances for large charges are uncertain. because it is not known
whether peek bleat pressure or total impulse from the expleion determinas injury.
Research shoult be contmied an the bsic mechanlame of underwater blest injury.

Z. Iagooeks &re likely to be included in enemy cousermeasurea and
thes may mality or deter our underwater swimmer operatioms.

3. Protoetti clotbhag containing air or other cemud-rteflctlng matertal
mglt appreciably acesm the dlimn at wIt~ck an exploisve charge of gives aite
is a seriess basard to a swlimmr.

4. Reeearck aMi development an methode for protection of swimmers
againt blast injury are urgently needed.

S. RelUable experimestal data abAsh be otai an deterrent and ts"
distanced fron explosie charge of d4iffremn ami. UntU more such data arei
awliLable, calculations for caft diatamnes from tcharges seould be Joaidered
tentative.

04.O0 SUTn

We begin this cectics wit the acmamptste that underwater swimmers need

subs prlmarily for protection agoluse cold water. We will no consNder other re-

quirements such as prmtectiom a•aist abresion c- tazxie i lthe water because
culit which gives 1 tics &a" tomperaMtur can be desliged to give come pro-
tectim against theae h-sards. Pratero gads"t eupltOaine Is discuseed briefly
La the sectico as Underwater Blast.

26. 01 Prlciples of Proleeetc. Against Temperature

The f.)Uowng paragraop is based as C. R. Uftama• n.s re'ort to the NRC I
Sympoelum me Underwater Swimimers, December I* .. I 

IIt is possible to calcu~at tfe eppralaete m8atmaum and mlnimum water g
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temperature that a rran can withstand for extended periods. LP.sim onecain

relculate approzxinmtoiy the amou-i ol insulation a man needs i;o waitr of various

temperatures For this purpose us may consider the human body "a a heat-pro-
ducing ,ischins that dos* not opot54* very wet: unlass its templerature is wthin o

combustion of foodstuffs anid it loses heat Iarsc,' by conduction a" radiation. As
a boat-producing machine, the body can very fromt & lower extreme of producing
0n1y about 40 kilogrom calories per s.~uare motor of body surface per houar to an
upper extreme. under great exertion, of producing about Z. 000 kilogram calories

only a period of about &0 second@ during a sprint With reference to heat loss.pe saaemtrprhu.Ti ~zmmamuto mucr eepne o

person at rest. cold though "u shivering, loses heat through his body surface at
alrae al sbout 9 kilogram calories per square meter per hour per degree centi- I

grade. It he shivers. he loses heat at a greater rate. about 13 kilogram calories
per square meter per hour per degree centigrade. Thin figure was obtained in
Water at 20 degrees centigrade; it in probable that In colder water, the heat looses
increase. When the ambient temperature Is high, worm skin lose@ about go kilogram
calories per *quare meter per hour per degree centigrade. Thes" figures neglect
heat loss ocmtrring by way of the lungs. but this loss is small. Man at real to
maler aboove 961P. overheats; if he in exsrcisinC he will o'er-beat in waler at

There to great individala variability in the louser tolerable halt ON waste
IteMPeralNr and this immediately suggests a problem of selection. Meoo men
17 0 men. sustained operations inwatr 'older thsan 6F. will requite pealee~ive

* ~There are three priftiple an sufts for prqteetios agaasat cold. Omin to
*wear a water-tight garmoal over an lasulatting material such as weal w~oewee..

RzistaNg U. S. aod Ohe Italian Pirelli are examples of this kind. A seesod in to
make the water-tighrt garment WWIasl an insulating material suck as ferni plastic.
The Frene Dome& suit is of this kind. The thLirA. exemplified by on esperimntetal
sui doesled sod buil by Bradmer (aI 31deliberately permits a small smoul at1leek-
age of waler; warmth does OMt doe"so an air inoataaion next to the skim. but upo
laoulatiom inceorported in the loam plastic material of the su*itsmelf. The sompng
of *Aar permitted to flow through the sui withou causing excessive heal loss can he
cempulled remghl by aseuming "thet weaer werme up to skin tsewparafr beto-e
escaping from th Mit. 8 fthi 00 that a total flow 01 50 cibie calostmere per
mile will 16 try small heal less Gempered with the emvs cc Neal Iamrsted

between the cold water sand the swimmer's body,,. Ala. If It is prevented Irem moe-
Wgfreely bew"a womA si itis.is a erygoo bear mk~tr the cu

arise 1hri o'ideg.C.

Wnth adry it* mor soo nerwear the i%5555 between the ew fibres
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trap 'ir. and thus provide good insulation as long as th, underwear rc.,;6ins dry
The wv'.! itself has a conductivity at &boat ZO. which 0i not far different ;-,,.-n
rubberfig). Water is only one-third as gorA an insulator as rubber (S3). The
conductivity of tOe underwear can be taken %a the sum of the conductivities of
wool and dead air. n~ultiplied by the respective volumes they occupy in the under-
wear. If the wool becomes wet, its insulating ability .ails to *ooontially the same
Onsulation as still water. ft io better than noprotection at all, of course. since
then there would be no
dead water thickness-
said ike skin would be E S A
cont inually .a contad
with tke coldest water.

The other two

dry) ame made of a
material that holds the IN

ai entrapped. so that
the insulatias does nut

12 water. Foam plao- .

aU its boles blocked
off. are such tnaator-
alat (uniceilular *a-A

panded neoprene ha&
been use" for the test
auitsa). The water trap-
po betwees the mater-
ia and the owlnmoer is
effectively wo.med up

* to the tem~perature of

sa~eil. The watr w~-
side the suM serves s

Course. sad a dead f"t
We lagsu is therefers
sinuble. This 011t1"
iinderwear is recess
mended for wse wt
ttsr fonam pleatst dry
suit for increaseed co-n- Fig 30 to r) Clamp out. two piece. doual-'e xipper.
(art VAd the obofptiOS a"ham*i zade" set. Pirelli. eaperinWatal IuM
of sweat. ri5er. U. 5. Diver's . urn riber.

is C'J#EFTDKWIML
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06. 02 Biel" of Swimmer suit*

Table IL, lists "aps of United States and Foreign Suits. AU the standard
U. S. Navy aod sports diver suns~ depend an using woolen underwear for cold
.valr operefila thoaud very racme'ly saute _! .nicellular plastic have been pro.

desed abrea an experim~etalyi7 n the U. S. A.
06. 0i Desirable charaedertsei of $14"e

Table I to a summary of "~ opinion at 39 experienced unemiwaer swim-
ownr cemeeraing desirable characteristics at suits. Fro this It cam be "een
60a the most Important requairements are warmth. maneuerability~. semfort (fit).
sed raf~ty.

* ~Table I_
RATIN0 TABLE FOR UNDERWATER SWIM SUITS

TOTAL NUVDU OF MEN UETERVIIZWED) 39

catreftely very Lokl value
Ron Important Usef" Compared w/ochhe rs

Cmfseorabilteua. .. .. .. .. .. .. .. ...... 3

% ~ araim . 31 a
Me. ofslasesmd .......... 27 7

asiga from so er . ....... 2 is I
Cmes e- d d0eft .2 .3 ....... 1 4 9

Base tal 4 fiel roar ........ 4 3 2

Balat"ais tMfeow...bl .... . 4 is is

I~ansis mvwo rse~surfaceto 6rft . .. 1 19 19

ft. H A#dteap d Foam Piaskie Softs1

I. 8@110ss cc malarial Ws eush that mevemeate are relativel f.:.
is allde~5he.

S7. . h bthe ear~epp Win the sellI- orciert7 eabomaed before sub.
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STATUS OPP SUITS

is Use

DogoinTvpe Mfg, Me."- Paws Remark*

cia" dry *R*fer aeroo'convswea. 'uogrIA abIe. Fairly dry.
bood.

J zipper dry U.13. " "-

Rubber $wapr leakes

a zipper dr7 U. 3. -Uscomforteble. Pbincho deep
Rustier dives. Zippers took.

Sqinu Diver dry U. 8. Clamp "yp demwre-Rawer Cemeated rat~ber* nmoloed ruhbe-
Divers fuil mo^~h or "Moes e. bob avoiU. for aprnt divers

suits

Uider comsmoat

.ai dry ..... Similar to taties ý'PI,,i- 11e PifeiL. 2"s.
64fae - - Pware r'be

a 0". wet.............Nswtvlt mfts Comfortable at ail 16911111.
usicoeueitr 4up~ed edwroess

orvitebricwde. Parks koed.

waist dry pinco Llgiftweigli wofie pre sites
elose.,. -weim clesere-weir evelpely-

Fo lrmula "Were .

Cousaeess dry Flu O e ft .taggmela.-O. behy. buspeat. .de*olsc.".Cesetea (Frj r1gheetef. I ht odes s paatMonsdoodives.

moma Natersl~w et Iklbe,@ hfte.- Very- =emfWla at m evelw.
bLPIFR dy Poew mete dloses". me"e feet. am pdwazisae s dives at son.

Mao ~ ~ ~ e an cN.ewposly was" prfteste by
(3.3 eeeere.~e. Wet0essrjeeneds

Deslq Foll mM. wlherwlie!.. lolvey dotrable wsid cwwt

dr~~ y AvM Co.. maeask Morol raber. metal o.vk..teesqaemeso a Oebe-

o Liat&a owy setto ehim hwop ylsiiem deslp teetered.
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thin ussdsrwei.ý. gives a relmtlve!y small ch.*nge In buoyancy
witk, dmptb.

S. The twe piece suit with a roll type enclosure similar to the
Dummas Freuch cistt ts eam; 1- don unaided.

4. Rlips may champe the character co the muft from dry' to vet -

bet the water entering the suit is trapp~ed mnd can reach body

temperemire Is a short while for the insulation has adbeen
destroved.

wet foam plautic sun,:

I1. ft does Lo need to be watertight. The prdhAm of maeainsing
a weter~tW seal toIay existing mutt is extremely difficult.
Vurhermere. evess 9 a sudit t watertight. it may' become wet
from peroplwrtlea.

A. Rips in the msuit mnefrais do "a destroy ita Islametion. Is "dzy"f
suits a rip fl*oodas soeex. Rooai~cIg wool underwear by unicelin-
lam metetriaL vamid Improve present sia".

3. Ripe Ina th ema material dt not afect the buoyancy or mswr
ability at the suit. Present clamp type meas sipper suits become
lees usyems whe flooded. and if the rip* awe large the suit has
M effsect lowe a see nlaw.

4. Thi *1 ral n "- bi.,v %weulop fir the ellmiaudlos of oncrate while
"ti swimmeor to la the water.

S. The suit wIll be equall cosagwtale at I" feet depth em at the
vartaea. Present UDT tufts pinch med chdoe as the aiW beWes
swimmenr aid suit bee~*e compressed by eutside wate pee*-

m aM dtIves as smhmhsw am so feto.

6. Prolim~imary empertmeft Indianan that the busyamey df the mutt
dabss n ed caqp se aslab witi; depth as daso tha of the preerdt

1. Air wW ad mom baksh ed forlb inside the a*suim the swinmmer
skmps poseition. He will. thoefoere. met experienem the awk-

waed tenencay to be wposdoe when he lowere his heed.

S. It Ia posstibe to make a 'wet' mun wichs the swummer cam put
am and take of himself. underwater If neesemery.

9. Itisepossile to m&a, wt .awihamb otpatyi

fansemed for ooelness until J.0t bý &ere. or oven a:* r. Ciao swI=-
gcer costes the water.
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"C&'\FIDENTIAL

UNDERWATER SWIMMERS______

10. Temporary or filed repair is silmpiLfted since sephir. steed mot
b~e loak-ps-oot.

4

Fig.4 A exert*W& inoel f a"w~" sft. ithsipcreope an
booddo t rght nd t lft zppes cosed Noe nmb ibodd i

1i. No4fb A. euingrim.Uai usde ar fa et" unit.cb Iwes o~devnperd

opearsSM cmple.toely s rgtactom bt proedcio emelveteodaring. Th
' e'snofr ra rms o eeo"" noaa.ifcoycl #p
suit eee~~m 44 C~rIDNTIA
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1. 3tudya of'oplmum da..'lp and materis.ls faist' -.1115t should be under-
* takeni. The only work dome With "wet suits under the cognizance at the Panel4

has been to cotLirm the principle of the sult. The problem at designing a, ..Wet"
MUi must hUwe staz approximastely from scratch. C~rtain features of the expert-

meatam sufta may be useful Ii.Us."ieigz &an C.qto ar 1 1ea: 11 the extensive
* Use at Ima-watertight) sippers. &aces, or snape. to produce a 0-9 fitting suit

whic -e be domned by the Isditido"a swunmmrs and ZI the use of a tON Sh (named
*ooprems. with a stronig mesh which aflowe the suit to stretch in all directions

aet Y"is rigi oas.o to proenes excessive buoyancy change.

3. Dovlopameud af implove designs for dry suits shouald be continued:
11 the fit at curreft issue U. S. N. two-sipper suits needs to be revised with res-
pact to sock things as calf mnd thIig esie, sipper length, fit sarontd face. and num-
ber at melt &iss* available. 23 efforts to Improve the watortighitmoso of sippok.) dhOuW.

* ~be encouraged; 3) until watertWgh sippers can be guarmanteed. a dry cult wthmit
'a sippers such me the Pirelli or Dumas shoulid be used. 43 the possibility of avoidingý
- SUNt squeeze in deep operations shold be appraised. The Coust mu suit with auto-

muatte Morserl preseurlsantio may have umeta features In this regard; and 5) the
Doe French osel awe reomareedsd "e a guide toward the deveolpm~ent of me

J87sa me si.

4. Inveogativama shoo"d be centime am the physiological an hus"mi
enow eI aspects of protective cithiag end related sobjects.

010 W.V CWIITAD=3 UNOMgUATIM 333ATlHIO APPARATUS

SW containd modes too breethimg appabatus (SCUNAI by 'aame implies
-w tan U appearats &-*es- rew.re, ths boss, line med other appernage. which
V-6 attah a eouveatsoml diver to his tending craft. Such equipment. IUarefore. frees

SQ, the dives w sombles him to umetakie certals tasks which would be dificialt or

E VWJams"Sbto ae ae.2Mpla with a Mmmml ll$M-welgli or heavy divifg dress. How-
e, ver. a dame sot Preclude the use at safety ItI'es or added weights where diving

W o~~poratms indicate their amed. This imrseeed aprstiomal freedom impasse speoist

*1. 61 Oprvatmm with Preesat o~mm

1P equibmenbo onmoet on frooeum ad Ulderoodevmem to otl.

teue oai didatoes. Types at miliasry operations amWg mdraen n

**. Fa enrlW-IS

b. Per IydeuephsLow tam e gu
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Z. Demolition

a. Beach obstacles

b. Harbor insaaaUlioa

c. Military bridge.

d. Moored shipping

3. Iinpectimo ean. a" a-4 In (Z) above)

4. Umiervaler P - - tucttOS

S. Minor ealvage taeka

4. Mus Clearanog

AUl ot theme .eratiam cam be comdiucted covmpletely submergedi by meaM
ol somue ma re-Itay too a submerged subinarba. However. many of Uiem have
reached only the exprimental etege beceame ad presen equipment linattations.
The"e very wth the ty of apparatus sd as, else*i type of existing equipmawa
satiatingal &Uopertliemfal reqaIeefte04.

Thae moea Imporsita linaltasbs ame

1. Umal breathin gas capecity

A. ma~kleft Cox "I onba

3. Lack of etresslinteg

4. Poew do shity

S. Few reliblitUy

6. LA~k ad cemfetlr

7. Pbyet.ogftal li1wiatn (Rsehr to 0). 00)

S. Complasay

T!.e .rrpriesaed air open circtla~ equipmen~t currently used if% the U, S
Navy was do*le- Iis Freacet Sante of the part@ were built in Frasier out Lrou4 isI
Uaroolft Canads at th*e Ladted States other coaspomeetde were mnaadn. .,red in U "Unhtel Stage. &ad cemplete umta arq now being built hcre. Althoqlt this equitvwuItM
has been generally reliable. maeLft&.e~i was coo phla. a Itil recently by w-avaii I
abality and adettecaaeblt o -ire pert#. The tur-d closed Irc'ill oinyFa
.a'Irment as cf 'J U, Wurld *.'r 11 f, , nd Is now at least nin. years old
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Recently. as order was placed 'or interimn a juiparent e Ikgneu &Wd manufactured
.a Italy. This will provide for training until improved ft, ipmem can be designed
and maedsetared ~A the United Mtass. Semi-clc~sed circuiat &M mixed gas appara-
fto are imly no being designed.

07. 02 Troitalg with Presesa Squipsesat

Trealahg wtkk the presses types of 3CU18A Iee bees limited bmy lack of aut-
ficieat sonmbers of operable equipment med by the inefficiency of time equipment
which isopa.rbie. Despite the"g dia1culttes #rrzing h~as proceeded to the pelant
thel each lID Team has a platoon in readiness for certain types of underwater
operstioes. After a swimmer has baes thoroughly indoctrinaled is surf ace swim-
miag teebaiques mnd aurface mission. be may or may not be adqeptble to further
trotmiog for wierwater work. The amav &I sequence of safety training in the diving
toer. of day mnd night underwater swimming, mand of submarine soteosmad re-
watry weods out aessy. A few wen qualifymas operators at underwmbr craft and
as members of One suhmargd operanoe planes,. 404 02)

01. 03 Types at SCUSA

Slef ombained %vdrwalr breedhIa apparatus may be classified by the
ofp a beelbiog gee clirewa 64a is. by tUs diaposaie tof exhaled eve mad of many

esoese We saqppied to th ew~mmor bat mft ometed. On this beeis we msay divide
the"e Ogapost i- three types.

1, Opos dinev - - tots breakh is willthrws from the gee cyatiaer
mand eaheted hae the waeere.

A. Semi-oieeed GiresS -- exhaled geses ame reetire48d and pait
of Mhe oubeled coaabe dfivalde is absorbed mba there is a Moody
goo ntow is eneese of reepasorybm requlvrnmeas W"t a tebreath-
of bag. se 6 disaherp ad ease" gp is" On w"e.

