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This publication summarizss *he indedendent Resesrch and independant
Exploratory Developmen: program at the Naval Undersea Center for Fiscal Yesr 1971.
Nine projects were sslected for highlighting this year. Of special interest is the con-
tinuation of our intarsst in marine biology evidenoed by an sxamination of an eco-
logical systew, a description of venomous and dangerous animats affecting naval
operations, an exploitation of porpoiss physiology for sonar design, and the use of
various human anatomical and sensory charocteristics in developing an artificial pinna
and a hesd-coupled television control for CURV. More purely engineering sre re-
ports on an NUC hydrodynamic transducer and on the construction of models of
tubmus sibles of reinforced concrate.

The imagination of the NUC Individuai investigator and his free-wheeling
spproach to the Navy's problems is bacoming rnore evident sach yeer. While this
sprroach is certainly etfected in the spplication of IR/IED funds, it is, sadly, not
always true. From existing concepts, like many of these presented here, will come
the order-of-magnitude improvemaent in future Navy operational capabitity. If
convertional active sonar has limitations, perhaps a next-generation sorar will copy
the sensory equipment of the porpoise. A small attack submersible of the future
might well be equipped with pinna-like ssnsors and a head-coupled control mecha-
nion, lesving the pilot free for other dutias just a3 a soldier in battle dossn’t have
think sbout 'ocomotion or steering himesif. Of more immed ste practicability, and
tremendously important, is the catalcguing of dengerous and venomous snimals %0
that fighting men will be able to cope with thess hitherto unknown dangers.

NUC continues therefore to provide a brosd bass of scientific knowiedge
and technology through the application of IRTED funds. This base must be sub-
stantial s0 that re. iiting application to engineering design and equipment w.il be
substantisi. The x - tific and engineering hesith of this Center will centinue to
depend upon the wiss application of these resources.

NOTE: No IR/IED projects were terminated during this reporting period.
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PORPOISE SONAR SIMULATION, AN
APPROACH TO IMPROVED SMALL-
OBJECT-DETECTION SONAR

The Nevy's interest in bioloyical sonar, particularty that of various cetacesn
speciss, is well documented. The primary impetus for this kind of resssrch has been
the possibility of applying the elaments of the biological system (such as frequency
ranges, levels of energy output, signal characteristics, and critical features of the
procsming system) to the improvemaent of present concepts of sonw design. 1t has
been commonly assumed that all cetzcesn species possess and utiiize active sonar
systemns for navigation snd food finding, wheress the use of active echoranging hax
actuslly been dermnonst-ated for only 3 few species. The major problems in obtain-
ing these kinds of quantitative demonstrations have been in positively determining
the source of sounds, the pathwaye for their projection, the characteristics of the
projected signal and the comparative Characterisitcs of the reflected signals, and in
identifying and describing the a>«s maost critica! in sound recsption and processing.
The problem has been further compoundsd by the ncture of the signals the animals
use (10- to 100 usec puises) and the fact that this type of waveform is essentially
foreign to more conventional cnncepts of sonar design. Even ir, the few instances
demonstrating that a species does use such » system, it has been Jifficult to deter-
mi v whict, charactaristics of the target echo the animals are using 10 make the dis-
crimination. Transmitted sigrais and their resulting echo waveforms are often dis-
teoted by environmentat effects {multipath problems). This situawon is further
complicated by the complex head scanning motions that are amociated with the
aschalocation bens<ior of most species obeerved.

In an attempt 10 obtain answers to these besic questiun, this laboratory has
conducted a series of progressively more sophisticatud experiments on dolphin
echorar.ging during the last severa! years. The first study consistad of conditior.ing
two Atlantic Dot'lenows porpoises {Tursrcas rimastus) and one Pacitic whitusided
porpoise (Lagenarh- achus odiiguidens) to wentity a standard target (2 9.22-cm copper
disc) and then asking them to Zistinguish between that standard target and another
target of similer size, shape. and reflectivity. This study demonstrated that both
soeciss could distinguish oetween the standard terget and targets very simidar n
scoutsticsl characteristics to the standacd, i.e., 21 dB in target strengik (Fig. 1)

A furver sophistication of tast 1argets wos atisined when s st of precion
cylinders was designed and fabricated under contract by the Apolied Resssrch
Laboratory in Austin, Texass. These targe's were 7.in.-tong cylinders of & cork
neoprens compound {Amstrong Chioroprene, type DC- 100}, which varied in
target strength a 3 funCtion of diameter :n 1.0-d8 or 0.50B 'crenments. With
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these targets, snother seriss of tests wes conducted with a T. fruncatys snd with an
Amazon River dolphin (inie geeffrensis). Each of the snimais was blindfolded and
asked to distinguish betwesn the standard target end a second target. The differ-
snce between the two targets was graciuslly reduced to determine the subtiety of
differences which the animals were capable of detecting. The Turmops exhibited
the ability to ditfersntiate consistently between the standard target (—19 dB) and
targets varying only 0.5 dB, i.e., —18.5 dB and —10.5 dB (Fig. 2), while the
wes capable of distinguishing reliably between the standsrd and tergets of —17 and
~21d8B {Fig. 3).

Fig. 4. Nrvlags (vepl 8nd M wesring st ruasuring srveys.
Fig.§. Hypethweizwd wund seremision rouses from hasd
o Tursiags srunesrve.

More recently, 8 further sophistication in method of study has been used to
minimize the disiorting effects artributable to medum and animal movements.
By mesns of attached sensors, recordings were made of signals from thres species
of Odontocetes (7. rvacsne, /. geo/rensit, snd the killer whale, Orcaws ores) condl-
toned to perform the seme discrimination task described sbove (Fig. 4). While
performing the discriminations, sech of the snimals wore a sophisticated series of
traraducer hydrophons artays on the aress of the hesd and rostrum previously
wentified = being invahved in sound production and recsption (Fig. B). A T shaped
arrey of four ensducers (BM 101 hydrophone slemenrts) was placed by suction cup
on the snterior end of the rostrum and used to mesmure the anguiar Jistribution of
scoustic signels projected from the anterior murface of the head. A trensducer,
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placed jus: behind this array on the rostrum, provided a reference point for all re-
cordings, and additional BM 101 hydrcphone elements, one placed on sach of the
eye cups, served 10 detect the echo at the animal during » target run. Typical wave-
forms messured st the various locations by means of these instrumants are shown
in Fig. 6.
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At this time an additional project is attempting to measure the maximum dis-
tance at which 7. truncatus can distinguish between the calibrated chloroprene targets.
The technique effectively involves placing the two targets on either side of a screen
which extends from the wall bahind the targets towards the animal‘s approach path
and forces her to select, et » given distance, one of the two targets. The distance at
which she will be required to make the decision wil! be continually increased until
the animal is no longer abie tc make a correct decision st more thsa s chance level.
Zuture 1esearch will concentrate on defining those characteristics of the echo which
provide the most important cues in target classification.

The rests conducted during the FY 71 phase of this program resulted in:

®  Lie.0n of the porpoise sonar sound sourcs, just anterior to the
blowhole at a depth of 2cm

® Definitive description of the emitted fisld {both near and far)
®  Accurate electroacoustic simulation of the porpoise sonar waveforms

®  Estblishing that Odontocete cetacesns produce a “generic”’ type
of wa. zform which generally differs from species to species only
in source level and peak frequency

A related ralationship, which warrents more extensive investigation, has begun
to emerge. The pesk sound energy of the three species instrumented and examined
varies inversely with body size (Fig. 7).

The suctex of the |R-funded FY 71 progrem in porpoise soner simulation is
evidenced in the recent sponsorship obtained from Ships Systerns Command o con-
tinue certain phases of this resaarch.




killer whale (Orcinus orce)
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ANIMAL ATTRACTION TO SUNKEN
SUBMARINES

During 1969 and 1970 two submerines were sunk off San Clements island as
part of weapon eveluations. A former figet sub, the ux-USS Swrfish, went down in
November 1900 at a depth of 1800 ft off the west onast of the island, while the ex-
USS Morey went dowti in June 1970 in 150 ft of water off the eest coast of the island.
These events provided unique opportunities to study the effects on the bottom ecalogy
of the intrusion of a substantial hulk. A knowledae of the changs in ecology may be
of value in performing revcus or saivege operations on sunken submarines, evaiuating
the impact of ordnance dumps in the deep ses, or simply locating sunken ships.
Further, with the first Deop Submergence Rescus Vehicle (DSRYV) approaching op-
erstional statis, nuisance animals attaching to or sitting on the areas of escape trunks
are slso of immediate concern. The objective of this program, then, was to survey
the ocean bottom oefore and after the sinking of the submerines snd determine any
changes in scological garameters and patterns in the immediate vicinity.

The approach wes %0 utilize CURV, the Navy's Cable-Controlied Underwater
Resserch Vehicle, to survey the two areas. its television cameras were monitored on
the susface, and its 35-mm color camera on the bottom provided a photographic
record for deta anelysis. Three preliminery surveys were conductad in the ares of
the ex-Swrfish to provide baseline data on the animals present before sinking, but un-
fortunately circumstancss preventsd preliminary anslysis of the ex-Momy site. How-
ever the ex-dorey wes observed snd photographed a month sfter sinking. The first
survey after the sinking was made in July 1970 and the second in September of the
same year. The next survey came in April 1971, Tha first post-sinking survey of the
ex-Sorrfish ceme in December 1960. Surveys were later conducted in January and
June 1970 and June 1971. Approximately 1500 photcgraphs were taker. of the
ox-Meray site after its sinking. At the ex-Swrfish site, 1500 were takan before the
sinking and 3000 afte-.

It wrs expectsd that merine life wouid be sttracted to both subrrarines, but
since the. Jepths inrvoived were considersbly greater then previous work with artificial
reefs, it was not at all cortain what would happen in detil it is well known thet in
the mering erwvironment, naturs! reef habitats support 8 Most ‘mprassive diversity and
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sbundance of plant and animal tife. Natura! reefs include coral reefs, kelp beds, and
certain configurations of rock outcrops. Thriving communities exist in thess areas
because the reefs provide protection, food, snd sn attachment sits.

During the last 10 years, a new type of reef has become increasingly important—
the artiticial reef. Differ 1t organizations throughout the world have been establish-
ing such reefs off their c. _sts, using everything from automobile wrecks to old
streetcars to truck tires to toilet bowls. The resuits have been quite dramatic. In
some cases, schoo's of fish have moved into the area within 1/2 hour of reef place-
ment, and in others the fish popuistion has increased around the new reef by 300 per-
cent within a period of a few yesrs. It is not onty fish that sre attracted, however.

Fye 1,2,3 Fishes n mudonee round audisvey st 150 it
shar § months. Submering in Deciground. Pictured ore
ot sbundent fisher: Sleckamith (Chvomds puncriiwmd),
SRR SRR/ IIOP0N Suiahre. R}, Meckh!ish
(Srdasres 10.1, Parch (Emiviotece wp 1.

As a matter of fact, the fish are necesarily supported by the invertebrates and plant
lite that have aiso become an integrat part of the reef community. The fish might
initially come into the areas for the protection, in the form of hiding places, atforded
by the reef, but they would not rermain there if the food supply were inadaquate.

As with most natura! reefs, which are shaliower than 100 ft, most of the wori
done with artiticial :eefs has been in 100 ¢t of water or iess. These depth limitations
are imposed by the attached aigee, which thrive in shallow water, and the eese in
working with SCUBA in shellow weter ‘or field analysis of reef effectiveness. Having
one artificial ree! in the form of » submarnine st 150 ft and another at 1500 ft wiil
provide valuable informetion for ascertaining the significance of artificia! reefs at dit
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ferent depths and the processes that are involved in establishing new communities at
those depths.

7 .In the case of the ex-Moray at 150 ft, many fish hed apparently taken up at lesst
samipermanent residence less thun 1 month after the submarine was sunk. As men-
tioned, no surveys were conducted before the sinking, but the grester number of fish
around the submarine, as 0pposed 10 nesrby areas at the same depth, is quite appar-
ent, Asthe CURV moved along the bottom ang approached the ex-Moray, it started
to photograph from distances of about 100 ft, and few fish were observed. But, as
soon as the sub was visible at a distance of approximately 15 ft, fish could be seen in
the hundreds. Since the fish are the most mobile animals in the area, one would ex-
pect them to be the first inhabitants of the new reef. Surveys 3 months and 9 manths
after sinking revealed even more fish, with the last survey showing fish in almost every
photo.

The ex-Morey sits on a sandy bottom. There are 8 few rock outcrops, and a
hydroid-bryozoan community carpetr the bottom in surrounding areas. Numerous
musseis were also observed in certain patches on the bottom, but it is belsved thut
this pooulation is extraneous, since Mytivs sp. is ususlly found at 3 much shallower
depth. It is believed that clumps of thess mussels were knocked off from higher
zones and came cescadiing down or that perhags they were knacked off the hull of
the submarine during sinking. Many empty musse! shelis were observed. These ani-
mals were killed by the expiosion before the sinking or fell victim to predation by
starfish. There was phatographic evidence that starfish, both Patirie mniats and
Pycnapodia hstianthaides, were actively feeding on these mussels. One pictuse shows
a starfish feeding on mussels still attached to the bortom of the subrarine.

Because of the fouling organisms that ware attached to the submarine before
sinking, it is difficuit to tell which animals, if any, have started t0 colonize the hulk
itsell. There is little evidence thet snimals attached to the sub while cn the bottom
and nothing very indicative of attraction on the pert of the more ~«obile invertebrates
expected to aggregate on and sround the submarine. Most in evicance were the star-
fish feeding on the mussels, but these were not attracted by the sub itself. Howewer,
most of the initial colonizers of the reef are relatively small insize and would be very
difficult to see in 2 photograph. The fish most comman in the area 5f the submarine
and apparently using it for sheiter are the blacksmith { CAromes sunctipmnnss), sheephead
(Aimat metogon pulchrum) . rackfish (Sebastes sp.), and perch (Emberoa sp). Since this
pac ticular artificia! reef has been in operation for le<s than 1 year, there may not haw
been enough time for the initial colonizers to cstablsh themssives. |f they do, one
oould predict the influx of the larger mobile invertebratss and the establishment of »
thriving comumunity wit™ its own food wed

In the case of the ex-Burrfrsh, three survevs were conducted before the subme
rine was sunk_ and cver 1500 photos were aveilebie for anelysis of the bottom in the
ares where the sub wes scheduled 0 go down. These revealed s bottom of solft sandt
and mud with 2 gentie siope snd very few, isclated rock outaops. The epRenthic
macrofaunal community wes dominsted by edunc rms. in order of deaeasing
sbundasnce were found heart urchimg, probaebly 8rizarer sp and Srrmsopess 3., reqular
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urchins (Allocentrotus fragilis); unidentified sea anemones; sea cucumbaers, brittie stars,
glass sporiges, fish, and crabs. |t must be remembaered that aithaugh the echinoderms
made up over 90 parcent of the animais living on the bottom, thay actually consti-
tute only 4 or S percent of the totai biomass, The reason for this is the enormous
numbers of animals, like polychae e worms, living in the sediment itseif and not
visible to the camera. This analysis by necessity only includes those animals normally
found on the bottom surface.

Although the burrowing heart urchins were the most abundant animal in the
preliminary surveys, the particular site where the submarine actually touched bottom
at 1500 ft was dominated by the pirk sea urchin (Afocentrotus fragilis). Further, this
site was much more sparsely populated than those previeusly surveyed. Therefore,

Fig. 4. Bottom at 1500 1t betore sinking of ex-Surrfirh, showirg
most abundant animals - burrowing heert urchins, pink sea
urchin (AllocentrGtus fragilis), and sea cucumber,

Fig. 5. Crad (Raralomis sp.) sitting on detacha . piece of ex-
Burrfish at 1500 ft.

Fig. 6. Crab (Paralomis sp.} and aggregation of ses cucumbers
with submarine in background,

it should be easier 1o determire any influx of marine life. Because of the depth in-
volved, one would not xpect the same type of reef 1o be established as around the
ex-Moray. In the first place, there are not as many fish on the bottom at 1500 ft
around San Clemente as thei e are at 150 ft, ard they do not sxhibit the same schooi-
ing behavior. Secondly, there are no plants at 1500 ft, so ons would not expect to
find algae attachirg to the hull of the submarine. For that matter, there are few
fouling organisms attaching at that depth. Thus a colonizing community of attached
plants and animals would not occur here.

To date, 20 months after the ex-Burfish was put down in 1500 ft of water, the
two animals apoacently attracted to the subinari~ are Lithodid crabs (Asralomis sp.)
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and Aspidochirote sea cucumbers. During the preliminary surveys, only one or two
of these crabs were ssen, but over six have been photographed in the immediate
vicinity of the submarine, in most cases standing on or next to debris from the sub.
The ssa cucumbers wers quite numerous in preliminsry surveys but not aggregated
in the same gregsrious wey in which they are now found within 15 ft of the ex-8uwr-
fish. The same is true for the few fish that were observed. They could be found In
some cases sitting together in grouns of two or three on and around parts of the sub-
marine. What seems somewhst surprising is that very few animals were on the sub-
marine ites[f. In previous axperience with the pink sea urchin (Allocentrotus fragilis)
at the proposed SEALAB 111 site at 800 ft, it aggregated on bottom equipmenz
Thus it wes expected 1o craw! all over the sub in great numbers. This apparent
anomaly may be explained by the large size of the submarine, which would place the
urchins some distance above the natural sandy bottom. On the other hand, it may
just be too soon to tell,

In summary, inflix of marine life in the area of the ex-Moray at 150 ft has been
much more rapid and dramatic than in the ares of the ex-Gurfish at 1500 ft. Thisis
due in part to the mobility of the fishes in the area and the number of schooling
fishes. From the photographs, it does not appear that any of the larger mobile inver-
tebrates have come into the srea, except the starfish that have moved in to feed on
the musseis. At the ax-Buwrfish site, however, movements of fish have not been very
pronotinced, although therz are fish closer together around the submarine thati in
o. :er areas. Most dramatic in the area of the ex-8unfish are the crabs seeking protec-
tion around the submarine and the comparatively large aggregations of sea cucumbers.

These studies are just Leginning. Baseline data are being gathered. It will proba-
bly take years for all the ecological patterns to be completed and the available nict.es
around the submarines to be filled. It does appear that colonization of the ex-Moray
at 150 ft will occur much more repidly than colonization of the ex-Burrfish at 1500 ft.
Ecolopical processes are generally more depressed at greater depths, and it will take
longer for all the psttems 10 emergs and establish the reef community food chain.
Ono the informetion is in, however, we can better evaluate the ecological irnnact of
deep dumping sites used for things like ol.solete ordnance and weapons. 1 will aisc
aid in the selection of potential dump sites, should they be required, or sugyest other
techniques for disposa!. Study of the colonization of the hulks wili vield vaiueshle
data concerning rescus and salvage operations, such as poiential interference from
attached animals or semipermanent residents. Fu:ther, we will gain more insight re
garding nuisance maring animals that migh* congregate in future undersea habitats.
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VENOMOUS AND DANGEROUS ANIMALS
AFFECTING NAVAL OPERATIONS

INTRODUCTION

This independent Research program was funded as a discs ete resesrch project
for the first time on 16 August 1970, Funding was terminated 30 June 1971. During
the 10%-month tenure of the project, rezearch inth suvera! importnt sspects of the
basic problem—encounters with potentitily harmiul or lathal animals by Nawal per-
sor:ne! (including UDT, SEAL, and Marine Corps troops) —was undertaker: vvith sav-
eral goals in mind.

The firxt, shurt-term goal was production of a Handbook of Dangerous Animals.
hasod on 8 solid research format (described below), and designed for use by the per-
sonnel most concerned—the troops in the field. During extensive intarviews with
potential users, it became apparent that such a source of information concerning po-
tentially dangerous animels frequently or occasionally encountered wes not available
to these personnel, that such a source of information woukd be enthusiastically wel-
comed, anc that about B0 percent of those witit one or more tours oversees had ex-
perienced ane 1o seveial encounters with potentially dangerous animals, a few under
rather harrowing circumstances.

1t was isarned that such a source of information would have a distinctly bene-
ticisl psychological effect on the attitudes of the men toward the potentially dan-
gerous aniinals they are likely to srrcounter,

A related, longer term goal involved production of sudsequent sditions of the
Handboot. to include additional aninwuls and geographicai aress found to be of Ingot -
tance, and a brozderiing of origntation to include Army and Al Force interests as
well. To the best of our knowiedge, neither organization is conducting a similar
program. Thus we hoped eventuaily to produce an all-service handbooi: of relevaice
and value to operational personnei of all branches in the fisid. No such product exists
today, although at least two good handbaoks and ane recent comprebansive treatise
on dangerous marine animals have subsiantial value to persons with access tc them
and a suitable educationa! background, The goal wes to produce a scientifically ac-
curate, well-tliustratsd, plain-language manual that would cover important biological,
behavioial, and medical sspects of the commoner dangerous animals encountered,
primarily in S. E. Asia,

A final, concurrent aspect of the Dangerous Animasls Program, no less important
than the others, involved establishinen: of kboratory and research studies aimed st
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strength_aing weak, but impor:ant, areas in our 'tnowledge of potentially dangerous
animals that ceme to light as the various sections of the Handbook were compited.
Further, this resesrch was intended tc investigate relevant medical aspects, such as
potentially useful Jetoxifying agents for snake venoms.

Three such studies have aiready produced substantial preliminary results. One,
2 study on hehivior of sea snakes when seized or otherwise restrained, was recently
publisted,* wi..e ancillary obss. vations of sea snake responses to nearby SCUBA
div2rs in the water have been presented In detail in another study on relevant aspects
of sea snake bioksgy.! The third study, on snake venoms, is aimed at defining thn
majcr tuxic factors comiron to the venoms of the most frequently encounterad
snakes, and producii.g an antitoxin that will be efficacious against all of these species.

The goal of the thiro studv is to produce an antidote foi snake bite envenoma-
tion that car. be belt-carried oy field personnel and raquires no refrigeration. Thisis
a difficult a~d cuns«derably longer torms goa!, requiring facilities not at present
availsble at NUC. Toward ti.. end of the 10-%-month funding period, preliminary
studies on ses snake wnom, the must potent of ali snake venoms, were nearing com-
pletion ard resulted in hree manusc 'pts now ir final stages of preparation.

vollowing is a detailed desc. iption of the two main aspe~t. of this program:
THE HANDBOOK

In 1969, prior tu preparation of the IR program summat y proposal, interviews
were conducted and briefings w.. 2 held for the three JDT teams and certain o*ticers
ot Special Warfere Group, Pacific. Subseouertly, there have been meetings with
Marine Corps officers and witk 2rsonnel of the Army Medical Corps and the Navy
Bureau of Medicine, Substantial enthusiasm was the characteristic response from:
every quarter, and the pre ;-am has banetitted from suggestions and descriptions suj.
plied by the men themselves of sctua! encounters with potentially dangerous animals.

As predicted, the true serlousness |« the peobiem of encounters with noten.
tially lethal animals is not that heuvy casualties are sustained. but ths * psychological

*G. V. Pickwell, "Knotting and coiling Denavior in the pelagic wa snake, Arkarina piatwrus (L), Caoeie,
Vol 2, 1€T1, pp. M8-350.

TG,V Fickwell, “Towsid & biotogy of s snsk=1"" Faune, The Zookgiosl Magatine No. 4, 1971 (in prasad,
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effacts praduce responses on the part of field personnel often or occasionally detri-
mental to their missions. it was felt by most who were interviewed that thase fears
would be partially offset by information obtained from the propossd Handbook, and
ultimately relieved to & great extent if and whun an antitoxin could be develcped to
be carried and used by the troops in the fisld. Field personnel have been bitten and
killed by vencmous snakes, however, snd there are what anpesr to be relisbie repurts
of missions that were aborted because large crocodiles were known to be pressnt.

The first edition of the Handbook will contein sections on individual groups of
animals, each section written by one or more authorities on the bialegy of that par-
ticular group. The sacticns will contain descriptions ot individual species, geographicai
distribution, hzbitat descriptions, and wherever possible, photographs in color of the
animal In question. Additional information wilt include comments on the relative
ootency of the winom (in the case of snakes), and accounts of what suitable medicai
treatrnent is available, what methods are best to foliow to counter possible attack by
the animal in questior, and what to do if bitten or seized (a3 in the case of crocodiles).

Should funding continuz, it is planned to update existing sections and add new
ones as the need arises anc new infoimation bacomes awaitable. Updating of indi-
vidual sections and entries ‘within sections will be facilitated by producing the Hand-
baook in loose-leaf form.

A medical section is planned that will provide relevant information, not available
elsswhere, of importance to fiald medical personnel. Exampies from the first adition
are laboratory studies of tha effectiveness of various commercially available anti-
vening in the trestment of snake bite from several venomous species common in S. E.
Asia. These works are supplied by the U. S. Army in a very welcome first effort at
collaboration on this project.

It is planned to have the manuscript for the first edition of the Handbook com-
pleted about October 1971. An outline of the first edition of the Handbook follows:

NUC HANDBOOK OF DANGEROUS ANIMALS FOR FIELD PERSONNEL
(Produccd in Collaboration with Units of the US. Army Mcdical Corps)

Contents

A latroduction. by G. V. Pickwell & W. L. Evaas editors
Aun of the Handbook. A Word about Format. Use of the Handbook.
Additional Information: Where Avallable. Whom to Contact,
Supplying Umfel nformation to the Editors {inchudes & tasr-out questionaws).

LN Sca Snakarof Viet Namand S. E. Ana. by G. V. Pickwdli
Where Found. Abund Aggrosdvencss. Prodicusdic Beharior.
Identificaon. How %o Tell a S¢a Seake from s Edl.
Toxxity of Venom. Modical Treatmen:

<. VYenanous Land Saakesof S. £ Asia. by M. W. Campbel!
Where Found. Aggresdvencas. What to Do i iteen.
Specher Accounts (incudes photo, distiibution mep. important gencral informatior)
a. Viperv. b, Cobras and Their Relatives.
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Fiy. 1. Workiwide distribution of the s snehes (tamly Hyirophicien). Ares cOvered by vertcs!, herizontsl,

or cress-hatched bars i region pind by represeniatives of the 30 1pecies wethin whe family, Aregs
mﬁ?“fhlbﬁ of the singls pelagec specion, Audomd paavnas.  Cold Oteen cwrents timiting the
spresd of 'um" w in R . WBCT GCReN Currents resporubie for trangporting this speces
farther (hen other sep snohes ore 0 yellom  Nute asbesnce of $82 snhes i e Athntn ond
Madi tev reneen.

D.  Crecodiicrof S. 1. Asia. B W. I Fuamand Il % Campixil

Whare Foumd. Genenal Habits. Aggressivenes and ¥ehavior towerd Man.
What to Do if Sereé by 3 Crocodir.
Specvicy Actounts

b Medial Arpecic

1. haluation of Pit Viper Antheenin sgairst 4. Rbodncreons Venom. 3y ). 4 Yick and M. Geman
Y ¥rakation of Aatircnoms (Haffiine lastitute. Bombey . !ndis snd Commonntalth Scrvm Labe-

aiores. Melbourne, Anudrsiia) agnimt Noje agle and Brnpurws carwfrns Yenmoms by } A Vil
and N. Grenan.,

Section B on ses snakes will include broad-scale digributions! meps (Fig. 1) a3

weil as smaller regional maps. Examples of the type of illustration intended to pos-
tray major sea snake types are shown in Figs. 2 and 3.
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Individual species write-ups wil! be in the format shown below, and illustrations
will depict common color and pattern verisnts of the snake; distribution maps will
indicate oocurrence of the given species within S.E. Asia.

Exampie of a species description.
COMMON COBRA Naja neje (Linnsevs)

A large (up to 6 fect) beown or black smake with no markings, or with xattered white specks. There is usmially a
design on the neck wiich is spread as a “hood™ when the snake is alarmed.

Color of back and bally is alive drab. brown, or bleck. Chin usually white, fellowed by 8 dagk bar. with 3 whik
bar oa the throat.

The sternating dars on the throat arc good identification marks.  Somc of the rat makes may rescmbic the
cobra. but they do not have the design on the hood. or the throat bass.

Common vitlsally anywhere cacept denac tmin forasts. This make has carned the nickname “‘wpitting cobra™
for its habit of mitting venom. which it does quite aocurately for up ta 4 or 5 ft. (There e sevesal races of

cabeas and not ull scem 1o heve this hadit.) Vemom in the vicum's syes can be painful end could couse damage
i not fiwshed out quickly. The cobra’s large sime. abund and quick terapcs make it onc of the most

dangerous makes in the aita.

Asativenin k availadic from Quess Saovabbe Jnstituts, Banghok. HafTkime tastitutc. Bambay. and Commoawealth

Serum Lab.. Purkvilic. Victorin. Amsmalia.

“Ular wdong sendok "—Malxy

*Ular bedul"~Malay

“Nps hav "=Thai
LABORATORY AND FIELD RESEARCH

In addition to the behavioral studies mer.tionad above, further field observations
on sed snakes were carried ot during FY 71 (March) on board NUC's R/V Cape during
the cruise PELACAN | to the Pacific coast of south-centrai Me<ico. it was found that
the high turbidity of the water from upwetliing and incressed productivity at this time
of year rendered the sss snakes invisible to SCUBA divers beyend a distance of about
10 ft. Further behavioral tests at that time were cancelied due to increased risks
arising from the adverse visibllity, which also prevented effective underwater pho-

tography.

it wes lcarned, however, the! the see snakes in this a-ee, a species called the
yeliow-bellied sea snake (Pebme pitwris), tended to wash up on the beaches, where
they were quite helpiess though still alive and vigorous. We were unable to discover
the hehaviora! mechanism contributing *o this stranding behavior, but believe that
the snakes, even though helpies on lond, constitute a very res! danger to anyone who
might accidentally step on one while watking akong the beach (Figs. 4a, b).

During PELACAN | we sucoreded. for the firtt time anywhere, in fractionating
whola, freshiy cbtained sea snake venom by gel filtration on 3 column chromatograch
designed for use aboerd ship. The venom fractions obtained abaarrd ship proved
chemicaily identical to fractions frcm whole venom obtained 1n the iaboratory 3t NUC.

Preliminary itudies on the toxicity and pharmeculiogy of the crude whole venom
and the venom fractions conducted in collaboration vath the U. S. Army st Walter
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Fig. 2. T velow bellind ses mnelm,
Polamis pistwrw, 1t s e only kind
of ma ke in the esswrm tropicel
Pacific. Nots the figttenad blsde-
lins toil. Fig. 3 A more primitive
me wwie, Latiousle mmitapciice,
et oegurt dnly in shallgw, Aser-
shore sress, 1t showa 8 barved pet-
rern that s chavecreristic of many
;e vakee. Fig. 4. The miew-
bod g wen wahs srenaid on Pl ve
Los Musrios in Bohie Berderes,
Myuige. Fig. 40, Swenges voliow-
boit ~ ama senle. Lows of 1 brosd
beoliy sanine passtemad by lond sanbes
' for e el out of

Reed Armny Instituts of Ressarch in Washington, D. C., indicatss thax the venom of
this sea snake (7. pletwws) Is extremely potent, with an LD 50 for mice, dogs. and
monkeys of 0.00 to 0.12 mg/kg. l.e., among the most lethal meke venoms known,
and severa! times as toxic a3 the vs~om of the common Asian cobra. Preliminary tests
on mongrel dogs and on a primate indicated the primery csuse of Jeath to be rewpi-
ratory arrest st all mthai levels.

During PELACAN 1, a method wes devissd of obtaining venom from thes snake,
a ppecies that had not previously been successfully mitked. The method employed
three operctors, one restreining and menipulsting the snake, the other two each ob-
wining venom from the fangs on opgposite sides by means of cepillory tubes (Fig. 5).




Fiy. 5. Miing the venom f-~m the yellow-bellied me snahe.

Vanom yields indicsted that a hesithy sdult yeliow-bellird see tna<e possesses venom
equivalent to cne-haif to greater thar. one lethal dose for an average human adult male.
Thw venom yields, milking procedure, and preliminery resuits of toxicity and pharms-
cology studies will be described in forthcoming jourral articles.
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REINFORCED CONCRETE SUBMERSIBLES

Surface ships of the Navy, regardiess of their top speed or their maneuverability,
are easy targets for present-day modern missiles. These ships are highly vulnerable to
detection and destruction in an all-out attack. It would appesr that the only recourse
would be for the major part of our Navy t0 go underwater. In the underses environ-
ment, detection [s very difficult. Sonar detection is only marginally successful in the
vast reaches of the ocesn,

Thaere is a need, thus, to determine what portion of naval operations could be
accomplished underwater and at what expense. Entailed in these conriderations is a
departure from traditional surface ship concents, both in shapes and fabrication
techniques.

NUC has made severa! studies of a variety of huli configurations and uses for
limited depth submersibles. These studies have mainly concentrated on the use of
reinforced concrete for the basic hull materiai. Concrete can be formed by repetitive
casting techniques, wherein reuse of the form or mold reduces consiruction costs.

The NUC studies indicate that very large concrete hulls can be constructed for
limited-depth use. With moderate working stresses for the concrete, the hulls can be
constructed t3 withstand pressure and huckling forces. This can generally be acoom-
plished without the use of ring stiffeners.

A variety of missions have been considered for reinforced concrete submersibles.
Some of these are:

® UNDERWATER HELICOPTER CARRIER: A scale mode! of an Underwater
Helicopter Carrier is shown in Fig. 1. In this instance the aircraft carrier hes two large
elevated hatch openings for use in the handling of helicopters in and out of the subma-
ring. Each of the two openings will have an elevator and an sdjscent flight deck. The
elevated hatch opening serves s a reduced water plane area to reduce the wave re-
sponse of the submarine during launch and recovery of the helicopters,

® UNDERWATER AIRCRAFT CARRIER: Figure 2 shows a submarine similsr
10 that in Fig. 1, except that the eleveted deck is continuous from the forwerd to the
aft hatch opening. This configuration could possibly be used for tha launching of con-
wwantional or VTOL aircraft. The tiight deck indicated in the drawing is supported by
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s series of streamlined vertical struts. This configuration maintaing a minimum«  er-
plane area effect to reduce wave resporee of the landing pistform. The heightol e
flight deck sbove the submarine pressure hull can be designed for use in moderate to
reascnably heavy seas.

® MOBILE UNDERWATER DR'Y DOCK: Figure 3 shows a large, undersea
reinforced concrete dry dock. The dry dock consists of a main center dry dock il
and two adjacent water ballast transfer hulls. The forward end of the center hull has
3 large watertight door. This door is corstructed with a built-in buoyant chamber to
neutralize the weight effects and simplify the opening and closing of the door. The

Frg. 1. St madul of undervestor helwopter carrer.

entire structure could be self-powe -ad or towsed 10 location. it could rest on the bot-
tom or could be an‘ “ored beneath the surface in a LUt Moor.

® UNDERWA'ER CARGO VESSEL Them construction ornciples have sho
been Lulized in the preliminary design of a large reinforomd oncrete cergo vessel.
113 hetch openings are Large enough 1 Mandw conwinerized cargo A vessel of this
tyDe oouid be eitter saif-gowersd or towed. T he cargo hetches of this vessel could
b8 comtructed (0 heve an eieveted trunk simi'ar o the one shown in Fig 1. Thwe
oo submaring would than be st responsive 2 the waves when bailasted low in the
water and may then be cc-mpatible for use with & iarge tabie ocean platform.




© DECOY: Reinforced concrate submersibles have also been considered for use
as decoys. The covert nature of ballistic miesile submarine fleet rperstions could be
enhancad by a fleet of decoy submarines made to look and sound like ballistic mis-
sile submarines. Since there need be no missiles, suxilisry equipment, or torpedoes,
and because & much smaller crew wouid be required, the greater weight of a concrete
hull would not be a disadvantage. The Internal equipment would be kept to a mini-
mum in these decoy submarines, and the grester portion of the overall cost would be
hull cost. With repetitive casting techniques, a large number of concrete submarine
hulis could be built for about one-fourth the cost of steel hulls.

Fig. 2. Underwater sircraft cartier.
Fig. 3. Mobile underweter dry
dock.
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Further studies are planned for the scale model pictured in Fig. 1. These studies
will include dynamic response in the launch snd retrievel mode. Studies of coupling
or mating with the large mode! stabie platform array are also anticipsted. Underwster
tow studies of thr model submarine should aiso be conducted to estabiish drag and
towing cherscterstics. It is anticpated thet the submersible couid be towed or selt-
propelied, depending on the required use.
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ADAPTATION OF HEAD-COUPLED TV
TO CURV

Head-coupled television is one of several names given to remotely controlied
television systems in which the attitude of the camers is controlied by the attitude
of the operator’s head. [n these systems the Gield-of-view as seen by the television
carmera is always presented dir  ly before the operator’s syes, rogerdiess of any heed
moticns. Typically, this is done by mounting the television monitor or cathode ray
tube on a helmet worn by the operator. Eiectromechanical ‘eedback devices are
generaily used to synchronize the motions of the Lamera with those of the operator’s
heimet. As a result, the operator’s hands are freed for tasks other than panning and
tilting the camera; but more importantly he is presented with visual and spatial cri-
entation information that gives him the sense of actual presence at the camera loca-
tion. As the operator moves his head from left to right anc up s down, he gains
an instinctive awsreness of the location of objects in the vicinity of the camers.

This device has important spplications in underwater opsrations. In the cass of
the Navy's Csbie-Controlied Underwater Ressarch Vehicie {CURV), the camers and
s machenical “arm’’ or manipulator for recovering objects am lncated beiowy the sur-
face and monitored above. Thus, if en object 10 be recovered lies below and to the
left of the camers and the manipulator is above and to the right, the operator can
determine this fact with a single sweep of his head and immediately begin to move
the manipulator in the proper direction. In contrest, with 2 conventional fixed
monitor and Jand-controlied pan and tilt, by the time the operator iocated the
obiect, then relocated the manipulator, he would have lust the sense ot direction
of the obpect.

Adspting this concept ta the CURV i1l was scoomplished with 8 minimum of
modification to the existing vehicle, but resulted in the develoomant of a simpie
tirst-order unilaterai slectrohydraulic position feedback system. For this system s
heimet-mounted television displsy wes purchesed from the Neva! Weepons Center at
Chiw Lake, California. A moditied version of the NWC heimet linkage, s thres-
dimensional perelisiogram. wes fatricated t0 stiow freedom of hesd trensiation. Twu
potentiometers are mounted between the linkage anxd the heimet to sense head yaw
and pitch. This information is ransmitted to the vehicle, where 1t 15 compered wath
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similar information from oil-filled pressure-compensated potentiometers on the
camera pan and tilt. Whenever the position error between heimet and camera ex-

ceeds a small limit (about 2 degrees) a relay is actuated, which in wrn activates the
CURY hydraulic system in such a way as to eliminate the error.

The system was checked out in the laboratory and then mounted on the
CURV 11l vehicle in August of 1970. A malfunction in the system was apparent but
was not located before the vehicie was lost off the coast of Washington. The mal-
function was later found to be due to an error in the installation drawings and was
easily corrected. The system was again delivered to the CURV 11 operating crew in
June of 1971, after a new vehicle had been completed and checked out. Rinid sched-

Fig. 1. Head-mountsd display and head-motion senwors, Fig. 2. CURV HIL. Circle encloses
i hesd-coupled television pan and tilr gimbal,

uling has delaved instattation of the system. The HCTV should be installed and
operating by early fall, 1971.
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ARTIFICIAL PINNA. (OUTER EAR) FOR

APPLICATIONS IN UNDERSEA RESEARCH
AND EXPLORATION

For a man to operate effectively in a marine environment it 1s essential that he
retain the use of as many of his senses as possible. & number of research vehicles
now under study plice a man in the ocean in a transparent sohere. This retairs sffec
tive use of his vision dut completely decouples him from the ambient sound environ-
ment. The basic objective of the artificia! pinna program is to recover this acoustic
contact and provide effective binaural localization in the ssa. Such localization would
be of value !n assoclating nolse made by marine life with specific observea specimens.
This woula aid studies by marine biologists and alsc help characterize backeround
noise data for soner design.

A wide variety of sounds exist in ths sea. Many of these extend well beyond the
frequency range of human hearing. Fortunately it is possible to select frequency
ranges of interest and tranzlate them electronically into the audible range.

A large body of literature on human hearing exists and much work has been
done to identify the mechanisms of binaura! locafization. A key result of this prior
work is that the pinnae, or outer ears, play aimost as important g role in localization
as the basic intsrauial separation, Some previous attempts st Naval Weapons Center,
China Lake, 1o provide underwater iocalivstion have actually used hydrophones
mounted in & pair of big ears scaled in size and spacing by s factor of five, which
marks the difference in propsgation velocity between water arx! air. Such an approach
is direct and intuitively appesling. Results, however, were indecisive. This is due
partly to the difficulty of finding materials whose acousti: mismatch to water is
equivalent to the mismatch wh-ch skin and cartilage present ta uir. A failure of di-
rect scaling is 8iso likety.

Initial srtificia! pinng work at NUC wes based on a different approach. Rather
than depending on reflections in a pair of large sars, hydrophones would ample the
sound field over two regions corresponding to the ear locations. The necessary dalays,
phase shifts, and amplitude weighting would then b» introduced electronicatly in com-
bining the hydrophone signals into @ pair of output signals as shovwn in Fig. 1. This
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approach looked promising since a sufficiently large number of spatial ssmples wil!
completely characterize the local behavior of asound field. A family of transversal
filters which had been developed for sonar applications appeared to offer su¥ficient
flexibility to simulate the necessary delays and refleciions.

The initial study divided into two main areas. Computer simulations with an
adaptive program were used to determine the ability of various sensor arrays to simu-
late specified spatial responses. Simultaneously an extersive set of measurements was
made to characterize the time impulse response of the human pinna as a function of
direction, Several problems became apparent. The simulation indicated that a vastly
sxcessive number of degrees of freecom, and hence hydrophones, would be required

comentional soner pinna transforrn portion

 — '
| (spatial) {temporat)
II l ° : multiple: |
. channel

transversal
fitterg

|

delay, phase shift, and !
amolitude weighting {
implemenwd with !
tranaverss filtery |
'

]

|

1

outut headphones

bas™m Outputs covering
the obaerved rwgion

Fig. 1. tnitial artificial pinna approach. £ig. 2. Separation of scatmel and remporat
partions of actificigl pinna.

to ditectly simulate the required spatia! response. The complicated coupling batween
geometric varisbles and time variables indicated by the pinna response messurements
preciuded direct use of existing sonar transversal tilters. Detailed examination of the
impulsg responses indicated tidt at least a portion of the responses are separated by
the ear on the basis of their time-scale @xpansion or compression. Although this is
difficult to implement electronically for a response as complicated as the ear’s, it
appeared to hold promise for sonar arrays on submarines, since it would greatly re-
duce the hull penetrations required. This work is now in progress as the *"ambiguity
beamformaer program’’ and may well prove (o be the moast valuable spinoff af the arti-
ficial pinna program.




The difficulty arising from the coupling of the spatial and temporal variables
led to0 a reexamination of the problem to determine whether these variables were
separable. Since the transversal filter can readily simulate the response of the pinna
in any single direction, the direction discrimination must be performed at a prior
point in the processing chain. The prior portion of the processing chain then becomes
an array and muitiple-beam beamformer of exactly the type now used in sonar. The
array is required only t0 possess good directiona! properties, and no requirements for
simulation of ear shape and spacing remain, Hence it should be possiliic to use a
pinna transforni adapter box to provide hinaural localization with many existing sys-
temns. This approach is shown in Fig. 2. The multiple-channel processing, however,
would require an excessive number of existing transversal fitters. Within the next
2 1o 3 years, multiple-channe! transversal filters which will handle this task shou'd
be available. At least two promising candidates are now under development under
other projects at NUC and the Naval Electronics Laboratory Center.

Present work is divided into three main areas. A large quantity of cata is being
reduced to derive pinna impulse rosponses over 3 hemisphere. A pair of interim ex-
perimental pods is no« being constructed for experiments on the RV St See. A pair
of special headghones is in final developmeant for the system output. The impulse
response data will determine the structure of individual channels of transversal filters
for the final system. They will also provide a basis for tuture computer simulation.

The interim pods for the RV Ses Sre emphasize the interaural term rather than
the pinna terms. Experience gained with this ryszem will help to define the resolu-
tion required in future systems and will provide a good test of the special headphones,
Thess pods should provide bettar localization than the existing Sa2 Sw system, which
was instalied under a number of limiting constraints. Hence it should prove useful to
marine biologists who make extensive use of the S See,

The special headphones are designed to solve a problem which became apparent
in the initial localization experiments. |f conventional headphones are Lsed the sub-
ject’s own pinnee introduce confusing redundant delays. 1f a stethoscope type of
headphone is used, similar probiems are caused by closed-tube resonance sffects in
the observer's sar cangis. These are the phenomena which cause the “inside one’s
heead” sensation in using stersc sarphones. The developmental headphones use inser-
tion-type slectrostatic elements with a diaphragm of sufficiently low mass not to
cause closed-tube loading etfects.

This is a transitional period for the artificial pinna orogram. The results of
initial ressarch have been axsimilated and potentis’ applications are in sight. Work
is now progresting to develop the hackground requirad to utilize the muitichannel
transversal filters when they becoma avsilable.




HYDRO-TRANSDUCER

Soner equipment has utilized electrostrictive, magnetostrictive, and other
transducers to produce high-povver, low-frequency acoustic signals underwater.
Each of these systems hes some characteristic which limits its usefulness. Size,
weight, suscentibility to shock and seeweter, hardware complexity, and electrical
power requiremants are some of the obvious disadventages.

In an effort 1o simplify such systerns while reducing costs and improving re-
liability, NUC has developed and tested a Hydro-Transducer which is capeble of
delivering low-frequancy (below 100 Hz), high-power (in the order of 84 dB/dyne
at 1 yard) signals and which uses simple, standard perts.

The Hydro-Transducer consists of a fully enclousd electric motor (40 hp, 60 He,
440 V, 3phease, 1800 rpm) which powers s Mode! 4831 Deming sump pump
(1800 gpm at 40 psi}. Two low-mas, 21-in. domes and bellows assernblies com-
prise the tranaducer head. The dome and beilows assemb!ies are ssparated by a
spacer which provides flanges for pipe connection. A variable-speed rotary chopper,
with its own motor, completes the unit (Fig. 1).

The theory of operation is elementary. The pump sets up a high-volume, low-
pressure fiow of seawater through the traisducer head. By maans of the rotary
chopper, the flow is interrupted at the desired frequancy. The momentary stop-
pagas produce pressure pulses in the flow that ere transmitted, in the form of
scoustic energy, to the surrounding water via the tranaducer head, whose bellows
Hlex in and out in response to the fluctusting internal pr, sure.

The unit was tested in two configurations, one with the head bolted directly
to the pump outlet (Fig. 2}, the other with & 7-f1 leagth of 6-in.-diameter pipe
boited between the pump and the head (Fig. 3). Tests were conducted st the NUC
T.wtntouixr Evalugtion Center (TRANSDEC! and the Morris Dam Test Facility.
The tests st TRANSDEC servad to shake down end debug the Hydro-Transducer.
For thess tests, the unit was suspendec from a crane and positioned sbout 15 ft
from the side of the test pool. The trensducer head was 2sbmerged 10 a depth of
8 f1. Figure 4 shows the unit undar test. Both pump and chapper are operating.
The low haight of the etfivent above the level of the poot is an indicstion of the
water 9Ging into the tranducer heads and being converted into sound energy.
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Fis. 1. Promnt mka(hﬁ. membiy). Fig. 2 HUC hydro-
wor (shert iy .
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The shakedown tests demonstrated that with the provision of strengthensd
dome and beliows sssambiies and heavy springs to nestrain dome trevel, the Hydro-
Transducer could oparste successtully in sach of its configurations. Recordings
from a psir of hydrophones {one inside the transducer head, one 10 ft swey at the
mine depth) revesied a cioss similarity between the two sets of pulse weveforms.

