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ABITRACT

A Pasel ea Underweter fwimamers vas formed under the National Re-
ssarch Comncil Committes o Amphidious Operations. It is composed
o ctvilian momber's represonting the severs! major technical areas of !
. imorest is mderwater swimming, snd miiitary officer and civiias ss-
esctates. lu addilicn o its own deliberstions, the Panel sponsored
saf! stedies, s sympesicm, snd a field resesrch project in preparation
e his repert. Pellowiag a discwasiou of the unique abilities and lim-
iativns of wnderwater man are the general conclusions and recommenda-
' tions of the Panel, The Panel concludes that man can operate safely ang
offcigntly underwater if property cquipped with sdequate self-contained
waderwier Yrosthiag apparatus ant suitsy is aided in provelling him-
e © self by mesns of small submerged craft or el p uaits;
- and 1o % some dogree protected from underwseter b reportem-
phasisss the abllily of endsrwater awimmers o operste while maistain.
ing acticel surprise. The Pamei feels thet the full potential of under-
weter swimme3 for offeusive we sguinet shipping and hsrdors has sat
, oroeen Tosow-hasv ledge
. mata body of the repnrt containg descriptions
of the state of knsvigdge with respect (0 the several phases of under-
water swimming, statements of performance requirements for items of
oquipment, and recetamendstions for renverch and development needed
“paidebesbls to achisve maximum wadsrwater effectivensss.
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UNDERWATER SWIMMERS

PREFACE

Underwater swimming was firet looked at strictly from the Amphibious
Operations standpoint. It quickly became apparent that the Amphibious rorces
Underwater Demolition Teams Lad much in common with other military and civi-
lian activities -- namely that of underwater swimming. While the applications
and the tactico of the several underwater groups vary, all have conumoun ghysio-
logical and techaical problems, hence the titie of the report is ire broad one of
“"Underwater Swimmers. " Because of these many applications and varied techni-
cai problems, this report is a group effort. The group is officially known as the
Panel on Underwater 3wimmers of the Committes on Amphibious Operations.
The panel ia composed of members, sssociate members, and consultants, rep-
resenting cperational and technicai cress both within and withaut the miliary es-
tablishment,

The perscas comtributing to this report are as follows:
Members

R. Revelle (Chairmas), Scripps lastitution of Oceanography
A Bradner, University of Cetiforaia (Berkeley)

W. Bascom, Scripps Institution of Ocearogrephy

W. A. Haln, Natiosal Research Council

C. J. Lambertsen, Uriversity of Pennsylvania

R, B. Liviagstua, University of Callfornia (Los Angeles)

C. Limbaugh, Scrippe Institution of Oceanography

Associates

LCOL D. & Callsham, USMC, Merine Corpe Equipmert Board
V. M. Davis, Engineer Resca™h and Development Labs.

CDR A. R. Drea, USN, Buresu of Ships

LCDR P. D. Pane, USNR, Commander, UDU ONE

LCCR M. A. Gerdes, USN, Office of Naveal Research

LCDR F. T. Jonnsor, USN (MC), Underwater Demolition Uait TWOQ
LTJIG B. K. 'anphisr, USNR (ML), Experimental Diviny Unit
R. 1. Mason, U. S. Navy Underwater Sound Lrboratory

LCDR D. G. $s'nders. USNR, Underwater Demolition Unit TWO
LCOR W, K. Wilson, USN, Experimenial Diving Unit

coa E. Young, USNR; Explosive Ordnance Demolition Unit

arsn Lo

Consultants
LT J. Barker. USNR, Uvierwater Dem. «tiom Unit ONR

R. Dill, Mavy Electronics Laburatory
LT J. Drumm, USN, Underwster Demolition Team TWO
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R. Fraesgetto, Office of M'aval Research {at UDU.TWD)
L. Golf, National Lustitutes of Health

T. A. Manor, Scripos Institution ol Dcesncgraj-hy

W. Northk, Scripps Institution of Oceanagrachy

H. Specht, National Instituces of lica'*s

M. W, Stroud, University of Pennsylvania

An iniiial activity of the group contributing to tDis report was ths Sympuos-
jums on Underwater Swimmers, held » Coronado, California, in December 1951,
This wes the {irst large gathering in the United Staies of technical and operatiouai
perscns interested in the fi2ld of underwater swimmers. It was clear from that
meeting that only ¢ portion of the potential abilities cf underwater swimmers for
both military and civilian purposes had beer: eaploited to date. It was also clear
that scientists and technical men working in conjunction with operating personnel
have many serious problems before them, Following the symposium, staff
studies, meetings, discussions, and preliminary papevs were sponsored by the
Panrel with the view in mind of contributing to this report. [n addition, an ad hoc
field-laboratory experimental group was sponsored during the summer of 195C to
more clearly formulate some of the basic problems in this field and suggest ways
oivd tnesns toward their solution. Because of the relative newnees of this field,
even the group ~xperience of these techmcal and tactical people jointly writing
this report mige- oe cunsidered a major step forward.

This report sttempts to present the present "'state of tha art” of unier-
water swimming, It further attempts to point out the future potentialities, both
military and ctvil for underwater inaw. Probably the most important single ques-
tion it attempts 0 answer is, what are the unique casebilities of an Underwater

. S.immer? It is heped that this repor: will serve as a guide and a source uf au-

thori ative information for those i the field. Moet important, perhaps, «re the
recommendations {or ressarch and development that must be undertaken so as to
realize the full potential of this important military wespta and civilian research
tool.

While tne product of the yroup, the resoonsibility for the contents of the
report lies vith the civilian members of the Punel on Underwater Swimmers.

The panel wishes to express its thanks :0 Dr. Revelle and to /. A. Hahn
for the finsi editing of the report, nna tc Midge Kolesar, and Mevis Merrill and
the Committes on Amphibious Operation's Staff [ur the preparation of the manu-

script anZ final copy.
The Pauel on Underwa.u. Ywimme: s

3 Nosember 1952
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UNDZIIWATER SWIMMERS

0 INTRODUCTION

This report 18 concerned with underwatsr swimmers. It 18 not limited
y specific type of swimmer, such as an underwater demolition man, or an
Jsive ordnance disposal man, or a bottom scratcher. We are concerned
twhat with akin divers but mainly with usderwater swimmers wearing self
used underwater breathing apparstus (SCUBA). For purposes of this re-

an underwal sr swimmer is considered as s man underwater with no attach- .

# to the surface such as & telephons line or air hose. It L. in this respect
dy that he difters from the shallow water sad deep sea diver.

History and legend are replete with stories of the exploits o individual
ume’® both on the surface, and, in some cases, under it. The pearl divers
ihell divers of the Melanesian and Microneeisn islands, the famed Japansse
i divere and the Mexican stone divers, with practically no equipment, or at

of the crw-est kind, perform fests that western man has yet to achisve,

Thay explore the depths of the sen for food or for profit and perhape for
But western man, unlike his essters cousins, has extended his underwater
1.8 mostly for military purposes. Characteristically, s have-not nation
"3aly, ia June of 1940, in the early part ¢2 World War 1I, led the way in the
€ swimmers &3 a very powerful mode:a military weapon. Ons of their first
ram'al attacks was aguinat the British cruiser YORK,q 15, 000 ton ship which
sunk i» Sude Bay, Crets, along wil three othor shipe. The Italissw later
wind thelr activitiss to include limpet swimmers, the use of motor torpedo
, amd the deadly two-mas torpedoss. Ia two years, their offort resulted ia
152 tome of shipping sunk or severely damaged -- a total of 31 ships., The
» cout to the Italisms for (Lis impressive demt ia the allisd naval force was
ingly low; 100 mea, 20 of whom became cussaltiss, and 30 prisoners, 17
»r bosts, 20 torpedo bosts, sad spproximately 100 limpets.

The British were dismuyed t0 wetch their proud ship? siak in tye muddy
» of Aloxsndria and Malta but they scon adopted this cbvicusly good idea of
alisnp for their owa purposes. They directly copied, improved, oad added
quipments t3r the unde-water activities of their swimmers. Ouwe of their
femens expioits with their "X craft”, as they named their midget submer-
3, was the dampeging of the German battle cruiser TIRPITZ, Septr-nber 1943,
Torweyias {ord. Of notable importaace dnriny World War II were the fame
ritisd "P" Partise wich explored harbor bottoms, quays, lucks, ste., for
an ebstacles snd booby treps, end cleared aswly captured harbors, The
& alse formed small Laanding Craft Cbetacls Cleoarsace Uaite which tac*
» the initial phases of the Normendy landings, simultanecusly wity, und
® withuat awerensss of, the ltuliam sctiviticy. Tk- Office of Stratogic
ses ‘crrmsd and trained groups of men 3¢ underwater attacks on enipnias,

] CONFIDENTIAL
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beach reconnaiasance and demolitio..s, and the landing of agént. by s#a Sume
of ...cae men were absorbed in tre fo: mation of U.S. fiuvy Underwater Nemolt-
tion Teams, whilc others were assigned to work with the British in England and
Burma, '

The first U. S. teams of swimmers worked with the Britiah 4t the Nor-
wnandy lendings and suffered up to 45% cusudlties. Among the principa 1easons
for these high casualty rutes was the lack of naval gunfire support, The swim-
mer parties were subjected to severe fire from the beach and to some «xtent
from aircraft above. The Underwater Demolition leams of the Unitea >tates
N .vy, as we know them today, first saw action in the Pacific operations. These
men were trained initially at Fort Pierce, Fla. and later on the isiand of Maui,
T.H. Inthe Pacific they performed the reconnsissance demolition oparations which
are stil. a basic psttern in amphibious landings today. These teums are an inte-
gral part of the U, S. amphibicus forces. We shull see later that tactics and
equipment are substartially those developed during World War 11,

Since the war, interest has beea growing in sport fishing and in the sight-
seeing rspects of underwater swimming. In ltaly and France, and more recently
in the United States, especially on the West Coast, th.e sale of fins, masks,
spes.‘~guns, and the formation of underwater swimnier clubs has grown evermore

rapidly,

Underwater swimmiig is now becoming an oceanographic research tool
Self contained underwster Lreathing apparatus is being incressingly used by
archeclogists, marine biologists, oceanographers, and others who want to go
down into the shallow waters of the sea for a first-hand look st its many myster-
{es.

What are the unique characteristica of mau under water, both in the mili-
tary sense and for civilian uses? What are the limitations of underwate:r mzn,
either alone or sided by equipment? Whut is it that underwater swimmers can
do better than can be done in other ways?

A list of the unique capabilities of uplerwater swimmers would certainly
‘nclude the following:

1. Intelligence, personal ohservation. ‘udgment, direct action in the
underwater environment -- in short, the personal touch.

2. Ability to conrdinste underwater use of the senses of sight, resring
and touch. .

3. Abity to operste with aimoet compiete secrecy - swimmers are
usarly ilnvisible from above the jurface, moisc output i3 low and there
s little other detectable signal.

4. Ability to operate near a target -- "the nar « placed charge” concept,

$. FlexibJity. Swummer units can vary in sizc from one men te several
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unde rwater demolition teams, as we now know them; umils can be
mede up for specific tasks from tosic elemerts skilled in the funda-
. mentals of underwater swimming; such forces are mablie and relative-
1y self-sufficient.

6. Ability to operate in shallow witer, narrow channels, and places where
most other units cen not, The underwater swimmer does not ditturb
the bottom nor nced surface sttendance.

What are the limitations of underwater m=n? With sufficient equipment
there are fow absolute limits, but the increased abllity given by equipment must
be weighed against the lose of unique capabilities which may resut from its use.

At present time underwater men are:

1. Limste n depth of opersiion -- unaided skin divers can go to about
S0 feet; self-~ontained underwater broathing apparstus (SCUBA) p,_t'-
mits operations .0 over 200 feet (decompression required {or over
130" when using air), :

‘ 2. Limitec in time submerged -- skin divers to about 2 mimutes, SCUBA
swimmers from twe to about four hours.

’ 3. Limited i1 sp2ed -- unsided swimmers to about one knot; development
.. of individual propulsive equ.puent might give about four knots; wits,
. midpet :raft five to fifteen knots seems poasible.

- 4, Limited in ability to navigate -- development of ance systems may,
e however, make possidle accurste navigation of underwater men nver
% o ranged of several thousand yards from a control statics.

N 3. Limtted in ability to see -~ in turbia wates to ahost three feet, in clear
2 water 80 to 100 feet. Wity sonar, some perception may be posaible at

i
T ranges from hundreds to thousands of yards,
', h 6. Limited in power available -+ 9.3 to 0, 6 horsepower for continuous
ot ie operction. 1.3 horespower {or s few ssconds.
A 7. Limwed ia load carrying shiitty -- § to 7 pound pull.
’: " 8. Limfted ‘n temperature tolerance - é0°F. to %°#, withownt protection,
P 9. Limfted in renge q(‘opontln- «+ unsided swimmers usiag SCUBA have
5‘7': ’ 8 redius of undetrwatsr operatioh of about {wo mues.

10. Limited in maneuvarsbility -- vis.. o* of the water eavironment pre-
i

vems quicih movements,
i
1

il. Vulnerable to explosives and possibly 5 other ~ounterueasures.
| FONPIDENTIAL
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12, ‘Limited paychologically by te unfamiliar enviconment, p.art.cularly
at mught. !

From the above, it appears that the jobs that can probably be perfaormed

with the techaiques of underwater swimmers better v..un by other means are:

1. Recommaissance of underwater and near water areas with miumuwn
risk w detoction using visua!, photograptic, TV, and recording;
landing of agents and other maetlcds for gathering intelligence.

2. Hand-placing of demolition charges with miatmum risk of detection
priog to explosion. Removal oi Hbeach obstacles and natural barriers

to landing aress, sabotage to ensmy instaliations in or near water aress.

3. Mine detection, location and idemtification in areas where other mine-
husting means are ineffective.

4. Penstration of esemy held horbors, rivers and anchorages to conduct
emti-shipping raide, This can be thought of as a relatively safe and
cheap extension of submarine activities in areas where #t is difficult
for submarines o go.

$. lnspection of shipe, locks, wharves, atc. for onemy activity, wnd
similar harbor defezse tasks, including sctive countermeasures
ageinst enemy swimmers and micget submersibles.

6. General wtiifty, such as salvage, minor repair, emergency construc

tion of bridges and wharves, reep lording of rivers and lakes, loading

apd wnloeuing of ses-discharged vehicles,

7. Kxplocive ordnance disposal whare convestional diving geer is rela-
tively ‘neffective or cannot be used, that is in rough weather or areas
of stroag currests, where secrecy is desired, or where ons dues nol
want to stir up the bottom,

8. Service a5 an “aggressor forcs” te teet cowtermeasure abilities.

Added 10 this ligt are scientific and recreetional uses. ) )
9. As s reseerch tool for shallow wate.' oceanogruphic studies, and in
submarire urcheology'.

10. Underwater (ishing and sigitseeing. The rapid development of civi-
1131 ‘merest in this field may prove to b: of considerable military
{inportance, not only bec Jse the develosment of equipmert will be

acceisrsted bt because a reservoir of ‘rained men wi'l become avali-
able. Many of these may form s reserve .1 ur [orces; unfortunately

some of them m.ight prove in a crisis tu b (il : column saboten.s,
No existing swimmer group can execute all of th~ opera‘ions licted sbove.

1 CONFIDENTIAL
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g£xisting opersticnal concepts and Hoctrines for swimmer groups ure not clearly
C.luned at present but in gensial, the missions of tr:y several groups are as fcl-

lown:

Ciderwater Demolitica Teams. Thedc *~e an integral part of the Ampiibious
Forces of the Navy. The prinipal job of the Navy's "Frogmen” is recounsissance
and demolition, pric: to an amphibious opesation, of those underwetar man-made
cbatacles, natursl cbsiacles, and min es, which are locsted detween the thrse
fathom line and the high water mark., Other specified missions of the UDT are
o sct as guides for the assault waves and to furuisia further under=at.r recoansic-
aanwe and demolition after the asssult waves have hit the beach. Ia addition to
these missions, Korean experisnce indicstes that UDT's muy be csiled upos to per-
form various salvage missions, advanco inland to blow up tunnels 2ad to spot raoored
mine. In the main, these activities are carried ¢ . by skin diving techniques but
each team has now formed s submergad oparations plstoon and the pusathilizies of
coaipletely submerged operstions through \re use of eelf-contained undsrwater
breathing apparstus are being explored. Underwster Demolition Terams, because
of their basic treining in the use of explocives wad in swimming, are po’entially
capable of many other operational tasks. Such tasks r.ignt inciude; ssbotage, anti-
shipping reids, limpst attacks, harbor penetrations, and the li} 3. At the preseat
time th=re are five lluhr\ntor Demolition Teum3 in the Navy {three Pacific, two
Adlactic). The war complement of a team is 13 officers and 100 men,

Explosie Ordmance I' ~~as! niseion of the Explesive Ordneance
Dicposal anu in to cender s Aspose of, mings, tocpadass, hombe,
and other expiosives. Next 1 rendering sufe explosives that ~annot be
detonated in place, the bigy +d by ECD personnsl is to find the mine

or other ordassce. Empluy . swimmers for underwster ordnance dis-
posal a8 a ctamdisd techaiq. . xish Navy and is being explove. by United
States Navy Expiosive Oran: .wo8ul Units. Free swimming techaiques, with

the wee of self-contained wnc.  _er breathing apperstus, would greatly iacresss

the mobility of these umits anu . educe the logistical problems imposed by the ne-

cesaity of using deep sen diving equipment. Noise-free ani noa-megnetic swimmer
oquipment wotld be required for this purpnes, together with navigetion or guidence
squipment for systematic svarching of the bottom.

Ma:rine Recommaissance Team Swiminers. There are m organised swimming
grouwps aAs . e arines view underwater swimming as
o means ¢ spproach the land cbjective of thyir recomnnissiace trame. Surregtitious
surfsced epproach 1o beaches is becomiing increasingly more difficult, as tectical
redar, which cem spot & surfaced creft or man immedistely, becomes mere avas'-
able to the easmy. Ia these circumstances submerged approsch uthquunn
which can proviis masloum swprise.

Arm! lanr Svmnrncn m port construction, bridge, amphibious
o-:{u enginsering units of the Armv Sngincers, whils not habftually
ro«ln‘hpoﬂor- wwmderwater tasks, are occask .ally called walobnean
natlssance, piar placenent, inspecticn or repal., si' demolition of L= ‘erv ater
chetacles.
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UNDERWATIR SWIMMERS

Beach Jumneis Mivarsionary « ‘Yorts of all kinds are the primary nuipose

of the.e Naval umite. They use swimmi.g As one of many techniques in carrying
oui thelr objertives. .

Resesrch Swimmers. The Fieucis have picus *r=d in the use of underwater
swimme:s, equippod with seif-corntained Lresthing apparatus, ior sclentific explo-
»tton of the shallow deptns of the ses down to 200-300 feei. They have ob.alned
ieraarksble results, particularly in submarine a~cheology. In the Uniied States,
compressed air SCUBA are being used by nceanographic and other ressarch labor- -
atories tn expicre at first hand the subsurface ocean waters and toe sheilow sea
bottom. Classes in underwster swimming techniques are tavght at the Scripps
Insthwution of Oceanography and in cther laboraloriss to marine biologists, geoio-

gists sad oceanographers.

Sport Swimming. France aad Italy have been leaders in the numbers of sport
swimmers opersting in their shallow water areas and in publicstions devoted to
these activitiss, But interest in spear fishing and wnderwater sightseeing is con-
tinually growing in the United States, ss evidenced by the formation of ma~y
"botton: g2eratcher” clubs oo the West Coast snd by the publication of s magazine
entiled the Skin Diver{16]. The French pubiisk Neptunis (12], the Italians Mondo

Sbsoqued 11

From s milttary point of view, the operstionsl requirements for offensive
use of underwater swimmers are contained ia a single concept. Since it sypears
probsble that U, S, forces will not have nanerical aupsriority over potential enemy
forces, the requirement for tactical surprise snd secrecy of opsrations is grow-
ing ever-more important. Wherever thare are rivers, harbors, shorses, lskes,
or other water sccesses, the ewployment of underwatsr swimmers promises to
be s wseful technique for covert recommaisance and lor schieving surprise. U the
basic problems of underwater swimming for this purposs are solved, the possidili-
ties of exte.ding underwater swimming Jperations ia other military fislds will be
greatly snhanced. In addition to being & potent military weepon, the underwater
swimmer is a relatively chesp ong both from the standpoint of captial Luvestment
and in opersting cost. He is a perticularly ide~{ weapon for vee by & amall nrvy
analast a large aoe -- the more 80 if the former country has virtually unitmited
nanpower, The problem of deflense againet wnderwater swimmers is the cbvious
converes of the offeasive one. Meay ensak attack sxercises practiced by our Un-
derwater Demolition Teams oa alerted American anchorages have dramstically
shown that our Navy is extretuely vulnerable ‘o sa ensmy attack by swimmers,

No effective round the clock defense is knowsn ot presemt. In order to develop such
defenses, grester emphasis on uaderwaler swimmer research, develnpment, snd

training is urgestly needed.
Men without proper squipment und adequate tralning can ackieve vnly a minor

fraction of their patential sifectiveness under water. Swimmers can be trained to
swim more efficiently than they do now, but nothing ~ . t-a dons wbowt the fact that

s peak power ocutput of man is limited t0 1,3 horsepow- r for a period of anly twenty

seconds, and for continuous opers’ion he can genersie on:y 0,56 horsepowe. (253,

if the task to be accompiished requires more power, he must be supplied with suftable
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CONFIDENTIAL
NDERWATER SWIMMERS

equipment. If man is to Spercte in hot water, sotne means of keepu:g him cool
must be provided to prevent heat exhaustion. If he is to ewim in cald water, he
must be heyt warm. Fe must be protected from blast, abrasion, toxic waters,

and other hasards.

- Many improvements can be made in fine, masks, knives, shoec, gauge3,
widchee and ather persoval equipment, but all of thege a:e apt io turn cut to be
marginal {r terms of overell improvement L~ eificiency. On the other Yand, re-
search in mixed gas b caibing and the development of self-contained nnderweter
bresthing spparatus %o be usad at verying depths for iong periods of time, develop~
ment of suits that allow fresdom of movement yet provide maximum protection
from excessive cold or warmth, propuision systems, meass ¢f protection from
underweter blasi, communications and navigation, are apt to radically increase
maa‘s ability to perform tasks under water.

In this fwport, an sttempt has been made 0 do three things: 1) to describe
the present stata of the art and science of underwater swimming; 2) to state the
requirements for equipment ~nd techaniques which would enable underwater swimmers
o achisve improved operstionsl potentislities; and 3) to suggest the research and
development necessary in order to attain ive desired equipment and techniques.

02.00 CONCLUSIONS AND RECOMMENTATIONS .

mdmmm-dmmmmummr
swimmers have been gathered together ‘a this section, The first subdivision
(02.01) containe General Conclusions with respect to the brosder or awat impor-
tant aspects of under veter swimming, The seccnd subdtvision (02, 02) contains
General Recommendstions of similar nsture. At the end of sach of the acctions
ab&wn“tdhmmmm-dnmﬁmmm
those sections, mmmmmo-mummmm.mdum

. for the coavenience of the rader.

02,01 Gemsrul Conclusions

1. Underwster swimmers, -u.pwmm.mmw
mest are Mwnnommmmmﬁchﬂmm.
They are «lse subject {0 a number of fundanental limitstions. From « military
point of view, the unique operstional advantage ia the offensive use of waderwater
m:-e-boo-nﬂndhuamw--mnmm. In fwture

smphibious operetions tactical surprise will be essential; prelimisary recemnsisance

may have to be oonducted in complete secrecy. U&H&rnh.onm.
means of scoomplishing this,

2. Usdorwater ewimme:s can be a potent military wesoon for harbar
penstration raids as has besn demonstrated by the British and
Itallans during World War X sud in recemt U, 8 ' :»ot oxercises. U. 8. Forces
do aot curreutly have avallable the knowledge reani-ed for thw full explostation of
the offensive potestisiilies of *his weepona system, ~or can they sdow «taly defend
hartors and sachered fleet sloments against a grove of determined swunmers,
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Though currert doctrine uses surface svimmers, it does not plan for ‘.e offensive

use of underwstar swlmmers as descrised sbove, and only recently nave cmall
research efforts been injtiated toward swimmer countermeasures.

3. Men without adequate equipment and training cas achievs only s minor
fraction of their potentin) effectiveness urlsrwater. Lyuizment, training objectives
and materials, safety rules and the like specifically designad for the underwater
swimmer are urgently needed. The areas in which further technical znowledge
and mechanisation will yisld the maximum incressed performance and elfective-
ness are: closed and semi-closed circuit mised gas self contained underwater
bresthing apparatus, swim suite for protection against cold water and underwater
blast, swimmer propulsion units and submerged crait, secure communication
snd navigation systems, and the development of standardizsed safety and training

" procedures.
4. Specific quantitetive i<formation with respect to the abilities anc limita-
tiom of underwater man 18 urgently required to provide sdequate guidance for the
detailed plaiaing of luture sy’ ems and techniques.

S. Although new tactics are eadLmnly being deve'oped by operational
underwcter swimmer groups, considersble techaical work is in progress, snd
awimzier countermeasurrs ere now beginming to be studied by some harbor defense
agencies ther~ 18 no single group thai is specially charged with the responsibility
for the comtirued davelopmert of underweter swimming tczhniques sad equipment

systemo,

6. Because of the current and anticipated Incresse (n research and devel-
vpment efforts on pioblems of underwatsr swimmorse, the various items of under-

watar swunmer's equipment are progressiag st different rates snd with insufficient
sttemtion to mutual competibility among the seversl components of the system.

7. There is uo waified body of knowledze ta existencs relsting to the many
sepects of problems of underwuter swimmers, Withia the U, S, Miltary Services
thers are several ceaters of infonnetion relevant to this field, Koowledge om re-

isted tachmical suwvjects is spread throughout sc.aatific and guneral Litersturs of this
cCulitry and sbroed,

02.02 Geseral Recommendations

1. The fullest explofiation of the unique potentialities of undervater swimmers

for achieving tactical surprise skould be mede ia future military plaming s
opertions,

2. Resesrch and deveiopment emphanis needs to be placed oa projects
Vi eCleS WVArds MAIUTIZINg i Major sdvantage of usINg udderwats® mea,

'3. The shbove recommendations (mply the de-. * .. - ent of meuns whereby
uilervater mun‘s speed aad endurance be increased end .-ia lisdiltly to detection
sad countermessvrs miaimiacd,  Eraphasia should therefure be placad o

\
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&, Closed and aemi-closed circuit mixed gas scif (~r'ained under-
water breathing spparatus

b. Swim suits for protection against cold water und underwater
blast

¢. Swimmer prapulsion units and submorged craft

d. Secure communicaiion and guidance systams »
¢. Development of standardized safety and training procedures I
}'
t

4. It is recommended that the responsidle naval agency sssemble all avail-
sble records of actual and simulsted shipping attacks snd harbor penetrations per-
formed by underwater and surfacs swimmers. It is expected that an analysis of
these dats will constitute forceful evidence of the usefulness of underwater Jwim-
mers in offensive operations and of the ierious threst they pose to our defenss.