3. Closed *Ire" -- wase is suplied as a roe Osemat equal to
respirobar requtromeat. GobaLed gees WI reefromaidad ma"
SUt Cashes djmefide in ebered a e gee to dinbeheapd lte the
water.

ICYJM ama Wene be elase"ed or *9 basis of the btewe@M gSo or break-
Isega =1ader emppLfid In Mhe swommer as foltowas

A . Air

5. W~vpm~aqg shml.

Hslkw oe.'.gW miastree, used in ev 4s.' m1- lyl to mlatMia. svregm
na~rcnes adf~r shorter e.cov'n;,remekd ul Iona asep dives. are no, at present
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used for "eit conained urderwater breathing apparatus because of t:.cs dager of

0?. 04 Doopcrip~o. ad Equipment

Open0 ciit~tt. Open circuit equip-

UCUA.Ai:r o r-r m uea ofox
ygs and ea Is soared under hio
preesure (abou 2000 psi) in cylindes.a
Ilds "l preosure gas is reduced to an

* etrmediao pressure (mboni SS to &SS- I
poll by a first stage reduction valve.
T'bs Ca Is obtain"d by the swinmmer an
imMptratln thmiafx a **coed demand-
type red""=s Valve ebicbi s Situated

cc gas delivered to ibs swimmer is about ,;

equal to the anabiest hydrostatic pm.s
sure. in sowe equi~isefa (Aqmaluag

andorik"1 to. two stave at pree-
to0 deValve eastag.Otemu

clese. Eaneroan. swedim have. _I

two veuwee to dle~r-gi iocd~gs. AllW., aoad pe is euo.*arged ans wam t smiw strmeni ofbubleaU h N-trNtOn WA~setlm of Pos IN "torcme equal to the me" easalm.

Clan"es oawnt. In t"e aump"es type of
Eci~sJ~I~ s, oq's, is

stored 0a cy1mdo, undr hlo pressure.
*n #A sIltsd to & breathing beg G*Mr

1)Orn a mM qAW& per~ied Veve.2 1)
byason tefeoda,#APos use- ~

v-sotn ..iiys soda-lar tA ~rraljrmeo

Owk$~r inde aste 1Was the tpee Circue 5MON.WWOmeft& () o 13)("S- 4
n~dw emop We OseP.4k ITI61new Wre~ so s Nacy vlveIs &" InA-1
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soetaboi~c consumnption of oxyger rather than by th. larger volune of gas required
f4rr ventilation as In the cper circuiat "y. Heceus- of the danger vt oxYgtn poison-
In#. present operating d.%erim limisaa us* of closed circuit QZYSofl appartusJL to A
depth at !O feet for a period of 45 =itnutes

Mixed gas eqtpassito for closed circuit operations at depth* greeiter than
30 fect is uadcr loag term study. Such equipmerf mizght employ a -'iniafg valve

which c~w&d be used to vary the rate of nlow faon two ges cylinders anod aa onygeft

&sAusior to costrol the mab~ig sAives. Tb. use td a nizbwe*r W! gas womMl reduce

Semi-cdosed circuiht Apperash can
be used for bwoatbJa.4 either air. a mitUfre
41 ouMasgee aod canyes. or oxypa eMSe.

* T'his type of apparatus e~wuets at the eaams
* pmrw compoesees as closed circuit omygen /
* re-broaftag apprewe and in addhitin em-

Ploys a No- velr *ahaim walve to allow-
poll mwr at that porthe at the gas nlow

whicIskg ano sc~lsy coeseemed by the swftm-

mserel No * surfece the vlsit of ox-

siroul aparess. A fractlmmof Oneewhae & 'e
cuab"m diouie is also, Oesented. resewt- IWe
weg ia a 4*mln'Ahed I*"d .Po the -beorp- a
wee catetin. inasone tpe 41 s"al-
colsed etreau eqmInoet ftoe breethiag gus
fltwoe an flan raet diroectly Amnt the re-

-breathin beg. la Whre. the flew is
*tnba veitr orifice is a@ do to facil-

a aw re"V w o1 gse reuoo the csatem dioxide ho rp ca"Mifr. (3my-
man n aftrogu mial be pee-mined nd -rarwied I& the samne cytiadr; amhtea
Uvely. sir or maroos. and Way may be carrid ine separate cylinder* aod
mined 67e raolaomi. A type CC SCUBA 841W Wimr dtelaPMAN 4Igmerees to
tvasoe kii bewe Ih oas Ope a semi-cimed types. Is this equipmenta a gas-

3e~ah"Aan ad thie Va 0Mee oeelam mad.. exhaled carbas J1446de ehoodis-~
area"e te divasg twee *-"alidh With saw gives cylinder capaity. A preeN&saeeni-
aissed type using .mroges- cs em iestare tanainduclarmd by the J. 2141'r C.)L
I&pt anf tedfr ewiameing at delthit lese thes 30 feet because df the oharAaeertatioe

of e ga regua~stor byuem.

@0,.t 3eodlw Newts of the TItes Types of SCIMA

Ope c~ossappirbw e two very gtfA.l soada ainro-tv ty deal~

OW4? CVNFIMNTiAl.
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"able III

4IATUS OF SELF CONTINEDE UN.)ER WATER BREATHZNG APPARATUS

J APPROVED. UNDER
___IN USE Is ULT NOYTizLt. DEVELUPMEN(T

Aqualiag Scott Air Pack

OPEN Air & Mixed Nzz Air & Mixed N.,M
[NAT EU evalluaztio.

CMT Airlung
(MorthLW Co.Aiz Re'lack Co
MAi Mixed N 0cIR- F r[eewloptnJ la~tic]

B3iutb V'.aereal N,0 Oz utet E~merom
SEMI- (DunlapAvist. Co.) (y P.. Blaw Co.) (J. i. EmmeruomCo. I

CCNE1 O 02 N2 02 iixtwe diving Ne only 0 or NO
LICumc [imd im UX. ommon [14 be "maItteg tor

strated IsU.z..] ______ toots]

LAAU (WVW a) Plinul (bep LAWI) LAKU Moew$
WJ.1 N merema CO.'s (Pireli, Co.) (J. N. Sawromm Co.)

CI- (existing Ws-. aged] [maid prectuomeft limir 4.w1lomemm

__11 _fo_______*" - e" rot!

PIviW (mmU 5701) LWam (or"UUfrg
C~~lT~ (PlmW C6.. ZTS

Cz (VAd Oumimbo 3h-Q C"
(ummiar wow"mm 0z 1. 34. mailmod 04

Lw Iier~ iej isper
(adede Meg term deys-
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03 to 95 perr2nt of the gas carril iin the cylinder is lost wit!".~ Wnig used for
metabolism; the presence 04tuntr- gen involves daniger from bend. and nitrogen

narcosis; U.* streamn of bubble* rising to the Purface greatly increases the risk I
of defection; with present equiepment. the intermittent. high-f: eqimency anise of
the gas flow give& some risk o: deL'ctnioa byz tr.

In closed circuit oxygen equipment all the gas carried is usaed for moteho-
11am and the rafte of ozygen utilisation from the cylinder is determined by the
diverls metabolic consumption ol onyger rather than by the larger volum, of gCs
required for ventilation. Hence, for a given durataio of eauinergvd uperatlos only
about I IS1 to 1130 the gse volume used in the open c ircuit appearts Is required.
lNuther economy is gained becaause the rate of oxygen uti~liation doees am lreas.
with increased depth. where"s the mass at gas withdraws per uni time from open
circuit equipment in approximately doubled at 33 feet. tripled dt " feet. and quadru-
pled at "t feet. W~th closed circuit equlpmene a trained operator amr moms under
water without any trail of escaping bubble& except daring rapid esesat whaer expea-
s&W, at gas in thes bag and lunge causee some upill-over. The small rate of with-
drawal cc S"e fI the pressure cylinder results in a very low anoiee level. thsen
further miniuaisAig thu riuk of detection. There isno' danger from bom because
there Is No nitroge absorbed is the tisesues.

ON the oibr hood. closed dceitvl oxygen equlpinein Is somewbt mer or -
plea in design and operation the open circuit equipment becausse of the added corn-
pmwsafe of the carbon diozids abeor"Am "yatm and a re-breathing beg, A definite.
disadvantage to the limiation of depth ed operation becaus of the danger of 9Xygen1

Iiily.Th length o sad* divag tie web oygen decrvasee sharply below
33 feet.

When Ueed with apn,~ ueal-cleedd circita apparatus hue eeeeulially the
same liniaftetis anid advantagee as closed aircuit apparatus cacept foe somewhat
dim isioned dards Nn of eresbos (because ses ozygen to eahaued eam
vemed) an Prwebwo highr risk cc visual aW" esoer detiection.

When meed with itrogea-n-gen mis~tarese uemi-eloeteiedt nAm pparatus

*ssiles week ft be accomplished at deph eqvivalaul to ftese pei miseble wflk
nlsod geese msed in open circuit eppu~ar. Deepet diving is possible 0ha with
of aftrogen in lees than inair the dessr of benbds i reduced so the uaseuium
t~me ad operat ion isIncreased. Ry varybin the nitroepa-ouyges malure the leet
adwamagoinia owe ratio for omaximumn viftag duration With minimum danger

* ~ a of ygea toeticity or bus" earn be acthieved. D'v lag duration in also Increaseed
for a given lime at operation ounce semi-cleeod apparaus reqaires usip a traction
of U gass seeded !or "*aen croais equipment 1at 1140 Nee approuslataly Ilse).
Uslk, the wpmo clroali eqs-6 aaipnea the tate of gas flow seed adl Wrerefte of work

* ~or depth Incresses.

* !The prisciPIe diaedvege41 04 00mi-cloesf JirVA1 mined 806 eqPtrnea 10
tha !aur or MO* wt of the gae rtgul~toe ,a. urn, d the: lmcnrt.rs

asledge. exouse hMm to eavesslve oesseatratioas al aitregee or eseype enid
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SELF CONTAINED UNDLRWArwM BREATHING APPARATUS
RELATIONSHIPS OF DIVING T&CHNINMUL, TO MAJOR FACTO"S

UMITMh DIVING DEPTH AND DVRATIOX

"aJ CLCMD KoI- OsN I

DIV. CIRCUIT CUMos CIRCUIT jSUPPUEP
AM0_1_020___-110 AIR I NOýAA -A

not*" and 3 2 a a 3

Ian

AaM&fd mm a a a a 31

3msim IS a a 3 a

Adm3 a M

CO v3 a 3 3 a a

3333 48 a a a a

T ,omora x a a
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hence to the ham rds af bends or .jxygen toxicity The danger 3f £nlO(a also exists

ii th" flow of the oxygen cormponet- c. the gas mixture becomes inmoequate for mets-
bolic eteds. either because of failure of the gas supply malfunctionilg of the pres-

sure resw4tor or because of work-rates in excess of those for which the equip-
Mold w,-s designed. The inbuisuy o! mane to &, .gisze the onsert -no is Makes

sfetey in semi-closed circutt apparatus, using mixtures of nitrogen and oxygen.
dendesa upon maimeaace. deeign and mechanical perfection of the gae flnw
regulator rather tha upon the skill and training of the swimmer himself.

07. 06 Present Operatlonal Requirements for Self Containsd Underwater
Oreathin Apparatus

Present operational requirements for self contained underwater breathing
apparatus, an determined cooperatively by Fleet activities and the Bureau of
Ship aVre geerally as follows:

I. Open circuit equipmeat. Normal depth of operatoa 0 to 150
feet with suffic•let breathing•p• volume to permit 60 minutes
at operiatio at 50 feet sad a maximum depth df operation of
.00 feet for about I mimute (Ifor safety purposes such as sub-
tariae esrape, etc.

Z. Closed or semi-closed circuit equipmeet. Normal operating
' depths 0 to 6O feet. with a maximum depth of 100 feet for use

"In submarine sortie 
t 

re-eatry; eufi•cent breathing gas
volume to permit two to four hours of continuous underwater

'S operst•ie including swimmeg A. 5 mulesn at. 79 lmats.

Pr loss are seeded for bf opes and closed circuit appoas which
rll 1w,0d permit Ualchmeat to additional gas supply unmls built into as open Cockpit

V. m~srwater vehicle. ( I

El-i 07.01 Desirable Perfonmme CharwUritices of Selt Comaamed Underwager
Break"" Apperatus

Any salt eotaisd underwater breath•l•g appas should ave k s many

11tof the felltoea characteristics an possibl*

I~IL1. ft shiald ha fairly llgat is air.

2. X sheald remain mar airal bueyaney in water. both when theSgas bowl" am fall 04 when they are discharge.

A.' . A seslWt be sail d streamied is rOWe $ th e ew~mmer~abody.

34. s lSh d P*os4se ma=imum Our, ilctY a1nd reliability ot 'operati•in.

, S. All owdrols W•rd be readily ofrabe by a atmnutr weering

$ I CONFIDENTIAL
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gloves.

6. Such physiological h.,zardi as oxygen toxicity COZ poisoning
and bends should be mlnii.ial

7. Rate at deterioralcm &ad require.. -.unts for mainenance should
be smell.

8. Magi•lc signature. noise #"Aput. sonar target strength. and
visible bubble tral eshould be low.

9. i should be comfortable for the swimmer and should interfere
"U little as possible wib his freedom of movement and operat"ng
effectiveness.

10. ,here should be a minlm-um of componeUts in froad of the swim-

mer.

I1. Removal under water sbould be easy. with minimum self-flooding.

1I. The tfac mask ahould fit comfortably, with a wide field of vision,
ad be capable Co toe wtth or without a mouth piece.

13. The mouth piece soould be so and tasteless. and capable at
being spit out and retieved without removtag the mask.

14. There should be provisio to warn the ewunmer when the bre&ta-
Iag Ca supply is approech•ng exhaustmo.

IS. The squipmeln should be operable in water temperatures from
IOIr. to "*Jr.

16. The mash design should provide ftr voicv commniecation.

17. Cloed circ•t apparatus oh: ild be usable under conditions of
bard work, that is rapid rate at production of CO.

1. Aa attachable sorkl for surface breathing is desirsabe is
order to ecoomise n stored breathiag gS.

At preseetiIt is "nt possible to comblae all these desirable characterlstics
ina single "universal equtpmen'. Therefore different types of apparatus have
been desipged and are being tested or procured for different operational needs.

07.Of Conclusio" •and Iecommendatuns

1. No presaet type at SCUBNA Is adequate to I'vpee of underwater opera.
tVon. Funiamenal -oeorcl in the phyeiology of brath-..ig under pressare. emd
develupmeutd Lmoprowed eqvipment with wider fnexibUity and greater erdu. oene
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2. Open circuit. closed circue. and semi- closed circuit types of SCUBA
aid in accom~plishing certain unides x.atdr sw,,4&.eras mission*l, and the decision

"a to which should be employed must usualiy rest on the Field Commander, based
an aculoeainlpossbltes.

over a rilatively, long period will in maoW cases require that a closed or semi-
closed circuit type SCUBA be empliped. But for many operationsmvta use-
of SCUBA. the simpler ope circuit equipment can be employed.

4. Efforts shoulod be directed toward U"iftea ed study and developmeft of
carbon dionide absorbent materials, aid of substances which both absorb carbon
dioxide and release oxygen Is.gC.. higha oxides of potassium and the chelaltes for
use in closed circuit oxygen and mixed gas SCUBA. Correlation of research now
to progrees by gaver.eanot and civilian agencies to determin, applicability to
SCUBA should be continued.

S. There eboald be f'ovdnusimce ag development of SCUBA from operational.
safety and physiological viewpoints. aiming as increased security, work capecity

and summearged Mtprating tiMe ot the equipment c m -mensurate with men's bodily
endurance and ability to #1o usefu work. Improvement of apes circuit. closed ci'-
cult and semi-closed circuit apparatuc to achieve: II ower breathing resistuance
21 increased gas econamy (in open and semi-closed circuit types); 31 more effective
carbon dioxide absorption fie closed and semni-closed types); 4) stre~amluw korwu
51 simplicity and re~l.*i&Ay of ape& ataon; # simplicity at maimeauknce; 71 maximum
field of vision; 11I minimsum magnetic signature; sod 9) minlavam somnd men~ &Ae
*Cho target strmenth.

6. Conopetitiin in SCUBA development &nd production in constantly grow-
Ind. stimulated by increasing militlary requirements and public interest. This
healthy comm~ercial situation shoulid bria., mere and boeitr nodels Loe existenee,

*provide new principles of operation sand insure safer and easier operation.

1. Investigation of the feasibility ati a stes closed circuit aised gas SCURA
should be coninued.

o . tatn Crathinge study in required ad quantitative laboratosy and field mstlods

of tstig beatingapparastus with the purpose at improving validity of ftekse sad
*oblaialog basic Iinormation of value In improving design.

* ~~. Factor* reepomable for resinstace to sa eptration iL .iCUBA sat means
of minhmizing them should continue to be studied.