With the fe sibility of the system thus estabiished, tests were conductsd at
Morris Darm 10 messure the power snd frequency of the transmitted sound. For
thess tests, the unit was lowsred 10 a depth of 00 ft, and hydrophones wers posi-
tioned st ranges of 2500 and 2800 ft. Operation wat over the frequency range 10
to 125 Hz. Data showed the power (at 26 Hz) to be 84 dB/dyne at 1 yard, with
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Fig. 3 NUC hyelroaranatiugar (long sssembly]. Fig. 4. NUC hygre-wenehecsr being
weted st TRANSDEC. Pump and chopper are in eperstipn.

on overall system e*ficiency of 0.25 percent at the primaery frequency.

Future developmant of the Hydro-Transucer will include s larger radiator and
a venruri feed for grestar stficiency. Also, sdditional uses for the device, such o
VLF communicadion, will be investigeted.
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The ability to transmit data from point to point is becoming increasingly im-
portant. In the majority of underwater cases, the coaxial line performs adequately;
but under conditions of restricted size or susceptibility to noise, the fiber optic trans-
mission line shows improved performance. These lines consist of bundles of hair-like
strands of glass which form flexible cables capsbie of conducting light.

FIBER OPTICAL TRANSMISSION

The Navy Electronics Laboratory {San Diego) and the Naval Undersec Rasearch
and Development Conter (San Diego) ere jointly inve:-gating the feasibility and
utility of cotically transmitting data underwater through 8 multipurpose cable. Such
a able would heve strength enough to tow a sensor body, and would incorporate both
an opticel link, to trensfer data to the tow ship, and all requisite electrical conductors.

This goal provides a realistic context in which to demonstrate newly developed
low-loss fiber optic dete trensmision beyond the short ssmples 5o far seen in labo-
ratories. Two large questions arise:

o What real deta rates can be achieved st the muitithousend-foot length?

e How can fine glass strands be combined within a metallic cable for use
in the ocean environmem?

Neither of these will be answered definitivaly, but only with respect to the specific
spplication under study.

Optical signaling s hardly new. However, some of the tocls have evolved with
startling speed in the st 10 years. Lightemitting semico rductor diodes sre small,
creep, relisble, and capsble of multimegshertz operstion. Figure 1 provide: a view of
relative sizes. New understanding of iosses in optic fibers hes permitted reduction of
the attenustion level from 1000 dB/km to 100 dB/km for nwitimode fibers and
25 dB/km for single-mode fibers. it must be emphasized that these new fibers are in
vanous stages of transition from laboratory jwototypes to production devices. The
manufacturers are unsure of themselves, and the product will probably change rapidiy.




Fig. 1. Presant suie of optical trangmutting parts: {8) hghteensitive diode, (bl fiber
optic buadie, (¢) 1ightamrting diade.

The program at NUC is combining a ministure time-division multiplex system
and puise-code modulation in a towed sensor package. The optical data line is con-
tained in the towing line. Testing will commence with a data rate of 5 megabits/sec.
tnitially, the line will be 1000 ft fong, with 10,000 tt as the goal. Under contract,
Corning Glass wil! provide, in 1000-ft langths, bundles of fibers having losses no
greater than 100 dB/km. Using this material, we wili be able to measure data rates
on actual long iengths, rather than extrapolate from short samples. A bench-type
multiplex transmitter and receiver system is being assembled that will allow evaluation
of the components. This i to be followed by a more realistic “‘wet system’* to be
towed in the ocesn,
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Containing a light beam within a long glass tilament is accomplished with a
jacketed fiber. The outer jacketing material is of a lower refractive index than the
central fiber. But glass fibers did not constitute a significent data-transfer tool unti!
attenuation was reduced from 1000 to 100 dB/km for multimode fibers (50 to 80 um
disimeter). The single-mode fibers of 2 um diameter exhibit sttenuation in the 25-d8/
km range. This latter type is several years away from production. High material purity
and unifrem fiber dismeter are the main mechanisms for improving transmission.
Fibers of these extremely small diameters (2 um with 20 um clsdding) require laser
type sources to focus energy into their ends. Muttimode fibars (50 um diameter each)
grouped to form a bundle 1.5 mm in diameter make a suitable area match for the
lightemitting diodes.




Attenuation of the transmitted light within the fibers is one limitation on the
ata rates echievabie with such systeins, Another is pulse distortion, as a result of
which two successive puises may be broadened to the extent that they lose their dis-
crete character, What occurs is that light rayz launched at ditferent angles experience
differant propagstion times, A geometrical model (straight uniform cylinders of
length L) predicts a ray propagation time.

%
2
¢ nt
where

§ = angle between incident desm end fiber axis
n, = refractive index of core
n, = refractive index of medium from which ray unters fiber

C = velocity of light in vacuum

The longest propegation time occurs for the maximum acceptance anqie, given by

b, =sm | VT )
\n

where 7, is the refractive index of cladding.

Geometry, however, does not predict the shifting of snergy from one mode to
another, lower order mode of lesser delay. Figure 2° shows meassred delay differ-
ences vs angle of incidence in 2 64-m line. By extrapolation to 1 km, the maximum
delay is expected to be 60 nsec/km. In this sample of multimode fibers (64 meters
long), 3.6-nsec pulse broadening was observed for the normelly incident ray. Ex-
trapolating to a 1-km bundie would yiekd 55-nsec puise brosdening. A bit rate be-
tween 10 and 20 megabits/sec for a 1-km line can be expected. Reported messurements
mads on samples 30 m long predict maximum bit rates from 5 to 30 megabits/sec in
8 1-xm line.* The planncd measurements on 1000-1t lengths will provide more ac:
curate dsfinition of bit rates.

Comparisons with coaxia! cables reveal important differences in behavior. At-
tenuation 1n coax rises with frequency, lsading to squalizatior. requirements for broad
bandwidths. For optic fibers equalization is not needed. RG 58U exhibits 40 dB8/km
attenuation st 10 MHz, rising to 145 dB/km at 100 MHz. A:tenuation in multimode
fibers is less then 100 dB/km end independent of ‘requency. Increased bandwidth is

*From Semitey. Tuyior, Lowes, and Albares, Nwel Clecwron-¢3 Loborstory Cevver

tFromD. Willsrme and XK. C Koo, “Puie Commun aat.ont Albrg Glams Fleers.” Aec 1EEF, Voi M,
Feb. 1968, pp. 197198,
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achieved in cosx by enlerging the cable diameter, whereas with fibers it is only neces-
sry 0 provide anough fibers to cover the light sdurce. A 1-mm-diameter bundie is
sufficient when using a light-emitting diods.

Pulee distortion, in particuler the spreeding of pulses on transmission, limits <he
maximum possible bit rate. {tshould be noted that pulse spreading incresses with
the square of the line length for coax but only as the first power of the length for
tibers. For coax this broadening is of the order of 1 usecin 1 km, but only 55 nsec
for a glass bundle of the same length, as noted above.

The optical data link whose suitability is under investigation aliows only limited
space for the transmitting light source; consequently the light-emitting diode (LED)
was slected. A laser could deliver more power [n s collimated beam, but cannot be
asccommodated physically. The LED is essily pulsed st 20 megabits/sec from low-
voitage digital circuits. The LED s small linesr dynamic range preciudes smplitude
modulation but lesds neturelly to on-off-coded moduistion. Since pulse-code modu-
lation instrumentation is readily awilsble, this method was selected. Semiconductor
lasing diodes sre Nnow svailsble, but limited by interma! heating 1o operation in the
multikilohertz region, :

The need for a minimum-noise receiver requires that a photomultiplier, as
opposed to various semiconductor sensors, be used. The sdded size snd high-voitage
power supplies are not troublesome aboard ship, at the reception end of the line.
Analysis by NELC ® shows the best combinatior in the 5-megabits/sec range to be the
TIL 24 emitting diode operating at 9300 &, a bundle of fibers 1.5 mm in dizmezer,
and the RCA C 3100 E photomukiplier used as a detector. Allowring for coupling
losses, 2 probable error ratz bess than 107 can be assured if the line attenuation is no
grester than 53dB. Under these conditions, muttimode fiber lines having an sttenua-
tion of 100 dB/km can be expected 1o operate to distances of 1/2 km without re-
peatars. For a fixed error rate, bit rates snd received power will bear the inverse
reletion exhibited in Fig. 3.

Combining fiber bundies with iuad-besring metailic cables is highly experimental
United States Stee! Corp. har indicated their interest in atterpting to include the
bundles in the fabrication of comventions! steei cables of the Amergraph veriety.
Since the fibers are weak in shear, it 5 expected that there will be unusual problems
it conventional wire rops menufacturing mechinwry is employsd. Two other ap-
proeches are being followed. The first combines oprical fibers with comtinucus strength
glam ‘ibers made in a step-moukding process. The fibers are sll bonded together in
peralisi in an acdhesive resin. This provides a bundie of shout the same dlamaeter as »
steel bundie of equiveient strength but one which has only half that weight in air.

The mcond method builds up 3 gless rope from small strings of strength glass heild in
plastic. which are later twisted, along with apticsl fibers and elecirical conductors,
into ropes. Ksither method is sveilsble commaercially, end sach presents many tech-
nica! uncertainties, but they do represent sn attractive alter native to steel cable if
weight 13 & important considaratk.™.

‘HOF Toylor, “Teonsbur of | dor wpren 0 How’ Vemets we 7 tr Optc Trgnummon Lines " NELC
[ RR VIV IRT AZ




Behavior of glass fibers in ocean water is uncertain, Tests conducted severa!
years ago by NELC on Glasstran® (twisted glass rope), showed that fibers lose tensiie
strength when exposed t0 salt water. Similar behavior has been noted by Bell Labo-
ratories in the production of fiber optic strands. They start life with 300,000 tb/in2
breaking strength, which quickly drops to 30,000 Ib/in2 in an air environment because
of the water vapor present. The actual sheathing of the fibers and treatment for
shipping and further manufacture is recsiving little attention from the glass companies.
Since the telephone system will, apparently, be the largest user, the manufacturers
are limiting their concern to packaging for “land line”” applications,

Concizrrent with the optical cable testing is the evaluation of the data muitiplex
and encoding devices. The system is designed to sllow growth to 100 data sources.
These will be sampled sequentially and converted to a digital code for serial transmis-
sion over the glass fibers. Dynamic range and sampling rates require that 5 magabits/sec
be transmitted. This is not expected to be the limiting rate for the fiber optics, but is
high snough to begin testing its capacity. This data rate, however, does stretch present
digital-conversion and magnetic-storage devices.

* Puckard Electric Div., General Motors Corp.
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TRANSPARENT-HULL SUBMERSIBLE (THS),

TO DEVELOP DEEP SUBMERSIBLE
BUOYANT PRESSURE HULLS

The transparent-hull submersibie MAKAKAI has been designed and con-
structed by the NUC Hawaii Laboratory as & two-man submersible vehicle that
affords its operators maximum visibility by housing them in a trensparent, spherical,
acrylic plastic pressure hull. This vehicle is the suimination of 3 number of NUC pro-
grams: the development of transparent pressure hyll matenials, cyc.oidai ropellers
for submersitde propulsion, pressurized electronics, and » soft-line informanon trans
mission system to eliminate of ceduce the number of required penetration: of the
pressute hull. MAKAKAI was geveloped to provide an actust operational evsluation
of these systems and 3 ussful vehiclie for underses work.

MAKAKAL’s structure and configuration are intentionatly simple anc non-
hydrodynamic. The pressure hull 1s mounted high to provide maximum unoistructed
viewing ;or the operators. To.- shape of the vehicie resulted crimarnily trom the cen
tral placement of the presture hu.., which provides the majority of the positive
buoyancy for the vehicle. This contiguration aiso provides an are forward of the
hull for mounting test hardware. cameras, and the like. A prime factor in the over
all vehicle rizing was the requirement that it be easily transportable by aircraftas
vzll a3 by truck.

The xrylic presure hull used on MAKAK AL was developed by the Nava! Civil
Engineering Laborstory snd the Nava! Missile Ceinter for the Naval Expe imental
Manned Observatory (NEMO! Program. The huli has an outnde diameter of 66 in end
a wall thickness of 2.5 in. Design dept™ is 1000 ¢ with an actal short termr collapse
depth of 4200 ft. A full-size prototype hull was testsd to destruct:on, veniying this
collapse depth. The pressure hull wes fsbricated bv Swedlow Pilastics Co. of Garden
Grove, California, by bonding together 12 ph.rical pentagors! sections to form 3
full sphere. Tw 0 4130 steal -neerts sre olaced at the poles. The upper inwert s the
hatch for operator sccess, snd lower insert merves 83 & penetrator .~ount and as the
structural attachment point between the pressure Mull snd MAKAKAI structure A
1/2-in -thick scrylic cap hes been placed around the m3in pressure hull to protect it
from sbrasion and any sccidents’ impects in or out of the weter.
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The przssure hull sits on four radielly oricnted pads which support its air
weight. The structural link between the hull and the vehicle frame is a single 3/4-in.-
diameter stainless stee! cable. This cable transfers the hull buoyancy to the frame
when the vehicle is sutmerged. The vehicle frame Is a simple rectangular structure
madz from 4.5-ir -0.0. 6061-T6 aluminum tubing. The center cross siructure serves
as a sphere mount and adds rigiclity to the frame. All tubes are free flooding and are
painted internally and 2xternally.

Electncai power for the submersible is provided by 6-V lead-acid goif cart
batteries. Three voltages are available. 120, 30, and 6 V. Major propulsion power
is drawn from the 120-V battery string, and the electronic systems operate from the

30- and 6-V battery strings. Batterier are located in two cylindrical battery pads,
one on either side of the vehicle. Each po3 contains ail three vottages. The batteries
are placed on trays which roll out cf the pod for vasy servicing. In use, the pods are
closed, oll filled with transformes oil, to compensa‘e to ambient pressure. Relief
valves are provided in the pod to vent battery gassing. The battery pods are essily re-
moved from the vehicle and can be replaced with pods containing freshly charged
batteries if a short turn-around time is required. Tl.e battery pods are sach attached
to the vehicle by a single iong eye boit which passes down through the side support
fin snd screws into the pod strong back. Evyes at the 1op of the two boits serve as
the two prime vehicle lift points. For emergency ascent t'iese eye bolts can by sev-
ered by an explosive cutter, csusing either pod to drop.
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Buoyancy control is provided by a variable-baliast system. This system pro-
vides buoyancy trim, pitch trim, and roil trim. A basliast tank is mounted on each
corner of the vehicle. Each tank has a cepacity of 200 Ib of seawater, The overall
buoyancy trim of the vehicle can be adjusted $400 |b around neutral. The two bal-
last pumps pump water in and out of the tanks to adjust buoyancy trim. Water
is pumped detween fore and aft ballast tanks for pitch trim snd onboard on one side
of the vehicle and overboard on the other side for roll trim. The two pump and valve
units, one supplying each side of the vehicle, provide a degree uf redundancy in case
of componert failure. The nonwater voiums of the baliast tanks is compensated to
10 to 20 psi above ambient pressure by air stored in four high-pressure cylinders.
The high-pressure a'r is reduced to the required ambient pressure by a differential-
pressure reguletir.g system. The ballast tanks are provided with relief vaives to vent
air on ascent.

Life suppourt is provided to the operators by a conventiona! system. Oxygen,
stored in high-pressure cylinders mounted in the sphere, is bled into the hull interior
through 3 pressure regulator and the flow is metered at the rate at which the cecoupants
consume it. Carbon dioxide is removed by a Barslyme scrubber. Cxvgen and carbon
dioxide concentration ¢.e visually monitored from interior instruments te indicate any
required adjustments i1 oxygen flow rate. Backup life support is provided to the np-
erators by two closed-circuit breathing units. Each unit has @ capacity of 36 hr. In
use the occupant puts on a full face mask and Lreathes intc it. The breathing circu-
lates the system air through ihe scrubber, and oxygen is metered into the system, from
a high-pressure uxygen cylinder. Each beckup bresthing unit has its own oxygen soply.

Use of 3 fully transpar snt pressurc hull causes an atypical problem for sub-
mersibles. The hull material has 3 low heat transfer coefficlenit, snd the transuarent
hull acts #s a hot house by trapping tolar erergy, causiiig the in‘erior temperature to
rise. To reduce cabin tenperature, MAKAKAI uses a simpie cooling syster:. Thirty-
five pounds of ice are stored in canisters under the operatars’ seats. Air is circulated
over the ice by two siall fan<, The system is cufficient to keep cabin 2mperatures
down to 65°F for 6 hours if precsutiuns are taden to keep the huil covered untll just
prior to the dive. The cooling system aiso serves to remove wster vapor from the
cabin atmoaphera by causing it to condense on the cool ice containars.

Propuision for MAKAKAL is provided by two Kirsten Bosing pi-pitch cy-
cloidsi piopetiers. The cycloidai propeiles is capabie of dtireciing its thrust in any
diraction in the plane of rotation of the propeller disc. The pi-pitch propeller is
used benausa of its machanicsl simplicity end the faur-degree-uf-ireedom propuisive
control thet can be outainsd by ushy two thrusters. The propeiier operates like a
paddle wheel. Thrust is genasated by mowement of the individual blades with re-
pect 1o the water. The pitch of each Yisde is varied a5 it moves srouna its orbit so
that the sum thrust of all biades i in the desired dirsstiun. Thrust direction is varied
by changing the relutive phasing of the blades with respect to the dixc. By piacing
tha two thrusters st 45 deg to the fore-aft werticai plane, four degrees of dynsmic
control (fore-sft, up-down, trensverss, 3nd yaw) are avaiishie. This is done by sum-
ming the thrust vectors. Tha coordination of the vestors is controlied by the pilot’s
hand onmroller, which directs the thiust resultant in the direction that the opera
to’s hand is moved, The ferthwr the hand 15 moved in thst direction, the grester
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the thrust magnitude and vehicie speed. Drive for each thruster is provided by a
variable-displacement hydraulic motor. Maximum motor speed is 550 rpm, while
maximum propelier speed is 150 rpm. Speed reduction from motor to propeller is
provided by & large rubber timing belt and appropriately sized beit gears on the motor
and propatler.

On MAKAKAI the routine control signals (lights, propulsion, ballast systern)
are transmitted over a single optical (non-hardline} path from the hull interior to ex-
terior. The advantage of this system is that it eliminates penetrators and their at-
tendant problems. The MAKAKAI system can carry 64 bits of binary {on-off) in-
formation by means of three hard wires and the optical beam. The hard wires cur-
rently serve as clock and timing functions. A conventional hardware system would
require 65 wires to perform these functions. All emergency functions #re carried out
of the pressure hull an hardwire penetrators. Emergency ascent modes cone'st of
dropping a batiast weight, dropping either or both battery pods, or as a final backup,
releasing the sphere via a mechanical rotary passthrough.

MAKAKALI was placed in the water for the first time in March 1971. At the
present timae it is undergoing checkout and testing in preparation for material certi-
fication. Whren this certification is obtained the Navy will have 2 unique vehicle
which can economically and efficiently be u.ed to perform many types of hardware
or system tests where mobi.y and visibility are designed.

Pertinent vehicle characteristics are as follows:

Cperatingdepth . ........ciiiiiniiiiininnnonnnanarnsann 600 ft
Ol BW . ..ttt et et 2
Length .. ... it e beeacetreeerans 18§17 in,
Helght ... i it i e it e it e 7f6in.
WO i i i i e e 8 ft
Weight . i e e 10,200 ib
DisplacoMENt .. . it it ittt i e 11,070 b
Variable DUOYANCY . . ... .ottt i it e 1400 b
Submerged center of buoyancy-center of gravity separation .. ... ... 7in.
Payload {including 2008rators) . . ..o iiniiiniiiiaiiiiiaanas 870 b
Max.apead . ................... P 3 ket
(00 T~ A 0.5-0.75 kt
Enduranca
Lifesypport ........... et 12 hr, primary system
3G he, secondary system
POWET . i e it e 2hrgt3 ke
Shrat 0.6 kt
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INDEPENDENT RESEARCH

Project Title

Animal Attraction to
Sunken Submarines

Detrimental Microbia!
Activities in Hyperbaric
Facilities

Biological Deyradation
of Secfloor Supports

Effect of Oeep Sea Botiom

Animals on Crdnance

Acoustic Propegation
Analysis {in Sonar and
Wespon Ressarch)

Shark Couniermeasures
for Protection 0! Navy
Swimmars

Study of Maiine Mamma!
Popudation to Assigt in
Discriminstion of Foloe
Sona Tergets [Formerly
Cetacesn Ecology!

Principal
Investiqator

M. H, Salazar
213-443-7464
Code 25408

P.R. Kenis
213-448-7464
Code 254

M. H. Salezer
2134407454
Cods 25406

Ur. ). W. Hoyt
21344814
fode 250

Or. L. A. Lopes
2134497721
Code 45

Or C.S. Johnain
714-225-7839
Code 502

W.E. F.ans
7142457832
Codz 802

Key to
FY.71 Funding NARDIS
{$ X 1000} Report
23 DN 034604
1" DN 134618
18 DN 174619
] ON 349313
26 DN 034605
F3) ON 949317
%3 DN 348445




Project Title

Porpoise Sonar Simulstion,
sn Approach to Improved
Smell Object Detection Sonar

Sound Production snd
Processing Mechenisms of
Marine Mammals for Sonar
and ASW Studiss

Etfect of Oceen Bottom
Stope and Submerged Ssa
mounts on Underwater
Sound Propagation {Soner)

Corrosion Chemistry at the
Sea-Sediment Interface

Scund Scattering and
Trace Element Dis-
tribution in the Sea

Ear Protective Reseerch

Nonacoustic Detsction and
Surveilance in the Deep See
Utilizing Trace Chamistry

bt Sty Seawester Density
Gauge System — A Neutron
Densitometer

Sonic Boom Underwater

Underwstur Bigagcous-
tic Sources

Principal
Investigator

W.E. Evans
714-225-7839
Code 62

Dr. S. H. Ridgway
114-225-7839
Code 502

Dr. J. Northrop
114-225-7627
Code 503

Dr. S. Yamamgo
114-225-6340
Code 5045

Or. H. V. Weiss
114-225-6340
Code 5040

M. Lepor
114-225-71916
Caode 5056

Or. G. V. Pickwek
714-225-71829
Code 5048

Dr. G. V. Pickwe!l
114-225-7829
Cade 5045

Or. R.W. Young
114-225-8881
Code 5050

0r. W. C. Cummings
T14-225-6463
Code 5054

Key to

FY-71 Funding  NARDIS

_ (8 x 1000) Report
n DN 848444
55 DN 949322
3 DN 349321
52 DN 118746
50 ON 118747
4
2l ON 118748
61 DN 118742
6 DN 848318
n DN 848441




Project Title

Venomous and Dangerous
Aniigls Affecting Navel
Oc. ations

Waka Dgtection: Study
Program

Surface Wave Signas Pr.:ress-
ing for Sonar and Radar
Systems and Other Applics-
tions

Two-Dimensional Optical

Signal Processing With Applice-

tions to Sonar and Radar

Glass Study

Solidification and Supesc.al-
ing of Seawater in Arctic
Submerine Resserch

Vulgeity and Attenuai:on of
Sound in Liquids and Solu-
tions for Soner Reseerch

Merine Soulir

* Work being performed by the Peint Lahorutory, San Francisco Navel Shipyerd.

Principal
Investigator

Dr.G. V. Pickwsll
114-225-7829
Code 5045

E.J. Wesley
714-225-7875
Code 501

4. J. Whitehouse
714-2256317
Code 6003

J. M. Alsup
114.2256871
Cudas 6005

W.R._Formen
74-225-8630
Code 65

- ¥W. K Lvon
114-2:5-6737
Cods 90

Or. E.W. Rusche
714-225-6851
Code 30

Jr. D. A. Wiison
1 14-225-6491
Code 04

Key t0

FY-71 Funding MARDIS
($ x1000) fleport

3 oM 11875
5

56 DN 034603
3 ON 118751
40 ON 118725
32 DN 848447
55 DN 848440
75 ON ———-*

Spe-itic wurk urit data will be submitred by the perfarming Labo: atory.
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INDEPENDENT EXPLORATORY

DEVELCOPMENT
FY- Key to
Principal Funding NARDIS
Project Tit'e Investigetor Task Aresa (S x 1000) Report

D Artagnsn J. Wham ZFXX-112:001 106 DN 115763

714-225-71412

Code 6005
Supercritical Combustion  E. Karig ZFXX-412001 63 DN 118764
Gas Thermal Power Pnt  714-225-6496
for Undurss2 Application  Code 6005
Capsule Damonstration Jamaes Bartling ZFXX-412-001 3%

213449-502

Code 354
Glass Study W. B, rorman ZFxX-412-.001 71 DN 118725
{Technology) 714-2:5-8630

Code 6523
New Vehicle ang Dr. T.G. Lang ZFXX-412-001 80 DN 11876}
Sonar Concept 714-225-6495
Studies Code 8005
Saling-Qperated R. A. Nelson 27XX-412001 38 ON 118726
Hydromotors 714-225-6343

Code 6522
Renforced Concrete E.N.Rosenbery  ZFZX-412-001 78 ON 118723
Submarsibles 7142255862

Code 652




Proizgt Title
DEEP VIEW Submersible

Transparent Hull
Submarsible (THS)

Adaptation of Head-
Coupled TV to CURV

Adaptation of Heed-
Coupled TV to CURV

Sulphur Concrete for
Submersible Hull Repair

Flow ..«d Optical Eftects
Praduced by Mineral
Platelats

Diver Armor

Shark Dart

Artificial Pinna (Quter
Ear} for Applications in
Underses Resesrch and
Exploration

Target Strength of
Concrete Submarine
Hulls

Acoustic Materiais for
Sarac snd Acoustic
Torpedoss

Principal
Investigator

W. R. Forman
714-225-6630
Code 6523

D. W. Murphy
808-2614676
Code 5632

R. L. Watts
714-226-6343
Code 6522

P. L. Henderson
213-449-770
Code 2531

J. H. Jennison
213-449-7301
Code 45

P.J. Fetta
213449-7318
Code 4522

L. E. McKinley
714-225-7841
Ccde 502

C.G.Blanc
114-225-7839
Code 502

W. 0. Squine
N4225-6317
Code 6000

G. M.Colernan
714-226-7505
Code 6043

H. J. Whitshouss
114-225-71622
Code GDO3

YN Key to
Funding NARDIS

Task Area {$ X 1000) Regort
ZFXX-412001 205 DN 848438
ZFXX-412-001 66 DN 848437
ZFXX-412-001 2 DN 134620
ZFXX-512-001 22 DN 134620
ZFXX-512-001 10 ON 134621
ZFXX-51Z2-00° 17 DN 124622
ZFXX-512-001 3 DN 943305
ZFXX-512-001 3] DN 949307
ZFXX-512-001 n DN 949310
ZFXX-512-001 u DN 118761
ZFXX-512-001 109 DN 118765
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Prgject Title

Spherical Shell
Acrylic Windows

Glass Elevator

Hydrodynamic
Transducer

Special Warfare
Torgeting

Fiber Optical Trans-

mission

FY- 1
Principal Funding
Investigator Task Area {S X 1000)

Key to
NARDIS
Report

J. 0. Stachiw ZFXX-512-001 3
714.225-7811
Code 6505

W.C. McSparron ZFXX-512-001 18
714-225-686%
Code 6521

S. A, Christie ZFXX-512-001 35
7142256863
Code 6521

R. L. Saiple ZF XX-512-001 30
8082614676
Code 6533

J.T. Redfern ZFXX-512-001 69
714.225-7505
Code 6044

DN 118724

OND18728

DN 845314

DN 118727

DN 118800
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Hall, J. D. and C. S. Johnson, “Auditory Thresholds of a Killar Whale, Orcinus Oica
Linnaeus,”* J. Acous. Soc. Am., in press.

Hoyt, 4. W, ~“Biologicsl Collecting with a Remote-Controlled Underwater Vehicle,”
Marine Technology Socrty Journal, Vol. 4, 1970, p. 65.

—, ""High Molecular Weight Algal Substances in the Sea,”” Marine Biology,
Vol 7.No. 2, 1970.

— e "'Pink Urchin of the Deep Sea,’ Swa Frontiers, Vol. 17, No. 3, 1971,
Kenis, P. R., ""Turbulen: Flow Friction Recuction Etfectiveness and Aydrodynamic
Degradation of Polysaccharides and Synthetic Polymers” Journal of Applied

Polymer Science, Vol 15,1871, pp. 607-618.

. "High-Pressure Melium E ffects on Bacterial Growth,”” Bacterioiogical
Proceedings, 1971,

Kenis, P. R and J. W. Hayt, “Friction Reduction by Algat and Bacterial Polymers,”
NUC TP 240, 1971. UNCLASSIFIEN

Pickwell, G. V., “Knotting and colling behavior in the polagic sea snake, Pelamis
platurus {L.)."" Copwia, Vol. 2, 1971, pp. 348-350

, “Toward a biciogy of sea snakes,” Fauna, The Zoologica! Megazine, No. 4,
1971, in press.




Rosen, M. W. and Neri Cornford, Fluid Friction of the Slime of Aquatic Animals,”
NUC TP 183, 1870. UNCLASSIFIED

Saizar, M. H., “Phototaxis in the Dvep Ses Urchin Allocentrotus fragilis {(Jackson),”
Journal of Experimental Merine Biology »~1 Ecology, Vol. 5, No. 3, 1971, pp. 254-264.

Waiss, H. V., M. Koide and R. Goldberyg, “’Selenium and sulfur in a Greeniand Ice
Sheet: Relation 10 fossil fuel combustion,” Science, Vol. 172, No. 261, 1971.

Weiss, H. V., "The determination of selenium in glacial ice by radicactivation,”
Andlytica Chimica Acta, in press.

Weiss, H. V. and T. Crozier, ‘T he determination of mercury in the sea by radioactiva-
tion,” Anelytics Chimecs Acta, in press.

Young, Robert W., “Etfective Duration of Sound from a Moving Source.” J. Acous.
Soc. Am., Vol. 49, 1971, p. 101,

, “Sound Preswure in Water from Source in Air,” L Acous. Soc. Am., Vol. 50,
October 1971.

PRESENTATIONS

Cooke, T.S. and J. W. Hoyt, “Ocean Poliution by Sunken Ships,” NUC Symposium
on Environmental Preservation. (NUC TP 215, 1970, UNCLASSIFIED)

Evans, W. E., “Radio Telemetry Studies of Small Odontocete Cetaceans,” U. S.
International Biological Program, Marine Mammal Council, Conference on
Current Status of World Whale Stocks, Skyline, Luray, Virginia, 34 June 1971

. “"Potentis| Hazards of Non-degradubla materials as an Environmental
Pollutant,” NUC Symposium on Environmental Preservation, 20-21 May 1870.
(NUC TP 215, March 1971, UNCLASSIFIED)

. "Uses cf Advanced Spacs Technology and Upgrading the Future Study
of Ocesnology,” ALAA 7th Annusl Meeting snvd Technical Display. Houston,
Texas, October 19-22, 1970.

, "Orientation Behavior of Delphinids: Radio Telemetric Studies.”
Conference ot Animal Orientstion: Senso~; Basis, sponsored by New York
Academy of Sciences, Feb. 8-10, 1971.

Hall, J. 0., W. G. Gilmantin and J. L. Mattsscn, “Investigation of an Eastern Pacific
Pilot Whale Stranding,” |AAAM, 26-29 April 1971, Guelph, Catario.




Lopes, A. L., “Application of the Rissz Method to the Cauchy Froblem for Acoustic
Propagation With Varisble Speed of Sound,” Conference on Geometricsl
Acoustics, La Spezia, Itaty, September 27-30, 1971.

Martin, H., W. €. Eva.. "nd C. A. Bowers, ""Methods for Radio Tracking Marine
Mammals in the Open See,” Tranzactions of the IEEE Conference on Engineer-
ing in the Ocesn Environment, September 1971, San Diego, California.

Zirino, A. and S. Yamamoto, ‘‘An lon-Peir Model for Certain Trace Metals in
Seawater,” 33rd Annual Meeting of the American Society of Limnology and
Ocesnography, Kingston, Rhode Island, 28 August 1970.

PATENTS NOTE: Listed dutes ere filking dgtes.

Beaucher, G. J. Quic'<release mounting apparatus (U}, Navy Case 49,425. 26 Octo
ber 1870. UNCLASSIFIED.

Abstract:  An underwater quick-release device for mounting a TV camens to
a tripod on the ocsan bottom.

Besefit to the Navy: Enables s diver 0 easily and quickly remove the camers
from the tripod by the simple movement of a lever.

Blanc, Clarence G. Shark dart electronic circuit {(U). Navy Case 50,632, 24 Jjuly
1970. UNCLASSIFIED.

Abstract: A compact electronic circuit has been designed for inclusion in the
electric anti-shark dart to produce intermittent bursts of high-current, low-
potential incepacitating power for prolonged periods of time.

Bunctiz to the Nory: The invention incresses the effectivensss of the slectric
anti-shark dart to provide an effective means for neutralizing hostile marine
crestures.

Fugitt, R. B. snd Heckman, P. J., Jr. Extended-rangs polarization targe: (U}. Navy
Case 48,682. 18 March 1971, UNCLASSIFIED.

Abstract: A single-retiection or tv.o-reflect:cn retroreflective material is
bonded to s arget to make the target more resdity visible, certicularly
under adverss conditic.ns.

Bunefrt to the Novy: Cdyects which have been coated with this special type of
surface, such as practice torpedoss, sre more readity found afrer having been
lost.

Gill, George Herburt. Carbon dioxide indicating maeter (U). Navy Case 51,261
3 December 1370. UNCLASSIFIED.

Abstract:  Temperoture-sensitive resistors sre arranged in an viectr:cal bridge
1n zero balance and connected to 2 source of constant potential for com
parison betweer 3 standerd mmpie cf gos envelcomng 8 i3t brudge resiitor




and a test sample of gas covering a second bridge resistor. Since CO, hasa
specific heot substantially ditferent than air, an impedance change nf the
sacond bridge resistor, indicating a surplus of CO,, wil! unbalance the
hridge, causing a proportional recdutit or 3 mater.

Senefit to the Nevy: The invention provides an indication of dangerous CO,
buildup in a confined space such as a submersibie interior to ynsure the suc-
cessful completion of a deep-submergence operation.

Gill, Gecrge Herbert. Voltage-controtled variahle-duty-cycle pulse generator {U).
Navy Case 51,262. 14 December 1970. UNCLASSIFIED.

Abstract: A pulse generator connected to 8 load has a variable duty cycle
controlled oy a selectively varisbie source of DC controi potential. The in-
vention conserves poveer and is of high reliability due to its uncomniicatea
electrical interconnectior:s.

Benefic io the Navy: The invention has bewn installed in DEEP VIEW, and
wider use shoui follow wherever battery powor must be consarved and
reliability is parame unt.

Heckman, P. H., dr. Cable-less television system {U!. Navy Case 49,173. 3 December
1670. UNCLASSIFIED.

Abstact: The apparatus includes a lascr which iliuminates a target ares, a TV
camera tube which observes the area, and a light source miodulater, connected
betwean the laser and the TV carnera tube, which modulates the light sovrce
in accordance with the variatiun in amplitude of the composite viden signal
generated by the TV tube,

Esoeiit to the Navy:  The system does noi require a cable or acoustic signels
between the target and the remote viewing paoint.

Hirseh, J. Swimmer’s tactile command navigation apparatus (U}, Navy Case 50,923
16 November 1970. UNCLASSIFIED.

Abstract: + diver's back pad which has perpendicular rows of tactile trans
ducers which can be sequentially eriergized by a remote station to quide the
diver through the vater.

Banefit to the Nwy: To navigate a <iver to and from an underwaier or wirfsce
station and comr.unicate commands in regard 1o underwater work assign-
ments.

Johnson, Clarence S. Anti-shark drogue dart {U). Navy Case 52.375. 24 Marcr. 1971
UNCLASSIFIED.