S. So as to minimise delay in inftiating vigorous and sufficient effort to-
ward the techaical and tactica development of offensive and defensive underwater
swimmer techniques, it is recommended that the responsible naval agency stage
s large scale realistically simu'sted undrrwater swimmers attack ageinst s fore-

warned and defended harbor or fleet installaiion.

6. Experimental, analytical, s.d operatizas resesrch techniques shouis
be applied to underwater swimming operations in order to develop quantitative
expressions of their sbilitiss and Jimitations for use in future systems and opera-

! tionsl planeing,

) 7. ‘There should be established within the military establishment a small
group of operstional and technical personnel charged with the responsibility
for the continued development and test of new technicsl and operational ideas --

. @ technical and tactical inventions group. It should not be the task of this group
to evaluste prototype production equipmens, but rather to deal with temy and
procedures further in the future.

$. I such a group ie established, it should have the additional Junction of
serving ss ea underwster swimmer countervart of the Army's "Agressor Forces" )
for the continued testing of the state of cur swimmer countermessures ability. ]

9. Effort needs to be directed toward coordiasted plamming and develop~
ment of underwater swimmer systems and components, Whiie the responsibility
for this planning end development must remain withia the military establ olument
‘ one device that might be of assistance in accomplishing it would ne the continuance

- of » Panel simtlar to the one responsibie for this report. The Panel should be
composed of civilian experts {rum the several .. .- technical fields of interest,
with the participation and sdvice of informed ane inravgsted sasociste members
drawn from military resesrsch and operational activities., Assciste 1“embors,
while they may be ofiicial representstives of the x -encies ¢o whici they belong,
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should be at liberty ta express unoffic\l opinions in the discussions ol the Panel.

10. A ceairal point of information exchange should be maintained for the
compilation, receipt and digsemination of ull operational and technicul information
relating to underwater man. An approprista tocati~n for such an activity would
be within the Office of Naval Research. One task of this aciivity might be the
assembling of s selected and annotated Libllography of scientific and technical liter-
ature on underwater swimniwvre including a thorough search of the anthropologicadi
and socfological literature for informutior. relating to the activities of native pearl
and shell divers. Consistent with good se~urity praciices, this centra! irfi matiun
exchange activity shovld maintain contact with similar activities in U. §. civil
affairs and foreign governments and groups. An L ormation Exchange Project
(1IEP) established with the United Kingdom, Tranc, Italy and perhaps other countries
tor exchange of information on swimmer problems and advances might ylsld much

valuable information in this reiatively new field.

11, Within the limits of ressonshle military security scientific and technical
information shouid bs trested un an unclassified basis in order to make the princi-
ples and technical advances in underwater squipment available tu civilian (and con-
tract) researchers and sport swimmers, 80 as to increase the fund of knowledyge
&°d experience in this country for the mutual benefit 3¢ all.

02.03 Summary of Specific Conclusions and Recommendations®

Physiological Problems

1. Continue field and laboratory study of significant physiological aspects
¢! surrentiy conceived underwater swiaming activities. Those saoutd include
iuvestigation of work rate, work etficiency, oxygen conrumption und ventlation
in order to facilitate design and evaluatica of required breathing equipment, {03, 00)

2. Advance and expand research on the alterad dynamice of blood circulation
during submergence, particularly as this applies to rapid changes in sttitude under-
water. (03,01)

3. Initiste study of phyeiclogical effects of prolonged breathing against ab-
normally high resistance, both inspirstory anc expiratory. (03.01)

4. Comtinue study of the influence of nitiugen narcosis on human performance.

(03.02)

§. Continue lsborstory studies of oxygen bresthing in man aimed at construct-
ing useful tables relatiag diration of ox; gen Lreathing 10 oxygen toierance under vsiious.
conditions ol deptn, wuia, umplicd incrt gasce, inspired carhon diovide, tempecatuie

and physicel condition. (03.¢2)

-V NIMBYIY Yollowing the conclusion or recommendati. .. refer 10 the sections of
the report comaining the 3upporting text,
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6, Ccntinue rescarch in . ttempt to determire tasic mechaniam of oxygen

suisoning. (03,02) .
7. Initiate investigation of incidence and time of oaset of oxygen poisoning

st depths less than 60 feet, obtaininy specific ‘~dnrmation rring nfl of
small amounts of carbon dioxide, sxertion, :nxiety, cold and ather significant
focturs. Study to include significance of so-called "miid" or " warning ' symptoms.

(03.02)

8. Initiste or conmtinue resesarch on spevJiv medical problzm.3 arising in
underwster swimming, i.e., prevention and management of fungus ‘afection, trest-
meamt of contact with harmful animal and vegetable ife, etc.(03.09)

9. Initiste study of decompression problems peculiar to underwater swim-
ming, including methods of spplying standard decompression tables to these activi-
tles, which often involve mullipie changes in Gepth during a singie dive. (03.02)

Selaction and Training

10. Therw cxists no formul body of knowledge on the art of underwetsr swim-
ming, and etandards of performance for underwater swimmers are unknown, As a
result, the tra‘ning of e vimmaers varies from place to place and from time to time,
and the principles of selection cf men for swimming tasks have only on empirical
basis. (04.02)

11. Performance criteris for uderwater swimming should be develops”.
{04, 02)

12. After these criteria are developed, s series of qualificstiuns for Jlﬂor-
omt levels of underveisr swimming sbility should be established. (04, 02)

13. Ouly whea it is clear what a ewimmer caa and should do, can steadard-
{823 curricula be developed, instructors cunsistently indoctrinated, and sdequete
trajning meterial and facilities provided. (04.02)

14, Training facilities, texts, and material aids are ingdequate. Studies
should be initisted toward designing and daveloping standardised traiaing procedures
tailored to the particular needs of underwater swimmers. (04.02)

19, Further study should be given the questioms of the best locstion for
ofticiont and safe trainiag of underweter swimmers, and whether swimming should
be taught sepurately from the specific skills rieded for reconmsissance, demoli-
tioa, ordnance dispossl, submerged sttacks on sliipping, and other missions,

1{04.02;04.03)

Effects of Underwater Blast

16. Underwater blast infury constitutes a s cious potentis] hagurd to wnder-
wwter swimmere. L. deep isothermal water there . : dunger of tnjury frocs s | pound
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charge at distances less than 65 feet, and at less than 300 feet from & 100 pcund
char;c. Safe distances for large charres are uncertsin, because it is 1ot known
whether peak biest pressure or total impulse from the explosion determines injury.
Research should be continued on the basic mechanisms of underwater blast injury.

17. Expiosions are likely to be included in enemy countermeasuies and
thesc may nullify or deter our underwater swimmer aperations. (05.00)

18. Protective clothing containing air or other sound-reflecting material
might appreciably lessen the distance at wnich an 2..l.sive charge of civ~n size
is & serious hazard to & swimmer. (05.00; 06.03; 06 04)

19, Raesearch and development on methods for protection of swimmers
against blast injury are urgently needed. (05, 00)

20. Reliable experimental data should be obtained on deterrent and lethal
dist from losive charges of different sise. Until mnre su~h data are

P

available, calculstions for vafe distances from known charges should be consiiered
teatative. (05.00)

Suits

21. None of the existing suits in use or in the process of development appears
to be completely sstisfactory for protection against cold water, The "wet" suit
offers great promise for deveiopment into a satisfactory cold water suit. (06, 62;
06.03; 06.04)

22. Study of optimum Cesign an] materiuls for "wet" suits should b# undar-
taken. The only work dons with "wet" suits under the cognizance of the Manel
has been to confirm the principle of the suit. The problem o designing s "wet"
suit must thus start spprosimately from scratch. Certain features of the experi-
mental suits may be useful in designing su operstional germent: 1) the extensive
use of (nou-watertight} sippere, laces, or snape, t2 produce a enug litting suit
which can be donred by the individual swimmer; and 2) the use of s tough {oamed
neoprens, with a strong mash which sllows the suit to stretch in all directions
wid yot in rigid enough to prevent excessive buoyaccy change. (06.03; C6,04)

23. Development of tmproved deeigns for dry suits should be continued:
1) the fit of current tssue U. 83, N. two-sipper -uite aevds to be revised with res-
pect to such things as culf and thigh sis~, zipper length, fit around face, and num-
ber of suit aises svailabls; ) efforts to traprove t'.e watertightness of sippers should
be encoursged; 3} umi wat. rtight sippers can be guararieed, a dry suit without
1ippers such ag the Pirelli or Dumaa should be used; 4) the poseibility of avoiding
suit squeeze in deep operwcionn ahanld he apnraised. The Coustesu suit with auto-
matic imternal pressurisstion inay have useful features in this regs.J; and 3) the
Dumas French suits are recommended a8 & guide tuwnrd the de-eiopment of an

efficient dry suit. (06.02)
24. Investigation sh~vld be continued on the physiologicel and humvn
12 , CONFIDENTIAL
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erugineering aspectes of protectiv.: clothing snd relsted subjects (v/+ J3)

Sslif Contained Underwuter Breathing Apparatus

é3. No presemt type of SCUTA s adey.1.¢ for all typss of underwater opers-
tion. Fundamental rasearch in the physiolugy of breathing under pressure, and
deveiopment of improved equipment with wider fle«ibility and ;. sater midirance

is needed. (07.04; 07.06)

26. Open circuit, closed circuit and semi-closed circuit tynes of SCUBA
esch have distinct advantages and disadvantages. Each type {s best adapted to
aid in accomplishing certain underwatar swimmer's missions, and the decision
as to which should be employed must usually res? on the Field Communder, based
on actual operaticasl possibilitiss. {07.03)

27. Maximum security and/or the need for coatinuous underwater operstion
over a relstively loag period will {n nuany cases require that s closed or semi-
rlosed circuit type SCUBA be employed. But for many operutions requiring use
of SCUBA, the simpler upen circuit equipment can be employed. (07.05)

28. Efforts should be directed toward intensified study and development of
carbon dioxide sbeorbent materials, aid of substances which both abeord carbon
dioxide and retesse oxygea (¢.g., high oxides of potassium and the chelstes) for
use in closed circuit oxygen and mixed gas SCUBA. Correlstion of resesrch now
{n progress by government and civiliar agencies to determine applicability to
SCUBA should be contitued. (07.07)

29. There should be coaticuaace of development of SCUBA {rvm operstional,
ssfety and physiological viswpoints, aiming st increased security, work capacicy
and submerged operating time of the cquipment commensurate wilth man's bodily
endurance and ability to do useful work. Improvement of open circuil, closed civ-
cull and semi-closed circutt apparstus to cchisve: 1) iower bresthing resistance;

2) increased gas economy { v open and sem..-cloe »d circuit types), 3) more effective
carbon dioxids sbscrption (in closed and . emi-closed types); 4) streanuine form;

5) sinupes. 'y snd reliubility of operation; 6) simplicity of raaimtemsnce; 7) muximum
field of vision; 8) minimum magnetic signature; and %) miaimem sound output and

scho target strangth. (03.00; 04, 03; 07.07)

30. Competition ‘2 SCUBA develupment and production s constantly grow-
ing, stimulsted by increasing military requirements and public interest. This
healthy com.mercial siturtion should bring more and better models wsto exisence,
provide new principles of ocperstion and insure safer and easier operation.!07.04)

Sl time doe- e anen
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31, lavestigation of the feastbility of & safe closed circu't mized gas SCUBA i
should he cominued. (07, 06)
32. Continuad study s required of quasntitzi.-e laborstory cnd fieid aethods

of tesiing breathing spparatus with the purpose of uuproving validity « tests and
obtaining hasic nformation of value in improving “evign. \07.07)
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33. Factors responsible for resistance to respiration in SCUL.. and means
of minimizing them should continue to ne studied. {03.03; 07,07)

Communications

34. A sstisfactory mesns of underwater sounu communications among
swimmers, suhmarines and large surface cra't utilizing underwater sound ha.
been developed and is believed ready (or naval procurement. Underwater sound
communications equipment for usc between swimmers and small surface craft is
about to be evaiuated and should be ready ifor procuremant shortly. ‘While this is
a big advanre, underwater sound is not necessarily secure, 80 efforts must con-

tizue towsrd developing a secure underwater communication (and navigation) system.

(08.00; 16.00)

35. Underwater Electric Potential (UEP) and direct wire methods should be
further investigsted as alternate means of underwater communications because of

their greater security as compared to sonar. (08.00: 16, 00)

Navigation

36, Electromic aids to navigation may prove useful in types of swimmer
operstions where secrvcy is not puramownt, or where a calculuted risk of detec-

tion can be taken. (09.00)

37. Promising results Lave been obtained in preliininary trials of both
guidance beams and two-way communication systems for underwater navigation
as well a8 with infrared equipment for use sbove water. (09,00}

38. Beceise use of electronic sids to navigetion #ill inevitably diminigh
the secrecy with which underwsater operations can be ccaducted, further develop-
ment should e guided by an operational analysis of the navigational and other re-
qulrcuum of the several spplications of swivuters. (09, 09)

39. The difficultiss of underwater navigstion resulting from the absence of
land marks, the short range of visibility and u.e marked effect of currents o the
preition of & slow moving object may well prove to be the limiting factor in under-
weater swimmer operstions. Unique and ingen‘ous methods of what might be called
"passive" n:vigstion are therefore required, (09.00)

Uaderwater Photography and Television

40. Underwater cameras and accessory equ pmeant are not readily available
in this country for scientific or military use by underwater swimmers and those

units that are available are very expensive, (10.0))

4}. hquipment which is availsble in most cages has been designed for other
types of diving and is not, in gene.ul, applicable fo. ... -stional use by underwater
swimmers. /10.03 )
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42. LCichange «f informatiun with French and other fore.gn wr.dcrwatef
Awimmars and photographers shouid grestly aid development of adequate United
States phorographic equipment for militury and scientific uses. (10.03)

43, Underwater teievision equipment m.upulated by swimmers should
prove useful for identification of mines snd other submerged objects, for salvage
operstions and for inspection of underwater structure. The possibilities of eler-
tronically enhancing contrast suggest that underwater television may be made more
effective than the human eye as & means of seeing underwater, (10.04)

Ships, Boats, and Craft

44, The limited range of unassiste’ awimmers, particularly if they must
carry equipment or explosives, makes it * scessary to transport them as near to
the abjective as possiblo. (11.01)

43, For present surface UDT operations where one or two teama of 113
officers and men each are employed, a somewhat larger and better fitted surface

ship thea the APD would be desirsble. (!!.02)

46. A better small surface craft than the LCP(R) is also required. It
sbould have 13--20 knot speed, low silhoustte, minimum bow wave and other features
designed to meat the specific needs of Underwater Demolition Team swimmers.
Development of lighter and more easily handled rubber rafts should also be con-

tinued. (11.03)

47. Wheaever it is necessary to operate Lear an enemy hcld ancre (n as
complete secrecy ss pussible, the approach to the cbjective must be made under
water. The first part of the approach can be made in a fleet type submarine, but
for the final epproach, a small submersible to be carried and launched by the sub-
merine is needed. For these submerged operstions certain modifications of fleet
type submariaes are desirsble 1o facilitate egress and re-entry of swimmers and

for stowage aad launching of small submersibles. (11,02)

48. The desirsble charscteristic of amall underwater craft for underwater
swinuners depend oo the kinds of work the men are expected to do and the nature
of the mother ship. In general, the bosts shouid be quiet, have low souar target
strength and magnetic signature, be as nearly iavisible as poesible, and have ade-
quate storuge space, speed, emdhirance, and sesworthiness. {11.04)

4¢  Open and closed cockpit, small subrersibles each have sdvantages and
disadvantages which fit them for different types of underwater miseions. Moriels
of both upen and closed cockpit small submersisles should be designed ana built
for experunental use by United States underwater swimmers, L: order to fully
develop the operstional possibilitiss and requirements of these craft. Becsuse of
the small number of men who =on be transportc.' .. small submersible, the gon-
eral use of these craft may markedly alter the doctr ‘ne and tactics of DT, (11, 04)

50, In the design of amall submersibies, pr blems of stowase and launchirgy
19 CONFIDENTIAL
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fromr A moving submarine niust be taken into account as well as the need [or ade-
quate speed to overcorme currents and to allow evasive tactics, endurance, ease
of egress anu re-emtry, safety and comfort of the crew, and minimum detectability.

{11.04)

51 Man's eificiency cs a swimmer {3 very low; that is, only a emcl) part
of the energy he xpends in swimming is ¢ffective for propulsion. An "underwater
bicycle” is needed which would either be mechanically powered or would link the
swimmer's muacles tu the water in a more cfficient manner. Developmert of means
of propulsion for individual undcrwater swimmers should be vigorously pursved.

{03.C4; 11.0%)
Underwater Object Location

52. In the developmaent of mine hunting equipment, advantage should be
taken of the ability of underwater swimmers to carry and direct detecting and
identifying devices close to mines and sther cbstacles. {12, 00)

Buors

53. Buoys are an importam it of an underwater swimmer's equipment
because they translate his detailed knowiedge of underwater conditions into terms
suitable for surface forces. It is conceivadie that the success of a large operation
might hinge on tho succesaful use of buoys Ly underwster swimmers. Present
simple buoys for daytime use are reasomabiy satisfactory but there {s need for
lighted, depth-taking, time-delsy, "complex” buoys and their sesociated anchors.
(13.00)

54. Development of complex buoys, preferably tallor-made for specific
types of operations, should be continued. Use of new materiuls such as plastic
foam, self-sealing bags, washtub concrete, honeycomb, reflector surfaces, fluo-
rescen. paint and nylom line, etc., shoud be investigated in this duvelopment.

(13.00)
Ssmolition and Ordnasce Equipment

$3. Demoiition explosives for UDT use under cur=ent doctrine are satis-
factory and 1neans of submerged towing of explocive charges are under test. (14, 90)

36, World War 1 U. 8, and foreign limpet and sneak attack ordnance designe

sre avalable As sneak sttack and antishipping te hniques are deveioped it wtil
be necessary to concurrently develop ths required demolition and ordnance equip-
ment (01.00; 14.00)

Miscellaneous Equipment

37. Tace maske, life preservers, gwim fine de;** gsuges and kni-ee orw
sed by unserweier 3w . nO.els, (L Lecuming vaiiable Lo thrin, are reaso-.ally

satiafactory. Some Lmprovemen.s ur changes may be Iceirshis The [leld of
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vision through maeks necds to be widened; life preservers might profitably be
‘ntegrated with SCUBA, swur fins with soft, plicolc cubber around the foot, be-
coming less compliant toward the tip, might result in increased swimining eff.ciency

The depiis rangs and night readability of depth gauges could be improved; and
a new knife now in the preliminary design st apnesrs superior to the type cur~

rently used. (15.01; 13.02; 15.04; 15.06; 15.07)

sa. Watchu; ccmpasses, and bottom surveying equipment need co.siderabl~
improvement, Most present swimmer watches leak when subjected to hyd-ostatic
presaure. (15,03; 15.03; 15,08)

$9. A small, sturd,, luminous-dial compass, opornbli to depths up to
200 feet and when inclined as much as 30%, und rigidly attached to the swimmer's
face mask where he can watch it rontinuously when necessary, is necded to aid
swimmer rrvigetion. (15.09%) ' :

60. Development of self-recording devices for messuring bottom depth and
distances would increase the spsed 2nd accurscy of swimmer reconnaissance.
(.5.08)
6). Both mechanical and scoustic methods of automatic bottom survey-
ing should be investigated. (15.08)

od. Underwater swimmers change depth frequently and unsxpectedly. An

“anslog computer' type of depth gauge which would simulate the uterchange of inert

gases between the blood and the tissues might grestly aid in comtrolling vecom-
pression to avoid the dams e of bends and ailow mauximum time submerged. Re-
seavch and development Icading to 1n analog computer type of depth gauge sliould

be initisted. (15.07)

63. Development of devices for measuring beach trafficability is not war-
ranted becsuse the sampling errors wuuld he too large. Instead, UDT's should
receive more reining in estimating beach trafficability, (04.02; 15,09

Countermessures

64, Countermeassures agsinst unde ‘water swimmers have been practiced
in etmpe form but U. 5. forces do not have aveilable the knowlsdge to mount

8 round-the-clock defense of harbors and ar.-hored fleet elements sgainst &
group of determined swimmers. The reed exists for intensified systamatic

research and development in this field.
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03.00 PHYSIQLOGICAL PROBLEMS

Underwater swimming and diving with self comtained underwater breathing
apparatus {SCLUA)} is subject to certain physioiogical Iimitations which vary in
relative im, ortance in different diving tasks and techniques. Most of these .imita-
tions are predictable and therefore avoidable when established restrictions are
adhered to, aml when diving education and training are adequats  {nder these con-
ditions, uncerwater swimming is a relatively safe operation. This ts indicated
by the rarit, of serious accidants in UDT training programs and ope at:onal mis-
sions during and since World War II.

The major problems of self contained diving are essentially simtlar to those
of deep ses diving. They are relaied to the physical effects of 2xpoeure to great
changes in hydrostatic pressure, or to the pbysiological e(fects of respiratory
geses under incresed partisl pressure and will be discussed under these headings.
Another claas of difficulties bears no distinct relation to diving depth #nd will be dis-
cussed sepsrately, Considered in this category are troubles due to equipment
failure, @3 -0 ure to low or high water temperatures, physical exhaustion and dan-

gors Untroducedq by wrerine life,

03.01 Pressure Effects

Squeese - Squeese may occus if a few simple precautions are not cbserved
during descant It .s due to the effect of incressing external pressure upon the ears
and sinuses, th. f4ce plate or the swim suit uncompensated by un equal increazc
in pressure frum1 wit'un, The incidence of squeese is low, It iy recugnised by
beginning } «in in the ears and sinus areas, or by a feeling of tightness within the
face covwr 1g, usually within t:e firet fow itet of descent, This pressure differential
decresses vith increased depth. Face syueese can essily be prevented by axhaling in.
to the face plate. Equalisation of the internal ear pressure can be accomplished tn
several ways. The most effective method is to close the nose and mowth and force
air into the back of the throat. Deliberste yawning may help {f mouth piace is not
buing used. Preliminary inflation of the eare just befors entering the water 10 very
helpful and should e practiced routinely., The swimmer with an scute hesd cold or
t~~oat infeciion should not enter the water. If psin does occur st any depth the
seimmer should ascend a few feet before agein trying to readjust the internnl pres-

sure. _
Serious consequences of squeese are ualil.oly. Nosebleed, hemorrhage in

the conjuictive, simuses or middle esr, and ruptured eardrums cun occur if the
symptams sre ignored and subsequent complications usually prevent swimming

for s week or two.

Avivenitoliam. i 3 man holds his breath during ascent the air in his lunas
reps iy .-p..:!. s and, by overdistension, inasy tear the lung tissues alivwing air

* This term is deliberate'y employed in a wider te: se ' ‘ui Usual to cover all ir.-
stances of uncompensated pressui e,
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This injury cin cectr on ascent

to be f d into h 1 »lood vessels.
orce o his pulmonary - v lacly among well

irom even shullow depths. The uiciderce is very low, particu |
trained and experionced swimmers. In the axtendive open sea self contained

diving since World War 11,00 cases of aeroembolism are known to have occured.

It can almost always be prevemed Ly maints...’i.¢ relaxed respication upon ascent and
avoiding breath holding. Because the disorder forces sir bubbles into the blood
stream it may be serious, resuiting in convulsions, pain, paralysis, refiex spasms,
or even death. Trestment involves Ur.mediate recompression in a pressure chan.uer.
Relief of symptoms {8 to be expected, if the duration and severity of symptoms is uot

great, .
03.02 Effects of Bresthing Respiratory Gases Under Increased Pressure

Narcosis. Like most inert geses, nitrogen in air or N - O, mixtures
bresthed at high ambicat pressure can decrease mental clnﬂ&, mabdr judgment
and produce poor muscle coordination in a manner similar to that found in aicohol
intoxication. The narcotic effect is related to the partial pressure of inspired
aitrogen; it (s therefore a functioa of depth of diving and the percentage of nitrogen
in the respired gas. Nitrogea aarcoeis is not in itself harmful, but when air
{80% nitroges) is breathed (ss in open circuit equipment) at depths below sbout
60-80 feet the reeiting imp~-ired judgment and incoordination begins to intorfere
with performance and predispose to accident. The nsrcotic effects increase pro-
gressively with depth until at asbout 280-300 feet even routine tasks become ex-
tremely difficult. As i» the drinking of sicohol, personality, motivstion, and
training ia & specific task account for he differemt reactions among differen ..en.

In orthodon desp ses diviag narcosis caa be reduced by swbaiitution of
helium for atroges. Unforiunstely, on deep dives of short durstios. typical of
underwater swimming, the use of helium in place of nitrogen incresses the decom-

pression time required to avoid bends.

jon sicknees or bends D.seolved nitrogea in the blood and

ress
Mo%%bﬂy gained or lost by the body, and tu..ds to remain (a solution
except during repid changes from greatc. to lesser pressures. The didsolved
aitroges will come out of solution and form bubbles in the blood and ather tissues
in the same way that bubbles sre formed in carbonated beverages when they are
decompressed by removal of the cork. Nitrogen which comes out of colution uncer
these conditions mey form sufficlently large and numerous bubbles to cause obetruc -
tiom to blood flow in smail vessels, palifui distention of tendons, joird tissues,
muscies, old scare, fractures, etc. U the ascent is sufficisntly slow the excess
nit n will be harmlessly eliminated by the | and bends will not oceur. For
esch h dowa 10 130 [eet there 18 & diving duistion which can be sccomplished
without ased for decompression other than tha: accomplished by normal <scent
rate. The danger of bends during decompression te Increase? by exposire to greater
depths, by exposure over longer periods of time, and by too repid ascent. There,
19 iittle tondency for bends on dives less than ¢ " t, even whils breathing air;
if deeper diving 19 %0 be performed using sir, elv.. and regulated agcent riust be
cirried out, This reyaires ‘he swimmer to have = portuble W
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provide not only {ur the period of we-k at depth, but also far the poriod of slow

dec~pressior as he returns to *he surface. Navy dec Smpreasion taoies shoull

be strictly observed in regulating decompression. | 4 | Pain evokad by too 1apid

accent can Le eliminated by redescent or recompression tn a chamber if available.

This increate in press-
ure will force the bub-
bles back into solution.

If theve are no lasting
effects caused by the pre-
vious existence of the
bubbles. and uf subse-
quent return to the sur-
face is graded properly
recovery will be immed-
iate and complete. it is
interesting to note that
the French have develop-
ed special underwater
swimmer decompression
tables, characterized
mainly by "factors" for
repetitive dives on the
same day. [ 8 ] The valid-
ity of these has not yet
been checked in this
country but perhags they
might serve as & stasting
point fcr extension or
specialization oi Standerd
Tables to tit the special-
ized requirerments of
underwater swimmers.