08.0@ COMMUNICATU1

Among the -me now sensations expe'ienc-d by the mwapqtyte aserwater
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swimmer to a sense* of great quiet. Th. multitude of sounds he cortawuadly hear*
in hi, natursal enviriument all but dieap.-ear as he dives into the sea. It. its place

aeafew waterb'orne sounds frum nearby motor boats. swimmers bretlcing the.
surfce, and a cousciousness at te swimmor'e own "noisy" breathing. The under-
water man c nlow in a madiunt into whiich comm'iutnioea km originating in the air
hardly penetrate. Airborne sound is reflected fromi the sa* surface, while Infra-
red, radar. end radio are strongly absorbed. Without special equipment under-
water swiwaners are cut off from each oter am. from their parent cr Aft.

is a=y type of combat or rg --ualssuce team i.; the armed servte-i.9
whether it be an entire naval task force or a IZ man army squad. communication
in one form or snother is the serve center of the operation. Without a versatile
and adequate me&" ad communtication to the various elemejia, valuable time is
consumed ead only limited edInadequate Information can be transmitted. Regard-
lees of the exten- t* which other underwater awijauw equngcew* in perfected, if
a poor method at transuerring intelligence exists. or it only one meamo In available.
the missilons will wimimbtedly be extremely dufflaall and may ewo*, on occasion.
be uoprotfuctlve 4f results. Because of the proeeil. lak of mn adequate means of
communication with the pareft craft. cawrreat doctr~ for Undlerwater Demolition
Teams Mtate that owe a team is commakited to the %abr the action cannot be
recalled and is imnfleale fae al practicaa perpenee.- The Explosive Ordanasce
Disporal mwn eamat use a wire-commectedl teleplue for fear at actuating a mag-
nieti zaim. The ocesangropkic reat~arch swrimmer cam relay his aheervatimoa
to t" surface wahent the limitting vire -- sed actu at thene bai., at present any
meomw of camnunimcatlsg with each other except for crude measures such %@ lapping
two tvm hows to@ge~r.r

Meass of ccummuaistlm are neqfed between IndviUal underoaies sw Immere
betweent Slue swiamere ma their parent craft sld @ctwidloally between tim swimmer
and the beach or aircraft. fow coavemismos. the .inmimcatall requ~rements can

be abraded Ito severalv eaemures.

3. bliamer to asumergad swimmner or einmarim

A 2. Iwinmmer to surf aced svimamer or surface crsft.

The slaimamer should be shin to treisalt sa" receive while b oe mlty Iub
merged, speraoing 4n SCUBA. or wthb SUl besit ol d the water breathing air. In
sil cassa (except aireroft) the nedliam teoauo to all (A the communicants ts the
"Ola which suget titg ,*& otionm few emtUImInfel9asi by undearwater salad. -."dor.

water electric puteatlal (U EP). or other means of swra Prapacut. mn.

wethe exceptimef the spca n U~.e:quireiaefentn f ODperam- i"I. n *,an analys of UD? imiiai rerq"ir'TeM 't"!- apply to practi-saly .11
* -. ~~%mdeweter swimm',r comz~ahiIctioS meed. The mmmes UIDT miael.'an
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cover tactical situations varying from operations in which secre jis of nto un~por-
tance. to tactics wIhich require the utmost in steelIt. Obvioual. ti, choice of the
ý.ommunicatton method to be used wtil be greatly Influonced by the tactics to be

or to systems comiannation. am.~

2. Infrared

3. Underwater electric pot-Laia

4. Direct wire

5. Underwater soand

AU of twese methods of tranesmission and recejitior have advantages sand dised-
* ~~vantge and their empioy'meuit or rejection depends greatly, but jimt wholly, upon

* the tactical sltutAim A review of the characteristics of sera may be enlighten-

44First. let us conidr -vdio. Radio can furnish satilfsctory reapge it can.
farsdah adequate bandwidth*. It can be acceptably packaged for all known assign-
memo a can supply two-way twel~ligene. a necesseary factor for moot situatioaa.
It has two diseaevaataes. Firs,. meow o ciInterception and countermeasures are
well norsad their use can be ezpects. Second. anod piobably more seriejiud
once the user goes underwater. conumwuplcsson and guidance are loot unless a
trailie surface aefins is used.

9.1Let as took next as letrared. ASahi. dos ranges spoear adequate sand 4ta
,W.:. - -px kaging can be ac, votble. It can be intercepted h,# an salrt and proper..
Musk. eqmupnd enemy, b9A is probably, bas better security then radio. It in severely

affectsed by atmospheric conditions and also reqkuree an unobstructed path. It
S,. will be d~icunt to e"sip a swimmer with satisfactory transmitting equipment but

reesiving oquipseod Is poseelie aseemi.lfied intheso-caled "Deanle". once
ci ~ a s~th wimmer R~oss underwater. the link is broken. (Rotor to paragraph 09. 00

for Mesa M infrarod.)

now Wwou Underwater EIlecria PG~e~tall UZP. having baee a rat~uer
.- * a. aegiected mesan ad omnnmumcatlc. might initially offer a considerable degree of _

egeeusi because the essmay uuIbt "n be eupecttmg It. Its range Is probably short .
anthamj this way be a dioprAabte point. It be -acut could be packaged acceptably
and I& has eh oiveniags of being usable by eithr suorface or submerged element,.
a.Sams aIrW to sint5 I"i U1P oamat yet be diaimieoed a-id verious etudle,. ofiIts
bobavie shoold be contlined.

What is the caoe for direct wLre? UMUd Usai tactical situations direct I
* - ,g .. pvhmanim to harbor or beach -- offers uae.-eationablo adventagee. It isi

no omy means that ofers suibe-W niesea eecurltj. A clan easily be -ackaged I
51 -co?4VIDE?(TIAL
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ansi t te.quiprnI, can be very simple. Rt may very wall fit in iieel A ~h other
means of commun~ication. For instance, as one ccomporiont of a conim-.i. :ation
link between a submarire and a harbor. or becach. the wsire could terminate In a
remote umi.4.-water sound transducer thus concerning the true locatioc of the aub-
Marine and effectively incressing the sonar range and security. As far as is known,
duect wire haa never be"n uaed in UlUT .usaC but ti-uy of its employmnwt for UDT
purposee seeims Justified in view of ita relative simplicity and high security.

What are the advantages and disadvantages of communication by means 3f
underwater sound? The rangee seem to L~e %dequite Ps'ksvmi4 1 for swimmers
use. although at first glance &PIWretly quite difficult. is nowý known to be pos-
sible. Security, %hile obviously far from absolute. is probiably adequate under
most coamittloos. The establiahed acceptance at sonaer -- and the existence, of
suitable ef, Aptnesst an submarines and surface ships lend& encouragemient for ite
adcrition. S~ja can be used by mUl the UDT elemens. s~ubmarines, bouts. sur-
faced and submerged cý-aft, and surfaced and submerged swlimmers at a&l times
and marier all weather conditions. If used discreetly. mmd saiy system of radiation
baas a. real security mand must be used discreetly. "mear sliosear to offer more
sand to be rsouricted lose tisan sW otiser commurnlc atlas means eacept the d roct
wire.

Some trisal moodas, of an urJarwaler telephone (UWTI were made by CDRDD
deralig World War 0 for possibile us. by the Maritime Unit of the CBS, (241 The
epecltfstiatlea were mever clear and work was discontinued in June 194S after only
a few expertmentel models of I1W? were built. These utiliaed audio frequency
electrie currente in water. now commonly , jt.,rred to as underwater electric
pobsa*la (UtIPI. Ramps of approximately 160 yards were obtained between swim-
mere and 600 yards between boats. The experimenaa were hurried "a ds.-elop-
MeM*at weest bsefre san operationsily satisfactory unit was produced.

AnsM or. wartime devolepmnsed I Ctoba~r 1944 to March 19461 was ma acoustic
enderwater telephoni system bowirs as "the Oiump". consisting of three munte.
Anedy, Mm, anmd Chester. Andy was a trafmitt-or, that cc..ald emit am 600 cycle
co, hemmiog siomai or' be used for woice ommuestictsa. It was deelOmeI fur small

beat use. woelaed 10.4 6b We t air. 5 lbs. Is %ater said was about 1t4 'acl.ae in
eaglth. Umi was P smaller unit used as e receiver by a swimmer. Cheater, theI
third wait,. was a small traesimer for swimmenir use. The mean frequency at
aperatta, of this St al tolehoassi was SS be. PAinge up to &SO0 yardls on voite
sand "S ye.-de 3a th haming tame were obtalmoe. Thes bearing accuracy of the
hom.uie4 paslowan b"41. The devices ware newer weed is combat sam work
wass discontinued at0 ams ead the wae.

The U. 5 Navy Underwater beaid Lato-ftery. dt Now Loadon. has beew"
d-seng'eted as tee. Pw~weietsbI. me-ne- for the dee*,~tof .Ierqr,-nGi -.. qq,. .

to swimrmers and amnit.bioiee problem@ It heas developed a asw units-"ewat swime-
mar's talep..ome. The swimnmer's two-way teletdea~q sose, a sinale aide basil sup.
pressed rarrier type df modulation. Usk%& a cat ri * p-eency of 6 04711 kc it
works with sitber A*e AXIUQC-I. or the ^11 IBC- I 'e"e.-rwetear telephones. It
traasmf Its and receivoe Oe z:peecf' band of SC - ieQC@ cýcAve per seceed. It &Lso
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transmits buat does not receive. ýAn A8. 087S kc tone un
which the parent submarine can Artatln. via JT soar
a jewc,.,W accuracy of 11 on the swinmmr for na~t.
gational pikrrosos. The swinmmer's teiephon.o dc-.elc-ps
aboutl 0. 8 electrical watts output to a Lransduct i which
has about 43% efficemney. It baa an operatin life of
6 hours from its "ilf contained battery pack.

The ewlmnner's telephoe to wimprlaed nf four
unite. the telephone proper, the transducer. the head-
phone.. and a microphon. The telephone proper
includin a six hour battery pack is c.rectangular belt
mounted rubber box ?" long by 2 3/4" wide by S" deep,
preessure proofed to 100 pounds per square inch. It
weighs atout 7 pounds in air and 1. S poundci in water
Inostral buoyancy will be achierved in new models).
It has twQ. " wroie, a selector switch. and an off-os
so, tch. The bowe coAedPctIn hea 'p'ne arwe mnini-
MtuM units said at* also presaure proofed for water-
tight integrity. Thtea. headphowe,i are held in place
by xsame of a apec~ally desi~ned o%,-*able hand The
microphoea. aLthuou waterproof. I& arranged for
moveiog Inside a face maaki; if ueed wMt "m AqWualng
the swimmer nuat eurfae*. The trasoftcer is abar titan aste %all rougghly the @Isa a". wioWt o
a twe cell fleahilgh. Whom.b hel orizontally. At
has a OP11 beam. but whee euseaded verticafly, Fig. 5 Userwater
aslro the, ete nsremic c bmelnt. Itisncladiag tinW Teehn arel nm
Allfre the o swimmeme boioelt, I in amdifecthuiez. amehm'arymdl
"can in eaeto is plug-in asseemble for A."Nodses and .aae 0 eltsc LA-.
oteaabl- reliability has been ichtieved; In over I yaneb rouh and varied use. ne
lobs Or ie-pMO atO NIU aihr asoccurrsd IM, A" Of eli LeePhorNe. Pigging 5 ehew

anearly medael of~ She lepheme w~b wn vosmmd vokehen

V ~The performtance as aheved is NaMy evaluaiton of these swimmesr tale-
phsnme boa beses aproxnimaely so follows: a) ewwqest~wmerrne-
Z. 000 yds.. b) owtoawier to parant audimaine raWg -- 10, 6JO yf.

1he 10. 0" ward swimamer-te-oubonarine rane bee bees reas"me threngh
the developmen of as adepor which enbleo the submarine so idlae fa highly

beffic"en iT tr-neducer am a directional receiv ir of the ewtaimmers UeMmission.
The U~nderwater Sound Lehereory hoo beee recently dewvntg Oft oferfe to develep-
Lag esleer telephini~e units for the surface craft. The". in general are .u..iar to
the twunmmer-i teleplionee, but of higher power (IS won*e). with- many ieascowneuta.
euch " Sewe traneducers pecaltiar to bent needs. With three eqewimentea ito
e',cled that surf ace boo* will be abin te em. * ate withaM elaemee 0 th
tUvr operations. and. it requi red, to direct their -wrotions. Tie ~ea to
scheduled for Navy evaluation, in November I "J. Fwbruauy not 142ct. 196i3.
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1. A satisfactor-y memoat o uriderwatar "oud commu icatkona among
swimmers. aibmariaes and large sureace craft utilizing widerwater sound hias

bten developed and is believed resaoy %# n¶vaJ pts,..r:ment. 1Jndtr~ater sound
cumnmuIric.attclo equipment for us. between swimmners and smell surface craft is
a big advance. underwaeter -_und is ant necessarily secure. so eff.;rts must con-
tin~ue toward developing a secure underwater conmmunication (and navtdatioN &yatimr.

A. Underwater Electric Potential (UCP) and direct wire methods shouild be
further tnesotigsaed of &ties a meansea d mnderwater communicottooi because of
their greeter securdty as compared to aonar.

09. 00 ELICC7ROMnC AXZS TO NAVIGATIONI
Th. difficulties, od underwater navigalt4on resulting fromn the abience ofleand marks, the short range of visibility, and thel marked effect Of CL,-refs on

the pos~itio of a slow moving object. may walU prove to be the limIt"n factor
In uaderwater swimnerope ratlone. Prvesen means at navigation wltra a com~eas

and fluster board Eeeaeuialy Callar to the teut wire system used by Marinue sur-
veyors) d* l ave toomb these. 6ffictles buat they have the advantage that theyI
do a" disclose the presence or the poehl'2ma at the swimmters. Any aid to nevi-gatim. such as a itaiding beam. that envolves evera propagation through air orwater greatly lecremeai the risk of detectia. sold at least partially nullifies the
shllity to operate secretly. a"d thus to achieve earorise, whlh to the must anm.
poftea characteriastic ad offensive, --merwater owitrier operatIons.,

For certsain mlses. such of mineo hustling sall unerwater Imupectiom in
tectilso may have to be takes In order to reach the objective. Under these cam-
diasiu abd to aecurae" savltgatin mightl be most useful

Two types of steduamick mevigational a'st for us~e miderwaker are coos.-evable,

1. The swimmer may falluel a directiona beam *mitted by an under- I
water boolow or cable. or by a parent craft.

A. Ils may himself emit or r'-lay a signal which gives (his position
to the parent craft.; the I&Msr, in tam,. may retcind this lofrination for toter ase

or traminin guid~oe lostruction beck to the swimmer.

71. ah.~tite *: the second ty"e if that 1t en 9'%c raer~ f-1 a fI-ed
referenlce point. of~ Wan A relu TI.. Jieuulv..a~ga5 is& l.6, wd.... t ama .
which Imvittly resuits ftor use ad a nin-dlrectloaa tresaamttter Ifut this may
be mlin&aLaed by seiting Only short, Irregularly LW- '%oft I~u'sLa. In either
tyo the thinkig; and computation necessary to ao.we t. v navigailonal nrobklemshoud be does by the parvnt cr~ff or Weevcil. raihek th*e by the SW~nimme
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Use of a guietauce beam to Jirtct underwater awtI'ýz~rs .--- ards bottomA
-niae was samstemtd by the Navy 41*ctranlcs Lebuirsatry .. Natio.:il R~aeaercp-
Caumcil Cooperative Research Group on MiAls Hunting. in the autmmer of19 I -I
Using a vnod~iid and waterpraated standard Zenith hearing aid. the. swimmers
were able t- f~rnlow a '0 he 60 *fan shaped a~vur h-mm down towszd4 a ImUtOn
nalm. Reegee at only 20 to 30 feet were obtiAw.iJ with the breadboard no do!.
probably because of the very low power output of the tramsducer %less titan I watt).
84t the teat demaguotrated the feasibility of usunlia .aer- acoustic beam~ to CUide
the swrtimmer be cou1d bear exedjv within the beam and experienced a sarp cuttff
96 he sidt it.

A e@anad typa of electronic aid to navigation has been investigated by
oohere at the Unde rwater Sound Lasooratory. Now Landaun. as part of that

Labermlosys program of electron'e development for underwater awimmners.
Using JT Samer to liase. to siginals emitted by the saimnier tsLophob- described
In peragrapi Of. 00. a parent submarine has beea able UP determine the bearing
at aswimmer within l. Byoeendag a range liderragatiag pulse whica is relayed
boAtrmt h w imm r'stlphn.a* sumotecu.meauets wimo

rem a eswelul "hsbartd Rao Umvroooku dow tihioi hr abot1 st thes blmeenl
* ~ abea s prell avear daelped d teadead at einepced tat thaed equipmeuit forI

swpmerat VAn heto ob 4.vgards. Itov watper. e fawibitenclos unth 45 asdte'eanie
equim ent emai mtal b. sime intiate telephone withoauto inrasing sheimr Bg.

-~ ~ pis a w IthattSsl that ofm welbes roecads, for esamsteady ags durong the shprU

o maIn .q s ratio S ewall 6 s timo~ a1 Mchigan. O 1liermie of the Ulatrared

aesu 30-pebw have developedee urnd tested p sriesarly ifor barede ouipez" tfoe
"sgiamo an bare 0 .st rewieaioabver foter. Theand 120 cpenigtl top c&U' tre"Bam*-
and Is fo aa~ OV"'a0"serhli th 4-. a I..a ý2. ea coinuse aof beec markuer

pelfte haslly en fel A0 PN Kr e"We vat code. uor a steady btons trom thge shi
or suebmaried lAsa am-f vs*al -is tholytri.. thereri under davl"indrat a
famile ers 113l qmeacai sysW. a heswdprtbe voits showed proise mharing teats.

C". ae le arage aOpoo 06.6ceiv ere(r 0 e .raned. 12 I inb yc""ta

Ow9.-3 Cauduosiver and peeemd whichi onotLfae IssUovsa mp
Wetoi.sr Eandthoi ~e AN Mawgta mayhv which us*fu in phshrbty.e at ewamer

*apenrarmed where eseeraqism ea eame. e' adsiohere Is alunatedris ct deise-d

Usm em ha e takes.

A. Premmlsing CIO alb have beeft Obtaind ini rellmingry t.-iali -. bg
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jr.iuanac beamsa and two-way commuzn'cizon systems for underv, af'.e. vigi
as w-. as with uilrared equiment for use abovvt waiter.

3. tts.cauae. uwe of electronic "4 to navigation will inevitably dlumnw-n
U~fe et-r-7 wa'O' whtch tamfrwater .wm&~a.n he ..ond~cted, turUicr dc.ýc~o-
monil imouldt be ~auid by on operati, . Ai analysis of the navigational 6"a oWier re-
quiremoseade of the several ap 1th.a.ie to 44wimme~rd.a

4. The 41Sf Icialt of uaamhr-'ah9 r navigation resulting from thme abseence of
land moris. ea short range of vsb A,- ..4 the m.-kei effect of curref'i- an t1h.
pne*ltan of a slow moving objece. way aeUl p-ove to be the lumiting factor an under-
wsitr swtunA*r operations. Uaiuqu, vkl uirilous methods of whiat might be coiled
peassive" nov~igaim az' thereforo required.

