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SEI SM C ENERGY SOURCES Background of the Invention Thi,g é i r t es
generally to marine seismc surveying and nore parti cu®a$ W&l""??'éa@é’?i on
system for use in marine seismc surveying. In marine seismc surveying, to
obt ai n geophysical information relating to 5 the substrata | ocated bel ow
t he sea bot {v@goss3e49sm ¢ sources, generally acoustic transm pCenseo/ecdsspt ed
to produce pressure pul ses or shock waves under water, are towed beneath
the water surface behi i propagate into
t he substrata beneat wﬁﬁéwmﬁﬁﬁgwﬁﬁgm refl ected back
to the sea. The returning shock PRYESG %ed by sensors 10 (usually
hydr ophones) and the useful data cont al?r%ﬁlgn e signals produced by the
sensors is processed to deterBhélgroifd 9 ehd Misveidiorst ructure of the
substrata. Air guns or gas guns are_ frequently used as acoustic

ty ansnitters. Th,laanvgr;tl@@veleges genenglly $o marine seismic suriesingandmereon t o
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char act ergrépagateinte thoetbstratd béeathiihe bewheP@thdyereaelragtid sitbarray is
mai nt ai ned at a constant depth bel ow the water surface and in a near

st rai ght refleefedrhackerthgiseposthe meiurming shoek svayss azg detpctaddby sgnsons use are
5.th fi 0).. feet, | d i gh | d
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comon  prifgiskfiSorsiis ph6cedbed 86 deb@nie ¢hé BENSHFsIG Bt dfthalsuBstrath. Si N9l e
or nultiple floatation devices (buoys) along the length of the air gun

subarray by netingusis ar gasiguns ave fequentksusefhas addusdicdrammmitters cosualiyt ai ns
the air %lé\r}ersaﬁ!g?rr Fans glt'e SfaCQS% s(fl)ac(gt?(fI Eeia%%n 9068531 other in a subarray. One or

more air gun subarrays are towed behind a marine vessel beneath the sea

C

15 surface. During operation, all air guns in a subarray are activated
simultaneously to produce a desired overall pressure pulse from that subarray.
The pulse characteristics, such as the frequency, bubble ratio and amplitude, of
the overall pressure pulse produced by an air gun subarray is a function of the
characteristics of the pressure pulses produced by the individual air guns and the

20 physical arrangement of the air guns in that air gun subarray.

'In order to repeatedly produce and transmit pressure pulses having known
characteristics under water, it is important that the air gun subarray is
maintained at a constant depth below the water surface and in a near straight
line horizontal position. Air gun subarrays presently in use are generally more

25 than fifty (60) feet long and weigh several hundred pounds. To tow such an air
gun subarray below the water surface, it is a common practice in the art of
seismic surveying to pivotly attach a single or multiple floatation devices (buoys)
along the length of the air gun subarray by means of a plurality of links. The

floatation device maintains the air gun subarray at or near a constant depth
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-1 10 SEPTEMBER 2003 WD 00/ 55649 PCT/ US00/ 06788 bel ow the wat er surface
when the subarray and the floatation device conbinati o F, 'ﬁﬁ:ic
source systen) are towed behind a vessel. Conventi onaI ation systens
for use in marine seismc acquisition typically consi st of sealed netallic
contai ners, sealed nenbers having solid 5 floatation material in separate
conpar t ment YO #'55689al ed nenbers that conmmuni cate with one an®drarsouss7sg a
series of valves and a regul ated air supply. FI ot ation systenms consisting
of seale s fr.equ suffer rematurefallureln
oper at i ogb egﬁé&sg"?u &”."YR%@’%‘% aéffm%%h? P?@F}% devige ebation ner .
Fl oat at i obrane selEi6 85&k el dyateflf arfdlwed asvéagéi' ng solid 10 floatation
materials in separate conpartnents are conplex and difficult to nonitor in
operation. Fl ddernendivre} floatatian sgstetnsfor afe e ahaeh SBEBATE abd\dikition

conmmuni ¢ e h ong, a rr and_include a regul at ed air su pIy are corrpl ex
and requi é’@ﬂ?‘éf@ ﬁ%‘%@%“&&kﬂ fyntzvapm, bam&

presentsi ] =‘. one nor e, of 15

linmtati oﬂn(g&antﬁhq‘eé%ﬂ?ﬁ%ﬁ% oatat o&gg}lq? %?2%’4%?1‘-'% seismc
energy soummbeniciterwitly ofé abbehdrsing h @Bribs 6P¢EvRY ahd £ QGlir of the
present invention, a floatation device for a nmarine sel C energy source

i's provi cﬁéwpﬂmaqutmmmteanmmwﬁmf sealeduimetalrcon2fineesBesgnes tiypuglért 0
t he head %&%ﬁﬂmfm gadfl i n s co g to th t ubul ar. nenbers for sealing an
end portion A prateyinfilization afjtheinflaxiblel ve,
for oony i netE tﬁﬁ()?g e one Fuau arfsggr%g% ii@’eofh“ou £ lﬁg?ﬁref