An extension of
diving depth and/or dur-
stion beyond that (easible
with sir can be accom-
plished by wie use of other
gae miqtures, in which the
percentage of nitrogen {4
lower than in sir to dilute
the nitroges tnhaled.

Much research s neseded
stong these |inee

Fig. | Field resesrch on problams of underwater
swimmers {# an uylamorous pursust,

e

[

Sy — »

. w8 -

Oxygen tozicity. Pure oxygen canact be brent*sd indefi .tly at pressures
grester than sunospheric. Follow s sale [eriod «i .i becoines shorter as dive
ing depth in.resses, symatoms of oxygen toxirily c_cu.. These include !~voli.dary
fine twitches around the cyss and mouth that later extend to include larger muscle

.-
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groupse inc'uding the diaphragm, causing abruptness of inspiration. Anxiety, and
apprehension may occur and som * times loss of latersl visuai fields and ringing
in ears. Thnese preliminary symptoms are {ollowed by general convulsions and
unconsciousness. These can be svoided by not exceeding the safe depth-time
relativashipa for pure oxygen breathing. Ti:. caset of oxygen poisoning ca.
ususily be arrested by inhaling a few breaths of a gas mixture with a high pro-
portion of nitrogen or other inert gas. Fermane °* after effects from orygen noi-
soning do not appear to occur, ever after repeated exposures. This of courss
does not aiter the risk for the underwater swimmer at depths great enough to pro-

duce toxicity.

The basic physiological mechanism of oxygen poisoning and the effects of
oxygen st depths from 18 to 60 (est, and greater, are subjects that require much
more study, since uxygen poisoning is the major factor limiting diving depth and
durstion with mixed gas as well as pure oxygen apparatus.

03.03 Equipment Failure

Respiratory bloclu,t. The most cbvious problem f{s ‘severe (nterference
with breathing from many factors. It should not occur in properly designed
apparstus. If the swimmer is completely familiar with the equipment and does

not psaic, he will usually have tume to initiate remedial measures or to surface
{f necessary. ’

Carbon dioxide excess. CO, excess is a possibility wherever carbun Ai~xide
sbsorbing cunisters are used or wﬁcu. because apparatus design doce not reduce
spparetus deusspece, some carbon dioxide ts re-inhaled. The chief symptoms,
whiich furnish ample waianing to t: ained men, are increased effort ¢l breatning, a
sense of breathiessness and headache Unheeded warning may reswit in exhavstion
and unconeriousness ‘The incidence is low  Aasuming that the design of the appar-
atus is adequate for the purposs for which it is used, prevention is accomplished

by using fresh soda lime with each dive, correct canister loading, and care in

keeping the soda lume dry.

Aooxia. Anoxia cas ocour {f Jarge amounts of nitrogen are present in the
rebreathing bage of closed or semi-closed circuit rebreathing apparstus and the
sxygen supply fails or becomes exhausted. The onset of anoxia is freauemly acrome
panied by & feeling of elation and well being which (s s0 deceiving as to be difficulr
to recognise eves by experienced swimnwie. The mana usually loses consciousness
without werning In pure oxygen rebreathing units, this can only occur through an
error in the diver's technique (poor nitrogen elimination) snd should be completely
preventsble by training. Where nitrogen (s intentionally used 1n the breathing mix-
ture, anoxia caa raswit frow mechenical fuilure of the apparatus or exhsustion of

the gas supply.
03.0¢ Exhaustion

A limiting fator in the execution o1 & 1.:i84. 0 will frequently se exceseive
tatigue of the swimmer rather than any of the faciors mentioned abore. A man cun
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procuce an output of roughly 0.3 to 0.6 horsepower for several hour., providing

thet he {s comfortadly warm, dJdoes not attempt work heyond his ability, cud is not
handicapped by respiratcry fatigue due to resistance to breathing. ractors to be

borne in miwd when analyzing the causes of fatigue in swimme: s follow.

) Thermal exhaustion. The underweter swimmur is extremely sensitive to
moderate changes in water temperature in both directic.s because water ia a

much better heat conductor than sir. At preas:t tnere is no equipment to protect

a man against moderstely warm water. iest prostration mav occur during exercise
in water around 36°F. and at rest in water around %°*F

A much commoner stres: is water colder than 63°to 72°F. Many types

. of clothing have been devised to protect agsinst cold water. Unfortunately most

have obvious handicaps such as loss of protection when wet inside, limitation of
motion, squeese und chafing at depths, marked buoyancy changes at depth and

- lack of a mechanism to rid oneself of swest and excrets. It would seem imperative
. to look for a radical change in thinking ebout zuit material. Recent preliminary

studies with a wet foam plastic suit are most promising and encouraging. (06.04)
More such studies are in order.

Work exhaustion, Oftea a man may need help either during or after a mis-
aton due to Tatigus. Exsiaples are inability to ciimb imto s boat or raft, to enter .
& submarine ¢itor & missison or to remain ufloat when surfaced. This suggests
at least two precautions: 1) to have available non-fatigued associates at the end
of a mission and 2! to have avalluble an easily inflatable bladder or 1ife jacket that
will keep the swimmar comnfortably afloat at cest.

Respiratory exhaustion. Resistsnce to underwuter bresthing has four com-
ponente: 1) airwey registance csused by valves, length and diameter of tub'ng, and
possibly inertial factore due to the density of the inspired gas a\ increased depth;

2] hydrostatic resistance csused by the dilfervace in pressure velween Uw luvel

of the swimmer's center of breathing {moet commonly belisved to be st the bottom
of his thraet) and the level of the inlet or demand valve; 3) inertial resistance in-
troduced by the inertia of water which must be displaced during respirstory move-
menis of the chest; and 4} miscellansous factors such as the restetance of Lresthing
bueg fabric to inflation and deflation.

V3. 08 Miscellaneous Problems

Otitis externs. Infections uf the externsl esr cansl may occur. The inci-
dence of 1his disorder is fairly frequent. It is not serious hut is incapacitating
because the swimmer should nnt put his head underw ater until the infection is
vompletely healed. A few drops of an sicohol solution or other drying agent put in
the eare after diving will help dry the canals and prevemt infection.

D r from marire animale. The underwstcr swimmer ‘pparen'ly hae as
much to fesr from invertebrate ani.nuls such s bar.. ... , coral, jellyfis: and ses
urchins, as from vertebrates such as sharke, barrs~uin- and seal, aithouch Moray
eels wil, hite seve.rly if moleuted sad rays will inflict & wound {f stepped up:a. The
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{nverteurates csuse lacerstions stings and puactures when the swimmer brushes
aguinst them. These wounds msy become infected and ususlly prevent swimming
until hesled. The incidence is low if proper precautions are taken. Except perhaps
for e very large jellyfish these inju.ies do not incapsacitate & swimmer but & large

".,‘ concentratiou of jellyfish would coastitutc = a=rious operatiowsl hazard.

S Dangera {-om merine flors. The swimmer should awia becoming entang-
3“" ied in kelp or selyTass. Generaily the swimmer can “‘ease” his way out of kelp
yade but the poesibility of such eitangiement serves to smphasize the need to carry &
E:;‘ kaife at all times and the importance of the buddy system in rendurizg sssistance
" - to the victim. ' |

3;’ 03.06 Avoidance of Underwsster Smumming Hasards _

ey .

‘;‘74‘: insofar as human factors are concerned, the best precautions agsinst the
fe) dangers involved in diving sre: proper selection of healthy, educsted, intelligent

msa of stable character, proper training in accordance with the priscipies set
forth herein, asd intelligent adherence to established doctrine.

03.07 Conclusions and Recommendations

1. Contisue {ield ana laboratory study of significant physiciogicsl aspects
of currently conceived underwaler swimming activities. Those should include
investigation of work rate, work efficiency, oxygen consumptioa and ventilation
im order 10 facilitate design and evaiuation of required breathing equipment.

P

2. Advance and expand research ou the altered dynamics of blood circulation
duriag submergence, particulariy as this applies to repid changes ia attitude under-
weter.

3. Initiate stedy of physiological effects of prolonged breatling sgainat ab-
sormally high resistance, both inspirstory amd expirstory.

4. Contisme study of the Lafluence of nitrogen nercosis on human performance.

§. Contimue laboratory studies f oxygen breathing in maa aimed at construct-
ing useful tablee relsting durstion of oxyga breathing to oxygena tolerence under vario
conditione of depth, work, inspired inert gases, inepired carton dicside, temperature
and phyeical condition. '

6. Comtimss research ia sttempt to determine basic mechanism of oxygen
poisening.

7. Initiste iavestigution of incidence end time of oness of oxygen peisoning

¥ ot depthe less than 60 feet, abtaining epecific iuformation concerning tafluence c*
sy small amounts of carbos dioxide, exertion, snsi=*y cold a.d other s

4 factors. Study to incinde significance of so-carew ‘mild" or "ws IW, :‘"‘m' ..
L Y ptom;
™ 3. Iaftiste or cuntince research un specific medical preohlens arising in
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underwater swimming, {.e., prevention and management of fungus :nlection, trest-
ment of contact with barmfid animal ar.d vegetable lifs, etc.

9. Initiate study of decompression problems peculiar to underwater swim-
ming, including methods of applying standard decompression tables to thesw activi-
ties, which often involve multiple changes i1n depth during & single dive.

04.00 SELECTION AND TRAINING

04.01 Selection

There are a8 yet no generally accepted principies to govern the physical
and psychological selection of underwsater cwimmers. Since swimming demands
a continued bodily exertion comparahlie to rumning, it is sovious that a candidate
should be in u st1te of general good heslth and be in prime phveical condition.
Any history or evidence on complete physical examination of chronic reepirstory
or cardiovascular disorder should disqualify a persoa from this activity. Middle
ear disesse, exaggerated susceptibility to motion sickness, or inability to clear
the ears is similarly disqualifying. Exaggerated vagomotor response to coid, or
other manifestation of unusus’ sensitivity to cald water exposure also ought to be
eliminative. Fear of the water excessive fear of the dark, claustrophobia, gen-
sral apprehensiveness or excitabiliiy, foolhsrdiness, or a tendency to take
sidered risks -- should bar a man from underwater swimming.

At present, the Navy Urderwatsr Demolition Teams accept only volunteers
and consider this to be an essentiai factor in .heir success. UDT's must qualiiy
{n the standerd physical exranination for deep-ses divers. The early stages of
their training are organised to screen owt those men who are unable to take the
rigors of aifficult operatims. The UDT wolunteer undergoes a "Hell Week"” when
he is awakened at odd hours, takes long, forced swims, hikes and portages. dur-
ing which explnsives are frequently set off nwardy. AU candidates for UDT are
exposed to pressure equivalent to a depth of 112 feet of water in 8 recompreasion
chamber. aad they must demonotrate an ability to equalise their sare to this pres-
sure change; thay are also tested for their oxygen tolerance, for which purpose
they are kept at rast at s stmulated depth of 60 1eet for 30 minutes while bresthing
orygen. Becsuse the UDT men may be called upon to pe.form solitary and diffi-
cuit missions in streage weters, the UDT spplicrat should bave & ments! ability st
least an » par with that of swbmarine sad diving perseans].

R is the experience of submaring medical officers that men with low alcobhol
tolerance, or small mentzal ststure are especially susceptible to the drunksness
caused by high pressure nitrogea. The mors mature, serious minded (ndiv.dual
L. ws to overcome the fects of nitrogen under high preseure by determiastion and
will, and can perform -.seful work at greater depths.

) Good swirmmers lesrn underwater techniques : \pidly and o-dunarily have a
high degree of contidence in the watcr. At present it .. . . Decessary that the
wilerwater swimmer be sble to awim long distances. Rag :lcemenis demar an
sbility 10 swun 300 yerds in iees thea 15 minutes using at least three standard
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suriace swimming strokes.

04.02 Traluing

7he primary training objc:tive i wmicrveter swimming is to provide the
swimmer with the necessary information, skill and experience to enable him to
operate safely and efficiently in this new and unfamiliar envirvwneid to which he
{s not naturally adapted. Only after he has been thus trained can one profitably
consider his further training for the saveral specific missions for which the under-

water swimmer is uniquely qualified.

. The would-be underwater man must first fulfill the selection requirements
described above. Alter it has been determined that he {s physically snd mentally
qualified to undertake underwater work he must demonetrate a ressonsble swim-
ming ability and beyin truining to perfect his swimming capacities. It is suggested
that more atteation be paid t0 swimming form, synchronized breathing, and per-

. fected underwater propulsion techniques with an emphasis on maximmum spaed and

sndurance in the water. While mastering these skills, the undcrwater swimmer
should learn the essentials of diving physiology. Exisling documents and training
films are adequate for teaching the ssseniisls to future deev ses divers but new
material should be prepared tn meet the special needs of the free swimming undez-
water mas.

The swimmor should be well indoctrinated in the use of the face mask, fins,
and the techniques of skia diving. Particular sttention should be paid to ihe preven-
tion of air embolism, how to "pop" the ears, hyperventilation and breath-hoiding
for a relstively extended period. Heving demonstrated confidence and skill in the
watsr, tae candidate mar start lea ning the use of SCUBA. Ag in the basic stepy,
care must be taken to build up confidence, beginning with dry drills, +uns in the
comfort snd safety nf the awimming pool. and then in caln, ciear, open ses areas,
Jefore going oa to cold, rough, dark, and deep advanced operations. The swimmer
should receive instruction relating to safe underwater practices at every stage
in his training, to the end that he succeeds in developing an sbility to dominate

emergencise Uy habit.

At this point the trainee can be cansidered an underwater swimmer -«
bt what are the qualifications of an unders ater swimmer? As yet there are no
formal qualifications tor underwater swimmers that are comparable to the deep
ses diver ratings of second class, firet ~lice, and master diver. It is recommend-
od thas careful study be gives the scale of abilities of underwster swimmers with
aim in mind of drawing up qualifications for different levels of ahtlity, and making
suggestions for requalifications procedures. Onre an underwater swimraer is
qualified, he can thea be trained in & number of other skille to perform many unter-
water miseions. As o mstier of piesent praciice, these subjecty are usually taught
concurrently. It ia emplasized here thit undsrwater swimming composes a bod;"
of knowledge of itsell and that performance cri*» ‘a cuiricuis, training materials
and the like are needed in order to formalise Linpr. ved training procedures.

Pragemt UDT training curricula vary among the teems and eve:s betwaen
28 CONTIDFNTIAL
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successive ciusses. Instructor turnover and the absence of standa. s of perform-
ance contribute to the variations. Trere is as yet no cstablished pattery for the
tra.iing of UDT's in the additional sk.ls of explosive ordnance disposal, guerrilla
operations, etc. Training methods and organizations Jiffe; betwee.: the East and
West Coast UD Teams. West Coast underwater demolition men receive their basic
training in a scnool designed for the pu: pose and «. v then sent to the teams for
advanced and on-the-joh training. On the East Coast the entire training cf the
neophyte is accomplished by the teams themselves. Of ccurse training shouid Se
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 qualifiad for surface operational missions. This is even more serious in
the case of eubmerged operations (SubOps) personnel, for they take longer to train,
World War Ul experience indicates 3-4 months is required. Training facilities vary.
between the two coasts, West Cosst teams have vasy accese to a swimming pool
and the ucean is within walking distence of their headquarters, but they must put
up with the relatively cool, not too clesr walers of Southern California. Tre

East Coast teams noved auto transportation to reach sea water which {s warm in
summer, cold in winter, and always somewhat murky; they must traval to a nearby
naval instaliation for scheduled use of a pool. During the winter season their ad-
vanced and submerged operations training is conducted in St. Thomase, Virgin
1slands, where the warm, clear, calm waters provide ideal svimming conditions.

UDT's send men to Explosive Ordnance Disposal and Diving Schools for

- specisl treining; conversely, other underwater units send their men to the UDT's

for underwatcr swimming training.

Once the underwster swimmer is trained and in proper physicsl condition
a new problem arises -- how to maimair kim in good physical condition. At nis
home base, the problem is reiatively sunple compored to that existing dvring long
periods of transport in submsarines or surface craft. More information is nceded
concerning the best regime of exercises to maintain good swimming condition in a
restricted snd cramped enviromment.

04.03 Suggested Safety Precsutions

Men, properly equipped and trained, can operste efficiently and safely in
their foruign undsrwater environment to which they are not natu=sily adepted --
but in order to do o, they must be familiar with the rules imposed on tham by
this new medium and by their own physiological and psychological limitations. A+
with training curricula, there are no stawiai dizsed gafety precautions designed
specificaily for the guidance of SCUBA equipped underwater swimmers. An attempt
to 16r1~ ulate ‘uch *ules was made by the Panel's a¢ hoc Cooperstive Underwater
Swimmers Project ia San Diego during the past sumnwer. { 2]

While not carrying the iull endorsement of the Penel, theac rules are pre-
sented here to give the reader a more complete und~rstanding of snme of the primary
aspects of underwater swimming »nd of ~ays in wh -, me of the dsagers inherent
in underwater awimming can be minimised. Pe:hcoe L <ae rules wili seem restric-
tive when compared to the explci’a of some of the expes s tn underwater » wimming
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but they are written for that iny*hical being, the average ewimuner.

For conven-

{ance they are divided into groups; those relating ‘o the swimme; personally, his
equipment, the art of swimming underwster, and the dive or vperation.

SUGGESTFD SAFFTY PRECAUTIONS®

for use with

Self Contained Undes-vater Bresthing Apparatus

1. The Swimmer

A. Must be peychologically and physicaily fit.

1.

Must pass » complete physic:]l exasmiiition whirh places spec-

fai emphesis on the heart, lungs, ears, nose and throat, A
history of siaus or respiratory atlments should aJlmost always

diequalify an underwater swimmer,

Must pasa periwodic (perhaps sem!-annual) check ups, sgain with
particular emphasis on the heart and respirstory systems.

Must "fewl 0.k." <~ 1,¢., must not dive, nor be penalized for
not diving when seriously desiring not to.

Mus® act dive after excessive drinking of alcohol until well
rested and ill effects have pacaed.

3houl+ be wel! reated (usually 8 hours sleep the night before
Sive! amu whea possible, should be permitted to 1 28t after the

dive.

R {8 highly desirsble that the diver be "in shape”. Reguler ex-
ercises of runaing and skin diving have been found to be good
conditioners {or underwater swimmers,

Must like to dive. Underwater swimming should defini*ly be a
solumteer activity. A ‘easconebly relisble test of this ig for the
new syimmer to dive a few times with an experienced diver wt.n
caa upually tell if the ¢\ immer is enjoying himeelf underwater
Ir whether he has 3ome c.her motivetion for diving,

B. Must be thoroughly qualified before being permitted to dive. Sho:ld to:

'

Trained in diving physiology, sympomte of dlﬁr‘t matadies
and aoquainted with the use of decompressiva tables.

é " Unclsssilied with respect to security information. ]
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2. Tnoruugnhly trained in the use cf his specific equipinert :Even
the experienced diver necds to "check-out’' on a new device be-

fore being permiftted to dive with it.

Trained in overcom...q « iergency -iwustions e. g., ranning out

of breathing gas, l1osa of buoyancy control, fluuded equipment,

loes of sen : of direction, entanglement in marine growth or
underwater objects. etc.

4. Familiar with diving sigmals.
a. Hand signals
(1} Visual
(2) Rope pulls
b. Sound signals
Swimmer's Personal Equipment
A, Must always be ia firrt clrr.. ocsrating condition.
1. Schedules sh~uld be set . p for inspection of
a. Regulators, valves, homes, masks, etc.
b. Cylinders, cannisters, gsuges, etc.

¢. Harnesses, vests, belts, etc.

2. Swimmer must persouslly check operaticn and position of sup-
ply viives, reserve supply lines, and opersting controis, im-
mediately before ertnring waler.

3. Prior tu entering water, swimmer should check seal of mask,
{by inhaling).

4.

Swimmer should determine proper additional weight required
for neutral buoyancy when —earing spparatus.

$. All equi m should be w

P L]

hed in f-csh water and proparly
stored on the completion of the dive.

U, addition to the 3CUBA, 1t is highly desireble thot the minmum per-
sonsl squipment worn by the swimmer ir ' ¢+

1. Swim fins o corect cu'o (1 pair fur slan, 1 patr for sui )

29 CONFIDENTIAL
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2. Belt with knif - (Note: slitp-hitches for all utraps)
3. Belt and waights for buocyancy control.
4. Wrist watch

S. Depth gauge

6. Exposure suit in waters colder than 60°P.

7. Retrieving lanyard on face mask (if separste),
C. The swimmar may also desire to wear, or carry:

1. Compass

2. Plastic slste and pencil for recording instructions or cbserva.
tions. ) ‘

3. Special equipment for the .aission, such ss !uu pullers, tools,
ete.

4. Underwear in cool water, but where an exposure suit is not
required,

3. Coral shose and gloves when working un bottom or when emerg-
ing om shore.

&, Wear a nose clip but not recommended.

D. The swimmer should have available warm dry clothes to put on after )
i

£. The swimmer should never:
1. Wear ear pluge
‘3. Wear goggies
m. Care and Losdiag of Cylinders
A. Never 1]} cylinders beyond rated pressure.
1. Set up periodic inipection of cylinders for buigea, straine, ste

2. Never put Op in air SCUBA - hewsre .{ uil coming contect
with O, under pressurs.

3. Periodically tnepeci compressers and mtgr‘ for ;omtaminativn
!
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C.

of air supply.

4. Stow cylinders so as to avold poesibility of falling, or receiv-
ing shocks of any kinc. Same for cylinders in transit or use.

Always use correct size wrenches on nll fittings, and never force them.

Periodically calibrate gauges used for pressure measurements. Avoid
oll in oxygen gauges.

IV. Underwster Swimming

A.

An underwater swimmer showd never swim alone, but always be accom-

panied by a "buddy”. Buddies must have confidence in each other's
ability.

1. Day -- visual range. (Note: in shallow clear water the buddy
may be & surface swimmer, or a8 man in a boat.)

2. Nigit -~ or reduced visibility -~ use a buddy line {6' to 10 long).

The use of a floatation bag and ine is highly desiruble where it will
not interfere with the operation. Jangerous operations may even re-
quire the use of a safety line.

Neverditech the SCUBA underwater uniess allelsefails. If it should fail, afree
sscent maybe made. Uf the SCUBA ims positive buoyancy( as in breathingeg
types) keep it om, vee it for support on surfare; if negative, ditchit,

Always heep breathing while underwater, particularly on ssacemt whea
the danger of air embolism exists. Excessive breath hoil!~Z can also
result in shortness of bread and eventually headache and nauses from
CO; sccumulation.

The swimmer thould adfust buoyancy to slight positive wien fully inhaled,
Siace gas is loet in open circutt apparstus positive buoyancy incresses
throughout the dive. It may be desirable to pick up a few rocks from

“he bettom to maimtain opllaum buoysacy.

Swimmer's rate of ascent should be leisurely and never forced,
Thumbd Rule: Never pass your emsll bubbles on sscent.

A diver must know how much bresthing ges 18 ‘a his SCUBA, and his
own use-rate at the depth he {8 to operate A margin of gafety shou'd
bo applisd in ceiculsting the limmting time for the dive,

During descent, if eare 4o not equslize o r. < descent, sarond a lew
fcot and attemnt to clear sustachian t bec olce uge. If the ears ‘snv.ot

30 CONFIDENTIAL
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be equalised, the di-er should not continue to descend.

-‘b:ll.hd‘ [P

!, Under~etar swimmars will meet unique aitustions which often cannot
T, be anticipated. There is no cause for panic, waen confromted with =
T tew situatiom, or danger, the diver should stop and think his way out
o of it, for his instincts are not always reliable ia the water esvironment.

L
[

o 3
jx J. Whes a swimmer loses visual contact with his swim buddy, iisten {irs*

P for his bresthing noise, then signal by benzing on botties, or pleces p
N of metal. If not located -- surfacc. ’ 2
b %
IS XK. Before descending, the ewimmer should check all his spparatus when *

. immedistely below the surface, signal his buddy, and if necessary --
3:_\_ wait for him then obtain permission of the surface maa ia charge of
e the dive to submerge.

Y

.g“__?:.' Y. Planning sad Controliing the Underwater Swim

a,-"; ~ A. Ges swpply, decumpression ture, temperature, and fatigue are the con-
3 B trolling {» tore ia the dive, asd not the amount of work 1o be done.

B. At all times 8 (s highly desirsbio to have aa extrs “stend-by”" SCUHA
svailable on the suiface. Whea the need for decompression (s a pos-
sibility 1t is mandatory te have an extra unit slong in the evest the
swimmere mui out of air during decompression.

C. Swimmers must be familiar with the decompression tables, snd be ‘A
instructed or the limt*sticas of each spect’is dive. Whenever possd lv, poro
the dive should be limited #0 a8 to avoid the need for decompression v

mer'e slate.

D. When decempression becomes nescessary, sad when other decomproa-
oien oquipmont is net availabie, & weigited line should be lowered frovs
the surfese 1o the decompression depth for the swimmers. Ia the event
8 swimmer should rus owt of sir while decompreseing, another unit can
be takon down 0 him, or, in smergencies the diver can surface, grab
& SCUBA (40 aut tahe time to den it, or dilch the empty one) and immedi-
stely retura to the preper decc .pression depth.

8. Am-nmhhdnpdmanggn_uﬁmaln..
pensible for the salety of swimme:s. If he aignais the swimmers 1o
surfase, thhy must do 50 immedistely, Mt ot & 1oesonsbie rate of as-
ront and within derempreseten restrictiona if applicable. Regrrdiese
of renk or pesition, & submerged swimmer should nut be (a charge ¢
the speretion ase allewed to discbey "¢ order i the one whe (s,

s
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04.04 Conciusions and Recommendations

1  There exists no formal body of knowledge on the art of underwater swim-
ming, and stindards of performance for underwater swunmers are urknown. As
s result, the training of swimmers varies from place to place and from tim.e to
time, and the principies of selection of nien for ewuuming tasks have only an em-
pirical basts.

2. Performance criteria for underwater swimming should be developed.

3. After these criteria 2ve developed, s series of qualifications for differ-
ent levels of underwater swimming ability should be established.

4. Only whan it is clear what a swimmer can and should do, can standard-
ized curricula be developed, instructors coasistently indoctrinated, and adequat
training materisl and 1acilities provided.

S. Training facilities, texts, and matertial aids are inadequate. Studies
should be initiated toward designing und develuping stendsrdired training procedures
tailored to the particular needs of underwater swimmers.

6. Further study should be given the questions of the best location for
efficient and safe training of underwater swimmers, snd whether swimming should
be tsught separstely from the specific skills needed for reconnaissance, demaii-
tion, ordnance disposal, subm.rged attacks on shipping, and other missions.