10. 00 UMDERWATZR Pl~tOGRA.*WY AwV TELEVIOWN

10.01 bm b

7he pttoweA soultaiy Use. ad U. *je-r ýAolOtr%*Yaynd tolewteoii to
to ý*sLaY visaeal WUllgence to oauamears &..' odoors who need it. The under -
Waste euheamer can rarely describe wrtist 'ie :& soon with suaf~lceit accuracy
an cbespietosm. Th" difkcually Iacrem@3 *Uk depth because the well-kaowa
saestit v'eods of bvahiag air or ained gas"e mor paeseaire iaterfere wdh

BY eat60g far W InIM she the waer eudace. the w~dorwater rooos-
maakemn ewtsmser. equpped with a ewltftile camsera. (for examuple with inrared
W AS) coo also owafft clamse 4a -*o~ograre ct beael an ehere laetaljatimas hick

masony enpL&Lae atebi verbal dseitnpesIvA can be need to deterualme w4%ere
Rao ban b~em. Where nwmlsnaace of comaplfte eadiesmc as h vast Dan tcd
.wsamer as eqmAild. V miOA prove fossable to equip the underwater camera
wtih a smait periscope for use inLatel "pop-mi pbsbagraphy. Crivmble, ýmaa
41t CA O 0110011 as the LAW. Wb proies Wee IMINeMMINIly developed piCtUre.
Mid ein a ewtaced eUnmoor to &eceje kimeell by omepartag the isttuwed plas"-

M46he bntobi wub a son"tee nAt r~ese phoegraphs.

UUM reseey. N moeeey for Usag t~ab7 diving Near to opera"e Inde..
w~a"e Cas tooe feat hat crier-ind ftlefieata eq9iAiaeft were cluney and 4&Md
to bude. hews imft~d wallha end rebic totem--et Lo the WU1 of undervider
IN 1 e 1"and fAtliewtsis. Tie devokepsai at ofelS conained uaderwider breath-
if appeaft. resea edsine" is einam canaema photographic and te levision.
ensarsernd On ims nsmig popaLarey t of "e we4r ewivaingis ha-e aW searved as

IANtasl IS a"t f Leid.

The iesawashg p~libe Interest is viwderasr ewrteamif kbaa Vf4 taruw
people. b lagiug with Monem ew ideae, to solve tie problmas of -iufbrwator pco
o~y t.Werwatwr doinn-iutoe me"u. '--startats, bil.' a. geol~glvtv or- P'av~.*oI qu
ematoa, ma" prateeeiml platgrapber mend If.-y .e *h workers h.ave %tatA em4A-

ed o ed hwe m srwe inm~ee Aea ~eut 1 ha nw er EtNTba
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underwater cameras. have beer. developed and a Rrwat many *,ct~ir"a taken. As
yet, the Uruteo States can :lai~n no rtaultm eq..iv~lent to those priAuced by the
Undersea Hesearch Group of the Frenfh Navy. headed by J. Y. Cousteau. which
has d-v more to advaisce the field of unde rwader p.toography theai aiy other agency
.oi pvrauiA. Under French ieo-laronip. ,;!-d&"Ar .hotogra~phs have graeuated
from the fuzzy. indistinct pictur-s of the post to realistic true color pictures a(
the w'orld underwater.

10. 0 Problemsn Associated wit.i Underwater Photwgaphy and Televsia"

U-at Vnder norm"a conditions photgographs can be eakes with natural
osunlight, with good results to depthai of ZO (tot. Below thin depth, photograpas
takes with satura4light to"e contrast because of the scattering of the light and the

abpim le.o the red and yellow portion@ at the spectrum by the s"a water. The
narrowing at the apectrai band width causes the lone of shadows and results in
fnat and unintereeting pictures. As the light becomeso weaker milk increasing depth.
the lrta of the camera must be opened This in turn. eduae@ the depth of focus.
Despite these difficuilties color pictures of good quality can be takes in clear water
a&W bright sualight as depths of :aiare than SO fee,t wAbri black and white, film can
be usesd with natural light at deptho greater than 100 feet. The French have achieved
good succese In water as deep as 400 fee" in the exoeptioeally clear wider@ of the
Mediterressom Sea.

Color pictures take. below Z0-90 feet with natural IWg have, a p edot inant
blo. ooicr. For xasafmoa air tanks CC divers, which are a brio& yellow at thp our -
face. "h.' gr01 &as blue green at these depth@. The -too at a magenta filter he"p
somsewbat to reftere the color b&LnAce of deep water picture*. but the redtaction of
lILOt by the fitter is usm-Ily too %-*at for good results. It color corrections ore
doeired, tuey can best be matde duelin developmena. For sltill cooa, pkturee at
asmath. good reoisih have bees *btaiined by Cousteau (I I with ordinar flash bulbs
"a a lI.A sourco. No single seIt wom"niad artificlial ligt eoores, to yet avadalshl
for mads rwaber msoving pctv. of.

Turbidity. The tuabidily olf the sea delend both on the particulate, matter t.1
suepeee-Q5TM pieweas dissolved in the water. Pure water is relatively trans-
parent. and A& It pinougrsphs co-il be take. at great dislances V thse 140t source
wer* satftcisevly powerful. In the sea. It wever. light is scattered as it passes
through the Water *a Obects at a distance diosapear an it ina f og. Because at
the higher erganie productivity and the pr* Acm of particulate mallter breugot by
rivers. cemartal water are amere turbid than water far from esee*.

Varioseme .iodo have baee attempled o0 r*4*co the effects due to scattering.
which *bows up em a pasograpltic plots @ "glare' or '74o. Becase. israred rod
Ilgmsto 5o mtscattrod an #sally an the hl..e oMw green wave leagtha, its use has bizen
suggsted to werortoe the effects of oscttering. The high aboorptam of the lan~ar
wave Lenatbe in Mwat 00"Wracts this advametq- %awever and meakee the use 09
Lnfrared imprad ical. Polarizatian of the llglin u. also base attompted to reduce
scattertng effset& but has net proven Gottia( -CU ( to %:ause of tin Ion.: A I~gi tintensity

d~igpelarlaatie.
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!A extremely t~rb.d water, pictures may be taken througl' i. er plastic q
box '*-ed with filte~red oater. Ti-is methcl allows the photograiphei to j,,reasr
the field of view iwitho-.t jicreaslnd Vice P. *4 of turbid water between the camera
and the objeag ;eng photographed. The 4,D.y equipment required limits the meth~d

to special situations. Scattering effects from artificial light itourres in ar--as of
turbid water may be partially eliminated by placing the lights as far to ome side

10. 03 Untderwater Photographic £quipmeeA

Present status. The greatest weakness in the field of underwater photogra-
phy today to unavailabilty of reasonably priced equipment. Cameras commer-

ciLily availjbl at the present turte are espensive and in most cases art importsI
frain rranice. Britain. or Italy Although they are in general excellent equipment
many are not designed specdicicaly for uae by military underwater swimmers.
Proosently ovailable commerciali American camera* are at excellent quality bid
are quite expeansive and rather heavy in air. Present Navy underwater cameras
are too bulky for use by underwater &,vimmers.

Many unerwater cameras have bege developed by American skin divers

aidhehr amateur uisaerwater swimmers. Developments by and for itese groups
are pateft~ally a rich eweso of ideas &Md euipment for military swimimers,

Still ~avarso A utiU. tnemra, for use vindrwater should be inexpt#%eive
(cost lose tton 1Q00) because of the danger of ieee o enad f ing with dea water.
Undrwater cameras can be mae" from several existing commercial air rumoers*
by simply enclosinS them in erster-tight casings. This method is dedarabie as it
allow* the unde.,weier swimmer to use the camera in air to talke pictures of the
beach, and to replace, with little effort cameras which have become damaged or
Looperative. The quality of "(Y'- rig &*&I& baa improved to the extent thad they
can be msed an all oaid. controi. with"u daenter of lookaed within. the depth limits
of the Aaderwater swimmer. The case should be made of a strong light material
Such as &aliamOuM Or LUCite.

Lucit e& ha ses beeued with good siaccess to enease cameras at the I). S.I
Navy Cloetrance Leabtaor, sad by Dr. Hu#. Bra*,er. It has the adivantaie oI
being trusisowsoe* thus sUowlag the operator to see what is happening whe., he is
taking pictures. Cameras having a reflex acskc are desirable for accurate fouci.-

* lag underwater. A It** meter Should be placed in the camera cast for accurate
determi snato of expoihirs time sand aperture sett&ng. The camnera cutse should
have the fokloeitag external controts: 1) flU Wa&vs@. either saimatil o- manual.
2)Iiris control; 11 focus control; and 41 shutter speed .,wtrol. I. addlition ths. cose
should be dreegrae4 an that .t eon he opened sad closed ra*idlv.

* The0 choice of a camera to to 'seed in the Ma.:..ewaler 'ffl'o 0i case depends
on the type ad a"es to as dtone

Matin piturecomese.Most of the desirable charoctyrietice of Atill
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cameras appiy to mottan picture equipment. Cases should be J085.Iu1ed Around
commercial 16 mm or 3S mm press zzarneras equipped with wide angle lenses.
Exterra! controls should include merharucal wlind, )n-otf trigger, iris amd focus
control. W uxims on both ends af the case are des kralu to give vnlo~a throughj
the casne and thus better dvtermutaaliuc of the Ii.~id being phoitographe as well as
a view of the working parts of the camera. A slight positive buoyancy Is useful
because it keeps the head at the diver in an upright position and permits recivtrY
at thes camera if it is dropped. A 1ignt meter should be placed inathe cc .iera ini
such a way that the light sensitive elernent is affal-ted b) the asam &als %a the leng
of the camera. A view of the fontage, counter is also essential.

10. 04 Underwater Telervisiog Equipmrent

In 1944, in comgectica with the resurvey of Bikin Atoll. IteIvisiOS was A
aiqited to a housing for usge underwater far the first luumg. T'hin initial use at
TV was made possible by ths development of the image ortiticoe tube whick is
sensitive to extremely low light intensities. Although few useful scientific results
resulted from this tool. It demonstratedl the feasibility of underwater television.
Recently. attention has again been focused am underwater TV because of the success-

tui 141entMIfAtlos CC the swunk.. British submarine AFFRAY at a depth of 180 feetS

dru. atriod.sadoev-%lcabes.Although underwater swimmers or divers

such that thesee eaqvipmesda tend to supplant rather than supplemenit the undierwasterI
swimmner. However. with rvcently developed photo-coat- -:ive tiee much jis the
Vidicom. it also proved possible to hutldt a ligl sand compact toeoievloce camera.
One such camera (tOw MCA MTV serteel weighs shout 10 pounds and I@ about in.
mias of a 14 mml elmse rmers so that It 4Lsn be readily housed in a cune which an
userwa cr swgimmner can harloan. This equipment requires a mosilgar on shipboard
but a caile, an long as S00 foot cani be used laetwoon the camera sad the mender.

Aithough the loaeth of cable In sufficient for vertical doesceatf below a skip it dons
nad allow momn hotsaftal magwvve rin. .bs equipment should prove useful forI
mine idediktttatom. salvage operations. and inspection of underwaetr structures;
for example. ani underwater swimmer might locals a mine but SOt know how to
diesam ut. The TV camera then would be useful In relsying a picture of the mine
to ami ordesimee espert at the surface who could give detailed inistruction on tins.
mewbodat ofdlizrifg.

The maim Woadvnse at televieton over t o cine camera in the bltatagesus
relay af vinun" istellgesice to am explert observer at the surface. However. the
picture quigilty oftelsevisin lgis still much poorer than phutogroggiv. Thjois .*n Ia
pecially tans ofth ins iermia sensitive tubes which display coMsia;.r#Me "memsgry
effect".I

Present TV camneras are about as Pensitt~a '- iiHt intensily Iso the .wmaa
eye.. Hoewever. it is di~tcult to ainala esidfciently *eds eagtle ilainý Law tile a,
aided py a" ths P6otographwer camera. undcrwat 'r telev seion 1iis alagd bythet
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turo•i•ty of the water. By electrenically enhancing .ontrast, ar.d b, i.creasifg
the r-rJstlvity 4i televiason tubes to long wave lengths (thus reducing eP.c .:it of
scattering$ it may be possible to develop TV eanneras which are conmiderahly
more effecta.e than the eye. i
10. OS Conclusiomn sad Recommendations

I. Underwater camer,, ad accessory equipment are not readily avelable
in this contry for sc&4..Aific or military use by underwater swuimmere and those
umln that are available are very expensive.

2. Equipment which is available Io most cases has been designed for Ather

typvs of diving and is axt. in general. applcsble for operational use by underwater
swmmniers.

3. Exchasige of iformation with French and other foreign underwater
swimmer* and photographers should greatly aid development of adequate United
Statoo photographic equipment for mllitary and scljntiflc uses.

4. Underwater teles,'iao equipment manipulated by swinmer sho•ld
prove useful for Identification of mines and clhar submerged objects, for salvage
opertions and for Inspection of uaderwger structure. The possibUitise of site-
tros•ically ehancing contrsat maugg•t that underwmter television may be made morm
effective tham the human eye as a means of Coeng underwater.

11. 00 SHIPWS, OATS AND CRArF

11. O Latroductl•ot

The lima"d r 11 011 1,0s11ts4 swimmers (partictilarly if they must carry
equippment u, eaigoelves) make* it neceseary to transport them as near to the
objective as poseible. At present, rscomris•eace swimmers are carried slmost
to the b)Jstive is Lrge ships (APD or oubmartal. which approach to a safe
distamce sad put the swimmers off Is Smell Craft (LMCPR's or rubber booas).
These aie approach to a safe distance. which may be all the way to sbore u',
several hundred yards oad the beach, before the swimmers sad their gear are
fInaly released.

The desirable characterlstlce of @mall -aft for underwater swimmera
depend on the kind of werft the men are asercted to do end the nature of the
mother ship. WhesI oerattons must be cooducted with stealth, the • ahote sould
be quiet, lhav Um *esar target strength, and be d.fIicuh to st*. eitner viseally
or with rader If search snd survey equsment. casneIso, exploslves. buoys, or
.'vPr hIk" g"Pr sOr t" he used sto40ae GMce must provided 4n the boase. 'or
landings an ocean beshes, the craft must havw good surf rharsralrtkeo It musi
Ip dciaigiwo for **sy landl rg and stowage on the P-. Oiher ohip (t.%vlrulariy if thp
letter ta a submarine) If it 1to wessary to hide . t ashora It must be light
and easy to handle out of water For nearly all teeo ,'.a boat should be oturd:-.
and cspable of hio "Sed o'•ert ON.
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For extended underwater search. penetrstio.¶ of enemy hartcre. or optuimum
effectiveness in secret reconnaisaar~ce )f enemy shoces. a mechanical means of
propulsion' under water is needed to increase the swimmer's range and speed.
This ms- be either an equiapment to iuid thr 4--fl*'frluI Pwi.,.or,w~p. a ,mru1
which will carry two or more men and their oq~aipment.

11. Oa Parent Ships

The, APO The surface vessel most comamwiky used as a paiffli sahip for the
UDTes is the destroyer transport IAPD). about 306 feet long. displacing approxi.
maftly 1800 tows in fully loaded condition. and varying in maximum sped from
22 to 25 knots. In addition to space for crew end ship's officers, these ships
have quarters for 12 officers and ISO men. but they sometimes carry two under-~
water demolition teams 126 officers and 100 men). Meaning facilities are inadequate
even when only an team in embarked anid the supply of fresk water is often severely
reatricted. There is no shop space for the UDI's to use In maintaining their
equipmeas andl In repairing their boat, and suite. The boat davite are unsatisfactory
for boat handling in rough weather, and the positions at the boats in the davits while
the ship is underway male A quaKe lacoavenatei to work on them.

Submarines. There are no submarine* specifically designed as parent ves.-
"isa for Underwater Demolition Teams. UDT's in Korea, have at times worked
from on* ot the two submarine transporld IASIP) now in operational use. Although
the dckck hangar on the AMP is large enumugh to house a boat the elise of am LC PR
the problem of carrying the swimmer's craft on a aubinartise should be further
studied. Should they be towed or carried in cradles or tubes on the dock? How
the" should they be protecled again-t pressure?7 Should they b2 carried inside
the oubmsrtue? The transport of any ourfacu craft aboard a subatarke and the
lInherent requiremewat that it be Launched on the surface fail to capitallas on the
most iml.srt"n featurew of th. mouther submarine - - dts relative invisibility when
submierged.

A meoo" for mere rapid egress sad re-eatry through the escape chamber
of the submarise is owed"d. At preoseat the men wait to go out A to S at a time.
Comning back. they are takes in board in group. ol throe. Serious difficulties
arise If tMe swimmoer have nearly used up their gas supply. These might be
allevisfid by filting breathing tubes oulside the submarine hull, which the mes cou~lu
use on their return from a mission. Such tt'ese carrying air or a gae mircure,
would also be moet helpful if the moo hcvo be.. breathing oxygen in operations
at shallow depth sand then must descend to 100 feet or more In order to re-eater
the submarine. Using a task *voguued by BellouL (101 the Italisus have been able
to lock said unlock 11 me. per minute lnte or out ad a submarine. lRefer to pars-

gehftitIn sfuudimarlns so.4OMu

11.0) bma.l Surface Craft

The IXPR. Thin LCPR ms the staadsre UrT (- ..unnainawsanc cr!,.' Pao
LCPL saimilar to IPRbut without a romp$ Is elso used. Both are en.ploysd to
tranasivi swimmers and their gear from the parena craft to the launching positions.
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to move Ute explosivos and equipment -f the team ashore after "D" tay. and for
man3 .ais ellan-,oua purposes. Th•ese hcats are 36 fcet long, I I foot beam, weigh
18. 000 pouds in hoisting condition, and ;ire capable of I2- 1( knots If they are"souped up" and the armor is removed. They carry a portable radio to contact
the r.rther ship. but usually do not h.,,- echo smo-Oi-ra or other standard navi-
gatLonal gear. They got their approximate location off the beach by dead reckon-
Lng from the release poiut, by radio guuiance from tle mother ship. and wnenuver
possible by visual comparison of the shore with aerial photographs. Because ,4
their high silhouettes these boats can be seen in clear weather for about 5 miles.