for sealing the end portlon 0

as pectlQ)fﬂqatetlpm mnaimnes&panate confETtmen fLhfRdinpléR AIEATHHIRYHCE | S
provi ded th i ncl ude oat ati on device and one or nore marine seismc
ener gy sdt pxelé:gr teto) ¥ s °Po Ioatationsyaterss corsisng of sealedonembemmthatevi ce

i ncl ud the head fl oat 1

coupl | noS EaRaflicatRith tno HAHIR SRTRONRCCONR TN 2it SR s GoRIR o t he

t ubul ar mqumreeatégtﬂ@wpdmsrwp 'vaﬂgtl.ﬁ%iﬁkda‘éﬁhﬁ%ﬂénd a tail menmber 30
he upul ar

coupled to an _end portion of one menbers for sealing the end
he present invention is dlrected to overcoming one or more of the

D)

15 limitations of the existing floatation systems used for marine seismic energy
source,
Summary of the Invention
According to one aspect of the present invention, a floatation device for a
marine seismic energy source is provided that includes a head float, n tubular
20 members coupled to the head float, n-1 couplings coupled to the tubular
members for sealing an end portion of the tubular members, each coupling
including an air valve, and a tail member coupled to an end portion of one of the
tubular members for sealing the end portion of the one tubular member
According to another aspect of the present invention, a marine seismic
25 energy source is provided that includes a floatation device and one or more
marine seismic energy sources coupled to the floatation device. The floatation
device includes a head float, n tubular members coupled to the head float, n-1
couplings coupled to the tubular members for sealing an end portion of the
tubular members, each coupling including an air valve; and a tail member
30 coupled to an end portion of one of the tubular members for sealing the end
portion of the one tubular member.



portion of the one tubular nenber. 10 SEPTEMBER 2003 WO 00/ 55649

PCT/ US0O0/ 06788 a. B According to anot her aspect of the gﬁpﬁtmggﬁrﬁq(ﬁ] a
marine seismc acquisition systemis provided that includes a controller
for controlling the operation of the marine seismc acquisition system
one or nore marine seismc sensors for nonitoring seismc energy coupled
to the cont @) doggse49and a marine 5 seismc energy source for genrarsadioerIgs
seismc energy coupled to the controller. The nmarine seisnm c energy source

includes a floagtatign device and one or nobre  narine seism ¢ energy sources
coupl ed to themg%ﬁnaﬁmr@épeeﬂfé P FResent ARVeR M, BTN G 8IS 0at |, n

ubol ar neEiOLRER EhrbiReRTRAE SRRl dloheFAND AP BBl Be 10 102
coupl i ng ioperatitinef £He Miafinéaleistnic Abguiditict systemib ohe @@ URbRIMESINR seianit

portion of one of the tubular nenbers for sealing the end portion of the
one t ubulsemsoxs fpemoniteringeismircaneriy houpled e the spatnoller, antba pnargnet

inventiqn, a f.loatation mtenber i S.provi ded that inci%g S, a tUQlF“ r menber
having 2 SPRTNS PRPTESARMEEY Tor BSnGratin Prisic snetgs sonplec it contralfers oz ng
renber  f orrR6abiiRg sefi@nitidntlaPsthireé ifdiedédy fib g%g@@gﬁ gﬁg olnlar! 4B ar

menber, and a second seal i ng nenber for sealin end of the
interior miarideseisfit brergyizoliacesrmpupled toAhelfloasationdevizk. (Tie Aeatation

nenbers incluges valve for jnjecti a buoygnt fluid_ into the interior
Chantber oRRGHAASS BePa Flonbh EHbUED SIeSREe SPUBIEdO e haR I DA ¢ he
present i | i 1 I menber is
provi ded %‘g@%{iﬁglﬂl}getgﬁ giah% g?%wga%n%%gg?ﬁg’%@?n%ﬂge#?g*@énd and a
second 1@Nenerab@@| badh csupliig inichitliflg awidivalve/@nd el tailinbitibier 2bupledsionth f or
dividing the interior of the hollow tubular housing into a first interior
portion astdpordenof ongtadithe tubwer membensfornsealingtheend paptien of she hae

hol | ow tuguu{é&rﬁghousgn]?. I n accordance with another aspect of the present

i nvention, R3Y°6F operating a nmarine seisnmc energy systemis

provi ded that [RGkESMMRE WiHhRGther aﬂﬂgé&%f the pRiseh € Ravéiifor, | LHbAaRicRUOY ant
nmenbers, coupling the flexible buoyan
member is provided that includes a tubular member having an interior chamber
15 with first and second ends, a first sealing member for sealing the first end of the
interior chamber of the tubular member, and a second sealing member for

sealing the second end of the interior chamber of the tubular member. At least

one of the sealing members includes a valve for injecting a buoyant fluid into the
interior chamber of the tubular member. ‘

20 In accordance with another aspect of the present invention, a sealing
member for sealing a hollow tubular member is provided that includes a hollow
tubular housing having a first end and a second end, a partition positioned
within the hollow tubular housing for dividing the interior of the hollow tubular
housing into a first interior portion and a second interior portion, and a valve

25 coupled to the hollow tubular housing.