05.00 EFFECTS OF UNDERWATER BLAST

Underwat :r blast constitutes an imporiant problem to the swimmer be-
csuse explosive esergy is transmitted very efficiently by water. A man who would
be unsharmed ™y as air explosion of « hand grenade st |3 feet distance, providing
he I8 out of direct iine of the shrapael, would undoubtedly be killed outright or die
subsequently as s result of blast iajury whea a sumilar charge is exploded at the
same distance underwater. Any swimmer may iaasdvertently be submerged whea
a charge is set off, and ia warfare, military swimmers may be requi~ed to swim
as close in toward a target as possible, sven in the face of countermeasure ex-
plosions. Two practical nuestions thus present themaeelves: at what distance (s a
given sise of charge likely 10 be dengerous and with what shockwave buffer wnech-
aniam may the ewimmer be provided?

Even though the actual mechanism of damage to tiseues 1 not clesr, we can
employ the well sstablished theury of underweter ex,losions to obtain expressions
for the distances at which different size charpes will produce comparable effects
1n deep water. The following brief discussion drawe (reely on Cole's book. Uinlere
water Pxplosion, (23] and on Hertmen's report on this subject to the Panel on Under-
water Swimmere (18]

When an explosive 18 detonated underweter ti= pr-‘ily expanding genes #:a-
ersty a pregoure disturbence whic’: travels oatward ag & shock wave with s sharp
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front By the time this shack = twches the swimmer it {s mov'ng st & velocity

bout equal 10 the speed of wound ‘n water, {.¢., .bout 5000 ft. per second.

Although the shock wave lasts for only » few thousandths of s second, the momentary
pressure effects may be grest enough to cause tissue damage. There are suc-
ceeding shocks resulting from cec!lliatious >/ *he gag bubble produced by the ex-
plosion, but their pressures are no more thanu one-fifth as large se the fnitial

shock wave and hence are st umnportant for our discussion.

A record of the pressure at any givea distance ‘rom the cxplosion shows
aormal preseure just prior to the shock wave wirival; suddealy Uis yressure ~ises
10 & pesk value, and then it dies eway approximately expossstially. When the
shock wave strikee 8 hard surface such 8s & smaoth hard bottom, the wave is re-
flected, und only & small smownt of the incident energy is lest. This reflected
wave will st some points concide in phase with the advancing direct wave, and in
these regions of coincidencs the pressure effects of the twe waves will be additive,
Whea the shock wave strikes s watar-sir surfsce, reflection slse occurs but ia
this case the reflected wave changes {rom s pressure ‘acresse to s rarefaction.
The rerefaction phase is tramsmitted from the point of reflection at about the same.
Spoed ss the shock fromt. Recording & suc.ession uf pressures received just be--
neath the surface, one seed normal pressure succeeded by the shock wuve, and
thes a8 the preseure begine to decresse exponentially, there is s suddan fall in
presaure to cansidersbly below the normal value. Near the explosion, this pres-
sure reduction is sufficient to cause violemt cavitation. Twe reduced pressure
thervafter increeses spprecimately eaponentially towsrd aormal. .

The danger 10 aa vaderwater swimmer lies in the foct that within his owa I
body he has many waler-air eurfaces which are subject 1o thees preesure-tension '
phanomens. The lunge, (0ove of Lowsl comtaining ges, the air passsges in the ,
throet and meuth, and the sir siauses in the head sre the principsl sdes of injury ¢
due to underweter explosion. The parts of the body which de aot contaim sir or :
88 transmit the sheck wave practically without disruption, hesce the muscles,
bonee, liver, heart, and braia are uswally undsmaged. [n addition to the sise and i
discance of the charge, many facters, including depth of explesior;, depth of the .
swimmer, shape and charester of the bortom, and refractien of the shock fromt !
becsuse of tempersture or saliaity grudients in the water, il markedly effect the
intereity and durstion of the presoure disturbance resching the ewimmer, snd

4
J
{
!
[
!

Although ment enperimenters conshinr that peak preseure is the determin-
ing facter in biast izfury, careful sad extensive work a the United Kingdom (5, 9, 13]

iadicstes thet the impuise and ensrgy of the shock wave may Le mere important
than the pesk pressure. Blast impuise ssales as Hwhere w {1 charge weighnt
sad d L8 distanee f~em e oxpiceica), while pesk pressure scsles appreximately
a2 (RV2, nence the safe distance from sa explosion will 8¢ spproxumatcly

fouf timve 48 repidly with inereasing cherge weight f impules s he prineipal (e

tor determiaing (ajury rether Lhaa poak pressutre

Dets en the ribjoct are quite iasnmylet., by it is geasrully : aetuered
that even & detormined man ARGt eotisme {6 CPerste in oa srea ia which peak
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blaat pressures of approximately 200 pei sre encountered. A pesk blast pressure -
of 300 -+00 pai will probably cause death - ithin a few mimu.es. These numbers
apply to a fully submerged, unprotected, swimmer. Assuming that pcak pressure
is the factor determining serious injury and deterrence, we can »asily esteolish

s relation whica gives deterrentand lethal dietances 27~ ~ wide range of ~harges

in deep water, The physical theory of explosiocns leads to an equation for the

peak pressure in pounds per square tnch from a charge ol w puumis of TNT fired
in deep water at a distance d in feet:

pe 2.6 % xo‘()‘q_"_)" *

This equation is displayed in the form of & nomograpt. in Fig. 2. If we take 200
pst for deterrent, and 300 pei for lothal pressures, the equaiion gives ue:

L]

B

detercent 1ange in feste 64 wW/¥(lde. of TNT)
mrm tnfeet s 44 wi(lbe. of TNT)

Theee equations must be tpken provisionully. At best, they hold for water which
1o ot lewst|to | a8 deep ss *Le distance from explosion to swimmer, so that sur-
face s bottom: reflections are relstively unimportamt. In considering counter-
measures, however, we may safely accept half the distance given by the equations
88 the range in which explosives will be quite effective aguinst swimmers.

The irformation on deterrent and lethal underwater blast . fragmentary
and inconsistent. Much of the work is imvalidated becsuse it was done in sheilow
water without pressure measurscients. i is of utmost importance, both for devel-
opment of coutermessures Sguiast swimmers and for our own swimmer do.trine,
to abtain good experimental data in deep incthermal water on deterrent and lethal
distancee from different sised explosions. The lethal dats should be gathwred on
large mammals, i.9., gosts; much of the deterremnt date com be obtained from
humens .

Experimontal information is alse needed on means of protecting swimmers
agaiast explosives. Much of this work can be dome by enclosing blast gauges witk -
in test materials. Prelimisary theorstical and ¢ perimental work (nd'cates that
s uni-cellular plastic sult would considerably reduce the psak pressure and impulse
received by a swimner. lajury to the wiprote~tea underwater swimmer occurs
because the biast weve pesses nearly undimiuished from the weter uMe the flash of
the man, The preseure wave pasees from weler to flesh with little lose because
the two meterials heve close to the same "acoustic impedance’, {.6., the same
product of density times sound velocity. The iransiaftied pressure weve can be
made much smauer by islerpueing a layer of material with s widely differont im-
pedance Approximate calculstions can be mide by well -known acoustical theory,
and give the ratio of transmitted-to-incident pressures ¢ * tarma of ihe impedance,
&), of weter, and I3 of the protective layer, .
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Transmitted pressure  4Z 'l
2

{ocident presaurc H

If the prote~tive layer is foam plastic surh as the neoprene used in the experi-
mental "wet"” suft, the approximate theory predicts a pressure attenuation by a
factor betwesn 80 and 200, depending on what value Ls chosen for velocity of
sound in the necprene. Unfcrtunately, there are no experimental data available -
yet to check the corrections of these predictions. The theury probably gives too
optimistic & figure, and should not be trustad until experiments are made.

05.01 Conclusions and Recommendations

1. Underwater biast infury constitutes a serious potential hazard to under-
water swimmers. [(n deep isothermal water there is danger of infury from a ! pound
charge at distances lesa than 65 {est, and at lesc than 300 fest from s 100 pound
charge, Safe distances for large charges are uncertain, because it is not known
whether peak blast pressure or total impulse Irom the explosioa determines injury.
Research should be continwed on the basic mechanisms of underwater blast injury,

2. Explosions :re likely to be included in enemy ca-urmouma. and

- these may mullify or deter our undersster swimmer operstions,

3. Protective clothing contafaing air or other sound-reflecting material
might sppreciably iceses the distance at which an explosive charge of given sise
{8 & sericus hasard o0 a swimmer. i

4. Research amni development on methods for protectioa of swimmors
aguinst blast injury are urgestly needed.

S. Reliabls experimental data should be cbiained on deterrent and lethal
distances from explosive charges of diffgrem sise. Umtil more such dats are
available, calculstions for sufe distances from known charges should be considered
tentative.

06.00 SUTTS

We begin this section with the aseumption that underwater swimmers nsed
suits primarily for protection against cold water. We will not consider other re- °
quiremaents such as protection agaiagt sbresion or 10zing in the water because
suits which gives tion ageinst tompersture caa be designed to give aome pro-

tection against these hasards. Pretection aguinst sxplosions is discussed briefly
in the section om Underwater Blust.

96.01 Priaciples of Protection Aguinst Temperature

The following paragraph is bagsed on C. R, Spraiman’s re;ort to the NRC
Symposium 7a Underwster Swimmers, December 15... " 7}

R is pessible to calcu.ate the spprozimate maximum snd minimum water
3% CONPFDENTIAL
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tempersture that 8 man can withstend for extended periods. Li"«~ise one can
caulculate approximateiy the amou-t of insulation a man needs 1.1 wster of various
temperatures. For this purpose we may consider the human body as & hest-pro-
ducing rschine that does not opersie very well unices its temperature is within
certain limits The body maintains its temperature by producing heat through the
combustion of foodstufls and it loses heat larg.'y by conduction and redistion. As
s heat-producing mechine, the body can vary {rom & lower extreme of producing
oaly sbout 40 kilogrem calories per s uare meter of body surfece per hour to an
upper extreme, under great exertion, of producing sbout 2, 000 kilogram cslories
per square meter per hour. This maximum smount of energy can he sxpeaded for
ouly & period of about 20 s~conds during a sprint With reference to heat loss, &
person st rest, cold though not shivering, loses heat through his body surface at
a rate of sbout 9 kilogram calories per square meter per hour per degree centi-~
grade. If he shivers, he 10ses heat at & grester rate, sbout 13 kilogrem calories
per equare meter per hour per degree centigrade. This figure was otained in
water at 20 degrees centigrade; it is probable that in colder water, the heat lowses
increase. When the ambient tempersture is high, warm skin loses about 30 kilogram
calories per square meter per hour per dagree centigrade. Thess figures neglect
heat loss ocrurring by way of the lungs, but this loss is smsall, Man at rest in
::«r sbove %°F. overheats; if he is exercising, he will over-hest in water at
oF.

There i greet individual varisbility ia the lower tolersbls limit of water
tempersture snd this immedistely suggests & problem of selection, Most men
will get along fuirly well unprotected ia water at 68*Fahrenheit. For the majori-
ty of men, sustained operations in watrv ~older thaa 60°F. will require proter~:ive

clothing.

There are three primuiples in sutls for prqtection against cold. Owe is o
wear s water-tight garmeat over an insulating material such as wool wnderwear.
Existing U. 3. and the Italian Ptirelli are examples of this kind. A secend is to
make the water-tight garment iteelf of an tasulating materisl euch as feam plastic.
The Freach Dumas suit is of this kind. The third, exempiified by e sxperimental
ouit designed and butlt by Bredner { 2| deliberately permits a small amount of leak«
age of woter; warmth doss ot depend on air insulation next to the ekis, but upon
insuistion incorporsted in the fosm plastic material of the suit teelfl. The amount
of weter permitted to flow through the suit withowt causing excensive hest loss can be
computud roughly by sssuming that the water warme up to skia tempersture belore
sscoping from the suit. 1 turms owt that & total flow of 30 cubiz centimeters per
mimste will iry small hest loss ocmpared with the amount of Pest geasreted

by the body.

1 the thrwe types of garments, the swimmer is kept werm by sir trapped
between the cold weter and the swimmer's body. AL, U it s prevented from mov-
ing freely between & warm amd cold surfase, is & very guod heel Lusuisler; Lhe cuu-
ductivity of s layer of "dead” air ame cemtimeter thick being showt 2.3 hilogram /~al-.
oriee/hrim’/deg. C .

With & dry sult over »osien underwear the » aces between tin weul fibres
1/ CONFIDENTIAL -
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trap 2ir, and thus provide good insulstion a3 long as the underwesr rc.ining dry o

The wen! itself has a conductivity of about 20, which 13 not far different (~.m Lh e

rubber{18). Water is only one-third sa gocd an insulator as rubber (53}). The ..‘,-4."'3
conductivity of the underwear can be taven as the sum of the conductivities of Eu'\:f
woal and dead air, ruitiplied by the respective volumes they occupy in the under- ‘&;_‘-

wear., If the wool becomes wet, its insulating ability .ails to eseantially the same
‘nsulation as utill water. It is better than no protection st ull, of course. since
then there would be no
dead water thickness
and the skin would bs
continually ‘n contact
with the coldest water.

($80E

sy e F

The other two
suits (one wet -- one
dry) are made of &
material that holds the
air eutrapped, so that
the ingulation does mut
change even though the
material is immersed
12 water. Foam plas-
tic or & sponge, with
all fts holes blocked
off, are such matar-
fals (unicellular ex-
panded necprene hes
been used for the test
suits}. The water trap-
ped between the mater-
{al and the swimmer is
eoffectively we. med wp
to the tempersture of
the swimmer provided
its volume flow rate s
sa.all. The water fa-
side the suit serves 8o
iasulating funties, of
course, and & saug fit-
ing suit is therefors
siruble. Thina cottom
underwear is recom-
mended for use with
the foam plastic dry

suft for increased com- Fig Mitor) Clamp sult, two plece, doul's sipper,
- fort and the sbeorption . s "home made” suit, Pirelll, experimental gum
of sweat, rubber, U. 8, Diver's . ., ' ua rubber.
1} CONFIDENTIAL
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06.02 Status of Swimmer Suits

Taole 11, lists typss of United States and Foreign Suits. All the standard

U, 8. Navy and sports diver guits d d on len underweer for cold
‘valer opsrstion, though very hu-tb suits ¢ unicellular plastic have been pro-

duoed abroad and experimentally in the U. 8. A.

06.03 Degirsble Charscteristics of Suits

Table | is & summary of the opinions of 39 experienced unserwater swim-
mers conceraing desirable characteristics of suits. From this it caa be seen
that the most important requirements are warmth, menesuversbility, somfort (fit),

and dursbility,

Table }
RATING TABLE FOR UNDERWATER SWIM SUITS

TOTAL NUMBER OF MEN INTERVIEWED: 39
Extremely Very Littls value

NRem rtast U red w/others

Mensuvershility. . . . .. . e 3
Comfortatourfues. . . . ... ........ . 3 3
Dursbllfty, . . ... ....... s e e, 32 7
WOFRIR, . . . . ¢ v ¢ 00 v s s 0t 0000 I []
No. ofsisesmended. . ., ... ........., 27 ? 2
anger fromteare., . .. . ... ..., ..... &8 13 1
Emecofentrysndromevel, . . . .. ...... 23 16 |}
Comfort 808, . . ............... )0 14 L
tuodfbldmun...............ll 23 ]
Adagtability te difforent temp, . 9 23 ?

ummmmm L] 12 19
Buy-qdudnn................G 19 10
Protestionfremblast, . . ... ......... ¢ 4 B 1|
Flyopening. . . . . . . oot o 0 s 0. @ [} $ 1)

in buoyeney frem swisse to 6O R, . . ., . | 19 19
06.04 Advantages of Ynem Plastie Suite

Dry (ocem 1o 4

1. Seftnsss of material 1 such that moverments ary relattvely fi e
ok all depthe,

3. h the entragped air in the sult I~ oroperly eshaus .« before sub-
merganee the small ameount of sir instde the suit und around the

39 CONFIDENTIAL
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STATUS OF SUITS
Ia Use
Mzh’- Tvpe Mg Description Remarks
u.s. World War Il "Prog Maa" - Production discont. U fort
clamp dary Rubber asopreas,canvass. !'megral able. Fairly dry. W
hood,
) sipper ‘f, vU.s. L] " " L] L "
Rubber _Sipper leaks
2 sipper dry u.s, - " " Uacomlortable. Piach on deep
Rubber dives. Zippers leak.
Sport Diver dry u.s. Clamp type clesure-Rubber [ d rubber, malded rubbe¢

Divers full lomth, or toree cely. both avall. for sport divers
ouits.
Usder Deve!
waist @1y  cecescces  Stmilar te Raliam "Plreili®-  See Pirell Sult.
ciovure Pure rubber
Braduer Wot  ccccscnce Nou-wetertight - -enue fitting Cemfortable st sll depthe.
wnicelluar vrpanded neepreae
or _viayichoride Parks hood, -
waist dry DESCO Lightweight watlerpres! ayice
|cloewre ~walst closure-wvera everpely-
viny! chloride waderweoar.
FPoreign Suite®
Coustess dry Fell suit with mtegrel m-ok, Buiky, busyast, ead confinins,
"C.nn"- re.) Rreosthing sir cannoets tosult.  but deed 2et plnch on deep dives.
Vo'wme
weist Netura) Rubber, asatfitting-+  Vory comfortable ot aps lowel.
lclosure dry Pirelld walst closure; integral feet; Semae pinching on dives of JOR

n.)

aoch and wrist eufl.

Suage eosi'y ualese protected by
overuie. Wois closure sflen
loaks.

Psesll- iry  Dumes

w-as (Prancc)

3 typee: shert ol md legn Comdertable at all dopthe:

bare; 3/4 sleeves, fuil loge; L smage sasly; ayiun coverall,

tegial haami, as e, logs, v

tiasal gioveg,

CUllue wnie) wess wptaunal,

Duslap
sualep dey  Avist. Co.
{Araion

Pull sult, wilh or without tategr . ° «.  'ively destrable and comfort|

magh. Natwral rubbor, walst
glmr',

«oh. .. Uovel squeese on dives be-

_low b Bamdsrd tnEngles ., }

® Listing enly evite which hove valuable dosign festures.
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thin underwes -, gives a relstive’y small chunge in buoyancy
with depth.

The two piece suit with a roll type enclosure similar to the
Dumas Freach cuft (s ews; ‘7 don unaided.

Rips may change the charscter of the suit from dry to wet --
but the weter entering the suit s trapyed and can reach body
tempersture ia a short while for the insulstion has nat been

destroyed.

Wet foam plastic suit:

3.

9.

1t dose uot need to be watertight. The problem of maintaining
a watertight seal {» any existing suit is extremely difficult.
Furthermors, evea i a suft it wetertight, £ may become wet
from perspiretion.

Ripe in the swit material do not destroy ite insuletion. Ia “dry"’
suits a rip Noods e suit. hﬂucﬂ.vodnﬁomnbyuﬂuuu-
lar material would improve presemt suite.

Rips {a the suit malerial do not ffect the buoyancy or maseuver-
sbility of the suit. Presest clamp type snd sipper suits become

less Suoyam whea flooded; and if the ripe sre large the suit has

an offect like » see anchor.

The suil ren huve upsaings [u s the sliminsiion of excreta while
the swimmer 1o n the wster.

The oult will be equally comdortable at 100 foot depth or ot the
surfece. Presest UDT suite pinch and chafe as the air betweea
swimmer and suit becemes compressed by outside water pre¢-
sure on dives ag shalivy ap 30 foet,

Preliminery experimoents indicete that the buoyancy of the suit
should act change a8 mich witi depth as done that of the prescnt
oults,

m'mn-miahdtmmmﬁoﬂulhnh-n
changes positioa. He will, therefore, not expericnce the awh-
ward teadsacy te be wpeades when he lowere his heed,

B s possible to maks a “wet” suit which the swimmer can put
on and tabe off himself, undorwater f necessary.

R io poseldle to make & "wet' » . which con be laft pertly un~
faTtaned {or coolnees until just b. tore, or even A r, tae swln-
wer enters the water,

o CONFIDENTIAL
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10. Temporary or fleld repalr is simplified since 1epnit need not
te leak-piool.

Fig. 4 An experimental model of & "wet” suit, with sipp:.re open and
hood dows st cight and st left 1ippers closed. Noie mesh inbeded in
foam surface o sllow stretch bt reduce escessive tearing.

06,05 Dissdvesicges

1. Wet suit ~equires more criticel fit for meximum effectiveness.
14 75 Caneludtons and Recommendations

1. Nows of the existing suits in use or ia the nr 8 of dovelopment

appesrs in be campletely satisfactory for protection ; .'~ t cold water. The

' wet'! guit offers grest promise for development into 8 3. infectory cold water
suit

“° COUNFIDENTIAL
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Z. Nudy d.oﬁtmum de.ign end materials for 'wet" -uits should be under-
taken. The only work dane with “wet" euits undcr the cognizance of the Panel
bas been 10 confirm the principle of tho svit. The problem X designing a “'wet"
suit must thus siart approximately from scratch. Certain festures of the expert-
mentul suits may be useful i lesisning an <, 2-stional garment: 1) the extensive
wse of (non-wetertight) sippers, iaces, or snape, to produce & soug fitting suit
which cam be donned by the individual swimmer; and 2) the use of a tough foamed
seoprens, with a strong mesh which allows the suit to stretch ia all directions

and yeot is rigid enough to preveat excessive buoyancy change.

- 3. Development of improved designe for dry suits should be continued:
1) the 1t of current issue U. S. N. two-tipper suits needs to be revised with rae-
pect {0 such things as calf and thigh sise, zipper length, fit around face, and num-
ber of suit sises availsble; 2) efforts to improve the watertightness of sippe:r.; shoulu
be eascuraged; 3) until watertight sippers can be guarsateed, s dry suit withod
sippere such as the Pirelli or Jumas should be used; ¢) the possibility of avoiding.
suft squeese (o deep operstions should be sppraised. The Coustisu suit with auto-
matic {3ternsl pressurisstion may have useful festures in this regerd; and 5) the
Dumas Freach suits are recommended 28 & guide toward the development of an

officient dry suit.

4. lavestigation should be contimwed om the physiological sad human
eaginsering aspects of protective clothing and related subjects.

07.08 S£LF CONTAINED UNDERAWATER BREATHING APPARATUS

Self centained wnderwater breuthing apverstus (SCUBA) by name implies
tant the apparstus 3088 20t Tequ.re ihe hose, line and other sppendages which
aitach & conventisnal diver to his tending craft. Buch squipment, Lisrefore, frees
the diver end enshies him to undertake certain tasks which would be difficult or
impessble to scoomplish with & nermal light-weight or haavy diving dress. How- .
ever, it doss net preciude the wee of safety linrs 0r added weights where diving

indicete their aeed. This increased operstional freedom Lmposes special

treining problems.
67.01 Oporstions with Present Equipment

Precent equipment has extonded the frecdumn of uaderwaler man 0 perfor m

maeny milary cperstions complevely ‘wdesrwater or partially waderwater se the
tastisal situetion dictates. Types of military operstions now being undertaksa in-

clwde

1. Reoccamaiseance
8. Ver gomsrel \mielligease

b. Por Rydregruphic Lo . gence

4 CONFIDENT AL
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2. Demolition
a. DBeach adetacies
b. Harbor installations
¢c. Military bridges
4. Moored shipping
3. Inspection (same as a-d in (2) above)
4. Underwater construction
$. Minor salvege tasks
6. Mias clearaace
All of these operstions can be conductad completely submerged by means
of sortie and re-estry into a subnerged submarine. iowever, many of them hava
reached ocaly the expertmental stage because of present equipment limitations.
These vary with the type of apparstus sud no siagle type of existing equipment
satisfies all cperstional requirements.
The more ‘mportast limitations are:
1. Semal) bresthing gas capacity
3. ‘meflicient CO; shenrption
3. Lach of streamlining
4. Poer éursbility
9. Poer relishilsty
6. Lack of cecnfert
1. Physieiogical limitations {Refer to 03 00)
0. Complexity
T.e cutrpressed sir open circuft equipment curremly used Inthe U. §
Nevy was designed 1a France. Some of the perte were butlt in France and Lroug o
throvgh Canads Lste the Laited States, sther components were menufn: 'ured ntie
United States ad complete units are now belng bullt here.  Although this equip™ .nt
has been genersily reiiable, malmtensce was complic. « il recontly by w.avalli-
abiilty and now- uterchangeabiiity of *~1re parts. The cur-et closed ircutt oxyr.a
eyiiprent laof 'J 8. Waurld war 1] . ~ wnd (8 now at least nine years old

14 CONPIDENTIAL
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Reaceotly, an order was placed ‘or imterim e uipment ¢ ~signeu uud manufactured
« Italy. This will provide for training until improved = ipmem can be designed
and mamdactured in the United States. 3emi-cloused circuit and mixed gas appara-

tus are unly now being designed.
07.02 Treining with Present Equipment

Treining with the present types of SCUBA lLisa been limited Ly lack of suf~
ficient sumbers of operable equipment and by the inefficiency of the equipment
which (s operable. Despite these diiliculties ‘r.ning has proceeded to the point
that each UD Team has a platoon in readiness {or certain types of underwater
operstions. Aftar s swimmer hea Lees thoroughly indoctrinsted s surface swim-
ming techaiques and surface missicas, he may or may ndt be adagtable to further
trainiag for underwster work. The sormal sequence of safety training in the diving
tower, of day and nigit underwater swimuming, and of submarine sortis and re-
sutry weeds out many. A few mea qualify as operators of underwster craft and
0 members of the submerged operstions pistoon. (04 02)

07.0) Types of SCUBA

Self comtained underwater bresthiag spparstus may be classified by the
type of broathing ges circust, that is, by the disposition of exhaled ges and of any
*3000d gas supplied to the sw.mmer but ast tahaled. On this basis we may divide

theoe oquipments inte three types:

1, Opea circust -- eaca dbreath is withdrawa from the gee cyiuver
and enhaled inte the water.

3. Semi-clesed cireult -- sxhaled gases are recircusted and part
of the eahaled carbes dicuide is sbeorbed but there (s & steady
g8 flow ia exeess of respiratory requirements inge a redbresth-
iag bag, wnd o discharge of ¢30064 guo e the water.

3. Clased sircuil -~ enygen 10 supplied ot & rule exectly equal to
requiremont, snhaled gases are recisculsted and

respiretery
sll carben disxide is sheerbed. No gao is dlocherged iato the
ouler.