Swimmers are launched overslde from a 7-man rubL r ooat (towed on the port
side aft) and picked up underway in a similar manner. The large bow wave pro-
duced by the LCPR seriously Itzerferea with this operation.

The following requirements for a small surface craft have been suggested:

1. The boat should fit stendard davits an APD's (or better davits

should be designed).

2. The slhouote a sh.4d be as low as poozible.

3. The gunwale should be sufficleatly low to permit easy handlig
at a rubber boat so that seimmer* may board or go overboard
*@gudy.

4. Good visibtlity is needed for the oonwain, to facilitate swim-

mer pick up. *
S. The bot shiuld be xale to beach sad operate in the surf.

6. IS-O kn•' spee"d t deesrable -- with lowest possible bow wave
to keep from swampisig swinaere an to reduce visibility.

7. A *cram should tie (thed on o seaide so that swimmers goiM4
over the other side ce,-ot be aseen.

SI. SO-€allber or )O-csiW~r machi/m iua moama@ which do not
oboruc the o~aswain• view ar desirable.

9. The boat should be lightly arr.-,oed o the sides.
10 l. Wesmt aporatm at duve-quartere speed is desirable.

It1. A waterproof stowage sempsrtresls8hould be provided for

tIk radio .and there should be a permanently tnstalitd antenna

The B f Ships has prepared preliminary do&;&. a a boat to succeed the
pr-e*ntLt'PB. A portiol of this crrat wUl be ccm'te,, - covered sad htao-d.
The boat will have a self-.baUL^n :ckpkt where the awimme,'- get in Wu out of
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the water. On th enter line. ft ofthe coxswain. is to be a S0-cnliber twin
r," I'lUn Va moun. The coxsw*nl will be able to sit or Otand it ht likes in such

& position that he can see his Lie of switmmers for pickup operations. The bat.
offlc5r1 locatiaO is an open cockpit on the port mlde. A 300 horsepower diseel
otiU- will be instaled. But it to belivvP1 9- ?r'-knA requirement cannot be
fulfilled ,alWes a gasoline engine is used. Th. boat has a low gunwhale 0n the

port sOd5 for discharging awimmers. Pertape the ;ow gumwhale and screes
features should be interchangeable so as to iacrease flexibility In surface UDT a
tactics. A difficult design •rablem bh. alsoarisen because "o the attemgi to pro- 0"vide ftowa* spece for 2. 000 pounsl as explusaves. This may be an excesskve*
requiremed.

Rubber boats. The 7-man rubber bost (formerly the LCR, now MSS is cur-
re11ly a most GoR'a. piece at UDT equipaed and Is used on almOt every

surface operatimo for launching and picking up swimmers from the LCPR. for
transporting swimmers when a moderate degree of stealth is required, for recon-
ca~seace in cold wster, for souding and profiling when condition alUow, aW for
0ovta" eplosi•ws to the beach.

Presently used boas are heavy (IUS pouds) awkward to handle, difficult
to hids oan te beach and to lift aboard the LCPR. They are quite durable and
rugged. bhoever. and capab•e qot~. foo4prO operation. Some boats are
idlated by COZ battles, others by manlly operated pumps (which taken about
sti miautes). Rlecet Information from Korea indicates that they can be tracked
by rader as dta•mes qu to 6. 00 yards.

Am improved robber boat should be lilhter. at least as ttff, anid eWr-
resiated as present cral. Ia the preoent boet. etiffening in provided in pert by

1a removeble corrup ted mat Wilck Is tangled to make a rtgid deck aided by a
-I spouson. ead In panrt by the heavy material of the bast itself. A statistical study

Sof pect.re ol atione to the present $afte might allow the use of materials
of varying thickess to save *i8gW in the lose exposed areas. Tn mere reductin

lof weigt would magke the boat easier to haidle sad would dousbtlU* reduce the
p gtng eoemewhet eves though a liloter wet material were usd. It spclaUy I
reifdorced eacto io rewired to bold &aaas and heavy sharp objects.

A nmw T-men rubber beet mas been built by the Internmtiomna Lat". Compa. _1.
Althou4t it weigs only about 69 pounds it is said to be as rigid as the present" model. Its dobUlIty remains to be provwe. Flotation Is given by 1 •sepratep
bladders. all inflatable at oe time from a commn air supply in the splagh rail
that eacircles the boat. The bladders are made of polyvinyl chloride (each can
be replaced separately khe necessary) but the rather fragile plastic material

Sis protected by a very heavy nylon. The bladders can easUy be repaired '% ups
field w!t 0 Speclel tape.

Poduidl I -rds. Poddleboarde have proved - table ti' awt VDT4% Sad Showd
be re-e*valtod. T o types •ave bees ue*e , '&..e stock bard. oit at-rdy•vid

a" loawctm m cspplp e of carrying a load *.f ',* pI ua plis the opt tu. It
c" travel a mile In elaproxamtteoy |S mumtes. The other typ., tho racing

CON IWEN rtA.
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board, is of fragile cons~tructiont. car-tea only & minimum of weiLght, arid must be
hanse't'J by an export. It can trokvel one mile in approximnately 32 muiut-..

This ilff.refte in speed. balanced againat the consummnate skill required
for the racing "1 ~rd. does no am to jus iy 'law dthe tatte r for mil~tary p~rpoaee.

Other surface. craft, Recently the Bureau of Ships investigated a aztiall
"akim boat". It i. *&&PatmaIly a sarf 4"oed with an outlboard motlor fitted on tn*

bow, with an underwater exhaust to reduce mote", capable of 23 knots with a 10I
horsepower engine. and carrying two men. A boot eif thib' type would be vnluablo
for h~gt-epeed recmlaensaoce. for %ae as a night operation, or for an emergency
pick up.

Another craft. the British command* Kayak. has been tested to Korea
and fouand useftal as a reptacement al the rubber boat an reconnaissance missions.

An no=m of equiplpenst which could well be improved is the presently used
two-man "flying mat" -- a small rubber raft equlp4ed with a small portable
electric motoor and batteries. Emtrema~e difficulty in securing the electric motor
with clip-as devices seems the main objectioa to the flying mat. The flying mat
ia Wdeal for nl*d aurface stealth work. and it Is usefual equipment for UDT~s.
Its drawbacks might be rectified in a masisimus of time.

11. 04 Small S5chmere~lloo

Uses. When@vor iLA isneceesary to operate war an sm-ny held share in
as comnplete secrecry an possibhle. the approach to the objective must be made
under water. The firest pert rf the W. -oach can be made in a nleat type aubmarine.
but these 1500 we veselst comat cperste submerged in water idiallowr .tuaa 6o
feet wild deptho solse theat 150 feet are considered hezardous. The final submerged
appinoach alut be muld by ewtinsinig. or to a small submersilbe. On many cosato
throughul the wor.60d4 detsobe. than 4C feet extend out several mile* fro
chore. I& theoe an". eves nasaa equipped with SCUBA woold "~ have *auoa
breathing gas to swim the duiatmie anld rottam. Moreover, they would be serioanlty
fattgued when they reached their objecive after %Meir swras of several howre. To
duPPlemm101 their ewM-n, h must have a emal,. powered submersible. or a
mechasical Masi of idividuaeI wade tweter pr jpuia is.

In Worid War aI. the itallasol wad .a ft tab ploeetred in the Maeo sallav
submersibles for sleafthy attacks oh shipping. These craft cans also be ueed to
carry demsolition aold after @*er for awiatmere, to coind~ctl rapid sodaccurate re-
coonalasance ol e*iemy held neer-ehore ar"ec foe herbor defense. and poecliby
for terminal gwdeste to LIW4n reamp missiles.I

It should be tmult&asijd Ithat becsuse of the small number ..*-nn who can
be traasporled in a midgetl emarmersible. the genera1 usee of thesq .. Mrat might
merkeday alter the doctrine and tactics of such gvo-.,A a UYTI*.

Tvl*. SUl Iubmretheeo coem be divided Wao two classees:

16 coKVIDzUTLAL
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1. Opeun-cockpit ex aft. in which the eompartment oc~uped b h
crew is flooded when submerged. The British Sleeping Beauty
(SBI and the ItILsan 538. are examples of this class.

Z. Cloned-cockpit craft in which the crew compartmnaut is filled
with air. The Bratis ons-inan Wellmo.n boat. and 6heir
X Craft ( 11-mana midgfat submarlne) ame ad this type.

Present satous. there are at preaut nu V' !. made smail optb*-'reblaes.
Several smal orign models have bean tested includiag the Britis Wellman.
Sleeping Beauty (SB). X Craft. said the Itallam 888.

The SleepingSaBeluy
is a one-man open-cockpit
craft. "Itf propelled by a
emiall electric motor. O
the surface it can be towed.
sailed, paddled or driven
by Its own propulas~a
system. Its deagpied under- 0

%,Ag UDT's have sovr beens

two knots with 5; its oper-
OVig renga Is 10 to AO Mildl

The ctoood-emcpi
Wetlmas bocA caurrees ama
man. wet*&about 2 tame
Out is £0 feet lamg. it.s%
saulissus F A~ toab~out

4 knots and its ram at
adis upend isabout 30 onae

bead wkkk~ Is Mmmaliy do.
taehbmle frem the are* by VIr~ Th 7%wVepitn Beauty. Pale al"as arkmn
the "Oerator. eo*lspab" boo is forogrousid and rubber

raft ta bckVwM.
The X Craft toea

saipim eabosrbas6 toofet lm& diaplantog 96-t tOm fandwa carrylng up to five weo.

The ialian = Is a A-mans aoen-cockpil craft pow@red with a ?j bareepewer
Oweter amd capable, at oeuberged opieod.u to f iven knots. a curriawe"? disebllad
is internal toaos.

The Suwve at ftipe bnas drawn up a pro&.&a ry *esIgm at aL apsen-cckpit
craft BLUll to te Sleeping Beauty and at a cWOed- '--ckpit IS- to 40-10M Mdget
eui~martoo. A cooract ;ian bren lat to the Patebbild Aircraft Corp. (Enggne
Dividisk; Ium oaw letser craft.

CONFIDKNTLAL
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IOppa-cocklaid c maf. is *haic the coqnpartmen.4 ,, jptd hy the
rrew is r~osuded whre nubmorpdl The Sritist Sleeping BecAy
(SM) .ed tke italimns sS. are ess-mpies ac this cites

L ' ;A. . ýrz - zr-a. tmeit zfulled
with *it The Drdiais eanose-m WoUmsam boat, and their
X CoA-e 4 S-vmm mildgu submartme) arm of this type

P~vovM stats. there are at ;r~eonat re U. S. imadle smaLl submersibles.
Several &saai fure~pa madels have boom tesled imAwclud" the Brats Woenisaa
Sleepiag Sesmiy 435). X Craft. sad the Itation 558

The Stoepit" -eedy
it a ems - mas 00-C*Ckpd

craft, "ell piropsled byea
offmale..ctrtwmaktera 00 ~
the surf ace a cam be lisied.

byne spe Oe £ p"im

bIM al have sever beeft

Maeg rom is0 te 2a mum

7%v clawad-~e-CO"

mm.ý wei eaoawams

mb& is A we"t is s'

ibis "ed is ske" is milss
is car-es a Sed Pe~n war-
head Which is Manully am-
tacheb"le tem as ora by Fig. 6 Te Sleepiag Useawy. o kase as myl
go e raer .1Ua.&s beo ls feegv &Wd obe r

ra~s is boakhUld
The X Croft ise

eadSt e1Wema 50 feto law& disptidsg 14-10 law swl arrylvi vV tv five was.

noe tishs we ts a &-vmm "a-curaps t ciiv erva web h TI borstaeewm
issrmd sapabi dt mt-lierep epoede up to fit* liaf 1 ctrrie miesa b&alet

A8 ALWIT&. tWas

The lleeee 4d hMoe has drews vp a pf M sy hepo 49 sm apose-cesclp
cron sic .lag tohei 11eepuig Resuly cad 0- a t~M emeali IS- tu 4CtsIb

*vf An A "iro~il has t~oe4 eto ha te slrshLL Aircraft Corp , * m
Do.%* erni lot this 4"otr craft

a~%A C ýh,.LS 4;,
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D*81rabIt charactertaticat

I. The craft eIbaald haew a submerged esuiuag spced of st lest
4 kimst. Thha aIainim meubmered speed an ceeaory to
IwfaeW l@s *a~,' .-- 1 rv!7'-" Ofi~ the boat from mOving
ft"ar~ffse !a meabe 4 to pr~cood ot wUto i ar*"Of StrV
cusnooke to reduce the tume 'qlaigg4 to carry OVA a Woolneo.

on t fsi~se eaesiei momewer iner aftack. The hi$5Ul
peeeMhA mazimm speed eommntend wila Saer reAireossth
is doeirsbhn for the IdS0er two purposes. because t~im ~i" of
detectie. will lecriv&" webh the tume that the croft to is ssey-
held -a"ew. ad SO, hrness for sevetsi depend aiomed .dtrely
SO Submerged sowed.

A. The reqiahied submerged eadroe time is dependn On e tIype,
49 aiegam, VeaY from A 1wisr to 4 bowsu.

3. Tbw craft ebeud be ops&e ad earwrat ole tn" We.Sa. 7he
"WWii eyawm of two mumwors taigefter bes, boo ewd to
be imosedled for sd aft ~aftdr opermllea. (04.60)) end a
searIy all typeeso vat rwaser misines. two am weetiag tie-
Sw~r asea losm con be mach mease01-* p s then tw- loeom
we~t~gthr heIMvINSe~r

4. Tle s eoder meet be pedes fee. eam w~. When es-
tia@ qwUety Im water. Sme San. betom very cold Seem t me~r
lome~ragrof a W. (4* all In so Opern eccait be. proiellelle
frem cold . mid be Ji4sued by as LAsswIded at hooed, &Mi. The

t e~~~~sedaised asr to a closed eacpl boaed e faulumbsv oIichem

5. Thew air preeomrs mai d a eI,"smd Tonga *"a to se md-
srift water pmew sr. or b ate raw Of atpO p lesotsre a
be eeael enmn to prevent semvwAatm.

I1. a .loid be pooeb to wiew the bo see " mealf itk is admorged,
SO "ha Se OCOMPLIN See to&" e94101 IA eeWiM a ImaseIA,,a" IM odwres

8.Thee, AMid be a Imall-is broathilo use ampy owd t veesmary

9 3 shul be posed"hl Ow a smell 1.v 4% OfOLrwate we. to o

Is. Th.A. Md rotrie" Ife boo from a0 deob 9at o dmerpiL I
muted "eboo rise

CUMPM*VTI4
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1. Op"ea-ock~i craft, I& which the compartment oc~a by the
crew Ls flooded ehes submersed. The Buttaah SIoepLag ieauy
(US) soU thefama~ US5. are examples of thia cis"e.

2. Clovd-oeckpit craft to whbcb the crow conmpoleas fis 14d
wtth bitr The BrBisk ame-amo Wellmam beat. amd themr
X Craft I 5-WA. mideat subma owl ame of this type

Present oftu. there are at proongsoi 1' 5- oade small omi*-vreabblv
Several sma& formtto smoila have be" tested tacIuiu %be Brassb Weilmam.
Sleeping 5oea-y (SO). X Craft. and the Ihaliam US5.

craft. deLi prvpeIed by a o
small okoctrse ovar On

"saled. Poddfed Or Ave

eyetoem. be designd voide -

WAd Mrs hew I w b
Ohi to saftbo no"Sho

edtwo km" log it pr

MA4 M iwrw a0 ftd &S wa-

we" ~ to mmm olydo

the ope.isor e@Lh"We b" to oegroort sm ruber

The X Cpsf i la
*wdp mooo S to"fe Imm& disitiea to 8-"WNW tmodrn cort7 u to five Wko

rh opMlimm M toe a -mom NONpearip err^ Powered Oubak 1' horoevwer
:&.jt'g .Ad, 4 .c if o.~t pvý.* r V. flow hate t -er'.6 *sq. 6-..
Is WrAlMA tme

The N~ue is Wipe has drew. up a ow-, a AFT4g a io O me "oo-rcoaamt
Crof .13111r %o as SwooevI oleedY "Wd of , r. 400 -a tmot S5. 1* 46 #00 . 0601t
ewomarlaem A compa*1 a.ot too Iet to ate Yeirc.ldi Ar, ran Carp t..agu~o

.. loo
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WO The boot shoua1 6j aral enug so Ita attto& can bat carried
byl a embaas Lons. preferably immid, the preessure bull to protect
the boat.& from hilgh hydroetati: preessure. U the craft are
carrie inside the bull of eatathim, sulbmarines their d~mmic"
will shalw muit he' stwil ii.: 1%o7 can be Isaschaed thruiftg the
%Gp@ tub"e.

11. The beat should be capable at surfaced opordtoml and *9 b-
marged aperaties dews e to10.1!0 feet.

12. Is order to avoid daection. the boat should be qud emes at
crnisime speed. have a low svr echo target streamoh. amm! a
low magnticsgneature.