In accordance with another aspect of the present invention, a method of
operating a marine seismic energy system is provided that includes providing a
plurality of separate flexible buoyant members, coupling the flexible buoyant
members, injecting a buoyant fluid into the flexible buoyant members; and

380 supporting at least one marine seismic source beneath the surface of a body of

water using one or more of the buoyant members.
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menbers, injecting a buoyant fluid into the flexible buoyant nenbers; and
30 supporting at |east one marine seismc source beneat,ﬂJ %E?@%E/E%ﬁ a
body of water using one or nore of the buoyant nenbers. 23003
WO 00/ 55649 PCT/ US00/ 06788 I n accordance with another aspect of the present
invention, a method of floating one or nore el enments bel ow the surface of
a body of WO#B/SIHE? provi ded that includes providing a tubul &TIUSOR6IES on
menber, sealing the end of the tubular floatation nenber, injecting a
buoyant fl ui dyJd t I i .adl acent f the
ends of the ?I %%Faﬁ%a%i%{n“%ﬁg&ﬁd tgﬁ& eﬁ%@?ﬂ%ﬁgﬁg ol er?%l?%ogl enment s
bel ow t ModtiF a66 ofmeredeinenis Belo® thissdaéd6f a boly bPiwatéor! gioviledmenber .
In accordance with another aspect of the present invention, a nmethod of

j oi ni ng thiasaneludes poevifingsa febwan flodéation aneinbet, sdelking the eddrmf thef | exi bl e
hol | ow 10,cqupl.i including a.valve for injectin byoyant fluid into the
{1 ot at iR ReagtioRsnpae Buddins s Wigyank g Riope tRbalar fpdlafion

sche 116 af i i S hﬁﬁa hber. 3@t sition
systgﬁé lllelegmég%ld‘iégﬁe:a?lg&g? ?3? ?%%ﬂ(k);&? gﬁegﬁn}é@lﬂdﬁwﬁ&a oglf’atl on device

f or mar isuppotrfingenerdranereelpmearis bebsw fthe susface bf bibedywfivwietes @ising the
acquisition_systemof Fig, 1. FIG 3 is a cross-sectional illustration and
vi ew of tupwlar Heatatiopimgmbese of Fig. 2. FIG 4 is an illustration of an

enbodi ment of f t..of:1h flLo ion device of Fig. .2.:20 FIG 5
T an 11 ust 1 fsaRERfee iR it Soncecdbst Rl i irdin. L aothgath T F o
6 i s angbiifihg@casation deviebals prdviddd atomchitbs\UreWdilg biRsibRA AN
device of Fig. 2. FIG 7 is another cross-sectional iTlustration and view
of t hi0 fdovpliag inpludimg acalesf foFiigjectingod bEbBan Bl o the foatatiomdevitesan
enbodi nent of the coupli ngBo.f bhe f.| qat atfit%g device of Fig. 2. FIG 9 is
an illustration of anotherSBfhOESFRERHOBOL $hg of Fig. 8. FIG 10

i's a fragmentprqy, £108sciRrifiONRlstiAtdh oF aft RLBEGHIET BRI Yeihic

acquisition system.
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FIG. 2 is an illustration of an embodiment of a floatation device for marine
15 seismic energy sources for use in the marine seismic acquisition system of Fig. 1.
FIG. 8 is a cross-sectional illustration and view of the floatation device of
Fig. 2.
FIG. 4 is an illustration of an embodiment of the head float of the
floatation device of Fig. 2. '
20 FIG. 5 is an illustration of another embodiment of the head float of Fig. 4.
FIG. 6 is another cross-sectional illustration and view of the floatation
device of Fig. 2.
FIG. 7 is another cross-sectional illustration and view of the floatation
device of Fig. 2.
25 FIG. 8 is an illustration of an embodiment of the coupling of the floatation
device of Fig. 2.
FIG. 9 is an illustration of another embodiment of the coupling of Fig. 8.
FIG. 10 is a fragmentary cross-sectional view of a preferred embodiment of
the coupling of the floatation device of Fig. 2.
30 FIG.1lisa cross-secﬁonal illustration and view of the coupling of Fig. 10.



the coupling of the floatation device of Fig. 2. 30 FIG 11 is a

cross-sectional illustration and view of the coupling o I

SEPTEMBER 2003 WD 00/ 55649 PCT/ USOQJ 06788 FIG 12 is an‘j) E‘g_ﬁ’TélