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DEVICE AND METHOD FOR LATERALLY STEERING STREAMER
CABLES Background 5 The invention relates generally to marine seismic
prospecting and, more specifically, to devices and methods for controlling
the lateral position of streamer cables towed underwater behind survey
ved3EMIGH MARMEISERAHEED lofdiidt) ISt SeRkdt € STIRE AMBRIABLES
streamers, are towed underwater by a survey vessel. The streamers are
outfitted with a variety of electronic 10 devices, including hydrophones that
Bagkgruadismic signals transmitted into the water and reflected off geologic

structyes benealh [, sea flapr, Dievices known s cable-leveling birds i,
attached 1 & SHeAmer & e val atong s TERGR°ES i SNSRI D

to‘rjg eﬁ@esT A% R, &0 ?0?9&1}?181?91%’1‘%@ ﬁ@ﬁﬁo}?ﬁﬁo@@f‘&%ﬁ RIS SRl

rred to as wings, each having a pit Is about w the wings can be

uRi¥AtaE: bervad rRiprdagenerate the lift needed to maintain the cable at a
desired depth. Most commonly, the birds are rotatably attached to the

strearmenand waightediehany penculousvaiemitheveallewithceRii@ed
axis of the wings below the cable. These birds are effective depth-control
unldriegsr Hyia novencoremdheforamtiryay vesieldoibvi sixiey elgtiearomiore
streamers of 20 lengths up to 12 km. Because the costs of lost survey time
demekofinepidioinhydrdpimagretiad détstt sirezimegmte wmnighedtigdmhporaentavht
the streamers not become entangled during their deployment. Entanglement
relasiedeofiieglesio ctusttiahkepreiddheecafio®bng cross currents or while the
survey vessel is turning to make another pass across the survey zone. To

help &oiaeSHARGIENSENE I YEHAS MaiseamiBricdARA SiramIficH i@ i6Ralk alone it

operated at Qifferentdep h. %55 ile this technique provides some.
R e DL e R S SRS AR S g

S T S T
b?-\é%tor to generate the lift needed to maintain the cable at a desired depth. Most
commonly, the birds are rotatably attached to the streamer and weighted to hang pendulously
from the cable with the pitch axis of the wings below the cable. These birds are effective
depth-control devices.

It is not uncommon for a survey vessel to tow six or eight or more streamers of
lengths up to 12 km. Because the costs of lost survey time and of replacing a damaged or lost
streamer are so high, it is important that the streamers not become entangled during their
deployment. Entanglement is more likely to occur in the presence of strong cross currents or
while the survey vessel is turning to make another pass across the survey zone. To help avoid
entanglement in turns, for example, each streamer is often operated at a different depth.
While this technique provides some measure of entanglement control, it also subjects the

cables to potentially strong shear layers of current that vary considerably with depth, possibly

increasing the risk of entanglement. Generally the most satisfactory way to avoid
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1 entanglement with conventional systems is to steer the vessel through wide
turns and to overspace the streamers from each other. But these techniques
increase cost and reduce the precision of the seismic image. Paravanes and
other devices are used to separate the streamers at their head ends 5 close
engnpglemgny ety ssun Bendbietigmstire nisechatros shthsiel mge position to
predictability diminish as cable tension lessens down the lengths of
OXFFERATFEIRS SHIRAMFEKEURSAAP I HR SBFSHIRC LR BIusrEscap ARt SRR
known a trouser effect on the array. The streamers fan out port and

PP SR AR 511%%&6 void in the seismic coverage dlrectly aft of the

vessei, The stre‘bén sume the s pe of tro ‘?I These v s
Ve fi

nes er ev1ce% are use se arate [I]ersf.'ﬁt e1r en s
resurveye sequent passes nas |n can mcrease
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processes and positional inaccuracies can reduce the quality of the seismic

dftasand inckeRss dhe-cQat ByWieaRIsSHAE @ iRl mERUTHNR RIS RAAQES) e
provide a technique for lateral streamer positioning to reduce the cost of

séfeiationenoties injhven thenrlity of theursubiaaitsaismigimagee dfeamers
Today's state-of-the-art seismic vessels have the capacity to deploy, tow, and
faecoverrtupdetdi stk amatis g & Xistingodepl dyrseninscbhermegdidni¢dthe adegfrde to
which streamers can be simultaneously deployed, which greatly increases
vepeledbe GfropRe Bt AUITH Bieshipe Ié @it proNede ioidsarerd bstresarveyasontrol
during the deployment and recovery phases to support simultaneous
S‘&?é‘&fﬁ‘@rpéﬁiﬁﬁd‘iwmdﬁtféhte{ﬂgflér?@rﬂﬂ“?@@dh‘?rﬁ%ﬂpfﬁﬁ’é%ﬂﬁﬁﬁyﬁg by up

hod emho atures of the invention is provided for laterally steeri
b A B LBy PN R P Ca I EHAEaN e roduce e

ofERUcontroll ”%do”e”ta?:'?ﬁ‘ L WRICRO0G ARMCTEAInER 28 LR RRIe ABoUt
one or more pivot axes t
provide a technique for lateral streamer positioning to reduce the cost of operation and to
improve the quality of the resultant seismic image.
Today’s state-of-the-art seismic vessels have the capacity to deploy, tow, and recover
up to 18 streamers. Existing deployment schemes limit the degree to which streamers can be
simultaneously deployed, which greatly increases the cost of operation. There is a need to

provide for lateral streamer control during the deployment and recovery phases to support

simultaneous streamer operation without entanglement.