13. To facU gate hoanling.x bgabove. sed below water. the boat
shuold be Ligh in weighs.

R.L~lve merits 09 M40-cockoM sad clame" cockpit crat Cineed-cocklin
craft bae" Vas adweasines Zw Mhe crew mWs iboir epirAmeat can remain dry and
maim. sad th oer plead duo" NO hove he be waterproof. Thin is aimoat es-
meatial for the Larger esed batle such as the X f .4%. No complss. built-is
broemein equomemto -06-eea7. tgheb calfe uto .ahds espiles am breathime
pa" soared Widr pressrwe are uwqured teroufs suh mtmorpd operdesis They
havi the dwomsi age that they mom be Ueavyl he vamble buoymoC cem~mpeeelos:

fo i tcoafted wb their0 etrlsomeft. They a&I" are eseier amar so mag-
sette targelS.

ov~emevhps croll have dos edeomlee tha the Lao be 110 #A weight with I
pread mod therdefoe can euahas tromared wtolawe. Ales Sthewr E tearit
tl*Sb. Ol MOSMI. 046@Wtar ame lower They have the didadvadapo thatl the
crew wILL beoo chiled. - lei p4 eloct byl Insulated or heated suds, that a
mamre iotou brow"g eymbs In meoomearly. an O th gat e ment ml amobshuy
mNW be walm Pe a"ed.I
It 6lsiim metoe rnb

Fo7A e ~ I P amsm fm odru v e s Wto lr o evi mI
gfI* rf@*VOWSfV

vehcl W Soc sovra milee to The spimryco emd be he pcolere ow rives by 'thie

Ithe sort soe mod he ra ever a after IeaviegLs t.4555& toleownebf a... 41d to
emaffi linmly smell so that %&.If a 4,3401 r M.'a. 0 flid %0 mIsuohed !'.m.mI
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I odI raft W 91~w

~ew~Ac~gWto dsgW - usrase~r mbatetycl* are f~reo, u5derw3Y
twwUSL g gbkb md m.a b b" - coa~iapuJ torp*4*-elhap*4

ersat. &Apr~gM g( ukch ke eeis t^ t- wafr cP4a~ruimo. Aerujt al Peoenaa
n~as maw a proLum"y =*~&I MAO4 a pd* dri-e I.'m OW SWi&Aora lt#6 to a
p _sra. GM ýd HIaar cd Loe AaV~es. mu Davis dwvlapowoA kavo sub-
Am ,e ..Gaaw cd a mmbr 49 w'ary*S .dO craft IWMýI ftW* bm "unabis. wwn

1. no Imbfti rp %d emosal.d owtommeve. paalcviArly It a" ma I
tare -RAPM Or el~diSeeS Omeee 4 =m@GW7 10 ti IM"thIA ase 'm., tO

asp)cuv m pass*".

2. rwetOW mare.. umI opru lbe owe or twe same 4( 111

fflo ad - *a* am Vempsyo a oomi~bf Lprge ndbetr (Vied siolace
sh am0 V lo e d~es"'Ie.

0. w U a i mosew" "Oes" so ean"" NOW do" to.

*~. NO OM WO 4 Meempomba e. eoI VON IMe~ mibame.b

suo od me mbas4 go" oumrs" 003 r.oiri

-. " mm.i comme atoo" inhbome tmod woote4 ma oAael

6 4m a aes"*mo** 6NO"W~me& d" "% bVW' P **e ,am
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general use these craft may tn. rkedly aiter the doctrum, and tei-twa of UOTas.

I in the ds4pt of soatai' submermabiea* problems of sUowap amd Iawwctian
(I~o a moving atarartow zourn be tasefi Loo accou nt asl **.t this used for *d.-
qr4"a speed to ovrcome currwm. z-'4 tia aijo. *. asiv* tactics. eawadimce. race

ad gree. mud retatry. safety wad comfort d the crew.. &M minimum delectabtility
a Mam'safef ic lm:y as a aswimmer is very low: ihofis. ORLY a 6=411 Part

of owsnea e ospeok is swlimE.&ng is efltectiw for prplse An "udrwater
kitcyci' ta Needed which wicld eMmr be amechanically powered or wWA Ld IP the
swsimmas uacmle, is tow, woo is a more aeffcient mainr. Ow~m e~A of mow;&a
of prewplatee for Individual mierwator swimmers aboculd be vipmewly pursued.

IA 0UUMMINATU OBJECT LCAT1OU

Deteto of sme NOd mea-mad obstructions is a Necessary part of
mamy military sperawas us wi-Owfe waers, Nowt ad ti obstaulea ad some of
the amea will our fowed PMW oi She bosoms. " many mamii wllA be partially
or folly buried is tow hifbting sea en son mods so faeaseadly 0,- in &bailout

our*. Uut *no* ctwgesomcane wiiedr~wada Go" locadmee "arm"* from
emitftn craft or eadmariema will be effective for u'e and cd~a deleadhm. fame
made edr ev~e a will be dweereblak. add is som camee sucasuary. to asaaoy,
mefrwaew eWtmmere fr a hn md abg&Ai 484ecthas an pertkical p et r Waft

f~ct nd apealof eret. im awanmer ema orpe 0 ou wdr$*
"*aW*d as lo beac he may be faed" wileackoftwi problem* of buried gvwt -'wos.
Diapesac of mfrwleer obstcles off a beacI in eame of an sciinbsia lauding is
ame ad as Oawoy minew of Usarwater Dese'gm UeNIO.

Mea a~ oft ebonet veiry ýinfw t to saw. sime a" lsrco
Of mkwiaA. Samisem a - w derabbh own 49 true or slhat; e@re ma, be

be eotw by ma at a oowwom Of se".a A talmuca, as ag esimem
be ing apute sompa, preem .m d tommn

Jo prin Il ewimew is. Or NAM peMadha pur~peow. Un~ifti IN e
deftcom to las owe son=me of 00e a" to& s ba hareosvee rene tvoug.
ty, eappoc Sme am toge mmmw ems Gnl adilewe a maaiý woraa w~m %#

mm6tooe -- 111 beeftof ha *WINOW wMa. inanrI mu a apof

woof 'fl1*'U he mNt 10 evophao bfa -mmee. Thelais ainog ame amon
ha eeralepowsormamem #Ammeuoesft of U06 a deemee

S.1be amama pamesabi deost-i tow is 4 ouno em minw.
bal Nw ro is - - of vumma er emn to aepe~,t

8. .- deetmaboi be as"" fisiw.jm s is hne aw d or tod by
an, wa-~sh omiami -f caoid * lmgr~w h . O~MAI
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3. B ~a Shoudb aperabia the awtmmo~r Ls cagnpleteU> Ab

merged. w bie is sw~mw~ng mo the surfnce, and It posswe

4. 8 eho&d operop wadr cosft- %@,x ve17 Iow vetalbiRY.

5ýVabovid timctvae oevr an rop al water tomperstuare can-I

d4fmtlo L.*. hia be a sutwnmmr (govraLly Z9* to 96*Fe.

6. It shoudb abln to &&Wto farrow iio a no-terrousab*"ac
td Tar7 Is eSim fern a few Loch$toe I. . a fused hea

V odlto Iasqeft (s g., * tWttahe4,ae a" that may be
f~lasf Is we water to. I.. a -. **red MIMI,0 W reas the
beaon. or bwtei **waemite go" do"i mad e ased.

1. as peie shai ad %sAo a mis or booby

0. The sawA reqahwevou of Sm a newasme an VrUS
INW absV LOS. eswtommf from swt-cruwei emooortak. and
~I 1 111 G MOW Pri"OSmInm Sh be "~. d PaSAWSe.

Tbae Isotowtea S im P Ie so eves apeeass NOW abov remueoap".
A ft fkb spkte Q&A itamia woo dmsoepoe dmeq wormo ver a. "agbad sa 1*mismm whis serinvmm v - p -0 -. IACJ (Nome mord4ee4ids

med d WeoWd War U an On pest-ea ps-. At do mapoue detouas, dovkv
doinb. asA /a £1*- -. to parw~ Me best. *ova Stt ya was aneltd so
a owtmwsan"at v~pa )m5 veo. ba emm ar ae 0 hum now ecss,, "al
Was "Wo was ps for "N6wdost am. a" a as m ISo irnowapi re
is ASSN Som A d ~ad 9 Is to0" b"W 1A am.

Tb mM SO earome % bosO linu uS nif saervde aboc s* No
maovvo wmbado to sio be" i vo frqea ft "e wevo, mea oveh

ami 41 w m loo fsm vpmw. pavandave I 1W OM m h nia me oaesPooa-
esaw OOMan of a Wide few d pbeus" pee~auom os is hi move 4d*.r ;rsa

war is ON aem 60 kMha~s hw eoam 1 so dosmen pa.r em o So so s Sm g
Is P"96 1P7 mme m WS rVASAW to d1WQV 6 qeMMU.

Ii IS fas draouS "o S aim 4On.adwft*a b

I&S l" toul 49 Owkem la o5msef a ~atrya"4 dompam f No
*4 AV""* 04n fie Mos ndoter4bft_

pct~" oliany r salked 0a is. Of Searle. sg " L%419 '6 A-0, emto
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mark their underwater ftuda asullabjy __ w"t buoy@w. Rests sad obstacles. adnee*
wAr traps. chammmda. bond loane. wracks and areas at. mod to be buoy, d for wam-

lag or Cudaice to surace craA. Although the beasi reqtaren~ea for a floaing
markcr seemts oinkpl eacgli. a bwoy which wovih fuLfil mll the stated operstiamo&
roqulrewmeat would be aatumushingly acopleticge. Furtua.i.ly. la- part of
the pree.4 aneeds awe fairly well Seat Fny the Daes busy (a brightly coiorv- balsa
sod canwas come with a flag -- maers vm~ forage for their oive limemoad 3i .chorl.
We will call 4 a Osimapie" busy. Staple buoy* should be:

1. fasUty ma" amd Ideetifted (is dayUOO. Buoy* havir 1 dtfforeit
maasm ahmid have dwimbetivw ospee or UM*aChag

1. Coaspeet (9sh~ag -- O"m~lpsble -- eSammy @*&we*

3. MOOSl. nuspd. relAU1

4. $ssmemvb w rmded edgwie which are af deaswweg to ,Abber

60M 6" W 01e11 be8 a r a m ) e VWU *-~

6. Vlw-dee_ After hinting O . OW dismad so sh
peem I eee SO creans. w I a or kid. Me~ depens"
pe"muyan sebeah ambera doelgm. PSAtW am low drw eg umelnse
of so " md ima.

7Us In stelahge of ommigsw" dw 1U9A8 sando LtW 12 a s %a bet

1. v~aft 4 a atio ~an m" U* im elM wo ?a bfr a" per.

S. Paib~f OW OBl l M -- Md .dBAif LaMdig ert

0 wf lskwm T%" asis m a" bup. UM aod r suw0% me.

jilesq Li to sawarh bumy Is, ea" dresly soo a
wabr. 7%0 regowenso omid be fairty easy to ass" of own

mu av so O"so . mows~. a d"Assos L.Asis is eugeire

is wom a -o to rie wft a" w told Oft so Use mis w".
This asseo& fit inw a, e topses rep&* mad *Ms is "n 4 ww. pm-tinmripe ft masef bad 1ommg Uses Isa me asnwbis manNM adds

aO a or*-"& amime 46 as 0-6m". Two tim fta. rgawiau

is smer gutnme a is aperom~u ai firs w au. pr wipmhlp
betoe Nk" e b oWe I~ty be be an es od boamsm
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the ear mawl shftd to cover the metchanism of u.Ag grai
may lodge in such m place as to arrest its aperat.ofl. Liuoye
of this type may be aliid "lighted, depth taking, tine-delay
c~mnpiez buoys. Two mooekal have teachted semi-production;
the H"i ad Ohe Brock. Thoee are *"pnaive, and coriaejuently

few .. e* avaiable. iandiey are umk very reliable. The priceI
of a buoy may be insapifg~icant in comparison with its va~ie in
an operatic, ad the lose of a single LCVP because of buoy
failure would pay for a karpa number Of wUL designed buoys.

Thius &aveleposoma at
bch simple samd comnplex buoye
wbich ame Oore uaable tOis t" z j
presceemodl 0 O m t 4.etzthie.
No. raeserch im meeded aa a
prrerqiauMe for this dreelap-
mos beco ause beebe Icier-
moolc, is wellU The
wort himald be - IAisO the m
ad ow who modesr.4m o
SMY =0662060. bus sa&s the
see. ed wtomomr Probi mad.

go a or". as 60thp
nmaarta. or evm Patferlhmein
wsaid P.~ so VeOW OW
boet roeume It wommd see
bees to worb ltrwU m a am-

boor Vom 40 a Li.26 dom-
MUW Immy an b~mIy m a

ammo-dbam b"T, 11W liUV
tw o mwe Ube*tobe 4d

Aamy Um immo w& pa ob

*wd to *A minedd a
-rbbo. ?U Oo*W 49 beep

"moow 00866 Ar ima irvm Fig. I Typiee D s etr mowo
mwA enAd emadi Sohmi-ip md-be. ee r am. 0"1 gDmA. 10.

Wea he no oooe~ lead.
IT abaf OeiinU biec o Laeai& le Saemti "no SAs l arpe dmm 141 W

ow r* JamoeoM -e U wWI mA low a ndhe bmW mam a psueetip atmlea.w.r

O.Wtdb6 W cad SIM AUSe phmefe team. selfee. '#I4 bopg. wa*'& eaw
crow. - . fetfleh evolw.A. ramornem peeW. *It" 1am, Us.
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13. 02 Conclusions and Recommendations

1. Buoys ame an imnportant item of an underwater swunnmera equipmentj
because they trasblat. his detailed knowla~dge of underwater conditions int terms
suitable for surface forces. it in caceiuevable .bat the success at a large operation

migM hung an the successful use of buoys by underwater swimmers. Present
simple buoys for daytime use are reseonably satisfactory but there is need for
ligbted. depth-taking. time-delay. "complex" buoys and their associated anihors.

Z. Developmend of complex buoys. preferably tailor-made for specitic

tesof operations. should he continued. Use of nlew materials such a" plastic
foam. self-sealing bags. washtub concrete, honeycomb, reflector surfaces. fluo-
reeceat point .an aylon line. etc. should be investigated in thin developument.

14.00 DEMOLMlC5E AND OSDNAMC3. EQUIPMENT'
Demooltina exploeivee are the chief affeneive weapon of UDT'a. ExIA-

Iag hig exploelvee appear adequate for demolition missions in accordace with
preesent UDT doctrine and improve exploeives are becoming available to UDT's as
they are developed. During pro-assault operations it in costornary for the swim-
me~re eithr to low the eaplocives to the target, or to transport them in their

rer beoa said LCPRt's.

Vleahibity and s..Iy searecy of swimmer operations could be maintained
if eaplosivee coilod be transported wh.*: the exploelvee and the swimmer were
completely aubeerged. A towabte explosive container baa recently Leen tested
which maintains Us depth and trim automaticallf while being load"d it unloaded.
Thun is doftinely a ste is toe rips si~6=i though it in still meeemaury to make
explosives wbkb ft the ceantsir. Caploelve packs sheald be utreamivlted. standa.rd-
loed a"d bell to be toed indvidualy -it is series. It IU alno m -aceivsble 00e a
9s~nerled owowwimas'ay an 'iccanins be" to tow v - -k 4 demelition heee for
cbsnl biatle& or limpet =Mie* fworne" altacK6

Almi skanid e6 lse be directed ... eansM for aloing eupleelve. whil
- Olesaegsm. sdto mseans ef meiMAintg anevral buoyeacy ahil s~inmsrgsd.

14.01 Cansimi m R~mem

1. Demetflia eaP"insiee fr MOTI am uner current deessim ame said-
taeserp and vsssd of4ed Io - t1ae* of epIdesive abarow an Undr toot.

a. worm Vat fu . S. fn erv~t WIPet a mn su teek Ordnance dwits
am evatishe. As snakt ass"e and awwimielbesta eeksae awe de,.ieede A will
be anceseery to ceprorreelly develep the sequired demotilhon 2-W ordaar eqap-

Th ;powas an pursued in deail by the MILOVr 00 WAY ir;elm e

f~aiF~p are~oCdN .... i. -
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15. 00 MZCELLA24ECWS EQUIPME14FT

In addition to the equipement meitaiosd In prev~oti chapter@. swirmmers
n~eed many Arcms o equip~ment to aid thoem in reaching their objectives and in
carrying out their assigned tasks The fotlo*ise' notes outline the present statusa
of some of these Itemsa.

15.01 Pace Mama

Ptreiasi prefs.eace. ofen based tau fuciaI .oalours. is theo'r dg
camaldwratlon in the ae~lction uA a mask. ror this reason, it 1s unlikely that any
am ty" of mask vill be acceptable to all of a large group of underwater aelmurnar
Some men like a hard rubber mask which Deals by penetrating the akin; others
like the soft ed@e which is beld a"aunt the face by water pressure. The swtmmev
wtillbee amysd it the niaak is not rigideeouit to oli the gStan away from his noso
at depth. The Vonlt(eanior 8-1) anas of a tedium hArd rubber with a round loss.

MWthe Champion. a &aft edged rur meek with an ovel lne, seem to be moat
geserall preferred.

Moat wasks hame the dmaedveatag at ILiftitng the swimmer's field ut vision
totthe order of*-~* Some dmeloposeft effort should be directed towards re*
decing this datlaisacy.

15.02 Life Psr~ervre

Teo sewly Ieemed lIDT life preeer..r seome to fulfill VIe% roq~uiremeda very
voeU. II as IW. takee sp WIMle apac sad is quickly Inflatable from a m~gle COZ
cylinder. Ws tie 4 suppurt $1 weareres bead shove the water quifte corniortab'y.
At miderwour iwisamer is tr to cam quckly euealce by simply PaLUIng the COL

trelease card. M migf be doeebrsh~ So ~a*ert a Igo F eeerver wok SCUBA,

55. 65 Watch"e

* Is miliery ~eaI a Watch to as *vktemev Inaef tem " 4d swImser
qs~malpW o Gif tas h iat We - 1- wpmi beig picked up at a certaliu timeo prior

%q ~isAleftes ehoesi. N ia alsoe vet, timperteM te all u~elafwaer evinamere wa
ON isg at is reqatrag dooespnreeam. To date m wafth Is avallubie toasth

rWWWee 00101100 whis If OOMAately eathaIetey. The OVAma diffCSaly 14
that the *see b kishecre ros thesa sr*r"a we*.*.f in saesheated that the seo".
abW ansi by -seW el e to seid delcate measeimies to great depo be tried;

amely 49 fillies do tase eoo 1g minbure Wt or afternd. TMe nahee 4
40 :j Wseeery e th ese.sesaft all$.ly ba I& m way lmap~a the a,%racy
oran at the wate. A Osft*n 'W Vrita **@A eWI preove leek"# IN eithr directie"
sine* thorv is to proeee'ro ge4tofil A s¶Attablo watch should be%

1. f~ts at toe OW dw w Is W60 older.

- I. I~- -atim
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3. 5hock-pro.

Is. 04 Kwlee

"A swimmer@* beat friedto~ hi ki ae." INLIS aiMPLe eOW eseoidal Pines

ot gear stll moest wihb &A* crtUciem In to Proaleo form. The blowe (oe
0 lone soee to be more ruft-reeistat them ame the Preee'i modt,3. The CA"0
eboMal be of plastic (rather than leather) and have em ltopeiga spring clip to hold
tie hig imyinssoio.i kmb eimercta h srily be uanabl
to ase. may be ehivertLa may have glav** as. and may be in a great bry

prpo desig which looks a etisafctory but is still to blueprint form. bee cas
so-eaft-dedge. a rmg!ad "ri hatndl. and is tm-magoolec.

IS. 05 C~mpoei

Navigation widrv wer In difftcult. asn emawe who has tried to Pwin Ilna
etraigh Lim withwAt referenice poian wil testify. Is tmarbid or dart water. par-

tiewulry, sway from the bottom, a me& ve quickly bommeet loot. A workable
compoe is me sobuamom owe dM=aali this problem. becausee compassa"

hae" the sme chaeacteriftice beiem "e above water. Vt a magnate comipoem is to
give acowelte peviermasie the diver shmel eat carry large quaiddee of magntic
maoerible. (AvA&&*#t hoilee. fo.ý examplie. ma" anrIemII y lainneee a compeas. I
A oompeme eb~d be small. sesrdy. and have a lemaloof dial; It should be qer-
able.*o depth up to A00 too$ ad whim Lalined of stock as 306.

ThU d@Pd ,ouimrem" is easily eolved -- by fIlling the case completely
wS% a UhsW the requireo'od *th fter sutoweer Coee be largelya-agei

he wasbale to So weaiere a mse* numb of walma to bid wrist; tWe wouldf Creeamy
Intiatio fotiewung a wooes. A eaustbla ma-magpetic fistleg which wwai beta the
se~mpss " at 00 palipe t"ls ON vlisio. is Me~eseey.

Low 06" mammals. me ons be expected 6e maes"lan *"* of abWak

p.0. " Or per pote meel fur a moset of beuow. In equipping ame Wsio move
gib abjerwoo . Sw problem is to une Wne avohLablesuscular meneg is thes mosn
Oa~efts po&esb sone. Owiflee thabe" w .4o Ow moot Impreeomest is "We me
tramonete to 4011.

akiltd In got" m Mfluter bilet At the rate of two to four kicks per br*OaL. Lake

ah* k; -iih metommem. thin bemee aowe efialsl em ans.- welr to hoodleo,
oine'a~y.they "otmi hey m mus on" aMs or"e as pefhe. for the powemr at-al.

* he preseose, (. 6 i evertmooe at Lte o hasv hinteem a t other tarpe

vertsif Is So iefaWI'W 4d ik varlems eeWsoe 411 (1"~. Ut oo1M.PAriffg
ast KA aW fins. he asoer%&.404 that in a&med Woredieso *61 IM toegik and Iu.

was 4A the rtke &" the -a.,,f0i tacrtasoe -iS L 4 ptlilab *7 OF Meo ru r.
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The twc: brand. of finea which seemed 'a h&vo the best ail ar.jund ch;ýraterlsttcs
an, 'the "Swck Fiee" (greenactied b- pleable.hmanufa LaguredBbach, California
wnd thie DSUc Feet" (mamdac.umediu pible. manufractreb Law.n Churchi Cll.rna
Los Angeles, Callfortila). Quite poss ibly an improved fin could be built which
would have a soft. pliable rubber arou-- 4 th u4~rlgie ompiai twrds
the tip. Oa would not expect to make major gaum 1At efficiency by developing
such a fin however. because of unepredictable L-lividual prefetrece..

15.01 DePt~~augea

Both in swimming and In contro~llig decompression, Uniderwater swium~are
very often need to kb- their depth below the surface. Two systems, for measuring
depth (preessure) ame useid: the bourdatt tube and the marwmater. andl several
depth gaugee ad each type have been built. The&e are satisfactory for operations
Wn day~ilgt to 100 feet sad there seeme to be no obvious reaaOM why one type should
be better then the afer. The guage now being procured for UDi' use (from U. S.
Gape Co.) *"=e tA be quaw satisfactory to 100 feet. Howe~ver, the military
requirement that the gaupe be readeble at %Lgtd and the fact that scieintific swim-
users would lI*e So knew depth. to ISO feet saide; to the design problemn.

Isniany oe~rstito unerwafte ewisiteere must freqhaenaty and unpredict-
abkv change depith. I. &Loc a ctpalicated attlenton usee of the diving tables for
optimums cental of ,t deo p reeel tune b~c..... very d~ilcilt. Munk and 0, wee
1 0) have suggested thAt a simple "analog comp-aper" gage mnIW be bein t an worm

asthe swmbmerle out or body. They pait oad that a system at syiphoa bellow
connected by capillary tubhee would be asawgioue to the flow nt totrogsef between the
lungs, the blood stawem and the body tlwaeue. As the sa-fae all bellows would
be as the aableat preseere: aj the ea L-nmar descendd. ithe cheapg In preaeure
would ceene flew Orv a cep&Lary i me ninner cissbr cusapeazble to th
pasa.. of efrgs. frose fthe bloed iat. the Maese. A dispbrass wouid be United
to a needle and go diferential preeemaw reed on a dW. Ae the diver aseneek
bin piableas of osc~enpe~im wemed be moaved by it ~a, Me diieree~ati pressuae
below some deegidd dwpr !A*.

Prooea bomb reassshsemtse Wdte " a feer ishe esitrwor oetwe
ad th as ee 41 a LAWeenrytoo fitwebea4 fo a' OMU ma-atog antme a

It* &08ed-19frn d'm-igepthii.Det-e ed a reedb
swisanernematba;-ee ithnI ratabed -5ab isi. (beess
dewge have been mresntely eatiaaclor7 for salsewe ewinasuare Wa iWeessnga

It 44408 gatM f466614n to huil a dew" , ").W WAm edisid.el~a OMA
depel (sa a profile) while beetig assw above by an enserwmen owsssr. 7U*
would bee. thr" bodmefeo3 1) as Preparatio (tum a Oerted a if "~hee@*
weald be reqausire n Ift inaerwate vu,1d be seed. or -p shown any ft. ?I

proilU leg woud be ea W e A rathler thas atensrim tii.. s reener 49 pudli,. ft (sea

epr ,Xw~ A. pgý I* NO(~I6NA
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Ii- " a proasqure-actiaaed diampram move a scratch-4tylus acroes a :"m whic-N !
mwoed in "ome ratio wtth the distance traveled aLoaf the bottom.

For raakift Inshoer h~drseapbhi aftidie where loss secrecy is retalredI
and more a&"& sed be covered, a &mail recordlai or tolerneoterla echo-somqlr
could be epecaicaJUy adapted to uwtninemr vse. In sildhio to the dapth. the
position of the acbo- eAmamlr aLas need. to be rov,.-ded contnuusmly, this mlay
Inwolve radar or sonar tracking front a paernt craft. or a soil containmed location
system opemated by the aviimmer. us&% knwa reference poiate on OW beach

SLce am of the primmary eab of lYD14 to beach msveying. 4 omild aeets
tha the deeLGyMet di eahA deVtcOe Wwasd Materially LaCrosse the 41Mfl~cyc Of

Me boam" end is therefore warranted.I
11. 09 TreUafiahtlltp Memerteag Gear

Ita ofm"3 desirable for m somphaima Gonammedet to oMw something
aboul dhe traffcablift of a loading heacadm mitt Is cunomomr to ask recopsaieeeme
autommmere to bring back this Udortmatim. Nto simple Wear to eavaiable whic can
be woed be asaa a direct. meeaossimeelnemremeat nor Is there likely to be. The
roasae sare 11 beaim beawtog-ebaar moagIe ahande ropiLdl' -- with wave choooee
md title ebailp; A) * treffir cabdly. rarle comlderab4y both IloataLly sad Lani-

todimmiyewe ath be ttok 0 Ktoa pm e&Uy powM b the ki. we m*(o

chme & 6ase mmbe to shlltre0i4oebyvwe"

For $sop VIO I ~w oo chengee e an"eaetrete. "~ the a
Wieoma pmtrh..'e. maed. be" %mtam. Foe UVpermvatos. m om -skid anser
mW e e bok by IUA I~ tIe wkw woul. Aomalire Illbe tomwaM the t be-m

A.e Fe ew an ew ureL My Who d. & mid ae bo~sd am
sood by u~rwfe silmmrs a doessi ievuM tor tha ae to " se

8oft w. Wt omroomaf o ee" mW be moirb e. Tefied o
I~em OL-asmeei 7 b5 pasee ft be 11m1me pe sevr WSW*S pr IlabWb

bifo Ae smell $CV* *. wortmefem ubsft l 'mlib vabier t a dv as ht.o-
om"", i ee somi~mm 4mo as mvI.* as m 10., is.1 iaesed d to w" U~m ofsas

no ~ ~ ~ ~ ~ h Coilrs* Mm odb0to eib me vi b m Teei and
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face mask whepre ha can watch it cori.nuoualy when necessary. is rie~de to aid
ow-1-mer navigation.

4. Development of self -recording devices for measuring bottom depth and
distancee would increase the apeel W.n mcuracy .f -wimmor reconnaissance.

S. Both mechanical and acoustic methods of automatic bottom survey
Ig ahould be Invest~gid".

6. Underwater swimmers c hange depth frequently and unexpectedly. An
"analog Compunter" tine of depth gauge which would simulate the inte rchange of inert
Oee. between the blood and Mhe tissues might greatly aid to controlling decom-
pression to avoid the damage 01 beads and allow maximum time submerged. Re-
"march and developmenat leading to an analog computer typ 01 dvpth gauge should
be initiated.

7. Developmaef 01 devices for measuring beach trafficabInty' is not war-
ruined becae" the sampling errors would be Weo large. lInsead. UDT'o should
receive morn training In estimating beach trafficab Wo.

14. " CIUXTRuMNMSUR

TV* objective of cmtrmeasuree a1ama varweler ewinmmere is to
Prevent muimy Onoeratr aftecere fronm accontsifth thei als iseim. Pro-
tacum nia be considered for I-&rbmes, b'tdge an river crossings. leading
boashee mid ship. at anhor. s..uuiermeaesare to proleat sbipo against under-
woaterieworre base baee practiced is sImple haee. a *or* has beem ntoil

a~m~ eranso and developmeet in ltei flaid.

A mom itm P onemaueis ft prevent *aparead sumarine or
airpane Uainpesting rweMar swimmers f trn aproaabto Cie"ee ig to the
objesvo to lmma He alrwaler was. Thisto perk of Vie peoral prnbleas of
eanisahoter wartare ami air defneadwl vM4~ be diesseae" heroin. nr will
we ommeer quesions of desetiowamnd &ova .,*m of a saa b omeijed creft. Ibee
uearn bdep'eA pan of thehrbor defIne Prabsent. ubeh is bei"$ ~imbvety
Isroae~nd brg Off les, 01 Naval isseerob the Savy Mostrnae L.abersawry
1h O~rutimm Veiroo eoal Vase. LA Whr Navy activites. Samllmy, proseatia,
somas mleweho eImme, embetsa; wd MM Columistse. by p a av their
sow" fto besee or hbesa Vinsalltras l us be disosesi.

C~vM 0 alm Limitation. tePsobdm of - a" r wimamer eomUr-
measures earn be divided taf problems 01 dst09MIlsale. Wasb~teains. doler-
reese, amd deteam.

* barfte deometas, Deseda t us ed tothe brod4 sme at beta# awvum 01
th weeme of-0Mo wtame -- l" n0* ct Thr ee prw:ta .al wethods ~am, to be

av1.,, ~r 3VS%.;d &.SIPe DO wuar suriaca, via.'. rodsr. aod a.rwwed.
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In t2he da'timo a submer-ged swimmer using open Circuit breath".j %PParatus may
be detected by hise bubbe* trall. At night. he may produce some plLierhorencefC
I.a the water which can be detected ,~n the surface. When the swimmer emergeX.
his head -an be *eea in the daytimeo although camouflage, rough sea conditions

and he sow:mtion of swimmers all reduce the effectiveness atthe humYanl eye in

10general, men who have had experience in visual swimmer detection state that4
PaJachiuld flares or bright moonlight are preferable to searchlights.

Radar Of be used for detection at posater ranges than human vision but
a" ne as ffectivr A abort range. In recent tests. using an MPC, harbor defense

radar at an elsevation at III feet. beads of swim-.aero were detected at £4S0 yards
witb a 15% time of ache an the oecilloscope. Forty per cent time of echo on the i
oecilloseope was obtainedat about 1. 000 yards (for swinmmrer without artificiat
propulsion this is 30 mimate, away) Because at sea clutter. the minimum range
was about n00 yards.

No Iooermadasm is available on the use of infrared for detection of swim-
onare' bomadshoe" the surface, bug this would appear practical as a supplement
to th unaided hossa o". particularly at aW. The Navy Clectrosice Laboratory
Is -lf Weats of lardared in the near fgflure.

Raburfsee detection; Radar sad Infrared cano be used for detecting sub-
merged swniusers. Mh _rong Go visual detection is also limited. Underwater
esed dobootim by Hteisela would appea So be relatively ineffecti boa echo

7% l# tur ebidtiy of harbor wagers greatly Units the rom of naderwater
-I -t. Soat*nl is the rase W~ wbich n object can be seem, eves wak full

UbIONJUMS16 bat d@YSM COM o IMO I es taefar haiw thW surface because
aw UO is geo- an aberhed. Artificial Uwamiantion below do surface
wssw imoia O athe wit% partficularlr it the object to he detected Is between
as1 U$ unq MadO chese rve because Ibere is them anly a one-way optical

Vpeft a x~ be suppesed that the ong : vOSbiy IMl be increased by a
wary poweefel ll usme.i hsI e hoe h ~a eeln
fah Unite 1W assertes rsa thus1 h , ePe of me Hti. socause of the
shr raege 41 visebl~y he borbe wGISM tie observing eys moot be rowltivoiy
ekse ft Mas Ag toh be dsteetd. Telev~iso or viele s~r portasepse (hpijra-

* sespsel h e so vowism he MssW.

~ ~swimmers smug sps ft% ardes Omer' ar aperaf

le~ saemaise because of the sir paseing through the valves an air Ieeloss.
* pseliAmhsry ON"h ~IMMAMM U" i leassna of average background Mine thu. romp,

at Usem"460e is only abou 19 feet. Was olesed cirsuk cP"erat.th
:4C o swoug wil be mwasi smsaller.

1% pwsae rom of dsefteie foe emar ocab.. ranging isr he be greater
-. thus, for apy other mesene. Too's under the ~o'asvOC the Posel haw,! :indcated

.-. Its CON VMIKTIAL



CONr1DENTL4,L

UNDERWATEn SWIMMERS

thet an underwater swimmer using uielf containLing underwater brreafihng apparatus
no*a saonar target strength abodt eq4al to that of a mo'ored sea mine. Mine huzt&.ag
experience with sona~r suggests, therefore, that swimmers may be detected ilith
sonar st IL.2308 of severs.l hundred yards under good condttionz. Doppler effects
resulting from the swimmer's motion may eoh*&=e the range still more. On the
other hand, a swimmer moving very close to the surfaci or very near the bottom
may be concealed by surface or bottom reverberations.

Present "elf conained underwater breathing apparrmts is sommewhat magnetic
and magnetic detection eup~ment may be cxpected tc be effective at ra-Ces of a
few feet. Even this detection range would be eliaminstsd with SCUBA's built ad
nam-magneic: material.

Hydrostatic pressure champes due to the motias of the swimmere thromo
the water might be supposed to in uasefual. But recent taste indicate that these
changes are lt*@ than ame-tenath an inch of water even when the swimumer is
quite close to the preseure eleament eM this small signal will generally bv below
the backgrtaand aloadstrac waves.

Underwater electric pokeninal (UZP) equipment may be &blt to doetet swim-
mers at short reangs. nonly becalwe at the currents produced by differeat
Metala In the owlmmemes 1 equipmient in contact with sea water. but also because
al the dltfs reue to electrical proeprtiese beftwea th swimmer and his equipment
and Oth surrooslog sea waser.

Contact detection vU.t4lipns discasit to underwater bkrersar or structures.
for exafmple trip wine., have bfen msed as deec tion expediasix. most there ;js LNttl
qaostilative evidesee on their effectiveness.

hlsslped smarim mammesla of des sa familly =W* pmsebl be trained
in the detect Ion at unerwater sme. )mot as dsp have bees weod for OW~ detect"~
ON Land. That fths animal cam be traind to well Moam, bet Ufth inorugging,
JA ave tlable to thte Peamel am thir peyewou; for exaspie. *air tendency to be.

Loftedm In Ow presses of Itft Ow exsad leciftem of Oh eme bject.I
Fer objectis on the suace, tearing cao be oft nsed by vicael, inrared. or red..
msmm. 7%e gress advOu ar mridt Is ONg acwuvi reas whl-A is given.
Location uner walr con be only appoamasay ecemlshsd by %1UM. MInelc,.
U~erw.Aer 91901: ic p. tagmio. or mechanical se~am primaarJl because al the
very short 6940"nt rasp Of Ohes mebded - 56", 10 10111110 to ift Inaptr
detentio rawg, alas has the great Iat-as Ofg~v*tr' seeatet lctioe .

ldort~ticetlo Is the process of determrmns thet -a )sct dotecto-a sar

Ir-Lzdi a c-.uaiLy a o*Lnimer Atfiar an u-maerwetr object has beem deiected
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it mupa be determaned whether it a a fish, underwater mammal. inanim•te debris,
.,'bmerged craft. or an undcrwator swimmer. Idntlficaionm also requires that
distinct•on be moade between friend or toe. 4

O the surtae, IdevitIftetio.• can be -i*& vtsually or by some types of
Infrared equipmaft. Radar identification is relatively unaatifactory. Under
water. vision Is the coly reliable meast at Identification and it Is therefore neces-
sary to supplemant o•wr detection mewn by the abU1y to actualy see the object.
Underwater television mila be uaiful for this. Perhaps futuru research migtM
uncover a sem.r or UhP sinal that is cbaracteoslac of underwatei, bwimmers.