SCUBAS msay ulse be claseified er the basis of the bresthing gas or bresth-
ing gao misture suppliod 0 the swimmer o follows:

3. Nitregea-usygen misture

Neltum oxvgea mistures, used i doen 09~ 1ivirg to miaimise alfrogea
narcneie and {.r shorter Cacompreasiun uf long deep dives, are no' ot present

e CONFIDENTIAL
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::;lor 8eif contaned underwater bresthing apparstus becsuse of t.c danger of ‘

07.04 Dencription of Equipment

%a circuit. Open circuit equip-

ment is ia general the simplest type of
SCUBA. Alr or a pre-eet mixture of ox-
yoon and nitrogen is stored under high
pressure (about 2000 pei) in cylinders.
This high pressure gas is reduced to an
intermediate pressure (sbout 55 to 83
pail by s tirst stage reduction valve.
The gas is cbtained by the swimmer on
inspdrstion through s second demand-
type reduction vaive which (s s tusted
by respirstory sction. The pressure
of gas delivered to the swimmer is sbowt
oqual {0 the ambient hydrostatic pres-
sure. In some squipments (Aqualuag
ond Northill) the two stages of pres-
sure recaction ere accomplished with-
ia the sume valve casing. Other wmiie
(Beett, Lversen, Swedish) have thy
two valves ia differat locations. All :
enhalod gao 16 cisharged oo an adermition” otvesm of bubbles into the water and
the wtilination of ges 8 therefors oqual to the mase exhaleu.

Closed cireuit. Ia the sungplest typo of
of closed clicull squlpment, oxyges is
stered ia cylinders wnder high presoure,
and 6 admitted 10 | breathing bag sither
1) through ¢ massally operited vaive, 2)
by & slow slvady Now through 1 preseure
redusing velve, or 3) through s demend
volve oystom similer ia cons’.ruction to
that deser Ded fer the cpea circuit equip-
mont. Whea metheds (2) or (3) (ewte-
metis exygon supply) are ueed, & man-
sally eporuted smergeacy valve 1o alse
fted. Oxygen admitied ate the breeth-
tag bag minee vilh the recerveir of puri-
fivd cuhaled gas. The swimmer iahales
from e Yreathiag bag tureugh s check
vaive. The siignt preseure of sxhele~
tien clesev Yw iubaling velve and opeas
exhaling velve coueing the erhalsd 246 1o re-emter t*r .~ ‘athing bag through o

Lanieter which centains carboa dicaide ebeorbemt, nurr ..Uy eods-lime ur heralyme.

The rate of exygee willisst.on [rom the cylinders 10 sater.alned by the dive. &
“ CONPIDENTIAL
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wetabolic consumption of oxyger rather than by the larger volune of gas required
{cr vemtilation as in the cper circuit type. Becaus~ of the danger u{ oxygen poison-
ing, present operating dictrine limits use of closed circuit oxygen spparatus to a
depth oi 20 feet for a period of 45 minutes. .

Mixed ges equipment for closed circuit operations at depths greater than
30 Zeet is under long term study. Such equipmer® might employ & mising valve
which could be used to vary the rate of flow from two gas cylinders asd an oxygen
asalyser to comtrol the mixing valves. The use of a .nixture of gas would reduce
the physiological danger from oxygea puisumng, shich is present whes pure axygen
19 weed, but would introduce the asw danger of anoxia. In sddition is the prablem
of disposal of the excess inert gas om ascent.

-

EALEF R
. Aha .:
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Semi-closed circuit. Apperstus caa
be weed for bresthirg either alr, a mixture
of nitroges snd oxygea, o oxyges alame.

: This type of apparstus crmsists of the same
: goaers! componests as closed circuit oxygen
re-bresthing apperetus and is addition em-
ploys a nom-return exhaust velve o allow
mpill aver of that portuw of the ges flow
which (s ast actuslly covsumed by the swim-
mer. Near the surface the volume of ex-
©088 gus relsssed Wmlo the water s apprexi-
mately am -fourth 0 cav-test thet of open
clrouit spparstus. A fraction of the exaudd
carbon dicxide is alse exhousted, resuit-
iag in » dimin‘shed load ‘- pom the ~bsorp-
tem canister. In seme types o somi-
closed circuit oquipmheunt the bresthiag gee
ficws w & Nued rete directly lsto the re-
bresthing bag. Ia others, the fNow is
through s vesturi orifice in evder te facile
Sate recirculstion of gas through the carbon dioxide sbeorption caasister. Ouy-
gon and aitrogen may be pre-mized and rarried in the same cyliader; siterna-
tivaly, air or siiregea, aad OXygen may be carrwd ia sepsrste cylinders swad
mined by ¢ reguistor, A type of SCURA sew wder development (Emerson) 8
trensh isnel betwesa the open and semi-closed types. la this squipment & ges-
saviag meschanism 8 lacorporated which #:ree the first part of ssch exhala-inn,
Retshalstion of this gus comtainng m'simal exhaled carbon Jianide should la-
arease the diving time svailable wih say givea cylinder capacity. A precemt semi-
clased type using sitregea-oxseon mlstures (a.asufsctured by the J. Blair Co )

1o ret safe for swimmiag ot ¢opths lese than 30 feet because of ihe cheracteristics

of the gas Tegulstor system.
07.¢9 Nelutive Mertts of the Three Typee of SCTTRA

Opea circuill spparstus has twe very gr-ot . {romtagee; simpit+ity of desig,
ond oporstion, and ob o uf Whe b w of exyges toxicity. [ts disatvantages are:

11 CONFIDENTIAY.
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STATUS OF SELF CONTAINED UNJDERWATER BREATHING APPARATUS

Aqualung
(US Divers Co.)

IN USE r

BUT NOT Ly w3

APPROVED. | UNDER

DEVELUPMENT

Scott Alr Pack
(Scott Aviation Corp.})

(4.4 Emersea Co.;
0y
cmok?uq wits - aged]

{Pirelli Ce.)
(under precurement

OPEN [Air & Mixed N,0, Air & Mixed N, 0,
[NAT EU evaiuation}
CIR-
CUrT Airlung
' (Northili CaAlr Re'sch Co
Air Mixed N,O.
[dovclqmco;. lt'nlcl
British Uutversel N,0, Outiet Emerson
SEMI- H{{Dwniap Aviat. Co.) (f.l!. Blaia Co.) (J.R. Exereon Co.)
CLOSENO,; & N,0; mixture diving wee caly 0O, or N,0
CIRCUTT](uoed ia UK, demon- (15 be edbckitted for
strated m U.C.] tests}
LARU {(WW L) Pirelll (large LEYS1)| LARU (New)

(J.%. Emereaon Co.)

]
{under development

cm- for totertm nes) comract!
Pirelll (small 3701) | LINDA (or "WHITE
curr (Ptrells Ce.) REETLE")
(:z (Vid Deminien Res‘'ch Co)
[usdsr precurement 0, te 30', mined gos
tor imtorim woe) doeper
{under long term dovel-
s opment]
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93 to 98 perc2ant of the gas carriv 1 in the cylinder is lost without heing used for
maetabolism; tRs presence o1 nitr- gen involves danger from bends snd aitrogen
narccatis; e stream of bubbles rising to the surface greatly increases the risk
of detection; with present equipment, the intsrmittent, high-{requeacy noise of
the ges flow gives some risk ¢! letocticu by & e,

- —,

In closed circuit axygen equipment all the gas carried is used fur m#teho-
lism and the rete of oxygen utilization from the cylinder is determised by the
diver's metabolic consumption of oxygen rather than by the larger valume of gas
required for vestilation. Heace, for a given durstion of aubmerged wperation oaly
about 1/ 19 to 1/30 the gas volume used in the open circuit spperstus is required,
Further economy is guined because the rate of oxygen wtilisation does oot iacrease
with lacreased depth, whereas the mass of gas withdrawn par unit time {roem open
circuitl equipment (s approximately doubled at 33 feet, tripled st ¢6 feet, and quadru-
pled at 99 feet. With closed circuit equipment s traised operstor can move under
water without amy trail of escapiag bubbies except during rapid ascest whea expan-
sioa of gas in the bay and lungs csuses some spill-over. The smell rate of with-
drawal of gas {rom the pressure cylmder resuits in a very low noise level, thus
further minimising the Tisk of detection. There is no danger from beads because
there (s no nitrogea absorbed ia the tisewes.

On the other hand, closed circut oxygen equipment is somewhat more com-
plex in design and operstion than opem circuit equipment becsuse of the added com-
ponents of the carbon dioxide absorption system and a re-bresthing bag. A defintte
disedvantage (s the limitation of depth f operation becsuse of the denger of oxvgen
toxicity. The leagth of sale diving time with oxygen decrvases sharply helow
33 foet.

diminisned durstion of operutions (because some oxygen (s exhausted cod not
consumsd) and probebly higher risk of visual ant semar detection,

Wheu used vith altrogen-exygen mimures, semi-closed circuit spparstue
sanbles work %0 be acoomplished st depths squivalant 40 Whose pormiseidle with
mixod gases wsed in open circuil spparatus. Deeper diviang i pessthis than with
oxygen alane because of the reduced hasa ¢ from ozygen toxicity. I the percemtage
of sitrogen is leas thas in alr, the daager of beads is reduced and the maximum
time of operstion s increased. By varying the aitrogen-oxyges misture the mest
sévantagecus gus ratio for maximum diving duretion with miaimum deager
of oxygea toxicity or bunds can be achisved. Diving duretion is also increased
for » givem time of apertion siace semi-closed spparatus requires ualy o fraction
of ‘he gas nseded ‘or cpea clrouit equipment (»t 140 ‘eet epproximately 1/20).
Unlike the upen circuil equipment, the rate of gas Now ssed aot increase ag work
or depth increases.

The principie d¢isadvaniage of semi-close cirouit mized ges equipment 10
that ‘allure or malslfustment of the gas reguicior . an, withowt the © imrier's
knowlodge, expose Alm 10 excesaive comsentrations of aitroges or ssygea and
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hence to the haa rds of bends or axygen toxicity. The danger Jf cnoxia also exists
if the flow of the oxygen componei. ¢! the gas mixture becomes inadequate for meta-
bolic neads, either because of failure of the gas supply malfunctioning of the pres-
surs regulator or because of work-rates in excess of those for which the equip-
ment was designed. The inabuliy of man to 1. .ugnize the onset of anoxia makes
safety in semi-closed circuit apparatus, using mixtures of nitrogen snd oxygen,
dependent upon maimtenance, design and mechanical parfection of the gae {lnw
regulator rather than upon the skill and training of the swimmer himself.

07.06 Presest Opersticasl Requirements for Self Contained Underwater
Breathing Apparstus

Present operational requirements for self contained underwater breathing
apparstus, as determined cooperstively by Fleet activities and the Bureau of
Ships are generslly as follows:

1. Opena circuit equipment. Normal depth of operstioa 0 to 150
feet with sufficient bresthing gas volume to permit 60 minutss
of operetion st 50 feet and & maximum depth cf operation of
200 feet for about | minute ({or safety purposes such as sub-
. 1arine esrape, otc.)

2. Closed or semi-closed circuit equipment. Normal operating
depths 0 to 60 feet, with s maximum depth of 100 feet for use
in submarine sortie wt re-entry; sufficient breathing ges
volume (o permit two to four hours of continucus underwater
operstions including swimmirg 2.9 miles st 0. 79 inots.

Provisions are seeded for both open and closed circuit apparstus which
would permit attachment to sdditional ges supply uatts built into am opes cockpit
underwater vehicle. [ 1)

07.07 Desirsble Performance Characteristics of Self Comtained Underwater
Brestaing Apparstes

Any self contained underweier bresthing spparatus should have ss many
of the follewing charscteristics as possidle:

1. It cheuid be fairty 13 s air.

2. 1 showid remain neer ceulral buoyancy in water, both when the
ges bottles are full and whea they are discharged.

3. B should be small, and streamiined ia relution t0 the sw.mmer's
body.

4. R should possess mazimum sir, iicity and reliability of operstion.
$. All centrois should be resdily onerabie by a swimnier weering
st CONFIDENTIAL
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gloves.

6. Such physiological h.zardy as oxygen toxicity CO, poisoning
and bends should be minhaal/ . ,

7. Rate of deteriorativa uad require. "onts {or maintenance should
be small,

RO PP A € e o arn a-rvenme o .

8. Magne‘ic signature, nolse cutput, sonar turget strength, and
visible bubble tra:! saould be low. .

9. R should be comfortable for the swimmer and should interfere
as little as poesible with his freedom of movement and operating
effectivenese. ]

10. There should be a miaimum of components in front of the swim-
mer.

11. Removal under water should be easy, with minimum self-flooding.

12. The face mask should fit comfortably, with a wide field of vision,
uad be capable ¢ vee with or without & mouth piece.

13. The mouth pisce should be soft and tasteiess, and capeble of
. being spit out and retrieved without removing the mask.

i4. There should be provision to warn the ewimmer when the br'nu-
ing gas supply is approaching exhaustion.

13, The squipment should be opersble in water temperstures from
I7°F. to 0P,

16. The mask design should proviis {cr voice communication.

17. Closed circuit apparstus shs 1ld be usable vader conditions of
hard work, that s rapid rete of production of CO;.

18. As sttachabie snorkel for surface bresthing is desireble {0
order to ecomomise on stored bresthiag gas.

At preseat 8 is not possible to combine all these desirsble charscteristics
in a single "universal equipment”’. Therefors differemt types of spparatus have
been designed and are being tested or procured for different operational needs.

07.08 Concliusions snt Recommendations . a

1. No present typs of SCURA is sdequate fo ' ‘vpes ol underwatar opers- :
lon, Tundamental "esearch in the physioclogy of breath.\g under pressure, and
develupmeut of improved eqripment with wider flexibility and grester etsdu. ance
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is needed.

2. Open circuit, closed circuf: and semi-closed circuit types of SCUBA
each have distinct advantages and disadvantages. Each type is best ndapted to
aid in accomplishing certain unde: vater Swin...er's missions, and the decision
a8 to which should be employed must usualiy rest on the Field Commander, based
on actual operational possibilities.

3. Maxinium security and/o~ the nred for continuous underwater operstion
over a relatively long period will in many cases require that a closed or semi-
closed circuit type SCUBA be emplryed. But for many operstions requiring use
of SCUBA, the simpler opea circuit equipment can be employed.

4, Efforts should be directed towsrd intensified study and development of
carboa dioside abeorbent matertials, aid of substances which bath abeord carboa
dioxide and release oxygen (¢.g., high oxides of potassium and the chelates) for
use in closed circuit oxygea anl mized gas SCUBA. Correlstion of research now
in progress by government and civilian agencies to determine applicability to
SCUBA should be continued.

5. There rhould be outimance of development of SCUBA from operational,
safety and physiological virwpoints, aiming st increased security, wock capacity
and submerged opersting time of the equipment commensurate with man's bodily
endurance and sbility to <o useful work. Improvement of open circuit, closed ci=~
cuit and semi-closed circuit apparstus to achieve: U lower breathing resistuace;
2) incressed gas economy (in open and semi-closed circuit types); 3) more effective
carbon dioxide sbeorption (in closed snd semi-closed types); ¢) stresmline furm;

5} simplicity and relisbiity of opcration; & simplicity of maimtensace; 7 meximum
tield of vision; 8) minimem magnetic signature; and 9) minimu, sound output st
ocho target streagth, ;

6. Competition ia SCUBA development and productian is constestly grow-
ing, stimulsted by increasing military requirements and public interest. This
healthy comraercial situstion should brin_ more and better ,nodels into esistence,
provide new principles of operstion snd insure safer and essier operstion.

7. lmvestigstion of the fessibility Jf a safe closed circuit mimed yeo SCURA
should be contiamed.

8. Comtiswed study (s required of quantitative leboratory and fleld methods
of testing bresthing spparatus with the purposs of improving validity o tests and
outsining besic information of value in improviag design.

9. Factors responsible for resistance to seapirstion i SCUBA e means
of minimising them should comtinue to be studied.

08.00 COMMUNICATIONS
Among the meny new sendstions experienc~d by the necphyte underwater
33 CONFIDENTIAL
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swimmer is a sense of great quiet. The multitude of sounds he cortuuully hears
in hi. natural envirnament all but disapoear as he dives into the sea. L. uts place
are s few waterborne sounds frum nearby motor boats, swimmers bresking the
surface, and s cousciousness of the swimmer'w own "noisy" breathing, The under-
water man ic now in & moedium into which communirations oryginating in the air
hardly penetrate. Airborne sound is reflected f-om the sea surface, while infra-
red, radar, and radio are strongly absorbed. Without special equipment under-
water swimmers are cut off from each ather anc from their parent cr.ft.

In any type of combat or re-umasissaice tesm i the armed services.
whether it be an entire naval task force or a 12 man army aquad, communication
in one form or snother is the nerve center of the operstion. Without a versatile
and adequste meaas of communicstion to the varicus elements, valuable time is
consumed and oaly limited and insdequate information can be transmitted. Regard-
less of the extent t> which other underwster swimmar equipment is perfected, if
s poor method of transferring intelligeace exists, or if only one means is available,
the misel will undoubtedly be extremely dufficu/l wmd may even, on occasion,
be unproduttive «f results. Becsuse of the presest 'nck of as adequate means of
communicstion with the parent craft, current doctrias for Underwater Demolition
Teams states that once a team is committed to the watar, the sction cannot be
recalled snd is inflexle for sll practicai purposes.- The Explosive Ordnance
Disporal mas caamot use a wire-coamected talephame for fesr of actusting a mag-
ostic mine. The oceanographic rescarch swimmer camact reisy his cbeervationo
to tue surface without the limiting wire -- and none of thess hav. af present any
meens of comn.unicating with each other except for crude measures such ag tapping

two irom bars together..

Means of cocmmunicatia are ncaded between (adiviGual underwvate: swimmers

between the swimmers and their paremt crafy, snd oc2ssionally between the swimmer
sad the beach or aircraft. For comveaisnce, the .ommusicstion requirements can

be davided into several caleguries:
1. Swimmer %o submerged swimmer or submarins.

2. Swimmer to surfaced swimmer or surface craft.

3. Swimmer o aircraft,
4. Swimmer ‘e dockside or othe~ shore slstion.

The seimmer should be sble {0 trensmil and receive while he (s completely sub-
merged, opersting o SCUBA, oc wilh s heet! ol of the water breathing air. Ia
ol case~ (except sircrafl) the medium comumon to all ! the cammunicants is the
weler, which suggents it nes alnn for communfcstion by underwater sound, ader-

water electric patestial (UEP), or other means of energy propagut:-°n,

With the exceptien of the special sen-magnu..c quire.ceats of 0D persva-
s, an sralysis of UDT ~ommunication requirene~s v ! spply to practizelly Jdl
other umdetweter swimmar comziunication aseds, The xmown UDT misei: ne
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cover tactical situstions varying from operations in which gecre ; v of 1o unpor-
tance, to tactics which require the utmost in stealth. Obviously, the choice of the

vommunicstion method to be used wiil be greatly influenced by the tactics to be
employed. Available communication media which raight have application singly,

or in systems comboination, are:
1. Radio
2. infrered
3. Underwater electric potential

4, Direct wire

3. Underwater sound
All of theee methods of tranamission and receptior. have advantages and dissd-
vantages amd therr employment or rejection depends greatly, but rot wholly, upon
the tactical sttuction A review of the characteristics of each may be enlighten-

Firet, lot us comsider ~adio. Radio can furnish uu‘hctory range; it csa.

furaish adequate bandwidth; it can be accuptably packaged for all known assign-
memis; it can supply two-way intelligence, a necessary factor for moet situations.
R has two disadvamtages. Pirst, meane of interception and countermessures are

well known cod their use can be cxpecte?. Second, and picbably raore serinus,
ance the user goes underwater, communication and guidance are lost unless &
trailing surface antenne s used.
Let us losk sext &t infrared. Agsin, its ranges spoear adequate and ‘ts
P <aging cas be ac' ‘vtabie. It cam be intercepted by an alert and properiy
oqu.pped ensmy, bt & probablv has better security thes radio. It ia severely
affected by stmospheric conditions and also requires an unobstructed path. It
will be difficult to equip & swimmer with satiafactory tranamuting equipment but
receiviag equipment 1o possible, as exem; ified in the so-called "Beanis”. Once
the swimmer poss underwater, the link is broken. (Refer to paragraph 09 .00
for mure on afrured.)
flow shbout Underweler Electric Potential? UEP, baving been & rather
neglected means of commuaicsticn might initially offer a considerable degree of
seourity becsuse the emsmy might not be expecting it. I[ts range is probably short,
although this may be s dispsable poist. It no “cubt could be packaged acceptably
and 1 has the sdvantage of being ussble by either surfece or submerged elements,
It soems fair to state thut UEP canmet y3t be dismnissed and serious studie. of ite

behavior should be comtinued.

What 19 the case for direct wire? Unde -~ ala tactical situations direct

wire -- rubmarine t0 harbor or beack -« offere un..estionable sdvantnges. It is
the caly means that offe:s sbe-iute message sacurit,, 4 can enslly be ‘acksged
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and the equipment can be very simple. It may very well fit in nicel a:th other
means of commurnication. For instance, as one componemt of a comm.~.cation

link petween a submarire and a harbor, o¢ Leach, the wire could terminate (n a
remote umi>~water sound transducer thus concealing the true locatior: of the sub-
marine and effectively increasin] the sonar range and security. As far as is known,
direct wire has never been used in UDT ~urk but si.uy of ite employment for UDT
purposes seems justified in view of its relative simplicity and high security.

What are the sdvantages and dissdvantages of communication by means >(
undereater sound? The ranges seem to Lo sdequate Pyrkaeiny, for swimmers
use, although at first glance apnarently quite duficult, is now known to be pos-
sibie. Securtty, while obviously far from abeolute, 18 probably adequate under
moet conditions. The established acceptance of sonar -- and the existance of
suttable e .ijpment on submerinss and surface ships lends ercouragement for its
sdortion. Sunar can be used by sll the UDT elements; submarines, boute, sur-
faced and submerged c aft, and surfeced and submerged swimmers at all times
and under all westher conditions. If used discreetly, snd aiy system of radiation
has no real security end must be used discreetly, sonsr st sears to offer more
and to be reetricted lees than say other commuaicmtion meens except the d Sect

wire.

Some trial mode s of an uwjerwater telephone (UWT) were made by OSRD
duriag World War I for possible use by the Maritime Unit of the OBS. (24] The
specifications were never clear and work was discantinued in June 1943 after only
s few experimentsl models of 'WT were bullt. These utilized audio frequency
slectric currems in water, now commonly . 2{.rred to a8 underwater clectric
potential (ULP). Ranges of approximately 160 yards were obtained between ewim-
mers and ¢00 yards between bosts. The experiments were hurried and declop-
ment wes slopped befere an operstionsily satisf{actory unit was produced.

Annthor wartime dovelopment (October 1944 to March 1946) was sn acoustic
underweter telephene system lmowr s "the Gumps”, comeisting of three units,
Andy, Mia, sad Chester. Andy was a tramemitter, (hat cciid emit an 800 cycle
cw homing signal or be weed for voice commumication. It was designed fur small
bost use, woighed 10.6 1be. ia eir, 3 1be. (a woter and wes about I&¢ .mchee in

ength. Min wes r smalier unit used 88 ¢ receiver by s swimmer. Chester, the
third wait, was a smell tranamitter for swimmar use. The mean frequency of
aperstion of this eet A telephones was 33 ke. Ranges up L0 2900 yards om volLe
and 4000 yo. ds 0 the haming tone were sbtainab'e. The bearing accurscy of the
hom g signal was about §°. The devices were never wed in combat ans work
wes discentinued st the ead of the wer.

The U. 8 Nsvy Underwater Send Lato-story, st New London, has been
dusigneted as the restrngible aganc~ for the dovelaament af slertronicra ~amir ™
to swirmmers and amph.bious problems It has developed 3 mew underwater awim-
mer's telej.one. The swimmer's two-way tele Lhore Jses o sinie side beml sup-
pressed corrier \ype of modulation. Using a catrf * . - vency of § 0A7S ke 1t
«orke with other the AN/UQUC -1, or the AN /BLC-| ‘w~rweter telephones. It
truen.te and receives the -peech band of 23C- 1000 ¢ c.v8 por swcond, It also
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transmits but dces not receive, un 8. 0873 kc tone on
which the parent submarine can »otain, via JT sonar,
& Deacing accuracy of 1° on the swimmer for navi-
gational purposes. The swimmer's teiephone dcelcps
about 0.8 electrical watts output to « Lransducet which
has about 4Y% efficiency. It has an operating life of

6 hours from its self comtained battery pack.

The swimmer's telephome is comprised of four
units; the telephone proper, the transducer, the hesd-
phones, and a microphone. The telephone proper
including a atx hour battery pack is - rectangular belt
mounted rubber box 7 long by 2 3/4" wide by §" deep,
pressure proofed to 100 pounds per square inch. It
weighs atout 7 pounds in air and |. 5 pounds in water
{newtral buoyancy will be achieved in new models).
it has twu comtrols, s selector switch, and an off-oa
switch. The bome conducting heasiphones are mint-
sture units and are aleo pressure proafed for water-
tight integrity. These headphoms. are held in place
by means of & specially designed as).*‘sble band. The
micropheas, although weterproof, (s arranged for
mouwting ineide a face mask; if used with an Aqualung,
the swimmer .nust surfa~e. The trensducer is &
barium titanste unit roughly the sise a..d veight of
a two cell flashlight. Whea held horizsomtally, it
hae a 103° beam, but when suspended vertically, rig. 3 Usasrwater
as {rom the swimmer's beit, it is cmaidizrectional. Telophone ‘eariy model)
All the electrenic compensuts, iacludiag tube3, are
cast in resin in plug-in assembliss for ;vegedness and rane of meintenance. Re-
markabls reliability hss been chioved; in over | years rough and varied use, 0o
tubs or component {silure has occurrod Ia aay of six telephoass. Figure 3 shows
an eariy model of the telephens with aa uamousted microphese.

The performance a9 achieved ia Nevy evalustion of thess swimmer tele-
phones has been aprromimately oo follows: a) swimmer-to-swimmer range --
2,000 wis., b) swimmer te parest submarine range -- 10, ()0 yds.

The 10, 000 yvard swimmer-to-submarine range hes been reclised through
the develepment of an sdaptor which enables the submarine 1o wilize its highly
eofficient JT trameducer a8 a directionsl receiv 'r of the swimmere trensmissions.

The Underwater Suund Laborstory has been recently devoling ite efforts (o develap-

ing sis.er telephune units for the surface craft. These in genersl are su.iler to
the swimmer's telephones, but of hNigher power (13 wutts), wit: meny sttacaments,
ouch as towed transducers peculiar 40 boat needs. With thr ne equipments it s
ex;ected that surfece boe's will be abie te con. * .- ste with all eslements of the
CDY operstians, and, U required, to direct their ,-wrations. Ths gear i+
scheduled for Navy evalustion uv November 1932, February sak Maret: 1953,
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08.01 Conclusicns and Recommendas.ons

I. A satisfactory means of underwate: sound communicatiuns among
swimmers, submarioes and large surface craft \tillsing underwater sound has
been developed and is believed ready ‘o 7aval proc-roment. Underwater sound
cummuric4ions equipment for use between swimmers and small surface craft is
sbout to be svaluated and should be ready for procurems:t shortly. Whule this 18
a big sdvance, underwater ound is not necessarily secure, so effrts must con-
tinue toward developing a secure underwater communication (and navigation) system.

2. Underwater Electric Potential (UCP) and direct wire methods should be
further investigated as siternate means of underwater communicetions because of
their grester security a8 compered to sonar.

09.00 ELECTRONIC AIDS TO NAVIGATION

The difficulties of underwater navigation, resulting from the abaence of
land marks, the short range of visibiiity, and the marked effect of ci . rents on
the position of 3 slow moving abject, may well prove to be the limiting factor
in underwater swimmer ope rations. Present meanse of navigation wit', & com,ass
and fluttar board (essentially simitar to the teut wire system used by Marine sur-
veyors) d> not overcome these difficuities but they have the sdvantage that they
do aot disclose the oreseace or the positing of the ewimmers. Any aid 1o navi-
gotion, such as & fiiding beam, that iavolves emsrgy propegation through air or
waler greslly iacreases the risk of detection snd st least partisily nullifies the
ability t0 operate secretly, and thus to achieve surorise, which is the most im-
portamt characteristic of offensive nderwater swimmer oporations.

For certaia miseions, such as mine husting sad underwater inspection in

friendly waters, secrecy is nt paremount; for cthers, a calculsted risk of de-
tection may have to be taken in order 10 resch the cbjective. Under these com-

ditions aide 10 accurate navigation might be most useful

Twe types of elecironic navigational s'4e for use underwaler are con-eivable.

1. The swimmer may folluw & directional beam umitted by sn under-
weler boacon or cable, or by & parest crefl.

1. Ne may himgelf emit or r~lay & signal which gives his position
10 the parest crafl; the lafter, in turn, may recovd this iafurinastion for leter use
or treamemnt guidance lnstructions beck to the swimmer,

The alvantage o the sccond type {6 that :t c-n give range (= » f.xed
reference pount, o8 wou 8g direclivn. The dissdvailage @ Lio ductcont ol seciiily
which inevitebly resuits from use of & nom-directional transmitter Hut this may
be minimized by sending anly ehort, irreguiarly U~ -'tlen o gnals. In either
type, the thinking and computation necessary 10 80.ve (. v navigstional nroblem
shouid be dome by the parem crift or hoacon, rathet the: by the awitmma,
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Use of s guitance beam to Jirect underwater swi~ia2rs ...wards bottom
minen was stiemjted by the Navy clectronics Laboratory -- Natio.:al Resesrch
Council Cooperstive Research Group on Mins Hunting, in the summer of 1751,
Using & nodified and waterproofed standard Zenith hearing aid, the swimmers
were able t> {ollow & 90 ke 60° fan shaped snnar b am down iowasd & hattom
mine. Ranges of only 20 to 30 feet were obtain.u #ith the breadboard m: dei,
probebly because of the very low power output of the transducer iless than t watt).
Bat the test demonstrated the feesibility of using 4 asrrow acoustic beam to guide
the swimmer he could hear e3sily within the beam and experisnced s sharp cutoff
as he ‘aft it,

A second type of electromic aid to navigation has been investigated by
workers at the Uaderwater Sound Lasoratory, New Londom, as part of that
Laborwory's program of ¢lectronic development for underwater swimmers,
Ustag JT Somar to listen to signals emitted by the swimmer telephaie described
in paragraph 08.00, a paremt submarine has been able tv datermine the besring
of & swimmer withia 1*. By sending » renge interrogstion pulse whica is relayed
bork from the swimmer's telephome, the submarine can meassure the swimmer's
reage a8 well s his bearing. Range resclution dowu to about 10 feet has been
tained (s preliminary experiments, and it is expected that the equipment will
operste out to shout ¢, 000 yards. It appears feasidie (o enclose the ranging
oquipmont within th. existiag Jwimmer tolephones withot (ncreasung their size;
8 19 eapected that the equipment will be ready for demonstration during the spring
of 1933,

Ia cooperation with the Univere.'y X Michigan, workers st the Underwaive
Sound Laberwtory have developed and tested a series of nifrared equipments for
swimmer and bost navigation sbove water. The swimmer unit ‘¢ called the "Bearus”
and 10 & small metal bou (3" x 3" 5 37, 2§ 1bs.) worn on top of de swimmer's
hood sud held oa by & helmet which alse contains earphones. TER- Lon contaive o
photecorviuctive rell that ran receive voice, code, or & steady tons (rom the ship
or submarine. An ou-off switrh is the anly control. Other unite of this infrared
farmily are: the type "W”, & 20-pound portabie voice communicetion unit; type "3S",
8 Jo-pound voice communicator uall deeigned primarily for submarine use; type
“E”, o large 300-pound receiver for ¢0, 1), and 120 cpe signals: typc "K" trane-
mter wait for a 12" ssarchlight; the X-298 IR Beacon used oa & beach marker;
the C-) IR Recsiver (8 pounde) which camverts nfrared images o visual images
clostronieslly: amd the AM IR Receiver which uses s phosphor-button t3 canvert
the nfrared Umage e ¢ visual one. [a adé'tion there (s under development s
Periscope (R Commuaicatlion system. \hese units showed promise Juring tests.
(Refer o paragreph 08, 00 for more on iafrered. )

09.01 Cenclusions and Recommendations

1. Elestromic sids to navigstion may prove useful ia ty~+s of swhimer
operutiuns where seerecy (o ast paramount, or where s calculsted risk of detec-
tien can be tahen.

1. Premising r oults have baen citained in ,reliminary titals ~f both
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Qilsance beams and two-way communication systems for underv a'e. a.vigation
as w .l as with virared equipment {or use above water.

3. Because use of electronic aids to navigstion will inevitebly dimins.n
the sonpery with wiich underwster one sluss «on be conducted, further de . clop-
mend saould be guided by an operati -. 1 snalysis of vhe navigational and other re-
Quirements of the several applici® . @  swimmers.

4. The difficultiss of umisr--ate » navigation resulting from the absence of
land marke, the short range of v %, w«d the me~kcti effect of currerts on the
posttion of s slow moving objeci sy sell prove to be the Lumiting factor in under-
wKker swimmer operstions. Uniqu: *m' taqajous methods of what might be called
"passive” ssvigation are therefor® required.

10.00 UNDERWATER PHOTOGRA.’MY AMU TELEVISION
10.01 lmtrerection

) The princical military wse o u..o.w Jer | otography and television s
t0 relay vissal etelliigence 1o commundurs ar! others who need it. The under-
'm‘ swimmer can rarely deecribe what he a8 seen with sufficient accuracy
ans) completenses. This difficulty ncreases with depth because the well-known
sarcotic s Vects of bevathing air or Liined gases uader pressure isterfere with

lncid thimhing.

By rising for e Insirust shove the wmer surface, the urderwater recom-
Rissanse swimmer, equipped with a suMehle camers, (for example with Lnfrared
filma) cim aiso obtain 2iose 48 ~hotographs of beach and shore installatioas which
ust oaly eppleteat his verbel doscription bt con be wsed to determine where
s has bron, Where mauistenance of compiets submergence ob the part of the
swisuner o oquired, it might prove feasdle 0 equip the usderwater camers
wiih & amall periscepe for use (n Luis "pop-out” photogreghy. Camceiveble use
of s caners such a8 the Lend, which prevides an iastamancously deveioped picture,
osuld aid & suriaced swimmer 10 locete Aimsel! by comparing the Wufrared phote-
gk e has tahen with & series of ndereace phategrephs.

Ustil recestly, the mecessity for using Hulky diving gear 10 cperete under-
water and L fast et cameras and twirrision equigaiont were clumey and uard
%0 handle, hove Limited miltary st pubiic inter-ot ia the arts of underwater
phatography and teievisim. The develepment of self contained underwater breath-
ing spperstus, recest sdvances (a smail cempeast phetogrephic and television
cameras and the iasreasing popularity of underwet.r swimming have all served oo
strnall %o this fiekd.

The insreasing public ulervet (a waderwater swimming has ' ~Cught new
poaple, briagirg vHh them asw ideas, (0 8clw the ,rablems of ‘nisrweter phatogras-
chy Underweter demo!tion men ~antsts, biok, ¢. geolngiste ar« haeoi g ate
amsteur and professianal phatographers am Nay - wee: =B workers tave all sfiema-
od to take botter waderwaler pictures As & 1vsull of this mw Klerest miay
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underwater cameras have beer develuped and a great many p.cturcs taken. As

yet, the Unuteo States can laimn 0o results equivalen to those preduced by the
Undersea Research Group of the French Navy, heuded by J. Y. Cousteau, which
has dua? more to sdvance the fieid of unde rwater photography thea wny other agency
ol peresu. Under French ieadersnip, urde=—vat~r hotographs have gracuated
from the fuazy, indistinct pictur-e of the past to reaiistic true color pictures of

the world underwater.

10.02 Problems Associsted wit) Underwster Photography aad Televisica

Light. Under normal comdstions photographs can be ‘aken with natural
sunlight, with good results to depths of 20 feet. Below this depth, photographe
taiten with astural light lose contrast beceuse of the scattering of the light and the
absorption of the red and yeliow portione of the spectrum by the sea water. The
narrowiag of the spectrai band width causes the loss of shadows and results in
flst and unuteresting pictures. As the light becomes weaker with increasing depth,
the iris of the camers must be opened. This in turn, reduces the depth of {ocus.
Despite these difficulties color pictures of good quality can be taken in clear water
and bright sunlight st depths of :nore than 50 fect, whiic black and white film can
be used with natursl iight at depths grester than 100 feet. The French have achieved
good success (a water a8 deep a8 200 feet (n the exceptionally clesr waters of the
Mediterransan Ssa.

Color pictures taken below 20-30 feet with natural light have s predominamt
biwe coicr. For exampie sir tanks of divers, which are s bright yeliow st the eur-
face, chotogreph as bive green ot these depthe. The 1oe of & magenta filter Melps
somewhat 10 restore the color balance of deep water pictures, but the reduction of
light by the filter (9 usu-ily toe c-ee? for good results. U coloe corrections are
desired, Loy can best be rnade during development. For etill colos pictures st
sepths, good reeults have been odtained by Cousteau (7 | with ordinary fash bulbe
a8 a i/t source. No single sell comtamed artificial Light source W yet available
for unde rwater meviag pictu. es. .

Turbidity. The turbidity of the sea depends Loth on the particulate matter t0
susponsIGh aad the pigments dissolved in the weter. Purc weter (8 relatively trane~
parent, and .a i photugrephs cod be taken ot great distances If the iight scurce
wore sufficiontly powerful. In ‘he sea, hrwever, light ls scattered as it pasacs
through the veter and objects ot o distance dissppear a8 f (n 8 (0g. Beceuse of
the higher orgaaic productivity and the pre .ence of particulats matter brougnt by
rivers, cesstal water sre mere turbid than water far from enore,

Various metheds have been sttempied 0 rvduce the sffects due to scattering,
which shows wp en 8 photographic plate 20 “ctars ' or "fog'. Becsuse iafrared red
1igMt 19 Aot scatterad an sonily aa the hive and green wave lengths, its use hag bocn
Suggeoted 0 overcaome the effects of scattering. The high abecrptien of the lonyer
weve lungths Ia wate® counteracts this sdvasteys Yowever «nd makes the use of
infrared umprectical. Polarisstion of the ligin v alao been attempted to reduce
scattering effects Dt has not proven eatisf cti cy U vouse of the loes o Light itenaity

during pelarisstion,
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th extremely t.rb.d water, pictures may be taken througii » civar plastic
box “lled with {iltered water. Tris methcd allows the photographes to Jirease
the field of view withot increasing the »* ‘g of turbid water between the camera
and the obje.t deing photographed. The . L.y equipment required limits the methcd
to special s:tuations. Scattering effects feom artuficial lLignt aources in ar:as of
turbid water muy be partially eliminated by placing the lights as far to one side
of the camers a8 practical or as close to the object a8 possible but chielded from

the camers lens.

10,03 Underweter Phatographic Equipmeist

Present status. The grestest weakness 1n the field of underweter photogra-
phy today 18 unavailabuity of reasonably priced equipmemt. Cameras commer-
clally available at the present tune are expensive and in most cases are mports
from France, Britain, or Italy Although they are in genaral excellent equipment
many are oot designed specificaily for use by military underwater swimmers.
Presently svailabie commercial American cameras are of excellent quslity but
are quite expensive and rather heavy in sir. Prceent Navy underwater cameras
are too bulky for use by underwater ¢vimmers.

Many underweter camerss have bees developed by American skin divers
and ther amsteur underwater swimmers. Developmenta by and for these groups
are putentially s rich source of ideas and equipment for militery swimmers,

il Lamerss A still camers for use underwater should be inexpensive
(coet less than $100) because of the danger of 0ee and flauding with sea water.
Underwater cameras can be made from several existing commercial air cameras
by sinply encloeing them in vater-tight casings. This method 1 dedirabiv as it
allows the unde. water swimmer (C use the camers in air to take pictures of the
besch, snd to repiace with little effort cameras which have become damnaged or
inoperstive. The yuality of "O'-ring seals has improved to the extent tha they
caa be ueed om all owutside comtroie without danger of leakage within the depth limits
of the wuderweter swimmer. The case should be made of s strong light material
such a8 alwmisum or lucite.

Lucite has boea used with good success (o encase camerss  the U, S,
Navy Electromics Laborsiory, sad by Or. Hugh Bredner. It hae the advantage of
being trunsparest, thus sllowing the operstor to see wvhat is happening when he {8
taking pictures. Cameras having s reflan actic™ are desirsble for accurate fucus-
ing underweter. A light meter shouid bs placed in the camers case fur acrurate
determination of exposure t'me and aperture setting. The cuners case should
have the (oliowing external comtrols: 1) film sdves_e, either sutcmatic o manual;
1) iris control, 3 focus cantrol;, and 4) shutter apeed . mntrol. Ln addition the case
should be designed 8a that t can he apened and closed rapidly.

The choice of 8 camera to te used In the wa erwater ~a: ‘018 case depends
on the type af wors 10 oe dune.

Mntion picture cameras. Most of the desirable chaructyristics of il
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cameras appiy t¢ mot:on picture equipment. Cases should be Jes.gued around
commercial 16 mm or 35 mm press cameras equipped with wide angle lenses.
Exterra! controls should include merhanical ~ind, n-off trigger, iris and focus
comrol. Windows on both ends of the case are desirable to give visioa through
the case and thus better determination of the 11:id being photographed as well a8

a view of the working parts of the camera. A slight positive buoyancy la useful
because it keeps the head of the diver in an upright position and permits recovery
of the camers Uf it is dropped. A light meter should be placed in the ca.rera in
such a way that the light sensitive element is aff»~ted by the same aren as the lens
of the camera. A view of the fortage counter is also essential,

10.04 Underwater Televison Equipment

In 1946, in comnection with the resurvey of Bikini Atoll, television was'
asdapted to a housing for use underwater for the (irst tume. This tnitial use of
TV was made possible by the development of the image orthicoa tube which (s
senaitive to axtremely low lLight imensities. Although few useful scientific results
resulted from this test, (it demonstrated tha fessihility of underwater television.
Reacently, sttention has again been focused on underwater TV because of the euccess-
ful identification of the kot. British submarine AFFRAY at a depih of 280 feet
in the English Chanel after Lie wreck was located by sonar.

The above equipments required a housing shout the sise of & 30-gallon
drum, s tripod, and seve~sl cables. Although underwater swimmers or divers
can assist somewhat \a the maneuverin, ol such ponderous gear, thelir sise e
such that theoe squipments tend to supplant rather than suppicment the underwater
swimmer. However, with receativ developed photo-cond  ~tive tubes such as the
Vidicon, it has proved possible to huild a lignt and compact televisior camera.
One such camers (the RCA [TV series) weighs abowt 10 pounds and ia shout the
sise of 8 16 mm cine ~amars 00 thet it can be readily housed tn a case which an
underwetcr swimmer cas hanile. This equipment requires & monitor on shipboard
bul & coble as long a8 500 {eet can be used Letween the camers and the monttor,
Although the length of cable s sufficient for vertical descents below a ship it does
not allow much horisostal manvuvering. .he equipment should prove ueelul for
ming identificetion, sslvage operations, and inspection of unaerwatsr structures;
for example, sa underweter swimmer might locate & mine but act know how te
disarm it. The TV camers then would be useful 'n relaying s picture of the mine
to an ordnance enpert st the surfece who cou'd give detaliled inetruction om the .

method of disarming.

The main sdvantage of television over t' ¢ cine camera is the instamtanecus
relay of visual istelligence to an expert cbeerver at the surfsce. However, the .
picture quality of television is stul much poorer then phutography. This s ee.
pecially true of ths thermo sensitive tubes which display consisrable “"memery
offect”,

Presest TV cameras are about as seneitive  iight Utensily a¢ the ..uman
oyv. However, it is diicult ‘o obtain sufficiently w.de angle viston. Like the wi
atded sye und Whe photographe rs camers, undcrwet 'r teles:eiom s liunited by the
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turvidity of the water. By electrenically enhancing contrast, and b, uicreasing
the r-raitivity of television tubes to long wave lengths {thus reducing e’ .ts of
scattering) 1t may be posesible to develop TV cameras which are conaiderahly
more effective than the eye.

10.05 Conclusions and Recommendations

|. Underwater cameras and accessory equipment are not readily ava:latle
in this coumtry for scicific or military use by underwater swimmers and those
units that are available are very expensive.

2. Equipment which is availsble {n most cases has been designed for ther
types of diving and is tot, in general, appiicable for operatiunal use by underwater
swimmers.

3. Exchange of information with French and other foreign underwater
swimmers and photographers shouid greatly aid development of adequate United
States phatographic equipment for military snd scisntific uses.

4. Underwater television equipment manipulsted by swimmers should
prove useful for identification of mines and cther submerged objects, for salvage
operstions and for inspection of underwater structure. The possibilities of elec-
tronically enhancing contrast suggest that underwater television mey be made more
effactive than the human eye a8 & mesns of seeing underwater.

11.00 SHIPS, BOATS AND CRAFT

11.01 Introduction

The limited range of unassisted swimmers (particularly i they must carry
squipment v explosives) makes it nccessary o transport them s near to the
okt jective a8 poseibie. At present, reconmissance swimmere sre carried simost
1o the sbjective in large ehips (APD or submarine), which approach to a sale
distance and put the swimmers off wn emall craft (LCPR's or rubber boets).
These slae spproach 10 & safe distance, which mey be all the way to shore ur
2everal bundred yarde off the besch, before the swimmers and their gear are
{aally reiessed.

The desirable characteristice of ems!l ~-aft for underwater awimmers
depend on the kind of work the men are expected to do end the neture of the
mather ehip. When operstions must be conducted with steaith, the hoste should
he quist, have low sonar target strength, and be 4.fTicult to see, ritner visuslly
or with rader. If sesrch snd survey equipment, camcran, explosives, buoys, or
Mher hulby gear are tn he used slows @@ epece Musl provided A the boals. or
landings on ocesn besches, the creft must heve good surf charscteiatics. It must _
he designea Tor eusy “andl ng and stowsge on the . sher ohip (rarticularly if the
Istter 10 0 submarine) U 1t 10 uecessary to hide . it ashore it must be light
and resy 10 handle out of water For neariy sll taehe '+ bost should be sturd::
and capeble of high speed o eret on.
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For extended underwater search, penetrstion of enemy harbers, or optimum
effectivenesn in secret reconnaissance 2f enemy shores, a mechanical means of
propulsiun under water is needed to lacresse the swimmer's range and apeed.

This ms> ber either an equipment to aid the individusl swimmer 9r » snhmersihle
which will carry two or mors men and their squipment.

11.02 Paremt Shipe

The APD.The surface vessel most comniuiliy used as a pateni ship fur the
UDT's it the destroyer transport (APD), about 306 feet long, displacing approxi-
mately 1800 tons in fully loaded condition, and varying in maximum speed from
22 to 23 knots. In addition to space for crew and ship's officers, these ships
have quartsrs for 12 officers and 150 men, but they sometimes carry two undes-
water demolition teams {26 officers and 200 men). Messing facilities are inadequate
even when only one team (s embarked and the supply of {resn water is often severely
restricted. There is no shop space for the UDT's to use in mainteining their
equipment and in repairing their bosts and suits. The boat davits are unsstisfactory
for boat hamdling in rough weather, and the positions of the boats in the davits while
the ship is underway make it quite incoavenient to work on them.

Submarines. There are no submarinee specifically designed ss parent ves-
sels for Underwater Demolition Teams. UDT's in Korea have at times worked
from one of the two submarine transports (ASSP) now in operationsl use. Although
the duck hangar on the ASSP is large enough to house a boat the sise of an LCPR
the problem of carrying the awimmer’'s craft on & subinarie sbhould be further
studied. Should they be towed or carried in credies or tubes on the deck? How
ther shouid they be protec'ed again~t pressure? Should they b= carried inside
the submarise? The transport of any surfaco craft sboard s submeri.e and the
inherent requirement that it be launched on the surface {ail to capilalise on the
most impurtant feslure of the mother submarine -- its relstive invisibility when

submerged.

A meeaas for more repid egress and re-entry through the sscape chamber
of the submarine (s needed. At present the men wait to go ot 2 (0 $ ot & time.
Coming back, they are takes in board (n groupe of thrve. Sericus difficultive
arise U the swimmaers have neerly used up their gus supply. These might be
alleviatcd by fitting breathing tubes outside the submarine null, which the men could
use on their return from ¢ mission. Such tu'.ee carrying air or 8 gas mixture
would also be most h2lpful if the men heve been bresthing oxyges in operstions
st shallow depth and then must descend to 100 feet or more in order t0 re-enter
the submarine. Usiag a tank seigned by Belloui [10] the italiaus have been able
to lock snd unlock 12 men per minute into or out of a submarine. (Refer to pare-
groaph 0V M in Submarine section )

11.03 Small Surfece Craft

The LCPR. The LCPR 10 the standare U7 (. .onnalsssnce crs™, Tne
LCPL (Similar to LCPR but without & ramp) (s elso used. Hoth are en.ployed to
transport swimmers and theii gear from the psrem craft to the launching postions,
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to move the explosives and equipment °f the team ashore after ‘D" vay. and for
many miscellancous purposes. Tliese hcats are 36 fcet long, 11 foot beam, weigh
18, 000 pounds 11 hoisting condition, and ure capable of 12-1< knots if they are
“souped up" and the armor is removed. They carry a portable radio to contact
the mother ship, but ususlly do not have acho soundsra or other standard navi-
gational gear. They get their approximate location off the beach by dead reckon-
ing from the reiease poimt, by radio guidance from the mother ship, and wnenever
possible by visual comparison of the shore with aerial photographs. Because of
their high silhouettes these boats can be seen in clear weathcr for about 5 miies,
Swvimmers are launched overside from a 7-man rubbcr doat (towed on the port
side aft) and picked up underway in a similar manner. The large bow wave pro-
duced by the LCPR seriously interferes with this operation.

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

1. The boat should fit stendard davits on APD's {(or better davits
should be designed).

2. The silhouette shisuild be as low as posaible.

3. The guuwale should be sufficieatly low to permit easy handling
of a rubber boat so that swimmers may bourd or go overboard

easily.

4. Good visibiisty is needed for the coxswain, to facilitute swim-
mer pick up.

S. The bost shwld be ale to beach sad operate in the surf.

6. 15-20 knot speed 1s desirable -- with lowest posnible bow wave
to keep {rom swamping swinuners and to rvduce visibility.

7. A scriea should Le fitved on one side 80 thet swimmers goh.
over the other side canact be seen.

§. S0-caliber or )0-caliber machine gua mounts which do not
obhetruct the coxswain's visw are desireble.

9. The boat should be lightly arv-ored oa the sides.
10. Sileat operstiom at three-quarters speed Ls desirsble.

11. A waterproof stowage compartment should be provided for
ths radio and there should be 2 permanently installed antenna
biac.

The Buresu of Ships has prepared preliminary dee.y. 8 & boat to succeed the
present LCPR. A portior of this craft will be ccmg'ete. - covered and hee'ed.
The boet will have s seli-bailiag v 3ckpit where the swimme.s get in and out of
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the water. Oa the center line, -ft of the coxswain, is to be a 50-czliber twin
machine gun mount. The coxswain will be able to sit or stand {f he likes in such
8 pos:tion that he can see his line of swimmers for pickup oparatioas. The bcat-
officer's location is an open cockpit on the port nide. A 300 horsepower dizsel
engine will be installed, But it (s belisvert ¢»~ 20-knt requirement cannot be
fulfilled unless » gesoline engine is used. The bost has a low gunwhale on the
port side for discharging swimmers. Perhape the low gunwhale and ecreen
festures should be interchangeahle s0 86 to increare flexibility in surface UDT
tactics. A difficult design problem has also arisen becsuse of the attempt to pro-
vide stowage space for 2, 000 pounds ot explovaves. This may be an excessive
requirement.

Rubber boats. The 7-msa rubber bost {formerly the LCR, now IBS! is cur-
restly & most Imporiant plece of UDT equipment and is used on slmost every
surface opsrstion; for launching and picking up swimmers from the LCPR, for
transporting cwimmers when & moderate degree of steaith is required, for recon-
caissence in cold water, for sounding and profiling whea conditions allow, and for
moving explosives to the beach.

Mbﬂ- IS VTR

Presestly used boats are heavy {323 pounds) awkward to handle, difficult
to hide on the beach and to iR aboerd the LCPR. They are quite dursble and
rugged, however, and capable of quiet, foolproof operation. Some boets are
inflated by CO; bottles, others by manuslly operated pumps (which takes about
six minutes). Recent information from Korea imiicstes that they can be tracked
by radar at distances up W0 6, 000 yards.

An improved rubber bost show'd be lighter, at least as stuff, and (ear~
resistant se present craf*. [a the present bost, stiffening (s provided in pert by
a removabls corrugsted mat wihich is inflated to make s rigid deck axded by »
1" spocson, ead (A part by the heavy matesial of the bost itsell. A etatistical study
of punct.ure nole lucations in the present tafts might allow the use of materials
of varying thickaess to save woigit {a the lrse exposed areas. Tae mere reduction
of »eight would make the boats sasier to handle and would doubtless reduce the
puncturiag somewhat even though & lighter weight msterial were used. A specisily
reinforced section is required to hold anchers and heavy sharp odjects.

A taw 7-man rubber bost has beea bullt by the Internstional Latex Compa.y.

it weighs oaly sbout 83 pousds it 18 e8id to be us rigid as the present
model, Its dursbility remains to be proven. Flotation is given by 18 separate
bisdders, all iafiatable st ome time fromn 8 common air supply in the spisen rail
thot encircies the bost. The bladders are made of polyvinyl chloride {eack can
be replsced separatrly whea necessery) but the rather fregile plastic material
is protected by 8 very heavy nylon. The bladders can easlly be repaired ‘a tie
fleld with » specis] tape.