Summary

Accordingly, a method embodying features of the invention is provided for laterally
steering a streamer. A bird assembly of the kind typically operated in a depth-controlling
orientation in which one or more wings are pivotable about one or more pivot axes that lie

generally in a horizontal plane is operated in another way. The bird assembly is operated in
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assembly is operated in 2 an orientation in which the one or more pivot axes
of the one or more wings lie largely in a vertical plane to steer the streamer
laterally. In another aspect of the invention, a method for convertinga
apabRaisisslimghbicd theooae eableseeringasitd e wirigesdaNdstnbethadslise
that it operates underwater in an 5 orientation in which each of a pair of wings
Vetigsb Ris HVEEr dbotiteapridtisiidtnat lies largely in a vertical plane to steer
the attached underwater cable |aterally. In yet another aspect of the =
inventiotl 4 LHAEHALDF SRR ARG GEV e QB HEEC R RdRILEppird into a
ttachable around the peripher an.underwater cable section and rotatable
R B e e e SR S recor
oI B WA Lcablen ThedRRNHEl dRKERBTERS A IrStine.2hong fide

of the body and a second wing at an opposite side of the body. The first wing

1RO S AP AU BafiFBh XIS s @Bt R & BR AN nidndadiaticahrulig second axis.
The two axes may coincide, but do not intersect the cable. The control

devich aigsaiodecepdneadrnis i pivioting thelvwingsr abblutstbeiin piNetiexesnprises

Ballast means is provided to help ballast the steering device to maintain the
a pivokexe stiach@lie dwatticabednphagthbamspicivefctiabipention pahrotatable

underwater cable-steering device comprises a connector attachable around

abRet tearijshéry ofatr dridaiweansiucabiebsertonnasiad totdratstanapouetkanehpldhe

A control device includes a body connected to the connector external of the

cipid .hfrﬁ%“EBhﬂﬂiﬁeWi@@q%ﬁfHéé‘ﬁ%f?%&féﬁcﬁﬁ@?m‘lﬂfgﬂﬁl‘{lﬁém HiE 20
defining a.pivot axis. A first wing portion is connected tQ one end of the shaft
BB BaLIOP S Bt BRI AP S Bt il dor
end of the shaft at an gpposite side of the body, The wo wing bertions may

Phe unitarily ormed as a sing?e W|ng.a¥he pivot axis does not Intersect the

c&ﬂRleMl@ﬁEmﬁaﬁéeks&é%‘F&%IQ&EQP@%%JQ&%E%&P&%%@& Ballast

means is provided to help ballast the steering device to maintain the pivot axes largely
vertical.

In another aspect of the invention, an underwater cable-steering device
comprises a connector attachable around the periphery of an underwater cable section and
rotatable about the cable. A control device includes a body connected to the connector
external of the cable. The control device includes a shaft extending through the body and
defining a pivot axis. A first wing portion is connected to one end of the shaft at one side of
the body, and a second wing portion is connected to the other end of the shaft at an opposite
side of the body. The two wing portions may be unitarily formed as a single wing. The pivot
axis does not intersect the cable. Ballast means is provided to help ballast the steering device

to maintain the pivot axis largely vertical.
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to maintain the pivot axis largely vertical. 3 In still another aspect of the

invention, an underwater cable-steering device comprises a connector

attachable around the periphery of an underwater cable section and rotatable

about the cable. A control device includes a body connected to the connector

exterhiabiol tnetheapiecd dirSteshaen aste a9 fdory aieficsbidecofna d o comfirses

wing attached at an end of the 5 first shaft can pivot about a first axis defined
a ponprsta Al bERio A SR ERSR. ofHE HPSEraRIST 8RS Srtipferseithgle

cable. The control device also includes means for pivoting the wings about
00 e B HEAED b0t TIPS Bl M SRRSO Bt

catiﬁrl]emﬁﬁrt&i&S?teeﬁ{%d%’ﬁ%ﬁ%f% vartGak O, Bisl E)retsv%ﬁirﬁgié’t%ccﬁeﬁ‘aet DI Ng%he

ese features and aspects of the invention, as well as its advantages, are

fiR‘?'éﬁ({ft%%Q(Ff%f’%ﬁ’yarﬁf&r%ﬂQﬂetf?nglieo%%"é@{?ﬁ ARRESIPUPM 2RSATEIrhe first

claims, and accompanying drawings, in which: FIG. 1 is an isometric view,

aRadhechéawaysf acahie:-staetngdeyiceemadying skrfaatergnefithane
invention on a section of streamer cable; FIG. 2 is a top view of the

wiaBlabsieenngpiaiieeof Hliasthndfs i Sp a o ssiegetomaf i cabhhg-stereng
device of FIG. 1 taken along lines 3-3; FIGS. 4A-4C are schematics

nrepresdmting aiiolaswaysrofdallasting a cable-steering device as in FIG. 1,
20 FIG. 5 is a front elevation view of a cable-steering device as in FIG. 1 with
buoyant tank ballast; FIG. 6 is a front elevation view as in FIG. 4, but with an
aileron control; FIG. 7 is a front elevation view, partly in cross section, of

Brisbifsrirtisisf Stcameingsering device embodying features of the invention

indudlj'ggse\:lv gga%utrgs taaﬁlglkass;pects of the invention, as well as its advantages, are better

understood by reference to the following description, appended claims, and accompanying
drawings, in which:

FIG. 1 is an isometric view, partly cutaway, of a cable-steering device embodying
features of the invention on a section of streamer cable;

FIG. 2 is a top view of the cable-steering device of FIG. 1;

FIG. 3 is a cross section of the cable-steering device of FIG. 1 taken along lines 3-3;

FIGS. 4A-4C are schematics representing various ways of ballasting a cable-steering
device as in FIG. 1;

FIG. 5 is a front elevation view of a cable-steering device as in FIG. 1 with buoyant
tank ballast;

FIG. 6 is a front elevation view as in FIG. 4, but with an aileron control;

FIG. 7 is a front elevation view, partly in cross section, of another version of cable-

steering device embodying features of the invention including wing tip tanks;
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4 FIG. 8 is a schematic block diagram of the cable-steering devices of FIG. 1
and FIG. 7; FIG. 9 is an isometric view of a dual cable-steering arrangement
using two cable- steering devices as in FIG. 1; and 5 FIG. 10 is an isometric
view of another version of cable-steering device embodying features of the
inventién fisladimgrantinleskvitrgr De tdilbe Priscitipstiong Aediesicd, BmblothdAgG.
features of the invention, for laterally steering a streamer cable 10 is shown