TABLE V

SUMMARY OF SWIMMER HUNTING METHODS*

DETIECTION LOCATION IDENTIFICATION

VISUAL Fair Fair GoodjGoc-JI [C~odi [GoodJ.

RADAR Pocr Poor Pool
[Exceluent [(Excellent] (PoOst]

INFRARED Poor Poor Poor
[Wtnknowol (Frear (Vairl

SONAR
LUTENING Poor Poor Poor

SONAR

lCHO RANGING GCod Good Poor

MAGNETIC Poor Fair Fair

Uh P Poor Pair Poor

HYDROSTATIC
PSMURS Poor Poor Poer

MECHANICAL
4di.eat contct) Needs Test Needs Teat Poor

0 Items in twO4e refer t submergd swammere.
B a bes in brackets refer tL sura¢ed swlmmers etere mr'.1od is Anplcale• .

55 CONIP EDRNIAL.



CONFIDENTIAL

UNDERWATCP. 3WIMMERS

16. 04 Deterrence and Destruction

Deterrence. diversion. or destruction, of Rn attacker is the ultimate aim
of countermo.aures. The most successful method employed to date agalsat under-
water swimnmesa has beLn use of random plarpd and timed smnall exploaive charges.
The major imltm tion of this method is the logistic one imposed by the req-Jirement
for large Lmowua of exploe'vee. The effect on friendly installations must &:so be
considere" If the undervtater enemy has been deterted and located, however, depth A
charges or e'plosive projectiles can be economically employed.

Underwater note havw been used in various ways to deter underwater swim-
mers. Praaent-day nets are extremely heavy and bulky, and are easily cut,
Slslaid, Teaad over or under, or dropped to the bottom. Nets in rivers are sub-
joet t. particularly heavy streases from current action and from debris in its
strear.i. These limitations euggeet Uit use of underwater barbed wire or the
erection o* semi-permanent obstructions eu-h an wires, causeways and sheet
ptalng. Barbed wire can be essUly ana quickly installed but cthi r obe:saclea require
t me and effort for installation.

Count1r-ewllmmrs have been suggested to destroy the attacker. Under-
waer movements are slow and cum~wraOme -nd not suited to physical struggle.
But the use of underw'ter weapons such as gas or epring-driven speara is feasible.
The ebot range at visibility in moet harbore Is a eerious limitation for counter-
swimmers. While the effective*,wes of underwatar man-to-man combat a a defense
againct stimmers may be *Amful. underwater swlanwers ra'y still b, used ot-fectively in c:arching e -egular lntoprvala ior limpets er other placed charges.

It has been e Muggestd Ohd the brain. sense ct balance, ater or abdomainal
organs o under •aster men may be vulnerable to high intensity eaderwater eound,
elther sonic or superem•ic. This has been superficially Ineatigeted as a meas
at deterrence. but little quantitative ormatitn is available. It should be poesible
to aotain aome of the needed data aith acoustic mine sweeping par.

Strang eltrmatlng electric currents are uasd to deter fish from entering
wiers mad underwater orifices; their use may have some qalicability agait
ewimmerr who are unprotected by insulating suites.

Tralnsd mammals have been discussed under Detection. If they can be
trained to detect, they might be trained to prear home an •stack or to approacA
with upioetvee. probably at the expanse of self-deetructlio.

Decause the velocity, relative to the wal.a, of an unaided underwdter swim.
mer to mly about one knot, rapid water motion around the object to be protected
may ho ai offo•ttve deterrent. For example, a ship's screw* may be reversed to
wash swim•ers away fromtha hutl. or the @hip may be kept in mcrl . I lows sed

In addtiton to ite use In detection, artificial .. &v Ination can be emp.oyfd
a a paycholigael deterrent. Care must be takn f' r-. U unmeceasearv d nclo-ure

at friendly WMtASAtio.
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It is relatlvely easy to incrses. the turbidity of the waier ald 1hls may inf

c•reumetances when the lmderwate. men must remain submerged, an effective
deterrent. Selection of operational site@ where the water is turbid #.- where

strong currents exist wiU usually be advantageous to the defender.

Patrol craf may be utilised in detectiont. and they may also be used to

sweep the underwater area by towinj nets, hooks, or chains. They will be Ja-
dispensable as an adjunct to other methods of destruction or deterrence.

TABLE VI

SUMMARY OF DETERRENCE AND DESTRUCTION METHODS*

DETERRENCE DESTRUCTION

SMALL ARMS Poor Poor
[Excellent) (Excellent]

UNDERWATER
EXPLOSION Poor Excellent

STRONG
CURRENTS Excelient Poor

COUNTER
SWIMMERS Tl akrmgwn Unknown

HIGH
TURBIDiTY Good

HIGH INTENSITY
"NOS3 Unknown Unknown

NNTS AND

URSTAC!•_,S Fair Fair If combined with
automatic weapons

ARTIFICIAL
ILLUMINATION Fair

(Gond)

0 Items in table refer to submergsd swimmer.
) Items in hracketa refer to sur aced swimmers where method is applicable.
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1o 05 Conclusions and Recommendations

1. Countermreasures against uidri-water swimmers have been practicedi simple for-n but U. S. forces do not have available th~e knrw'led#ge to mount•

I rountd-the-clock defens~e of harbors and 3-ichored fleet elem~ents against a
group of determined swimmers. The nqed exists fo. ntensified systematic

research and development in this field.

I

I

asl COK'7InENTIAL



rn

CONFIDENTIAL

UNDERWA rER SWIMMERS

17.00 BIBLIOG;RAPHY

I. Bureau of Ships lettrr. C-FF4-13(524) over C-FF14. Serial
5S4.0 Z8. June 3. 195Z. Confidential.

2. C rav Vnderwater Swimmer Project Report. Natinnal Re- J
se I Committee on Amphibious Operations. Washington.

"D. C.. NRC:CAO:0033. November 1952. Unclaasified.

3. Damage Caused by Underwater Blast Pressures to Divers' Contact
Lenses, by I. J. Rutledge. Royal Naval Personnel Research Car.-

**. Medical Research Council. Queen Anne's Mansions. London.
8.W. I, 51/6S7 - VPS 24. May 1951. Confidential.

4. "Decompression Table No. I" (as corrected). Divin Manual 1943.
Navy Department. Bureau of Ships. Washington. D. C. U. S.
Government Printing Office. 1943.

5. The Effect. of Underwater Explosions on Shal!ow Water Divers Sub.

meried in 100 Feet of Water. by H. C. Wright. W. M. Davidson.
and H. G. Sllvester. Royal Naval Personnel Research Committee.
Medical Research Cowell. Queen Anne's Matsions. London. S. W. 1.
5O/63) - UWB al1. October 1950. Secret.

6. Evaluation of Swim Fins. by hoberto Frassefto. Underwater D4
molition Team Unit Z. USNAB. Little Creek. Va.. Report 13.
August 10. 19S5

7. Fish Me Explore a New World Undersea. by J. Y. Cousteau. The
Na= t =a gegaphic Magahine. Vol. = No. 4. October 199&:
432-477. 11lus.

6. 1seeandre by P. Talilles. F. Dumas. J. Y. Cousteau.
J. AliiitaadVF. DevilUa. Paris. 91Usevir. 1949. (book)

*9. Lethal Conditions from Underwat.r Explosion Blast. by A. H. Babb
and IL C. Wright. Royal NMva Personnel Research Committee.
Medical Research Council. Queen '.nne's Mansions. London. S. W. I.

91/6% - UW13 i.:, April 1I9. Secret.

10. Means for Facilitatina Esca&e trom Sbb rd C by Angelo
Beioni6 LsSpesia, Italy. U'ated States Piinnt1 ce. 076.219.
A&- 6, 1937. Application April 9. 1914. Serial No. ?71.44, In
Itlt0. May 3. 1935.

11. Mando fubac•,to. A. M. 34aragliamo i. snos. Italy. (periodical)

No materi clasialfied higher than Confidential refA. .ed to.

69 CONFIDENTIAL



LO)'.IDENTIAL

UNDER WA-F.R SWIMMERS

I Z. N l'A-sociation i Amis Musies de I& Marine. Pal3is de

C RA*16. Metro. Trot idero. PaUris. (p.eriodical)

*13. The Pathlglca Fidig in a Goat Resuti frmaSalndr

water C haz- t: . W rigt. iinyal Naval
Peronnl He rch Committee.Medi..ai ftsearcfl Council, Queen

Anne'Masn. London. S.W.l 51.S/67Z - UW.B Z4. March 1q51.

%ecret.

* 14. Posoed Trials fo teRoya Nav Phy 2 olgical Lbora,,o. ) 'If the
RoyaI Naval Medical ;Scool - nderwatrEF mas Su. -m.ittea b

H. C. Wright. Royal Naval Personnsel Research Commit1teeZ. Meiical
Research Council. Queen Anne's Mansions. Lo~idon. S. W. 1. 48/49Z
UW76 S. November 1948. Secret.

IS. 'Short- Range Communication by Means of Low F!equeflc:, Currents
in Water (Underwater Telephone). " Summari Technial Reprt ofDivision bt Miscellaneous W N "' .ns61fcentiic .eerc6
bad ~ThrPr--e-t-a&sinjng,; .. NDRC:STR. Div. 19. Vol. 1.
chapter 16. 1946. Restricted.

14. Th. Shin Diver. P. 0. 11ox 138. Lynwood. California. (periodical)

17. A ! Z the Proceedings of the Underwater Swimmer SvPos
1ruF: REM" onAmphibious Operations. 4ationl Researcmh Coun-
cMiWsinti . C~ r~.. nxC: A%01.a Deebr -- ofieta

!1L Lbe tesial AV4!ts of VnPMter 3~oinm to Swimmers. by G.
Larm anna.avol Ordtiance La. Natzon; R&each ouncl. Lornmittae
an Amphiiou Operatious. Waab .D.C.. NRC;CAOOO34. Now I 952CoUIL

319. Underwater 8~ t IyA L eb
-& 

a R esearc
C~oaim ounil. Queen Amees Mansions. Landon.. S.W. I 1/.4 SI UW4 -
JamIav ZS 9. Aug est1S. Sc

cil. 1 Queen Anma'& Mansioa onso. Lumo.LW.. I-SI/6419 -US

-j ~*al. Und~erwater Bloat Sub-Committee. Minutes of the Fourth Mei
Joyal Naval Personnel Research Committe eia Resarc

Noem~ber 9. 1951. Secret.
al. UDT Compass. by Roberto Frasselte. Ino .,water Demoliion Team

'uiE1t Z. VI. Littl Creek. Va.. fer..rt i-, June 12. 199 1.

5 W* mster hilclassified glTeA17. than eiftisl isferred to. CNIETA



CONFIDENTIAL

UNDERWA rER SWIMMERS

2). Underwater Exploslons, by ti, H. Colo. Princeton. Pru-efxoua
Univeristy Press. 1948. (Docok)

24. "Underwater Sound Directior, andi Range Systemn (USDAR)." 11Zummar
Technical Report of Ds..ssi.n 6ý Echr-ltntrSms. Offive Of t
Scientific Research .nd D-evelupmeft i*ý Ui~usg. C.. NCHC.SrtR.
Div. 6. Vol IS. chapter A. 1946. Confidential.

25. Ursinus. 0. Ultteilungiin deb mujskomfl..j institut. fleriht Sr. 1.

WA. aiaiC.J. Lambertmiwn. NaMaU lR~erch Council. a.

Camm~ttee* an Amphibious Operaitions. Waahingtoa* D. C..
NRC:CAO.0033A. Novemk,.*r 1952. Uncaosaaaied.

91 CONFIDENTIALf



,!A L

UNDERWATr:R SWINI ENS

lb 00 DISTRIBUTION LIST

No. of Copies i
Bureau of .\-ronautic5 (PH-43)I

Bureau ef Medine and Surgery - 1l

Bureau of Ordnance ReZe

R e7
P14 I

pLA

M&3c-4

Bureau of Personnel Research Divlison

Training Division

Bureau of Ships SiS I

5Z4 !

452 I I
544

,aA•

$43

GAO I

Burvaeu of Supplies and Aeccouts. Reosearh and Dwvqlopmen2 Div.

Commander. Amphibious Force. U. S. Atlntc Slott

Cnmmmndwe, Amphhlbns, Fnr.e, tv. S. Pacific FIset

Commander. AmphibiouIs Force Training Comrmajal, V. S. Atd antic
Fleet i

CONFIDE~NTIAL



CONFIDEN I"A .

TINOERWATER SWIMMERS

C,-enarder, AmphLbicus Force Trnmng Commrand. U. S. Picdf.c
I*leet I

Command.ai Officer. Amphibious Reccnna.bsance Battalon.

Fleet Marine Forces. U. S. Pacific Flet .I

F'eet Marine Forces, U. S. Atlantic Fleet I

Commanaing Officer. Naval Beach Group ONE

TWOI

Commanding Officer. Naval Amphibloas Test and Evalvation Unit I

Commanding Officer. Underwater Demolition Teams - ONE 1.

THREE II

OUR I

FIVEI

Commanding Officer. Undej water Demolition UnA ONE z
TWO 3

Co:.manding Officer. Beach Jumper Unit ONE T

TWO I

Commanding General. Troop Training Unt. Fleet Marine Forces,
U. 3. Atantic Fleet I

Commandbg General. Troop Training Urnit. 'leet Marine Forces.
U. . Pacific Fleet I

Commander. Submarmnes. U. 5. Atlantic Flee! I

Commander. Submarines. U. S. Pacific Fleet 2

Commander. Submarine Flotilla ONE I
Commander. Cruisera- Destroyers. Pacific Fleet

(Att: Force Mainitnonce Officer - Ships) I

Officer to Charge. zpo.rimeontal Diving Unit

Officer In Charge. Explosive Ordnance DisposeI Unit I

CONFIDENTIAL



I'NDL) ,WATER •WMNIMERS

Ofý.,er n Charge, Explosive Ordnane Dispcsal School 2

* .. . r un Cnai ge. Mine Dispua, I'ri ONE ITWO I
Department of the Army. General Staff. G-1 I

Departmei.t ot the Army. Offie of the Chief of EnRineers.
Research and Development Diviston I

Engineer Research and Development Laboratory (V. M. Davis) Z

Army Field rorces. LUasion Office (Pentagon) I

Britiah Joint Scrv*..;-e MlasLon. Navy Staif(via Op 321K) 3

Cnasdian Joint Saff(vla Op 321K) a

Library of Congress, Technical Information Division 6

Air Force. Special Wesoons Project. Technical Library I I
Research and Development Board. Committee an Medical

Scilances. Navy Secretary Is

Plamtig Divisiom I

Chief of Naval y perations I15 I

3162 1

Jul~ I

341D

343 I

374 !

O'tice of Naval Flesearch 300

4,19 1 !

440 i

441

94 CONFIDENTIAL



UNVDERWATER b*ItMhEP.S

Office of Nsava Resea~rch (Cont'd.) 44Z

'46 1

461 1

463 1

46S 2

46064)
462

456

100 (101. 102) 1

400 (402) 1

Special De vices Center I

O.NRO L~ondon 2

ON R. Boston

Ok'iR. New York A
0143. Chicago

CoNR. Paaad'ia

CJ14. Sin Francisco 2

0143. Mine Adv~aoz7 Cogamittee profemor L. P. Herafeld 1

o r. L. W. McKebas I

U. &. Navy Electrolca Laboratory I

Uj. &. Navy thnderwater Sound Laborstory

U. a. Na8vai MedCUal kMacarch Inasuwle (CAPT T-' L- *11100n)

U. S. Naval MO&dica Peaearch LaboratorY

U. L. Naval 0r~dance Lj',oratOry



-"DEURF•WATH SWIMME:RS I

V'. N. ili; •.o,it ravhitc Ce~nter •.

'. S. Naval Research '.:boratury, Library "
4

C. L. C.;U4. Li',ersty af Flc(,ida(via V. M. Davis. ERDL) I

3 B. D.jnni.', LT. USN. Bureau of Naval ?ersonnel

"A. T. Field. Office of Naval Research. Codý. 46S

LCDR E. R. F. Johnson, USNR. Fenjohn Underwater Photo
and Equipment Company l

E. S. Mendelson, Aeronautical Medical Equipment Lab. I

Committee on Undersc-, Warfire 20

Panel on Underwater Swimmersi - R. Revelle I

H. Bradner

W. Buacom I

W. A. Hahn I

C. .. Lam&ertaen

N. 3. Liviagston I

C. Lmbaugh I

U. S. Navy Intoligence School I

Sc *ippe Inastitution of Oceanography I I
Woods Hole Oreanogr-phic Institution I

Headquarters, Research amd Developmant. P a8id P D0'.,islo.

M rina Corps I

Headquarter,. GZ. P mad P Dlvisitm. Marli• Crps

Joint Landing Forces Board I

%..r:xc Corps De'.,elopment Cente" I
Marino Corps Schools I
Marirn Corps LNq

ia



UNDERWATER SWIMMERS

Naval War Collep. Litrary, Nwp.','t, Rhcde kland

Arnme4 .orcts Staff College Library, Norfo!!L. VirgInIa

U. S. Navy. Nvovlv School. Genera' L.•,T.chI,,, Library.

Monterey. CalLfornia I .

U. S. Noval Post L.:auate School. L.brary. Annupolis. Maryland I

NatLonal War CollelgeLbrury. Ft. Lesley J. McNair.
Washington. D. C.

owl

9'/ I

iiii IU I II II IIII IIII II I I IIIIII I I I I W I III I I I I IIII

ii I I IIIIII I IIII I II I II I I .



L d*&

-------- -