Peddiebourds. Puddleboards Mave proved v L uble te e UDT'q and shoud

e

*s

construction and capsble of carrying a load «.{ 270 p inds plus the ope ater. [t
calh travel one mile 1o approzumstely |3 munttes. The other typs, the racing
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boord, is of fragile construction, car-ies only » minimum of wuight, and must be
han¢ vd by an expert. It can travel one mile in approximately 12 munut.s.

This Jiflerence ia speed, balanced against the consummate skill required
for the racing board, does not seemto justify use o the latter for military purposes

D A -« - -~

Other surface craft. Recently the Buresu of Ships investigated » staall
"skim boat". It is esssntially a susrt bosrd with an outboard mator fitted on tne
bow, with an underwater exhaust o red ooise, capable of 25 knots with a 10
horsepower engine, and carrying two men. A bost 1f this type would be valuable
for high-epeed reconnsissance, for use om & night operation, or for an emergency
pick up.

Another craft, the British commando Kayak, has been tested in Korea
and found useful as s replacement of the rubber boat on reconnaiszance missions.

An ftem of equipment which could weil be improved is the presently used
two-man "flying mat” -« 8 small rubber raft equipped with a small portable
slectric mutor and batteries. LExtrewe difficulty in secvring the electric motor
with clip-on devices seems the main chjectioa to the flying mat. The flying mat
is ideal for night surface staalth work, and it is useful equipment for UDT's.
its drawvecks might be rectified in & minimum of time.

11.04 Small Shaersibles

Uses. Whenever it is necessary to operste nesr an enemy held shore ia
a8 complete secrecy a8 poseible, the approach to the objective must be made
under vater. The first part ~f the aprroach can be made in a Neet type submartne,
but these 1500 \om vessels canmot cperate submerged in water shallower *han 60
feet and depths less thea 140 feet are considered hasardous. The final submerged
spproach must be made by swimming, or ia & small submersibls. On many cossts
throughout the world, depths lese than 6C feet extend out several miles from
shore. Ia these arees, evea mia equipped with SCUBA would not have encugh
bresthing gas to swim the distance and returs. Moreaver, they would be seriously
fatigued when they resched their cbjective after \heir swim of several hours. To
supplememt their swimming, they must have & small, powsred submersibie, or s
mechanical means of iadividual uade rwster pr pulsion.

In World War [1, the Ntallans and the Bre (sh ploneered in the use of amal®
submereibles for stealthy sttacks on shipping. These craft can 3lso be wend to
carry demolition and other gesr {or swimmers, 10 conduct rapid end accurate re-
connsissence of enemy held near-shore areas, for harbor defense, and prssibly

for terminsl guidance {0 long renge missiles.
ft should be emuhasized that because of the amall number -* men who can
be transported ia & midget submersidble, the general vee of thesa .raft migt '
markedly alter the doctrine and tectice of such grs.a 8 UDT'e. {
Tvpee. Small submersib.es con be divided into two classes:
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1. Open-cockpit cr1aft, in which the rompartment oc.up.ed by the ’
crew is flooded when submerged. The British Sleeping Beauty
(SB) and the italian SSB, are examples of this class.

2. Closed-cockpit craft in which the crew compartment is filled
with sir. The British one-man Wellmun bost, and dwetir
X Craft { 5-man midget submerine) are of this type.

Present status. there are st presest no U' £, nade smail aub~ersibles.
Several small forﬂp models have bean tested including the British Wellmaa,
Sleeping Beauty (SB), X Creft, and the Rallan S3B.

The Slseping Becuty
is a one-man open-cockpit
craft, self propelled by &
small electric motor. Ou
the surface it can be towed,
sailed, paddied or driven
by its own propulsion
system. [ts designed under-
water speed 18 2.3 kaote,
at UDT's have never been
ablc to schisve more than
two knote with i, its oper-
sting range is 10 t0 20 mua

‘Mhe clossd-cockplt
Wellmaa boct carries one
mnl‘l“lth“
and |8 20 feet long. Its
maximuwn speed s showt
4 kts and its raage st
this speed is sbout )0 miles
It carrise a 560 pownd war-
head which {5 manually de- .
tachable from the craR by Pig. ¢ The S'seping Beauty. Note alse the nylos
the operstor. oollapeible boat in foreground and rebber

refts t» bachgrownd.

The XCraft lo &

midge: submarine 30 {eet long, displacing 28-)0 tons and carryiag wp te five men.

The Halian $8B3 (¢ 8 2-man apen-cockpit craft powered with o 1} horsepower
moter and capable of submerged speeds up 10 five hnote. B carriss wetor oslleast
s internal tenks.

The Burveu of Shipe has Jrawn wp a pre. .« 1y design of as. open-cocipit
craft sizrtlar to the Sleeping Besuty wnd of & clucsd- “~ckpit 13- t0 $0-*nm m dget
submarine. A comtract uas brea let to the Falrchiid Alrcraft Corp. (Rugine
Divisiom; fur this latter craft. :
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i. Opra-cockpit ¢ aft, in which the compartme.® .« pled hy the
crew s Nouded ohza submerged The Britist Sleeping Bes sty
(58) ad the italian SS3, are excmpies of thia class.

T s o

Cloeud-conapes oo b e dhie wi LT SOImpRs tent 1o filled
with sir The Braish one-man Wellthas boat, and their
X Craft | 5-men midget submarine) are of this type

e

Present status. there sre ot present ro U. 3. made small submersidlcs.
Severs) s.nali fureign madeis have bees tastad inciuding the British Wellman,
Sleeping Beauy (SB), X Craft, and the ltalias $5B

The Slesping Boowty
18 & ONS - MAR onea-cockpn
craft, self propeiled by &
smail e.octric mater. Oa
the surface It can Do towed,
sailed, padiied or drives
by e owa prepulsion
system. Ite designed wnder-
weter opoed I8 2.5 ne,
bt UDT's hove mever been
abie te schiove mere than
twe kuste with 1; e oper-
ding renge o 10 40 20 mue

The clesed- cockpit
Wellman bout carviee e
man, weighe chowt 1§ tens
and 18 20 fout long
maswmem spoed W hed
¢ hnusts and Mo rangs o
his spoed 18 shout )0 miles
1t car~we s %00 pound war-
head vhich 19 manuslly e~
tachabie frem the crafl by  Pig. ¢ The Slocping Beamty. Nete alse the ayiea
e sporuter osllagethie boat n foreground sne rubber

rafts a bochgreand .

T XCraR 0 8

nudgt swbmars 38 foot leng, dlaplacing 18- )0 teas and carrying u) to flve maen.
The ftalias S88 10 o 3-maa Jpos-cucapit cret powered with o ?’ horespewer

matur and capable of aLdmerged epoeds up to five bants B curries wate® ballast
J Dleitas laed

The Duroes of Bhipe hed droom @ s prr ' ary deor\gr of a8 apoa-ceckpit
craft similer 10 the Sleeping Beauty and 0. & clost. cocapil 13- tu 40 -tom A idget
wbw .me A cemirect has toen et Lo the ¢ airchil. Awrcraft Corp . rgine
Dtvis on) ‘or \his lafter creft

X} COde W ENire l
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Desirabls characteristicsr

i

The craft srould heve & submerged « ruising spced of at leadt

4 kuots. This minimums submaerged speed is nacessary 1o
facilitate o laup D ord rets oring of the bost from moviag
submariae, ‘0 enabie i tc precesd ot will in aress of stromg
currests, 1o reduce the time required to carry omt & mission,
and 0 {aciltate evesive maneuver under ottack. The highest
possibie maximun spred congistent with ather requirements

18 desirable for the laiter two purposes, because tim :isi of
detection will increase with the time that the cralt is i enemy-
beid waters, and tis chances for evesion depond almost eumtirely
a8 evbmerged speed.

The required submerged endursace time is dopendent an the type
of misssen, verying from 2 dours te § howre.

The craft should be capebis of carrying ol loast twe mea. The
“buddy” system of twe mes werking lugethsr has bosa found te
be ¢osential for sede waderwater operaticn, (04.03) and a
asarly all types of underwater miseions, two mes werking to-
gother as & (eam cas bt much mere productive thas (we men

werking Wmdtvidually.

The eperuiers muet be pretected frwn csid weler. Whea oit-

ting quistly in weter, mea sean boceme very ceid eves »t water
Somperstures o«f §8°. (06 81) in on epen cockpit bast, pretectien
frem cold .ou'd be Jtuined by an asuisted o heeted sult. The

cautaiand air I8 8 clesed cochpit bast wually furaishe. sufficiont
asuistion.

The oir precsure iaside the hust chauid remein egual to the omt-
stde weder precsure, or the rete of change of pressury shonid
b sauall ensugh to provess asresmbeliom .

Moa should bo ahio 10 ster and Joave the bast essily vase & »
submerged.

BN risuid be pesethie to wress de buat sssily shile & is submerged,
00 that 1he ecoupeats cos loove B N order (0 sscamplich & micsion,
sl [\ad 4 e thelr retuss.

The e shonid b0 ¢ built-in breathing gee supply wad ¥f rocscas ry
& COrOER diosal ADOU YT 90 ayslem

N shouid be pessthic for o small b s of @l rester mes to siow,
loench, amd retriove the bust from ¢ dech of & svboorgee,
moviag subme rine

14 ] CONFITENTIAL
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I. Open-cock:.t craft, in which the compartment oc.upied by the
crew is flooded whea submerged. The British Sleeping Besty
(SB) and the ftaliac SSB, are exampiles of this class.

2. Closed-ceckpit crafl in which the crew compartment is lilled
with air. The British one-man Wellman boet, aad their
X Craft ( 5-ran midget submarine! are of thie type

Presest statug. there are ot precent no !’ 5. made small subrerables
Several smail foreign models have been tested laciuding the British Wellman,
Sloepiag Bec.*y (SB), X Craft, ond the Haliax 388 .

The Sieeping Deawnty
10 8 eRs-man apen-cockpit
craft, solf propeiled by &
small electric mater. On
the surfece i can be towed,
sailed, padiied or drtven
by %s own prepulssen i
systemn. e dosigned wnder- O
weter epoed i 2.3 hnste,
bt UDT's hawe asver hesa
able to schiove mere then
twe kasts wvith 8, s eper-
g reage o 10 %0 20 mus

The clesed-coshpt®
Wellmas boul carries ene
-—.-u‘.a—:Ln-
omd 1 LV lout long.
mazinum spoed s abowt
4 Loste ond ‘W9 renge 8
this spyed 9 bt )0 miles
R carrice s 548 pound wor-
hoed which is manuelly do-
tacheble frem the crall by Pig ¢ The Floeping Beaty. lNete alse the ayien
e ope.wlor. col.agethie bost 0 feregrenrt anm rubber

rafle ‘1 boct Zround.

The XCraft 10 o
midget oubmmarine %0 foet lang, dwapiaciag 18- )0 tone and carrying wp to five mm

The Nelian 300 19 ¢ 2-mon Wea-corkp® craft paoweored wnh a " horeencwor
EAGE DB . B a2 I SLOMErge speess P L five BArde L cerries wete 4. .ea’
® ornel taans

The Durceon of Bhips ks drawn P o pr: a  ary dosign of o oped-corapil
craf sinilar 0 e Sleeping Beo ty and of - ¢+ 20 “xBpit 23 10 40 rom » iiget
ouumerae A comrect "as teen (ot 10 the Talrchild A'r.ret Corp f.agne

e s por g e - &
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10. The bost shoula Se small enough 80 that seve: al can be carried
by & svbaia:ne, preferably lnwide the preassure hull to protect
the boats from high hydroststic pressure. If the cralt are
carried inside the hull of cxistisng submarines their dimensions
and shaps muat he such thal ‘Sev can be lauached through the

torpedo tubes.

11. The boat sheuld be capeble of surfaced operstion and of vub-
merged aperstioa down to 100120 feet.

12. 1a order to aveid detection, the boat should be quist even at
craising speed, have s low somar eche target streagth, and a
low magmetic signature.

13. To facutate handling, Huth sbevs sad belew waler, the hoat
shouid be light in weight.

Relstive merits of upen-cockpit and closeu cockpit craft. Closed-cockpit
craft have the sdvantages Uwt the crew aml thetr ecuipment can remaia dry and
warm, and the power plant doee act heve 10 be weterproof. This is almost ee-
sential for the larger sised brats such s the X 7/ .. Jt. No comples, built-wm
brecthing equipment 16 ascessary, viough cardbe oxide aheerption and breathing
o8 stored under precoure are required for extei..  submerged operstions. They
have the disedvantagee thet they must be Leavy 19 ensble buoyancy compensstion;
and chanet be soolly entered of loft, s that the cpersters are virtuilly cut off
from direct centect viih heir snvirenment. They alse ire setter .onar and mag-

astic targets.

Opoa-coskpit craft heve the edvantagee thet they can be light i weight with
low mortis wader weler; that the crew cea enter add loave canily, withowd necees-
oty of goung tareugh an air loch, 10 perferm missiens which require direct maneal
osmtact with submorged objects, and thal the hull doss nst have te be pressure-
proud end therefere con conteln  (ransperent windews. Alee Wislr eche target
streagih and magnetic sigasture are lower They have the disadvastege that the
crew will beceme chilled, ' lees protecied by nsulsted or healed suits, thet o
|Ore ~ompien brecthing systom 18 necossary, snd thet oquipment and machisery
must be veterpresied.

11.08 Individeal Usderwater Prepuisien

Por meny purpeses, ¢ meens of undorweler prepuisien for (ndividuals o
aseded I vhich the SWHRINEr remeing i the weler end rides of hange onie the
vehic'e Such an “urderveter maturiycie ' souid be pcwered, o drivea by the
STURMMOT'S own oilerts, Neve asuirei dusyancy, sad be steerebis i @see net
novd spoed higher thas aecessary 10 overcame the speed of underweler curremts,
St should bo capebie of operuiing (or seversl hv::  ad Love o cruising reage of
o ot soveral miles. The swimmer chouid be abr 10 ancher o Mese X iwtawde
he our? sone and 0 re over % after leoviag ..o et  DUnensicng & ild ¢
suffic iomtly emall 90 that half « dosen or more rould e launched ‘~om “mail
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landieg c raft or skamariaes.

severel cfloots 0 design an underwater motorcycle are tirew ~ underway.
ULSNUSL ke made shotches and medels of hand-hsid coliapeible torpedo-shaped
craft, the pruletyps of which is vasd t~ be under c~estruction. Asromt of Pasadena
has made 8 prelumimary mods] using A pedal drive {7om the swimmer's legs to »
p~we.er. CQrey and Halegard of Los Argeles, and Davig developawots have sub-
 tied cashbes of o sumber of verying shaped craflt whiza might 5o euitable, aoa
offered o condact & developmaent pregrem. Keogh-Dwyer has designed and built
ar wde recier Srepuisun unil veighing shewt 43 pousuls «ad powered by 3:' cr
bariarwe, whieh was satislscterily teeted & » swumming pool ia Morfolk. Fuiler

Srvelopaenl 10 conbinning .
il 86 Consiasions sy Recommendetions

1. The Lmited reage o wsstisted swimmers, particularly f they must Y
carvry sqnipmont or saplesives, mahes it neceesary te transport tham s near te . ﬁ

A s S B — -

e edjpctive a8 pagsihle.

i. Ver presemt surtase UDT eperations vhere ans or toe toame of |1)
eificere and moe cosh ore empioyed, » samavhat larger end batter {ied surface
okip than e AFD weuld be deeirbie.

3. A botior small surfese cralk thon o LCMR) 19 alse required. R
honid hove 15--26 i spoed, low slhenstie, mislmem bow weve and Jther festures
deigned 1 wueut the specific aeds of Usdorvater Dy, oiitien Toam swiunmers
Dowcisprment of Lightnr and more cesily handied rubbier refts shunid also be con-
tUsmend .

¢. Vimasver § i5 aseessar~ (o aporuls aser an susmy held chare in o

enmplste sssreay & puseiiie, e wWyreash to the chinetive mast dv made wnder
vetar. Tie tivet past of the agpronch cons be Wede 8 ¢ Nest type submarins, bus

e el Gppressh, & stall submervihie to he carrind end Lusnchnd by he oud-
» weded. Por e cubme rgot aus rebions sortaln wetificaticns of Nest
submares are desirebis  feciinale o5 vae and re-ouiry of ouwimmere and
cswegs enil \ennubing of amell submerothiss

$. 100 dasirehie charesteristic «f smell wndsroutor erult for wisrear
unanere dapand e 00 Mty of et he men .0 cpteind t0 &9 wad he mtwee
e maider ship. I geasrel, e o shonid 4o quist, Aawe lue emmer Wrgt
srowh il sagaslis sighiare, be o8 warly s iabie as pesethie, and have ade-
wule Noregd Gpaee, fyesd, sadurence. <l eoewss BiNNes .

& (Upme el ciessd coulipd, el swiane: eillesd ¢4l have sfvamtage:. and
Cswsens . gre whlkl ‘S iMaml - T emt e € mievonter m 188 Wiy
of A seee sBf clused svclpit sMsil s IR re o (2.0 B dn (wd e vt
. 19 oupge runguisl we by Uniled Matce Riis! OwiNr 00 8. 8719, B srwsr B9 (il
Goveluy e GPITEeNnl PustB LB 00 ol SOPNITY ¥ . 8 « hee crell  Ber ~une S )
e emoii Louber of MES ~ 1 can Do Lransgerted @ & saroll submeorethic, (a0 "

)

t
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general use of thess craft may . rkedly aiter the Joctrine and {actice of UDT's.

A4
7 ln the design of emal! submersibies, problemns of alowage and launching f
from » moving submaruas aust be tanen URO account 38 we.l 18 the nwed for ade-
quate speed t0 OVErcome curredis o4 tu 8lioe “° asive tactics, cadurance, ease
of egress snd re-eutry, salety and comfort f the crew, and minimum detectabuity

of the csanrgy he expeads I8 swimm.ing L8 eftective for propulsion. As "underester
bicycie” s nseded which would esther be mechaaically powered of wuuld iink the
Swimmer's muscies ' the water 8 2 more efficient manner. Dewicpment of meacs

of prepuisies for ndividusl underwater swunmers should be vigerously pursued. .

§ Man's sfficiency a8 & swinmer ia very low: thet ls, only s small part .
)

]

|

(12,00 UNDERWATER ORJECT LOCATION

Detection of mines and man-mads chetructions ia s ascessary part of
Many mURAry epereiions s w-shere wvaters. Most of tss cbetacice and some of
the miaes will be foued prowd of the bottom, but maxy minse will be partially
or fully baried s the shifting sands and soft muds 50 (requentiy found ia shallow
waters. Uander seme circumstances wndsrwater object locaters eperated from
surface crult or suhmsrunes will be effoctive (or mine and chetacle detecticn. Kut
w”“wu-mhm:m.ldhmcmm.bwoy
s rester swimners (or mine sad cheticie detection, and particalarty Yor idont: -
ficstian and dingasal of the Wirest. ¥ e swimmer emerges fram the waler te
Operute on the beach b may be faced vith sdéftim probiems of burisd grewd = inge.
Mdunmr“hod-h@nmmdumwlmu
o of the primery muwsiens of Uade rwmer Domaistion Teams.

Minse wii ether chotacins vary considershly @ sme, shape and charscher
of msterial. Some cumlais s consuiorebis mass of ires or stevl; ahere may be
we-fert.as wnd nea-magastic. Te compiisate the prebleowm ferthec, s miwe may
50 astusied by wns or ¢ combiaston of sens Ag Mrcharisme; he mest commen

botg maghutic, senuwetic, precsure, and contast.

Mmhmb.bﬂmum.huhdbd
dutos tem W0 Mio oUn 00nee of Sivit and toush. In harters visusi rengse frequent-
y pprensh seve and aetils erunsts con caly achiove s mazimum seareh widih f
o b fost - - e loagth of the owimmer's arms. 10 order to rovead the reage of
dotoction and 0 wonist e swimmer \n | Toaiifying e objocts dotestod, an wnder-
vater "Nashisght® \s aseded 1o cupploment his onses . The (ellowiag sre ameng
he desisrsbhie poviermanss charectesiotios of vesh o doviest

1. The mesunum possthie drtv—tian rungs s of coures aended,
bt cup renge in onvess of viouni or Wekin 10 soueplnbie
A0t 100 C2PRanive B Wrus Jf cast oF Jpsrulinel INsUBVENIORr S

3. The Govien chuuld 2o amell sl % 0 b carvied or Sewed by
- en-gided ouimmer ‘¢ el o wperebis from . small
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3. 1 should be operablec whea the swimmer 18 complete.: " ub-
merged, whes he is sw.mming oa the surface, and if possible
whet he is shove water on the beach

4. B should opersde umder comdit' Yo 3 very iow viaibility.

3. B should fusctym over the range of wamsr lemperature can-
dtions twizrable t0 & swimmer (geoerally 29° to %°F).

6. R should be able te detect ferrous ead nom-lerrous obwcis
that vary in oise {rom & (ew inches (¢ ¢ ., o (used hand
grenads) 00 many feet (¢ g., & tetrahedron) asd that may be
Nosting W the water (0. g., & moored miuae), resting om the
battasm, or buried several feet doep ia mud or sand.

7. Ns preceuse should ast astusle & mins or boshy trap.
.. The sounl requirements of sose of maintonance snd Gperation,

lang ahelf 1ie, construciion {rem mom-critical materiais, and
capebility of mnse predustion sheuid be met, ¥ peaeible .

Theve (s 00 dovies & precont hat ¢vee agprenches the sbeve reqairements.

A Sener Nachiight, he QAA (USDAR) wes duveloped durtig Werkd War I, bs &8
had many Lstations whish rerviored & snaccoptadie. (24] OF e emer deveiep-
mouts of Werid War 11 and the pest-war po-. i, the magnntic detaction device
dooignated 0o AR/ MB-§, i portaps e beet, ovoe iough % was st decigned 20
& sTmaner’s endervalor objpct lecuter. bul ruther o4 & land Mg locater, and
vas simply veto-prosind lor undorwater uts. Bt s rangs @ & 13" metal sphere
18 lots Gam | yord end & i» guite balky %o wse.

The aabiilly of covtmmors %o Joeets sl Wuabify endervater objocts is nst
-ty wd ek ofiart i 20w bowng dirested e ughet the Nevy Wuerds develey-
nest of equipmant for this purpese, particuieriy (ar muse bunting systems. Pes-
sibie stiliomien of & wide range of physisnl pruy ortios © vhish mimse differ [resn
Lo asturei covirerwieus 10 botag studied The uniqgue charveteristic of he swirs -
=ner in e Oeid io bis wbillly ‘o carry he dotuntien guer ciaser o the dhjoet han
o posethie My cther means wnd rulisnsily o direrS s cpovetien.

11.9) Camiveteny ead Recommendigtions )
1 % dveniopment of Biae hting sqatpwsat, sdvastoge should by

lanse of the WY of SUIrwellt STURMOrS 15 calTy a dreet detosting end
AL I20PING viree Mlass 19 wmiee and vthev ddetsies. '

1) o8 BLOYS

Unloreeier swtimere &re o Wpvianl soasieg wodiamtom o e serfe~e
Newt, Socouse Yoy sos end (o0l ¢ DENIED 1B WS s, Ao I8 parathie
sch ave otih say er wmethed B 10, of GENres, FSOr e VA’ ey ke B e
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marXk their underwater finds suitabiy -- with buoys. Reefs and obstacles, mines
aod trape, chamnuls, boat lanes, wrecks and areas al. need to be buoy d for warn-
ing or guvdauce to surface crall. Although the basic requiremenst for ¢ flosting
marker seoms simple sacugh, a buoy which would fulfill all the stated operstioast
requirementa would be sstonishingly sophisticated. Fou tundely, . la-~e part of
the present needs are fairly well met ny the Dan buoy (s brightly colore~ balss
and canves cons with & flag -~ wsers must forage for their own line and 1 .chor).
We will call £ & "simple™ buoy. Simpie buocys sheuld be:

1. Easily seen and ideatified (ia daylight). Buocys havir g different
moanings shouid have distinctive shapes or markings

2. Compert (folding -- collapsible -- sasily stowed)

3. Simple, rugged, relishle

4. Swosth with rewndod edges which are ast damaging to . "ibser
bouls, suits, otc. (this (s s even mere impertant require-
mouk for busy enchore)

$. Plemitful (L. 0., choen)

6. Nea-dregging. Afver bulag planted, they should set shift
pooltion bocouse of currents, voves or vind. This depeads

o offective ancher design, part'v on low drag resistance
of the busy wnd Line.
The firel stage of complensty edis the requi: ements L% the busy bey

7. Vishie at ail times (heve light that will last 73 heurs and per-
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the sard may shift to cover the mechanism or a &.:.gie grain
may lodge (n such » place as to arrest its operat.on. i,uoys

of this type may be .alied "lighted, depth taking, time-delay
complex” buoys. Two mocdels have resched semi-production;
the Hum and the Brock. These are expensive, and conse juently
few «i'¢ available, and they are m.t very reifabie, The price
of a buoy may be insignificant in comparison with fte vaiie in
as operstion and the (o3¢ of a single LCVP because of buoy
fatlure would pay for a large number of well designed buoys.

Thus deveicpment of
both simple and complex buoys
which are more usable than the
preseat models is desirable.
No resesrch is seeded as a
prerequis te for this deveiop-
mamt because the besic iafor-
mation is well taswn. The
work should e put ia the hands
of men vhe endorstand not
only mechanics, bul eloe the
ote, ond swimmer preblrms.
Catogorical mstrections (o
onch 8 greap, &8 ko shape,
malerial, er sven perfermane»
wenld prebebly ast reap the
oot resuits. U venld seem
boet 1o wveork firet en ¢ com-
piotely satisfectney sumpie
uoy; thea en o lighted, dopth-
teking busy end finally en &
tume-dolay buoy. The firet
twe busve arve Lihoty ® be of
maerel wee hronghoutl the
Aavyy e latier will prebebly
te mast susessaiul i costom-
mads W 0dre ¢ partiveiar
prebion. The dooign of bugy

enshere culiebie for wee frem Pig. 7 Typieal Dusys for mérronier
omall crafl chouid g hoad- - cwimmer w8e. (9 Brock, Mwa,
hand vUh douign «f e busy and Yerass

ool In many Wmeasese lerel-

1y made comont biochs or laselly lount serep (oush 00 & large chaln linh, which

s he aivemtage hat B will ug toar o rubber bast! mahe & perfectly smtinfart. vy
by Bt suwh ocovongiag chouid ast b relied pon. Aachers 8. vid Je fur- |
siabed wih tovd Susy - @ joest |8 5 1O 1D SRS retid Sinee ST +fn rethar eestily
tout vima the tuay 8 rotrioved sficr ues. New bus) . 20 ¢on probebly make

p. fRabie woe of Ow Bmetoriais - plastic fonm, self-ses 'ing bags, wesatu) oen-

srete, remsyeemb, reflector sarfoces, Nuareseest paiml, ayies lum, sie.
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13.02 Conc.usions and Recommendations

1. Buoys are an important item of an underwater swimmer's squipment
because they transiate his detailed knowledge of underwater conditions into terms
suitable for surface forces. It 18 cuuceivable Luat the success of s large operation
might hinge on the successful use of buoys by underwater swimmers. Present
simple buoys for daytime use are reasonably satisfactory but there ie need for
lighted, depth-taking, time-delay, "complex" buoys and their associsted anchors.

L. Development of complex buoys, preferably tailor-made for specitic
typee of operstions, should be continued. Use of new materials such ss plastic
foam, seif-sealing bage, washtub cuncrete, honeycomb, reflector surfaces, fluo-
rescent paist and nylom line, etc., should be investigated in this development.

14.00 DEMOLITION AND ORDNANCE EQUIPMENT®

Demolition explosives are the chief offensive wespon of UDT's. Exist-
ing high explosives appesr adequate for demolition missions 1n accordance with
present UDT doctrine and improved explosives are becaming available to UDT"'s as
they are deveioped. Duriag pre-assasult operations it is customery fo: the swim-
mere elither to 0w the explocives to the target, or to transport them in their

rubber bost and LCFR's.

Plexdility and esly secrecy of swimmer operatione could be maintained
if explosives could be transported wh.®: the explosives and the swimmer were -
complately submerged. A towasble explosive container has recently Leen tested
which maintaings its depth and trim automatically while being loaced ur ualocaded.
Thus (s deflaitely s step 1a the righs direction though it is still necesnary to meke
explosives wiich (it the comtainer. Explosive packs sheuld be streamlined, stundard-
ised and built 10 be towed ladividually ur (a series. It i3 also comceiveble thet &
submerged swimmer may oa sccasien have to tow V .~k § demolition hoese for

chamnel blasting, or limpet mines for sases sttachs

Attention shuuid alse be directed .2 means for stowiag explesives while
transperiing them, and o means of maintaiaing seutral busysacy while submerged.
14.0} Cenciusion end Recemmendations

1. Demelition enplesives for UUT wee uader currest dootrise are satia-
fastery and moans of svbmerged towing of explesive charges are under teet.
3. Werkd War 11 U. 8. end foreign Limpet and snsak eitack ordussce designe

are aveilshie. As sasek atlech and antishipeing technisuss are develoned it will
be necessary to conrurreslly develap Lhe required demolition 1l ordnanie equip-
=l

o mzﬂtmﬂwudhmu”mm“mwym

flalings ace FOCOFded tued. o
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15.50 MISCELLANEOGUS EQUIPMENT

Ia additiom to the equipment memtiwned in previous chapters, swimmers
need many .tems of equipment to aid them in reaching their abjectives and in
carrying out their sssigned tasks The following notes outline the presem status

of some of these {tams.
15.01 Pace Masks

Persosai prefaence, often based uu facial (oulours, ts the o-ar iding
considerstion in the selection uf a mask. For this ressoa, it is unlikely that any
one type of mask will be accaptable to all of a large group of underwater swimmers.
Some men like & hard rubber mask which seals by penetrating the skin; others
like the soft edge which is held against the face by water pressure. The swimmaer
will be ammoyed if the mask is not rigid encugh to hold the glass away from his nose
st depth, The Voit (Senior B-2) made of a medium hard rubber with a round leas,
and the Champion, s soft edged rubber mask with sa ovel lens, seem to de most

gousrally preferred. .

Most masks have the disadvantage of limiting the swimme:'s field of viaion
L0 the order of 79-100°. Some deveiopment effort should be directed towards re-

ducing this defictency.
15,02 Life Preecesrvers

The newly isewsd UDT 1ife preser .r seems 10 fulfill the requirements very
well. 1t is lignt, takes wp liitle space snd is quickly inflatable from a single CO,
cylinder. 1a use it supports *he wearer's haad above the water quits comfortably,
Az enderwster swimmer ia trowle can quickly surface by simply puiliag the cO,
relesse cerd. It might be desirshie to integrate o iife preserver with SCUBA.

15.03 Watches

Is miiflery eperutions a welch is an exiromely importast itom of swimmer
oquipment fer aften bis life dopends upan being piched wp ot & certalu time prior
« domnelilion ewpiceion. R 18 olee very impertant 10 all waderwaler svimmere when
diving i dopthe requirtng decemprecsion. Te date ae walch (s avallabie (o the
dnrweler swimmer which is completely satinfactosy. The weual ¢ifficuity s )
fhat the case loahs; this of osurse ruine the wa':h. It 1o suggeeted that the tech-
algue uwsed by cosenagrophere 1o soud dolicate mechanions t¢ great depthe be trivg;
aamely o filling he cose with light mineres ofl or ather flutd., This makes 8

ry o chang: the apement slightly bt ia s way impalrs the ec.urscy
or woe of the welah. A simjis "U'-ring seal will prevest leching in ellher direction
since there (o no preasure gradiemt. A sutlabie wetch should be:

). Scadable tn the dark and in terbid weter.
3. Nen-magnetie.

18 CUNFIDENTLAL
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3. Shock-proof.
13.04 Kouves

" A swimumer's best {riend is his kaife.” i his simple and essemtial plece
dpuum-u-vﬁmermu-humuntom. The blade (some
6" long) needs 10 be more rust-resistant thaa are the preseat mode'3. The cabe
should be of plastic (rather thas lesther) and have an inteqrai spring clip to hold
the knife firmly ia its aheath. It must be rememherad that the user may be unsble
10 see, may be shivering, may have gloves on, and may be inagrest hurry. A
proposed design which looks setisfactory but is still in blueprint form, hascoe
saw-toothed edge, & roughened grip handle, sad (s noa-magnetic.

15.09 Compess

Navigstion underwater 18 difficuit, 28 shyone who hes tried to rwim in s
straight line withewt reference poists will testily. In turbid or dark water, par-
ticulariy away from the bottom, & maa verp quickly becomaes lost. A workable
compess is ons chvious msans of minimisthg this problem, becsuse compasses
have the same charscteristics belos as shove water. If a magnetic compass is to
give accurste performance the diver should adt carey large quastities of magnetic
materisle. (Aquaiai] bottles, fo. example, may sericusly iaflusace & compass.)
A compess showid be emall, sturdy, and heve s luminous dial; it should be oper-
m.-mquzum.umu-dumaun-.

The dopth requirement is casily soived -- by lilling the case completely
with & liquid; the requirewont that ther swimmer gear be largely aon-mageetic
waile en othe * dovelopmoents. Prassette {11] has suggested that o comness should
be sitachable 10 the weerer's fese mask a8 well as 46 his wrist; this would gresty ..
fasliitate following & course. A suitsbls nea-magpstic fisting which weuld heia the =
compese out of the priasipel lics of visien, is secessery.

15.06 Bwim Vins

Libe ether mammals, mas ¢ob be expecied (0 maintain o8 oulput of sbowt
0.0 KPP por pound of muscle for o number of heurs. Ia equippiag s man to move
shbewt snlerwveter, the preblem 18 0 use this svallable muscular snsrgy ia the mam
officiont posshis masner. Svim (ias bove » ds he Mmest Lmpro-ement ia the cusrgy

trensmiseten o date.

Pia offictonsy s cbvicusly dopondent 10 . large extest on ihe neture of the
owtmmer'e hish oud Me ‘ellowing remerts sencere & trained endursnce swimmer Iy
akilled n wptng » Nutter hich ot the rete of twe V@ four kicks per breatd. Like
othe? iyérouils meshenioms, fine becomo were sfficiont 00 Wn: . weler (s headier; g

1
|

consoquonily, wy shouid heve 48 mush surfese area &8 pese ‘hle for the power aveil-
wieo PFresectie, | ¢ ] in enporuments of Litiio L. ov hos founs & 1 sther large
nmuumdmmwmu—uumdtu. B camvariag
mudm.ummnunwum-nhwmm.
wes J \he rbber and the n.forl acrassed with L ¢ pliabi ‘y of the ruiber.
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The twc brands of fins which seemad ‘o have the best all around ch-rarteristics
wer tw "Duck Feet”" (manufactu.ced be Spearfisherman, Laguna Besch, Californis)
and the "Swim Fins" (green, medium pliable, manufactured by Owz2n Churchiil,
Los Angeles, Califoruia). Qutite possibly an improved fin could be built which
would have s saft, piiable rubber arc it the fuoti ~rrming less compiient towards
the tip. One would not expect to make major gains in efficiency by developing

such a {in however, because of unpredictable individual preferences.

15.07 Duﬁ‘Gupl

Both 3 swimmiag and (n controlliing decompression, underwater swinuners
very often assd 10 xnow their depth below the surface. Two systems for measuring
depth (pressure) are used: the bourdon tube and the manometer, and sevaral
depth gauges of each type have been built. These sre sstisfactory for opecations
in daylight to 100 feet and there seems to be no cbvious ressoa why one type should
be batter thaa the aother. The geuge now beiag procured for UDT use (from U. 3.
Gage Co.) seems 0 be quity satisfactory %o 100 feet. However, the military
requirement that the gauge be reedable ai sight and the fact that sciemtific awim-
mere would like to know depths 10 250 feet udds to the design probiem.

In many operstionn waderwate: swinimers must frequently and unpredict-
sbly change depth. In such a complicated stinstion, use of the diving tables for
optimum control of decompression tune becomes very difficult. Munk sad G.wes
[ ® ] have suggested that & simple "anslog conputer” gauge might be built aad worn
ol the swimmer's suit or bedly. They poirt out that & system of sylphos bellows
conmected by caplllary tubes would be sas.uyous to the flow f uitrogea betwees thy
lunge, the blood strewn and the body tisoues. At the surface all bellowe would
be at the ambieut pressure; . the swlnmaer dcocended, the change L3 pressure
would conse flow through 8 cepiliary ate an Lhmer chamber cumparshle to the
passage of aitrogen {rom the ticsd iate the tisswes. A disphram would be liaked
to & nsedle and the differvatial precsure reud an a 8ial. As the diver ssesaded,
his problem of decempression wewd be seived by keaning the differeatial pressure
below scme designated danger !.ae.

13.08 Surveying Devices

Present boosh recommaissance tochniqu s for inshere uads rudier serveys
foveive the wse of & Liae-carrying Netterbeard for mocsuring distances and o
light lead-line for measuring dopths. Depth-ois.atee dals are reesedod by e
swimmer ol & tabiet; en shighsard this (s ransisted e & bossh prefile Thess
dovices have bosn ressamsbly sstiafurtery for swrfese swimmOre but eerecoing
roquirements {ov eporetional seerecy may mahe i wrecesey (o wne anw metheds.

1t scoms quite foanihis 10 build & dovice thal could uiut distenue egaivel
dopth (make & prefile) wvhils botng moved showt by an waderweler swimmer. The
would bave three afveniages: }) ne preperstion (surt 8 sociring ¢ (e slhore)
wenid be roguired end the astrument suid be weed (or .pet chech emywikre; 2)
profUiag would be contine >es rether has Wlerm ttend; o racefor of prefi. te fwal
sheot ~oui? be Jame directiy Ume wuy of making evch an instrvment wouid be to

STe 5. Appendis A, pg. 10 [ CONPIDENTIAL
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h-'m a pressurs-actusted diaphrem move & scratch-stylus across & Jum whic ‘s
moved in some ratio with the distance traveled alomg the bottom.

For rasking inshore hydrographic studies where less secrecy is required
and more area need be covered, & small recordiug or telemetering echo-souader
could be specifically sdagted to swlamer wee. [n addition to the depth, the
positioa of the scho-sounder also neads 10 be reccded comtinucusly; this may
involve redar or sumar tracking from s parent craft, or a self comtained location
system ops’ated by the awimmer, using «nowa refersnce polats on the heach '

Stnce one of the primary jobs of UDT's is besch suiveying, it would ssem
that the devolopment of such devices would materially incresse the officiency of
the vams and is therefore warranted.

15.09 Treflicabllity Messuring Gear

It s highly desireble for on amphidbious commande! 0 knww comething
shout the trafficedblity of a landiag heach and it (s customeary to ask recosmaissance
swimmere 10 bring back this information. No simple gear (s svailable which can
5o used o make & direct, meaniagiil messurement nor s there likely to be. The
rececms are: 1) boaca bearing-shear streagthe chsage rapidl; -- with wave changee
and tide changne; 1) the trafficability varies ceusiderainy both istersily and longi-
tudinally on the besch; 3) & o geaerally posiset sbeve the high water mark (boyond
wssal UDT examinsticn); 4 regerdisss of the origimal situstioa, beach trafficability
changes when subjected o shell fire ar- ranell by vehicles.

For ot purpeses vilh encewfused csnditiens the “estl trvss” awi the
“cons peaetr.meter” have bees wweful. Per UDT opereticas, s more ~ulid easwer
migst be ebtained by training vhich wouid (amiliarise the mee with the resction of
differeat \ypos of beach to vehicle pessage. (Rafer te 04. N)

19.:0 Censiusions end Recommendations

I Tl R o e

satisfactory. l—ow"ehqnnqhw The fleld of
visten th.ough mashe sseds &« be widensd; Life preoservery might pr 'Mabiy be
inlegraied vith SCUBA; swim Nas vtk safl. ,ilshis vubber areund the feot, by-
ssaing lees comgpiiant tovard the tip, »ightl result in ncrecsed swimming offietonny.
The doplh reage ol sigit recdablity of dopth ganges ovuld be improved; wad o

20w aife sow » he preliminery design shugd Gppeare superier is e ype ser-

reatly vaed.

3. Wwicres, cumpasses, . aved cunsiderable
\provement. hmmﬁ Jected te hydrestatic
pressure.

3. A small, wweidy, 1Uninens-dial ag-’uo aporebie to dopthv wp o
7568 (oot atd o308 uclined a0 Bulh &0 J0°, WY Tighl/ allachicd W e SIS e
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face mask where ha can watch it con.inuously when necessary, is needeAd to aid
sw.u.mer navigation,

4. Development of self-recording devices for messuring bottom depth and
distances would increase the speed .o nccurac) .’ swimmer reconnaissance.

S. Both mechanical and acoustic methods of sutomatic bottom survey-
ing should be investiguted,

6. Usderwster swimmers change depth frequently and unexpectedly. An
"snalog Computer” type of depth gauge which would simulate the interchange of inert
Snses between the blood and the tissues might grestly aid in controlling decom-
pression to avoid the damage of bends and allow maximum time submerged. Re-
search and development lesding to an analog computer type of dupth guuge should
be initiated.

7. Developmest of devices for measuring beach trafficability ls not wear-
ramted becsuse the sampling errors would be too large. Iastesd, UDT's should
recsive more training in estimating beach trafficability.

16.00 COUNTERMEASURES

The chjective of conntermeasures aghinst underwaler swimmers is to
prevent eremy underwater attackers {om accomplishing their missions. Pro-
tecties must be comsidered for Farbore, bridgee and river crossings, landing
boaches snd ships st anchor. Lowdermeasures to protect shipe sgainst under-
weter swimmers have bees practiced in simple form, but there has been little
systomatic researas and developmeni (n this fisid.

A mest cffective countermeesure ia to prevest the parest submarine or
sirplans transperting wnderwaier swimmers from epyroaching close eacugh 0 the
abjestive t0 lamnch s underweter men. This (s pert of the geasral prablem of
sntisvhmarine varfare and sir defense and will ast be discuseed hereln, mor will
we consider questians of detection sad destr~tion of emall submei ged cre®™. Theee
are an integral part of the harber defense preblem, which (s boing imtensively
iavestigied by the Olfice of Navel Rescareh, the Nevy Kisstremice Laberatery,
he Operatisnsl Develspment Feres, u.4 sther Navy activities. Similarty protectiun
ageinst wderveier swimmer ssbetour: «ad Fifth Colamaists, by preventing their
asetss 1 booshes or harber iastalistirns, viii not be dincussed.

Qives the shove Limitations, the prebiom of underweler swimmer coubur-
measuress saa Yo ¢tvided o probiems of detection, loeation, identificetion, mr-
rence, and destrustion.

16.91 Duteetion

Surface detection. Detection 1o wsed W the bro.4 sense of being sware of
tha prevescs o & seinme=-like Wisct. Three princial methods wopea: to de
BYReiind® “OF IFTOCT A SIUTE .08 WaLST SUNACE: Yiswri, rade”, sad rared,
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In the davtime a submeiged swimmer using open ciicuit breath’.{ apparatus may
be detected by his bubbie trail. At night, he may produce some phoerhorescence
L the water which can be detected un the surface. When the swimmer emerges,
his head ~an be seen in the daytime although camouflage, rough ses conditions
and the slow motioa of swimmers all reduce the effectivensss o the human eye in
detection. At night artificial lluminaii.on greswu, auis the sense of vision, partic-
ulariy if the awimmer can be silhouetted by s light from the side or 1n *he resr.
In gencral, men who have had experience in visual swimmer detection state that
parschuiv flares or bright mooualight are preferable to searchlights.

Racar ce - be used for detection st greater ranges than hum.aa vimion but
s Dot as offectin it short range. [n recent tests, using an MPZC harbor defense
radar sf an slevstion of 123 feet, heads of swim_iers were detected at 2450 yards
with & 5% time of echo on the oacilloscope. Forty per cent time of echo on the
ogecilloscope was obtained at about 1, 000 yards (for swimmers without artificial
propulsion this is 30 minutes swsy) Because of sea clutter, the minimum range

was ahout 500 yarde.

o iaformation {s avatlable on the use of infrared for detectioa of swim-
more' heads above the surface, but this would appear practical as s supplement
to the usaided humaa eye, particularly st night. The Navy Clectronics Laboratory
1s plasming teets of irdrared ia the asar future.

Subsurfsne detection. Radar and infrared cannct be used for detecting sub-
merged swimmers. ﬁwdmmummu. Underwater
sound detection by listening would appes: tc be relatively ineffective but echo
reaging gives premise.

The high turbidity of harbor watsrs grestly limits the reage of mderwater
detoction. Net anly (s the ruage o wvhich an chject can be seen, evea with full
llmminstion, reduced, but deylight canmct penstrate far bilow the surface because
) and sheerbed. Artificial illumination below the surface
IS smowhel mitigates the situatien, particularly i tae abject to be detected is between

the Light ssures and the chesrver, because there is then caly & cas-way optical

R might be suppesed that the raage .. vishility might be iacressei by a

powertul light source, but this ia ast trus because the renge of detection
s Limiled by coutioriag ruther than by sheerption of the light. Because of the
short range of viahility ia harber vaters, tise chesrving eye must be relstively
sbbjost to be dotected. Television or wnderwater periscepes (Lydrc-

. the
g sespes) may be of vales ia this way.
f:. e Alhough swimmers using open cirouit wrisrwater bresthing spparstus
of the sir passiag through the vaives and air lines,

N prelisainery tests imsionte that (a locstions of sverage backgrouad molse the range
- . . of Listening detostica 18 culy sbout 13 feet. With clesed cireuit 2nparsiue, the
e renge of Jotostion will be much smaller.
oo The pesshile range of detection for eORAT och.. reaging sppecrs 10 be grester

thaa for any other mesns. Tes's under the -:o::":i‘gtnu of the Peael hav: indicated
s s . CONFIDENTIAL
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that an underwater swimmer using self containing underwater orruthing apparatus
ns» # sonar target strength abont equal to that of a mcored sea mine. Mine huntiag
experience with sonar suggests, therefore, that swimmers may be detected with
sonar at 1217¢8 of several hundred yards under good conditions. Doppler effects
resulting from the swimmer's motion may enhance the range still more. On the
other hand, & swimmer moving very close to the surface or very near the bottom
may be concealed by surface or bottom reverberations. )

Present self cantained underwater breathing spparatus is somewhat magnetic
and magnetic detection equipment may be cxpected tc be effective st ra~ges of a
foew feet. Evea this detection range would be eliminstsd with SCUBA'’s bullt of
noa-magnetic material, :

Rydrostatic pressure changes due to the motion of the swimriers through
the water might be supposed to oe useful. But recent tests indicate that these
changes are less than one-teath of an inch of water even when the swimmar is
quite close to the pressure element and this small signal will generally b below
the backgruund of surface waves. :

Underwatsr slectric potescial (UEP) equipment may be sble to detect swim-
mers o short ranges, oot only beca':se of the currents produced by different
maetals in the swimme: 's equipment i contact with sea water, but alsc becsuse
of the difference ia electrical proporties betwe.n the swimmer and his equipment
snd the surroundiug ses water.

Cantact detection e nipments sttacued 10 underwater burriers or structures,
for example trip wires, have bean usod as detection expediontc, out there (s little
Quantitative eviduncs on their effectivensses.

Intelligent marine mammals of the sesl family might possthly be trained
in the detection of underwater mes, just as dogs have beea ured for night detecticn
on land. That these animals cam Ye treined is well knowa, but littly information
is avetlable 10 the Panel om their peychology; fer example, their tendeacy to be-
come bored.

16.02 Locatien

munmdmuoumdmman.
Vor abjects om the surface, hearing cea be cit~ned by vieval, infrared, or radar
meats. The grest sdvestege of raiar 18 e accursie reage which it gives.
Location wader water can be culy sppreximately acesmplished by visual, magmetic,
unGerw.ter elect: ic propagmtion, or mechanical o.erans primarily becsuse of the
very short detection range of thees methuds. Somer, Ia eddition to its loager
dotection raage, alse has the great advantage of give . sccurate location,

16.03 ldouttf\cotion

ldevtification ta the process of determinring ‘het *4 object detects gry
losaiised is aciuaily 8 soLumer Aliar an widervatar o8ject has bees derected

[ ] CONFIDENTIAL
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{t must be determined whether it ‘s a fish, underwater mamma!, inanimate debris,
submerged craft, or an undorwater swimmer, ldontification also requires that

distinction be made between friend or foe.

On the surface, identificstion can be ~ade visually or by some types of
infrared equipment. Radar identification is relstively unsatisfactory. Under
water, vision (s the only reliable means of identification and it is therefore neces-
sary to supplemant other detection means by the sbility to sctually see the object.
Underwater television might be useful for this. Perhaps futury research might
uncover a soncr or ULP signal thet is charactesisuic of underwatss swimmers.

TABLE V

'SUMMARY OF SWIMMER HUNTING METHODS®

CETRCTION LOCATION IDENTIFICATION
VISUAL Fair Fair Good
1Goc4) [Good] {Good] .
RADAR Pocr Poor Poor -
[Excellent] {Excellent] {Poor]
INFRARED Poor Poor Poor
[Unknown} {Fair] [Pair}
SONAR
LISTENING Poor Poor Poor
SONAR
ECHO RANGING Cnod Good Poor -
MAGNETIC Poor Pair Fair
vEP Poor Pair Poor
HYDROSTATIC
PRESSURS Poor Poor Poer
|MEBCHANICAL
{direct comtact) Neods Test Needs Test Poor

¢ ems ia tahle refer tc

submmer, swimmers.
| ] Bams in brackets refer to wﬁaccd swimmers where me:-od is epplicakle.
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16. 04 Deterrence and Destruction

. Deterrence, diversion, or destruction, of an attacker {s the ultimate alm
of countermcasures. The most successful method employcd to dste agsinat under-
water swimmei s has beun use of random plared and timed small explosive charges.
The major limitation of this method is the logistic une imposed by the requirement
for large amounts of explosives. The effest on friendly installations must aiso be
considere” U the undersater enemy has been detected and located, however, depth
charges or e.plosive projectiles can be economically employed.

Undewater nets have been used in various ways to deter underwater swim-
mevrs. Prasent-day nets sre extremely hesvy and bulky, and are easily cut,
taissd, “sesed over or under, or dropped to the bottom. Neta in rivers are sub-
Joct t) particularly heavy stressaee from current action and from debris in the
strear:. These limitations suggest thie use of underwater barbed wire or the
erection o semi-permanent obstructivns sv-h as wires, causeways and sheet
puing. Barbed wire can be essily and quickiy tnstalled but cth: r obs:acles require
t me and effort for installation. .

Countar-swinmers have been suggested ‘o destroy the sttacker. Under-
water movements are slow and cumde reome ~1d not suited to physical struggle.
But the use of underwiter weapons such as gas or spring-driven spesrs is feasible,
The short range of visibility in most hartrors 1f a serious iimitstion for counter-
swimmers. While the effectivensss of underwater man-to-man combat as a defense
against swimmers may be dubtful, underwater swinmers raay till be used of-
fectively in scarching a* =egular intervala ior limpets or other placed charges.

It has been suggested *hat the brain, sense cf balance, ssrs or abdominal
organs of under #ater men may be Tulnerable to high intensity vnderwater sound,
ofther sonic or supersanic. This has been supesficially investigeted as a means
of deterrence, but little quantiative information is avallsble. It ahould be possible

to obtain some of the needed data #ith accusic mine sweeping gear.

Strong siternating elsctric currenta are used to deter tish from ertering
wiers and underwater orifices; the(r use may have some aprlicability against
cwimmers who are unprotecisd by unumuu suits,

Trained mammals have been discussed under Detection. If they can be
trained to detect, they might be trained t7 presr home an a“tack or to approach
with exploaives, probably at the expense of self-destruction.

Becsuse the velocity, relative to the wate::, of an unaided underwater swim-
mer (9 only about one knat, repid water motion around the cbject to be protected
maey he an effactive deterrent. For example, a ship's screws may be raversned to

wash swimmsrs away from the hull, or the ship may be kept in mctica ¢ low spead,

{n addition to fts uee in detection, artificial .. ination can be emp.oyed
a8 a psychnlogical deterrant, Care must be tak+n ¢ & Ll unnecessary d vclosure
of friendly Lrwisllations,
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It i reistively ¢asy to incrsase the turbidity of the waier aud this may in
circumstances when the underwatei men must remain submerged, an eflective
deterrcnt. Selection of operational sites wnere the water is ‘urbid .= where
strong currents exist will usually be advantageous to the defender.

Patrol craft may be utilised in detection, and they may also be used to
sweep the underwater srea by towing nets, hooks, or chains. They will be ia-
dispensable as an adjunct to other methods of destruction or deterrence.

TABLE VI

SUMMARY OF DETERRENCE AND DESTRUCTION METHODS®

¢ [tems in table refer to submergad swimmer.
{ ]ltcln. in hrackets refer to surinced swimmers where method is applicable.

87

DETERRENCE DESTRUCTION
SMALL ARMS Poor Poor
[Excellent) (Excellent]
UNDERWATER
EXPLOSION Poor Zxcellent
STRONG
CURRENTS Excelient Pocr
COUNTER
SWIMMERS Takr.own Unknown
HIGH
TURBIDiTY Good
HIGH INTENSITY
NOISE Unkrown Unkaown
NETS AND
UBSTAC".ES Fair Fair if combined with
automatic weapuns
ARTIFICIAL
ILLUMINATION Fair
{Gond}
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16 .28 Conclusions and Racommendations

1. Countermeasures against underwater swimmers have been practiced
in simple forn but U. €. forces do not have available the kncwledge to mount -
a round-the-clock defense of harbors and aachored fleet eleinents against a
group of determined swimmers. The nced exists fu. intensified systematic
research and development in this field.
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