Abstract: A low-cost device fui rendering a shark inzapabie of coordinated
movemqnts includes a metalic point joined to 3 miniature drogue chiute.
Upon emb. dding of the point i a shark, the chute fills with water and pro-
duces an equiiibrium-upsetting drag

Benetit to the Navy: The invention reduces (he hazard posed by threatening
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marine creatures to increas the effectiveness of divers operatirg in dangerous
waters,

Jotnson, Clarence S. Full-view ziver's mask (U}, Navy Case 51,378. 15 October
1970. UNCLASSIFIED.

Abstract: A plate element is contoured to conform to a diver's face and
mounts a peripheral resilient ring for sealing the mask’s interior from the
surraunding water. Wide-angle, distortion-free visibility is ensured and the
dead air space is minimized 1o a'low easier clearing and pressure equalization.

Bencfit 1o the Navy. The invention increases a diver’s field of vision to reduce
Jiving hazards created by the tunnei-like visibility afforded by conventional
masks.

Karig, Horace E. The supercritical thermal power system using combustion gases for
working fiuid {U). Navy Case 52,148. 9 June 1971. UNCLASSIFIED.

Abstracr. Hydrocarbon fuel and oxygen a-e burned in a combustion chamber
which directly feeds the exhaust gases to drive & turbine. The gases then pass
through 2 recenerator and condenser for removing CO, and water vapor and
arg recompressed and fed back to the combustion chamber to lower the
temperature of the burning gases row being fed to the turbine. Higher sys-
tem efficiency is thusiy realized and thé danger of heat dan..ye o the
chamber or turbine is minimized.

Benefit to the Navv-  The invention idealiy lends itself towsrd application in
submersibles needing nower for prolonged periods of time.

Langguih, Arthur F. Anti-shark CO, dart {U). Navy Case 52.376. 16 April 1971.
UNCULASSIFIED.

Absirsct: An anti-sherk dart includes 3 CO, cartridge held in a pressure-tight
fitting having a hollow blade communicating with tha fitting’s interior. in-
serting the blade into a threatening creanuce ruptures the cartridge and vents
CO; intu tha cresture’s body via the biwve. The injected CO, either imme
diately disabies the cresture or renders it incspable of self-control.

Beneli1 to the Navy: The invention provides a highly refiable, completely
atte~-  device for countering hostile marine creatures. Widespread use ot
the invention shouid follow wherever such creatures are expectad

Lepor, Meyer. Moise protect. ve duvice (U). Navy Case 51671, 28 Decer:ber 1870.
UNCLASSIFIED.

Abstract: A flexible roise protective device is worn about the heac of a
creayman, head scarf styie, and is ‘ormad of an outer theet of rayon lami-
nated vn an inaer sheet of tin-loaded viny!. Inside the lamirated sheet,
fiberous g'ass creates a dead space to form an 2/fect've sound attenuation
dev ce that 15 comfortable and relatively weightiess .0 a'low it: eifectve
use while the veae: sieeps.

S.nelitto the Nevs- Theie has leig bewn a nend fur a device whirch blogks vut
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high-intensity ambient noise while being comfortable enough 1o allow its use
for prolongec! periods of time or during sieep.

Lindsay, G. F. and Whitshcuse, H. J. Fiald-celineated acoustic wave device (U).

Lopes,

Lopes,

Means,

Navy Case 49,426. 7 August 1970. UNCLASSIFIED.

Absiract: Tne Interdigitated acoustic wave device includes @ third electrode
disposad between the conventional electrodes, \+e third, shielding, electrode
improving the directivity of the generated surface wave.

Benefit to the Navy: The fleld-delineating clectrode improves signal generation
in muiti-element applicstions, particuiarly where coded electrodes are used,
and reduces cross talk barwasn adjacent sets of elements.

L. A, Jr. A strapped-down atiituce reference system (U). Nevy Case 50,019.
19 May 1971. UNCLASSIFED.

Abstract: The s/stem uses three accelerometers 1o obtain a vertical reference
and two magnetometers to obtain the azimuth of the reference systemn.

Banefit to the Navy: The system is particularly useful for vehicles in the earth’s
gravitational field, where the reference provided by gravity is lost because of
the vehicle acceleration.

L. A., Jr. and Thomas, O. F. Digita! camara (U). Navy Case 50,070. 18 June
1971. UNCLASSIFIED.

Alstract:  Acousiic energy reflected from a tarmpet impinges upon an arrey of
transducer slements, each of which corresponds to an element of the object
ecoustically observed. The magnitude and phase received at each element is
mathematicatly operated upon, cbtaining new magnitudes which, when ap-
plied to a printer, produce an accurate profile of the target.

Benefit to the Navy: The camera is able 10 distinguish between objects of the
same sive but different profiles, such as a whale and a submarine of the same
size.

R. W. and Whitehouse, H. J. Amplilying su. Isce wave device (U). Navy
Case +9,431. 22 July 1970. UNCLASSIFIED.

Abstract: A low-voltage battery is connected across the input of the surface
wave devicz, which makes the device capable of amplification as well as
transduction.

Benefit to the Mevy: Amplification of input signsis will perraiy more wide-
spreed use of surface wave devices for signs! processing.

Pirks, Bruce C. Telemetry-imglanting preumatic-powered harpoon (U). Nevy

Casm 51,529. 2 August 1970. UNCLASSIFIED.

Abstract: A small dart 13 seeted in the barrel of & pneumetic-powered harpoon
and is expelied by vaiving s volums of pressurized air through tha barrel’'s
bresch. A package of instrumentation or a fioat is pulled f om 2 retaining
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device [ocated at the barrel’s muzzie to allow its being towed by a manne
craature aftur the small dart has been embedded in it.

Senefit to the Aevy: The invention provides a means for attaching instrumen-
tation to marine creatires with minimal injury to the creature and with little
risk to scientific personnel.

Rosenberg, Edgar N. Hydrodynamic transducer (U). Navy Case 51,377. 27 August
1970. UNCLASSIFIED.

Adsrast: A freely flooded acoustic transducer includes a motor driving 2
centrifugel pump impolling water to an acoustic projector having a pair of
oppositely facing radiating pistons. The impelled water passes through a
disk-shaped dotted shutterwheel rotated by a varisble-speed motor to create
an “on-off” sequencs, bidirectionally displacing the radiating pistons to pro-
ject represantative acoustic energy. .

Bunefit to the Aavy: The invention eliminates complicated sealing assemblies,
{s non-responsive to ambient oressure variations, and projects a high-energy
signal.

Rosenberg, Edgar N. SEAL (U). Navy Case 51,379. 24 August 1970. UNCLASS!-
FIED.

Abstract: An assembly for sealing a submersible interior along a giass
hemisphere-hull juncture includes an annular chamber receiving the hemi-
sphere’s rim filled with oil and cocperating with a plurality of Q" rings to
eliminate the buildup of failureproducing tensile stresses at the juncture.

Benefft 1o the Mavy: Including glass s & structural member along with steel

or other dissimilar materials has obvious edvaniages. The invention provides
& way to achieve a glass-to-metal joint and benef!ts the development of a
desp ocesn technology.

Strapp, J. P, snd Cornford, N. E. Apparatus for determining the presence of a ves-
sel by detacting its wake (U). Navy Case 49,787. 5 Merch 1971. UN-
CLASSIFIED.

Abstract: A vest TC junction mounted o a submersible tow monitors the
tampersture of the water, whereby a markad devistion in the temperature
of the water from a static vaiue, indicating the presence of the wake of a
vessel, is detactabls on the scale ¢f an electrical instument.

Beneti 10 the Novy: Wakes of either surface vessels or underwater vessels,
sch 8 submarines, may be detectad by this mesns.

Strapp, J. P. A homing system for the scquisition of & s8s-going target vehicie by
datsction of its waks {U). Navy Case 48,788 .9 Aprii 1971, (UNCLASS!-
FIED.

Abstract: The system includes & horizontal and vertial pair of test thermo-
couple junctions and means for guiding the missile 11 a horizantal direction
and in a verticsl direction. When the thermocuple junctic~s detect the wake




of a sea-going vehicle, the missile is guided in azimuth and elevation toward
the vehicle.

Bemefit to the Navy: Naval countermeasures find detection and homing systems
particularly useful. -

Whitehouse, H. J. Surface wave clevices for signal processing {U). Navy Case 52,524.
3 February 1871. UNCLASSIFIED.

Abstract: The device includes coded interdigitated electrodes and a logical
circultry which determines the manner in which incaming pulses are processed
by the electrode structure, the device serving as a time compressor or delay
line.

Banefit to the Nevy: The device permits compact processing of digital data.

Whitehouse, H. J. Feadback-type acoustic wave devices (U). Navy Case 52,525.
4 February 1671. UNCLASSIFIED.

Abseract: The distributeo-transducer device includes a feedback loop from
the output ransducer to the input transducer, thus permitting positive or
negative feedback, as desired.

Benefit to the Navy: The negative feedhack version may be used as a delay
line, waile the positive feedback version may be used &s a clock oscillator,
both emt.odiments being capable of being mounted nn the same substrate,
thus permitting compact signal processing of binary data.
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IMPROVED FIRE-FIGHTING CAY AT/ 1T

Under the IR program, a stuur of the #* 22t of & *solad ..h-polymer sub-
stances on: pipe-fiow friction coefficic.s .. o L. gmounts {a few parts-
per-million) were found to reduce the i::::iur . S Dy .- ur two-thirds.

One immediate application of this research is the development of fire de-
partment pumpers having the ability of producing greatly increased water flow rate,
or further throw of the fire stream, with the same engirie power. Alternatively,
smaller, more easily handied hoses could be used to give the same water flow as
the standard hoses now used.

As a result of this research, the New York City Fire Department’ hgs been
operating an experimental pumper using a polymer identified in the IR study,
poly(ethylene oxide), a5 a drag-reducing substance. It is planned to include polymer
capability in a new buy of 80 pumpers for the New York F ire Department ?

Currently, the Los Angeles Fire Department is considering use of polymers
for mountain fires, where long lengths of small hose are required. The results of
the IR program are being made available for this study.

IMPROVED TEST PROCEDURES IN TOWING TANKS

Under the IR program, a study was begun on the properties of exudates
from marine phytoplankton snd bacteria. it was quickly reslized that many micro-
scopic marine algae exude high-polymer metabolic products into the water and that
these materials were extremely stfective dreg-reducers in turbulent fiow. Freshwater
sigee were 3150 found to be effective in reducing the dreg significantly (50% or more
in cultures).

In towing tanks, unexplained fluctuations in tes: results were 30 common
that & special word, “storm,” wes coined for periods when the measured drag was
for iower than the expected. Although much concern wes expressed 24 no expla-

!~ Rapis Woter - Fr an Nemews” Fire #nginsering, Jerwery 1971, 5. X1

Z-Biaoery Warer Cun Rriction Lew.” Suw Enpratery, Septormine 1908

Trsowren, %N, Swnderd Moce Techn-que ot ASW, Hastre" Treae Roval I of Nevel AXAiwCtS.
London, Yoi. 120, 1980, p. 438

“Barnsby. % C. 4% A L Dorry " Towing Tanh Storm” Trems Royel last o’ Newel Architeces
London ol 107, 1948, p. 288,
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vation for towing-tank ‘‘storms’’ was available until this research showed that algae
and bacteria in the towing tank could, if given sufficient light and nutrients, produce
a drag-reducing exudate solution in the tank. Day-to-day variation in drag results
was also common.

As a result of the research showing the possibility of algae changing the drag
in towing tanks3-® many towing tanks have adopted greatly improved standards of
water quality, and it is now believed that data reproducibility from towing taris,
with consequent improvement in commerical and Navy ship powering predictions,
will be considerably enhanced. Further, should a "“storm" oscur, effective means of
dealing with it {(oxidizing the metabolic products with chlorine or hydrogen peroxice)
are now on hand.

BHovt. J. W.. "The Effect of Aigal Contaminants on Frictiona! Resisrance,” #roc. 11 Internationat
Towing-Tank Confecence, Tokyo, 1968, . 88.
Hoyt, J. W., “An Examination ¢ Some Towing-Ter.= Alnee.”” Proc. T2th Inwenstiony' Towing Tank
Conference, Rome, 1969.
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