7in FIGS. 1-3. The cable-steering assembly includes two connectors or cuffs
20 rota agl, attached to collar %2%3 ffixed about the periphery of a
strealieh 34° RACHBRS Herhilt SFRaonices 15 ASERRL VIR 5D

allow them to rota]]gxlférje% bout the streamer. An oversized stop 25 at the

olla e

steerin VICES as 1n . . . .
rear of the rear ¢ eps the cuffs in position as the cable is towed in

the 1Y e RBetr i \FIRAG AhEIAING AROI GBI IALR SR NGBS Ay ing

streamer, the connectors could rotate about insert sections placed in-line

rhaesnhvmsHeaNMesaaliansadbq insert sections would themselves
rotatably receive the connectors. The cuffs shown in FIGS. 1-3 could be

realized as Quick Cuff "'m connectors manufactured and sold by
Input/Output, Inc. of Stafford, Texas, USA, and described in detail in U.S.
DeatedtéscrifiRB3,823, which is incorporated by reference. Alternatively, the
connectors could be Quick 20 LatchTM connectors, also manufactured and
sold Bydeyier/©uhedyingdsatnes géSeribaaniiow Br Imgralht NrsrHSOTR4Ber cable
incorporated by reference. A streamer control device 26 has front and rear

iSRG D168 tia iHRa ARSI AT EARRAR BTN O AIRPE SRR GHES 20
| devj h . Th | xtend f i d ,
SRt B M T TR

fo‘%%’n%t&%"{‘/’\t)%%‘éﬁ P A QAN S ARG A AIVE NSRRI S8 REMTNAR the
motor. Wings 533 Y
streamer. An oversized stop 25 at the rear of the rear collar 23 keeps the cuffs in position as
the cable is towed in the towing direction 27. Instead of rotating about collars encircling the
streamer, the connectors could rotate about insert sections placed in-line between two
streamer sections. The insert sections would themselves rotatably receive the connectors. The
cuffs shown in FIGS. 1-3 could be realized as Quick Cuff™ connectors manufactured and
sold by Input/Output, Inc. of Stafford, Texas, USA, and described in detail in U.S. Patent No.
6,263,823, which is incorporated by reference. Alternatively, the connectors could be Quick
Latch™ connectors, also manufactured and sold by Input/Output, Inc., and described in U.S.
Patent No. 5,507,243, incorporated by reference.

A streamer control device 26 has front and rear pylons 28, 29 that include latching
hardware to releasably connect the control device to the connectors. The pylons extend from

a main body 30, in the form of a hollow tube that houses electronic communication and

control circuits 31, a battery 37, and a drive mechanism 38, including a motor. Wings 32, 33
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5 extend from opposite sides of a wing support section 34 of the module body
between the two pylons. Each wing is mounted on opposite ends 35', 35" of
a single shaft or on the ends of separate shafts. A drive mechanism inside
the body rotates the single shaft (or the separate shafts) to pivot each wing

exibpdifiplrerasst 36le8videfinad inpercstiahsAvhibh axsldifdetdfrbetiveaige two
cable and do not intersect its long axis. Thus far, the description of the

PHoBle AL Wi detiie E4MRAR TS BdSsimé asitRatee halhprendbernessid,
h th IGICOU SE( 5010 DIGIBIRDTM brand t d d
Nt M R e Y R I M g ik
%Cgtlj% wit OtheBéuug%%%igﬁéﬁ%%ddééﬁ%gg l?;ﬁ regmer- Jo maintain the
[ pt e Wi :

can
S%a?r%l)am r'at a 10 ‘desire , pIvot axes o ings remain generally in a

ttﬁ%&%m H@H&-iﬁ'ﬁbm&‘{\‘,@)/on@gxi@jrd pivots the wings in pitch about the pivot

axis. As the pitch angle of the wings changes, lift is adjusted and,

consegyently tbaedapthafdhecar sarhe aentoledsdhs Weighhme as that for

distribution and specific gravity of the cable-leveling bird/connector system is

a SiSl-1badlih greinaainsHsitsie MietdenRrsHY the caEIBIRDIvVS RiyOhRxes @hitsl
wings generally in a horizontal 15 plane. The cable-steering bird of the

ahidv@ntion Iipowevsitidhaliastpehsadhatibeapivat exiag bfrdtis wingskramain
largely vertical (V), as shown in FIGS. 1-3. In this way, changing the angle a
cofjtietivimgglstdensstich tiadi @ thohzdalalfya HicahemBontaim e thevotcares 86,
37 generally vertical, the cable-steering bird 26, the connectors 20, and
desipthilsgthtRitpletked chhm o es tgteapnzgheratiyne capreqviy phow 18 thédlagtedhe
to keep specific gravity about the same as that of the cable itself. One way to
bisdRiggls thesings IhaKkeGReB RS NIhEE 32 hRSREFRRARIGRE Bmings chipgss.

gan be done, (Eor exam I%’ bgﬁmfkg)‘%éte Ioaﬁ/]er Wi outtof a d%?ser r_%%terial
ST K WeRsRAUE Sty SPH REECTRIRGAIN FaBRLCth thooie!

d%’s"értfl?)élrlit@lea}’lv r%ﬁe j i@‘fgra"}{wfé 9%‘139&% 3 ISVEINIRUAS A& BPGAN SOUSL AT it
molded out of polyurethane. e

remains suspended beneath the cable with the pivot axes of its wings generally in a horizontal

plane.

The cable-steering bird of the invention, however, is ballasted so that the pivot axes of
its wings remain largely vertical (V), as shown in FIGS. 1-3. In this way, changing the angle
a of the wings steers the cable horizontally (H). To maintain the pivot axes 36, 37 generally
vertical, the cable-steering bird 26, the connectors 20, and anything attached to them to rotate
about the cable with them is ballasted to keep specific gravity about the same as that of the
cable itself. One way to achieve this is to make one of the wings 33 heavier than the other 32.
This can be done, for example, by making the lower wing out of a denser material or
installing a weight 40, such as a lead or tungsten weight, in a void 42 within the wing. (The

wings of cable-leveling birds are typically solid and molded out of polyurethane.) The

interior of one or both wings can be hollow with a void that is empty or filled with a foam
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25 interior of one or both wings can be hollow with a void that is empty or
filled with a foam 6 material 44, such as glass-sphere-filled polyurethane or
glass-sphere-filled epoxy, to keep them lightweight without affecting their
designed shape. Properly ballasted in this way, the bird is capable of

nmgfeplrTytNeck ab bl ass-wiieia-fills hpel e thapy engdss ttieheablellpd sprare beiehin
the connector 20 under tow, as shown in FIG. 3, the pivot axes 36, 37 of the
thimm Gt yeistuin iRrye T i dbaitalepiaits e frererlyibatiasekinthseriins
are not perfectly vertical, as long as some companent of the axes lies in a
G iacaP e, SRS dP Shithing R pERphe R e We ARl dFoies

cable-steering assemnhly is insufficientl d and the pivgt axes are at
Wlt%ln%hfi cor%nﬁgtor ung% ég\())vﬂ’?%so ﬁygﬂlﬁéﬁﬁ]? CfE . 1V(():{ XES Pé, g17 o)f(?he .Wll‘lgs

an angie o relative vertical, the wings can sti

rdMaMae R1D9RZQRIALAYPTRONEUAF RIGHR SEEE NG STEAMR ndDéiRecty

illustrated in FIGS. 4A-4C, some ways to properly ballast the cable steering

vélavigeadnsiude sehnipenhe srRe LW iahs, e devyenwinehReayyuk &
weighted at the lower end, and leaving the bird body as is (FIG. 4A); b)

SIBRAIN G PessipaTonergnigbl iftine iverstagnggighéntngithasbird leaaky barigleeshd
enough to achieve neutral buoyancy (FIG. 4B); and c) making the upper
thyipgdieass/aat thenvairadetod Aifedbwer wimghlesisp@bthedvirgdip, tenditie dd still
bird body light (FIG. 4C). Thus, the ballast may be apportioned among the
PiRides didizaatdicdnpodsiirrhiosmsdaseenhy stieametintain the wings generally
in a vertical plane. Other ways of maintaining the pivot axes 36, 37 of the
wingsA§21,1‘§§‘F£rﬁbléhF etticartre SReWAYh E REBeBY 4! (Rererblestegring device

_buoyant tank 46, or float, js attached to the bird body 26 as.an appendage.
ing T s PRRE RS HERUD M BE-LEROIER: ReRILESb A the By er
volu of the tank or the len f its.connecting.arm 48 adjusts, the specific
g b Rt e e R

wﬁgdﬁggt,f AN RAtBERYAY: GRPa PRUSEE, %@H&Qﬁéﬂt&‘i’%{gﬁﬂ@? (WM& 4B); and
adjusting the absolute and relative weights of the wings. Boththese means
cforRallegting prevaffestive i RIORslyRianting dheningay PRIROAAYe 8p, and the
bird body light (FIG. 4C). Thus, the ballast may be apportioned among the wings and the bird
body in a variety of ways to maintain the wings generally in a vertical plane.

Other ways of maintaining the pivot axes 36, 37 of the wings 32, 33 largely vertical
are shown in FIGS. 5 and 6. In FIG. 5, a buoyant tank 46, or float, is attached to the bird body
26 as an appendage. The tank lowers the specific gravity of the bird assembly. Adjusting the
volume of the tank or the length of its connecting arm 48 adjusts the specific gravity of the
cable-steering assembly to maintain the pivot axes vertical. Adding flotation in this way can
be used alone or in conjunction with adjusting the absolute and relative weights of the wings.
Both these means for ballasting are effective in properly orienting the wings. Optionally, a

weight 50, negatively buoyant, can be attached to the connector at a position on the opposite

side of the cable to right the pivot axes of the bird assembly. These ballasting means may be
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weight 50, negatively buoyant, can be attached to the connector at a position

on the opposite 25 side of the cable to right the pivot axes of the bird

assembly. These ballasting means may be 7 used to preadjust the

cable-steering assembly before deployment underwater. They are also
uspddroRieitus theagableyderinerskepen otk dapextest wnderonieo bbegiieralse.

Another way to maintain the pivot axis of the wings vertical is shown in FIG.
hgrpstapird v Eridiey &t ankierrsD a8 dsRerbef e raindtdAiESHGller 54

attac e%bo the connector 5 20.on the OE@osite side of the streamer from the

cable UEFNY Nd0iBE BB NRE RN thEaitaPsh E2 ChidABAY FIGH PR

cable-steering devige.directly. The aileron rotates abaut ener
e el 1 B B A RS comncctor
20084 %e%ﬂf?&?t@@i&@ BtP %8@9%%@&?%%9@@«?@61%@%%? dupet %.‘Xl%&iﬁ%ly, the

angle of attack. But, in this version, the amount of [ift depends on the speed

A stiearaek dieush e wekekthe R alewragntralielmaynsidaan a

orientation sensor to determine its orientation relative to vertical. Another
g¥sisionhokicakla-steeTingnaieyicetr shoavin Edtle-Teviibilisiveastoproiigewings
90, 91 are tipped with bulbous portions, or tanks 92, 93, which provide more
ovleksrhé forhbadlalstsomningladsetiidyesantpietitheippgtavinglincfudeskaByre atehis
volume of low-density 15 material than the upper wing of FIG. 1. The lower
ViR bt @l Wi derapds ol the P s ehanordagichfinghaberiaiton Brea
weight 95 in the lower wing-tip tank. The wing control portion of the
A BRSO BYA S S O P RAE OB SR HIIBTMETY, iprefisidigireliiACa
microprocessor, receives signals 60, 61 representing the orientation of the
V8i¥6%ody relative to vertical as defined by the gravity vector. Orientation
sensqrs, such 20 as an inclinometer 62 or an accelgromefer,63, are used to

¢r version of cable-steering deviCe is show n thiS version, the wings
determine tﬁe orientation. In som% cases, an mclllljnometer alone may be g

o§ USSR R PINAT HASER: JOMSHEN,CRRIG 95 Cotelation AR EAER ARG for
significant, multiple-axis accelerometers may be necessary. From the

ballast control. In the example, the upper wing includes a greater volume of low-density
material than the upper wing of FIG. 1. The lower end of the lower wing may include a
denser molded or fill material 94 or a weight 95 in the lower wing-tip tank.

The wing control portion of the cable-steering bird is shown in FIG. 8. A controller
59, preferably including a microprocessor, receives signals 60, 61 representing the orientation
of the bird body relative to vertical as defined by the gravity vector. Orientation sensors, such
as an inclinometer 62 or an accelerometer 63, are used to determine the orientation. In some
cases, an inclinometer alone may be sufficient. In other cases, in which cable accelerations
are frequent and significant, multiple-axis accelerometers may be necessary. From the
orientation sensor signals, the controller can determine the orientation of the wings. The cable

is steered by adjusting the angle of attack of the wings 32, 33. A shipboard controller keeping

track of all the streamers being towed determines what action each cable-steering device
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orientation sensor signals, the controller can determine the orientation of the
wings. The cable is steered by adjusting the angle of attack of the wings 32,
33. A shipboard controller keeping 25 track of all the streamers being towed
determines what action each cable-steering device 8 should take. The
skyijshiekg dIdentrotepidoipiiahie srernatcaet dntodtien ¢o treoliwtipl lenéndhp kable-
steering device, which adjusts the wings accordingly. A signal 64 _
StESHRS e Mhisiathiesih thin iR gesAgieg it aéﬁéfﬁﬂﬁéﬁrwqwg@dﬁﬁ%rn
from its computaéion of the orientation of the device and from the steering

theoHPRANE TS TEhETS TEGARY HAVEIMHAREM S MR %! i{z?c'i Qg Grof

fagre. winlg?]e},ctuaﬁ?rs 64. The win%ﬁctuattot%stﬁgtate tlae shaft or shaf%g

3
€VICE a rom the steerl com 1S S€n win rive mechanism ich
changing the angles of attack of the wings to change and, consequeritly, the

il AEIA JRLGS ARG RRAMGHs Snerwd %ﬁg%‘c’?u‘&%&‘}@{l{l@ I6d IngeBEOdeAtes by

separate actuators and shafts or in unison by a single actuator and a single

chath ARSHRWO dp fitek 9t thisvalsr RRgwikle inatiaek Aoy eheahlemstsrrRg

devices 26, 26' 10 to a streamer 24 with a connector 20. Each device is

tieaireciedhthiengoanesiebtintidmiereidlyBpacesddQ tothaposiionatlsas
opposite sides of the streamer. This arrangement would provide more wing

irsunfawebare singlexaragneatén latetakhafces for steering the streamer. Each
cable-steering device is ballasted, for example, by a weight in the lower
wing,46 thetimtéir the Wingais agreis ptiashicanpleieabisskasing kevigag 26, 26
version of cable-steering bird embodying features of the invention is shown

(9 FFESRS 2RI PGHSsHAG e rEioh doHke RRISBERRENIRAGISAR control

for ro]l compensation possible, a single wing version provides dedicated
AT ST PR SR R R P S Sh R oA i
FIG.1, a main.body 66 attaches to a connector 20 that allows,the bogdy to be
ol R B8 BURCTES,  CReEL 0 Al RN VR O B e

(HAQUSER & GERANIG LOMMHYGaRR i@%qlﬁ%lf,%%?%gle‘?ﬁ%?&t%{ R e BIVE
mechanism, including a motor. Opposite ends 68, 69 of a shaftg70 extend
WHINORRASHA the wings in a generally vertical plane.

A single-wing version of cable-steering bird embodying features of the invention is
shown in FIG. 10. While multi-wing versions make independent wing angle control for roll
compensation possible, a single wing version provides dedicated lateral steering. This version
is controllable by a controller as in FIG. 8. As in FIG.1, a main body 66 attaches to a
connector 20 that allows the body to be rotatable about a streamer cable. Like the body 30 in
FIG. 1, the body 66 houses electronic communication and control circuits, a battery, and a
drive mechanism, including a motor. Opposite ends 68, 69 of a shaft 70 extend from opposite
sides of the body. A wing 71 includes a first wing portion 72 and an opposite second wing
portion 73. The wing is formed of a polyurethane outer skin and an internal filler of glass-

sphere-filled epoxy, for example, for lower density. Each wing portion is connected to an end

of the shaft at attachment arms 74, 75. The shaft defines a pivot axis 78 about which the wing



10

15

sides of the body. A wing 71 includes a first wing portion 72 and an opposite
second wing portion 73. The wing is formed of a polyurethane outer skin and
an internal filler of glass- sphere-filled epoxy, for example, for lower density.
Each wing portion is connected to an end 25 of the shaft at attachment arms
pipats7Sha eogkiak pletinesacpivierakls feratsoutitiichlivewingags bapivesd sT Hat
two wing portions are preferably formed unitarily. The wing is ballasted so
thh Bt ehXpivist S%esiies mygisalPanrehtidalonin e reringa iR BeasaARg: o he first

streamer cable. The first Wlnglt%ortlon or exa le, can be ballasted with a

Wr‘Hﬁt%?’fSPW BlsE HERLiy %fr@ Rzl %fn%tF tKP?BeLﬂ“d‘él Y5 Haa Bdien hat

% eamer. The > Secqn nd ﬁ\{ ortlo for £xam e can. be 5 ballasted W|ttp)
Ol wa er 0 urge 1'[ '[Odl‘ ?1 Jﬁ? f:i{ I} C? or xam]\)Ne can
one or mofe voids t may a ma erla ense than water to

baﬁgﬁeﬁ %ﬂ%%mgrg%ﬁgmﬁ %tﬁlw\%ﬁ@g %&'Eb‘%lﬁtfé% E’éﬂ@%ﬂﬁgwater to

techniques already described, the single wing can be made to ride through

utbeivateaavitivaricalatabilityiiheuahuthe ventionshas Resndessibey

with respect to a few preferred versions, other versions are possible. For
dexaibyalahénenarolessaig dehnade goatdd dhlae: gh arges diekath eerditala ety other
to help maintain the wing pivot axes vertical. As another example, floats can
be addlidicbtglodiéast thecrdblebsteatingiass enblgptvaradspositions saeound,
the periphery of the connectors, to the body of the assembly at various
ofhgsitirisnHinperdl ot vaRldidifagdes aavdswifg\goaaidhssleangedsbastye
the s%égeg of the invention is not meant to be limited to the preferred versions

(st iR erdpanaingil g 1@ alMee 8% &W@?an"?ﬁ%aﬂm%@?ﬁéﬂ%%ﬁefﬂ%féi%ﬂ?
i‘i rlnﬁ ﬁ stﬁgmﬂ% cable towed L@derwater with. a bird ass roﬁatabI%/
dR&AIE A SHEEMET EREIE IR bl HLQETRBI BB 8P tHE PVB‘éP ety of the
connectors, to the body of the assembly at various positions, or internal to the body itself. So,

as these few examples suggest, the scope of the invention is not meant to be limited to the

preferred versions described in detail.

What is claimed is:

10
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typically operated underwater in an orientation wherein one or more wings on
the bird 5 assembly are pivotable about one or more pivot axes lying
generally in a horizontal plane, the method comprising: operating the bird
assembly in an orientation wherein the one or more pivot axes of the wings

Cieinigrgely in a vertical plane. 2. The method of claim 1 comprising: 10

prea rAUStmg the specmc gravity of the bird assembly so that the bird
aske BéetiyerGrates ‘T‘rf%‘??’é‘ﬁ%?ﬂ'&lﬁdﬁ SRR HEOMEG PHEre

f th lie | I 3. The
FAZ?&5%%%@%fm%rl§ﬁ%?%%§c¥ﬂ%ﬁ{é%ﬁé G LT i 2 e

15 4. The method o clajm 2 comprlsmgltaatg(gnl%a we(%ht to one of the W’[H%ird

t ca undgerwater in'an or €rel ore. Wln S Oon
5. Thé mé oopo]iacefalm comprising’ forming & void in the interior of one or

m0rea@ﬁéﬁ%l%@&Bw@caﬁl@%ﬂ%ﬁt&@o%ﬂ?é'ﬁ%PM&ﬁﬁg%ﬁgﬁﬂqm Hlidian

to the bird aSsembly. 7. The method of claim 6 wherein the flotation is added
to thehikd, arseeii atapRasition on the same side of the cable as the one
or more wings. 8. The method of claim 1 comprising: 11 ballasting the bird
assemsosthattine Rindsseimblyreperalies iidprtaliale brafore HeRiedlen of
wherein the one or more pivot axes of the one or more wings lie largely in a
vertical plarte Yifgsdierethdd iofactaited plangprising:
2. The method of claim 1 comprising:
preadjusting the specific gravity of the bird assembly so that the bird assembly
operates underwater in an orientation wherein the one or more pivot axes of
the one or more wings lie largely in a vertical plane.
3. The method of claim 2 comprising:
making one of the wings heavier than another.
4. The method of claim 2 comprising:
adding a weight to one of the wings.
5. The method of claim 2 comprising:
forming a void in the interior of one or more of the wings.
6. The method of claim 2 comprising:
adding flotation to the bird assembly.
7. The method of claim 6 wherein the flotation is added to the bird assembly at a

position on the same side of the cable as the one or more wings.

8. The method of claim 1 comprising:

11
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5 controlling an aileron positioned on the bird assembly to maintain the bird
assembly underwater in an orientation wherein the one or more pivot axes of
the one or more wings lie largely in a vertical plane. 10. The method of claim
1 comprising: changing the angles of the one or more wings on the bird
relativeltes @aecHhobieras e bl e thaithheiidirdsemsbnabRraletdaideatakeiniz an
orientation wherein the one or more pivot axes of the one or more wings lie
largely in a QEFfERIgAherein e QaiRet BFekFsIofihercmisivibes lie
operating a second bird a,sserpbl on an opposite side of the streamer cable
from the otf‘f‘é?%?’r&lélsvseéﬁ’fﬁllﬁ "12. A method for converting a

caé)l = e\/r%lét iggcrlwa}\rmgcanparirigf wings into a cable- steering bird, the
metho comprlsmg:aballas(t)lna iﬁegéable-leveling bird so that the bird operates

undepyaeiiiR.Am RSBIABIRLMDETRAIThEBHN AUtie WIRdR RYARSAPRY SRRy

axis that lies largely in a” vertical plane to steer anattached underwater cable

laterally. 20ykdethe-mgthostief alaimwieconrrisiod: making onsaf shewings:
heavier than the other. 14. The method of claim 12 comprising: adding a

weight to ongoaf thegyingargdy.if heenrthethes.claim 12 comprising: 25
forming a void in the interior of one of the wings. 12 16. The method of claim
15 fuithe medrmg risimg nfilliogthesingid with a foam material having a specific

gravity less than unity. 17. The method of claim 12 further comprising:
changing the angles of the one or more wings on the bird relative to each other to

maintain the bird assembly underwater in an orientation wherein the one or
more pivot axes of the one or more wings lie largely in a vertical plane.
11. The method of claim 1 further comprising:
operating a second bird assembly on an opposite side of the streamer cable from the
other bird assembly.
12. A method for converting a cable-leveling bird having a pair of wings into a cable-
steering bird, the method comprising:
ballasting the cable-leveling bird so that the bird operates underwater in an orientation
wherein each of the wings pivots about a pivot axis that lies largely in a
vertical plane to steer an attached underwater cable laterally.
13. The method of claim 12 comprising:
making one of the wings heavier than the other.
14. The method of claim 12 comprising:
adding a weight to one of the wings.
15. The method of claim 12 comprising:

forming a void in the interior of one of the wings.

12
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adding an orientation sensor to the bird for providing a signal representative
of the 5 orientation of the bird. 18. An underwater cable steering device
comprising: a connector attachable around the periphery of an underwater
cable and rotatable about the cable; a control device including: 10 a body
colindérearqthed @lcdaine ttoiueRes aeanwising: cable; a first wing disposed at one
side of the body and arranged to pivot about a first axis; a second wing
dispolBrathan oFpydia YerbRAeiHe B the Bas Angrariangsdhy WSt about
a second axis; 15 wherein the first axis and the second axis do not intersect
thi7c:;trt5‘f3e’fmf*é’glr?£ \‘%1113.\1,@&\1{ SHPEY Wi about the first axis and the

second wing, abot ie second axis; ballast means ' hﬁﬁ%"?"&%‘i&ﬁ% of the
steering dévice to maintain the first axis and the  Second ax Targe y
vertically digpased 288 Hy,device as in claim 18 wherein the ballast means

includes a weighted portion in the first wing. 20. A device as in claim 18

wherein ihgebalirst RS i wdeR Actpssned portion in the second wing less
dense than the rest of the second wing. 21. A device as in claim 18 wherein

the fiest @ndcsacondhabngs @achtapkigedioiowe dn&bvaostionde hodddtatable
device as in claim 18 wherein the first and second wings each include tanks
at the wingaipost the cable;
a control device including:
a body connected to the connector external of the cable;
a first wing disposed at one side of the body and arranged to pivot about a first
axis;
a second wing disposed at an opposite second side of the body and arranged to
pivot about a second axis;
wherein the first axis and the second axis do not intersect the cable;
means for pivoting the first wing about the first axis and the second wing
about the second axis;
ballast means to help ballast the steering device to maintain the first axis and the
second axis largely vertically disposed.
19. A device as in claim 18 wherein the ballast means includes a weighted portion in the
first wing.
20. A device as in claim 18 wherein the ballast means includes a foamed portion in the
second wing less dense than the rest of the second wing.

21. A device as in claim 18 wherein the first and second wings each include hollowed

portions.

13
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23. A device as in claim 18 wherein the means for pivoting comprises: a first
shaft extending out of the first side of the body and affixed to the first wing
and 5 defining the first axis; a second shaft extending out of the second side
of the body and affixed to the second wing and defining the second axis; a
driZe Mndehemisnn earind tadiarsithidifasstngfsenetdnanes copllisplafieturbtatahe
the first shaft along the first axis and the second shaft along the second axis,
there%ﬂli% adjust the angle of attack of the wings. 24. A device as in claim

herein the first s the second shaft are axially aligned. 25. A
R TR ?&%ﬁﬁl& % Rl AR Hiat are

OppOSI%eril a tg)ztte?lau%am Sf} f1r ? %H}eVIC y an(tl;a? r‘q@ Zthve\:/?l?gg WIJQ Gnd
drive mechanism Includes a. actuator couple wing an
second aCtl{féEﬂ{lﬁé)H{%'%‘i’sI%ﬂge second wing. 27. A device as in claim 22

wherein the drive mechanism includes an actuator coupled to both wings.

28. AdevifR asinsiaimdSovhareinstheoiod davissdnsiddesxen @rsntatian
sensor 20 producing a signal representing the orientation of the body. 29. A

device as inwglaiahd detibereinethe gNtke); device includes an accelerometer
producing a signal representing the acceleration of the body through the
waten dg0e Anclemioenasometaihtd Saviisrehfitradirst vengdshdauentharhtHest
second wing. 14 31. A device as in claim 18 wherein the ballast means
comprises aHégative sy axs ddoheaitaehbehidl thensdhmesrardaxes. thereby to
circumferentially offset position from the control device around the periphery
of the Connéeﬁ]ﬁ’t the angle of attack of the wings.

24. A device as in claim 22 wherein the first shaft and the second shaft are axially
aligned.

25. A device as in claim 22 wherein the first shaft and the second shaft are opposite ends
of the same shaft.

26. A device as in claim 22 wherein the drive mechanism includes a first actuator coupled
to the first wing and a second actuator coupled to the second wing.

27. A device as in claim 22 wherein the drive mechanism includes an actuator coupled to
both wings.

28. A device as in claim 18 wherein the control device includes an orientation sensor
producing a signal representing the orientation of the body.

29. A device as in claim 18 wherein the control device includes an accelerometer
producing a signal representing the acceleration of the body through the water.

30. A device as in claim 18 wherein the first wing is heavier than the second wing.

14
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32. A device as in claim 18 wherein the ballast means includes a positively
buoyant 5 appendage extending from the body. 33. A device as in claim 18
wherein the ballast means includes a weight in the first wing. 34. A device as
in claim 18 wherein the ballast means includes a float attached to the
cohinéctisri@sasAnddyinel a3 lieiciaimelgHastmesand poprisisgy a resre xbyrpeht
device connected to the 10 connector on the opposite side of the underwater
cablebhoniiRerstHatiorrparetavite. C@@%rﬂﬁrﬁﬁﬂé&/\?ﬁfﬁt eaiférrtEemi g cronice!

comprising: a connector attachable around the periphery of an underwater
cable’SH§ rf’ﬁ%‘i%%e%%We"fgﬁé?‘&lﬁ%tﬂ&ol device including: 15 a body

CO}IEQ%“ 20,9 %‘?P%?J}Hlefé%e?’r‘é%rﬂ%' l?Jlﬁ‘s‘? ﬁ%&’d?il}%lﬁﬁé‘sf %e’éts‘?%ﬁ‘éj' B%r:y%%gh
the'body and defining a pivot axis; a first wing portion conhected to one end

of thedgf)@;&a%re%g%ﬂ %‘iﬁ%@%@)ﬁ‘? pivot about the pivot axis; a second

wing portion connected to the oppaosite end of the shaft at an opposite 20

side. of theikoslyiiQ RiMPT ahastthenR VAl AXiSe M aIah e RMohAXIhEeRS AR,
intersect the cable; ballast means to help ballast the steering device to

maintaigethe: pivot @xXis B gelytcUermicbalyaci snase thcbrdeA O@yicerashisi etadm 36
further comprising a second control device connected to the 25 connector on
the oppositeside of the underwater cable from the other control device. 15
38. A device as in claim 36 wherein the ballast means includes a weighted
potdioh davilse afiFstoleiny §drither comprising a second control device connected to the

connector on the opposite side of the underwater cable from the other control device.
36. An underwater cable steering device comprising:
a connector attachable around the periphery of an underwater cable and rotatable
about the cable;
a control device including:
a body connected to the connector external of the cable;
a shaft extending through the body and defining a pivot axis;
a first wing portion connected to one end of the shaft at one side of the body to
pivot about the pivot axis;
a second wing portion connected to the opposite end of the shaft at an opposite
side of the body to pivot about the pivot axis;
wherein the pivot axis does not intersect the cable;
ballast means to help ballast the steering device to maintain the pivot axis largely
vertically disposed.
37. A device as in claim 36 further comprising a second control device connected to the

connector on the opposite side of the underwater cable from the other control device.

15
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39. A device as in claim 36 wherein the ballast means includes a foamed
portion in the second wing portion less dense than the rest of the second
wing portion. 5 40. A device as in claim 36 wherein the first and second wing
portions each include hollowed portions. 41. A device as in claim 36 wherein
thédmedasiferpiveling sormpeisesths birlastmeatranidndesonneciiadipoitieshahe
to rotate the shaft about the pivot axis to adjust the angle of attack of the
wing PEFbHE PPEFD- A device as in claim 41 wherein the drive mechanism

includes an actuator.coupled to both wing portions, 43. A device as.in claim
SIS 6 oY doTEE T AR HGs A e e
signal representing the orientation of the body. 44. A device as in claim 36

o B bt e o e

repeseiag teAGeRIeatanR efthe RedY ARG G WRIRTo AR AndRUIGE S

in claim 36 wherein the first wing portion is heavier than the second wing
portiap Q<A sigNisR.as in claim 36 wherein the ballast means comprises a
negatively buoyant body attached to the connector at a circumferentially
offsetpasitienraraihie ontiakin thdevass a0 pndihe @eiiphesy of the
connector. 47. A device as in claim 36 wherein the ballast means includes a
positivélyvbumghnatiappendeage ©xtendiafgtirormthédstft dduiidavice agsmo
claim 36 wherein the ballast means includes a weight in the first wing
portion. 16 49us devieglae! ipitarkint 36 Wheremtions.ballast means includes a

float attached to the connector. ' o
42. A device as in claim 41 wherein the drive mechanism includes an actuator coupled to

both wing portions.

43. A device as in claim 36 wherein the control device includes an orientation sensor
producing a signal representing the orientation of the body.

44. A device as in claim 36 wherein the control device includes an accelerometer
producing a signal representing the acceleration of the body through the water.

45. A device as in claim 36 wherein the first wing portion is heavier than the second wing
portion.

46. A device as in claim 36 wherein the ballast means comprises a negatively buoyant
body attached to the connector at a circumferentially offset position from the control
device around the periphery of the connector.

47. A device as in claim 36 wherein the ballast means includes a positively buoyant
appendage extending from the body.

48. A device as in claim 36 wherein the ballast means includes a weight in the first wing

portion.

16



10

15

20

25

50. A device as in claim 36 wherein the first wing portion and the second
wing portion are unitarily formed. 5 51. An underwater cable steering device
comprising: a connector attachable around the periphery of an underwater
cable and rotatable about the cable; a control device including: a body
cotthéctistice thenchnmetiorhexear i bl e madieindlgdgsirstoshatfeehae trithe
from a first side of the body; a first wing attached to an end of the first shaft
and #PAPREY to pivot about a first axis defined by the axial rotation of the
shaft; wherein the xis.does not intersect the ga%le; ballast means to

fi fi
el PAEES TG G RSO AP RO TG AN S o Ve R Ay

disposed. 52..IA Plevic as in claim 51 further comprising a second control
. _are unitari

device connected o thie connector on the opposite side of the underwater

Caﬂ'?Aﬁqmcfé}%gﬁ%@%ﬁlﬁ%{é@ﬁ@}{&?ce 5@’1;16&891‘%03 as in claim 51 wherein the

ballast means includes a weighted portion in the first wing. 20 54. A device

as in glaim&ovherginthahaliast peaneinsiudes & feamednotiandndise

first wing less dense than the rest of the first wing. 55. A device as in claim 51
wherein theaballegmeans includes a hollowed portion in the first wing. 56. A
device as in claim 51 wherein the first wing includes a tank at the wing tip. 25
57. Aadewicel devinecladimdbigwherein the control device further includes: 17 a
second wing attached to an end of the first shaft opposite the first wing and
arranged a body connected to the connector external of the cable;
a first shaft extending from a first side of the body;
a first wing attached to an end of the first shaft and arranged to pivot about a
first axis defined by the axial rotation of the first shaft;
wherein the first axis does not intersect the cable;
ballast means to help ballast the steering device to maintain the first axis largely
vertically disposed.
52. A device as in claim 51 further comprising a second control device connected to the
connector on the opposite side of the underwater cable from the other control device.
53. A device as in claim 51 wherein the ballast means includes a weighted portion in the
first wing.
54. A device as in claim 51 wherein the ballast means includes a foamed portion in the
first wing less dense than the rest of the first wing.
55. A device as in claim 51 wherein the ballast means includes a hollowed portion in the
first wing.
56. A device as in claim 51 wherein the first wing includes a tank at the wing tip.

57. A device as in claim 51 wherein the control device further includes:

17
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to pivot about the first axis defined by the axial rotation of the first shaft. 58. A
device as in claim 51 wherein the control device further includes: a second
wing disposed at an opposite second side of the body from the first wing and

5 arranged to pivot about a second axis; wherein the first axis and the second
axis dossonthrdnsettathstiale esinfAhg ditshall ipeaitn tBg fiwsierala aheé arranged
means for pivoting comprises: a second shaft extending out of the second

side of the toay %trﬂ!l’%&&flfétﬂﬁ‘égﬁé@&ﬁ‘ab%ﬁ%aéﬁél r&@ﬁﬁ’?‘@fﬂ% Hestshait

a drive mecharg m_connected to ige first sh ft an e second shaft

tosr tétgetﬂéeff’rss‘[n SHAR AloWETRE HISEAS 5y ‘Pr?ef‘& Sfft along the
second axis there d ust the apgle of att ck the s. 60. ev ce
asin cfalmng9 wnﬁ #.r&oﬁ%’aﬁ‘%gs%ﬂu hPdes c}' h) rﬂ% % IA :Hld

€ secon sha are axial

1561. A deXfPﬁgéﬁ %l@@a@&‘("i‘?&%ﬂdtgﬁ Jirst shaft and the second shaft

are opposite en f the same shaft. 62. A'device as in claim 59 wherein the

drive giehansHrinaldesiarir st AatHAtRI kR iRtk iecthrfisgiwing and a
second actuator coupled to the second wing. 63. A device as in claim 59

whereini¢he diivie mashssisieriiciidesan aatyaiaimaupigeds: 20 both wings.
64. A device as in claim 51 wherein the control device includes an orientation
sensarsqeradubiigeatsignel sepréderingnthedorid thatiodyofrtth ef Hodlto8be fecond
device as in claim 51 wherein the control device includes an accelerometer
producing avgifnald dprasentingegradiatéleration of the body through the

water. 25 66. A device as in claim 58 wherein the first wing is heavier than
the Séé]éjr’{a W?ﬁbe_lnifgl connected to the first shaft and the second shaft to rotate the first

shaft along the first axis and the second shaft along the second axis, thereby to
adjust the angle of attack of the wings.
60. A device as in claim 59 wherein the first shaft and the second shaft are axially
aligned.
61. A device as in claim 59 wherein the first shaft and the second shaft are opposite ends
of the same shaft.
62. A device as in claim 59 wherein the drive mechanism includes a first actuator coupled
to the first wing and a second actuator coupled to the second wing.
63. A device as in claim 59 wherein the drive mechanism includes an actuator coupled to
both wings.
64. A device as in claim 51 wherein the control device includes an orientation sensor
producing a signal representing the orientation of the body.
65. A device as in claim 51 wherein the control device includes an accelerometer
producing a signal representing the acceleration of the body through the water.

66. A device as in claim 58 wherein the first wing is heavier than the second wing.

18



67. A device as in claim 51 wherein the ballast means comprises a negatively
buoyant body attached to the connector at a circumferentially offset position
from the control device around the periphery of the connector. 68. A device
as in claim 51 wherein the ballast means includes a positively buoyant 5
apgPendinyéicertdndiagnidrivikesibably betispnavice agines la sl vialbidrsiratlie
ballast means includes a float attached to the connector. 19
body attached to the connector at a circumferentially offset position from the control
device around the periphery of the connector.
68. A device as in claim 51 wherein the ballast means includes a positively buoyant
appendage extending from the body.

69. A device as in claim 51 wherein the ballast means includes a float attached to the

connector.
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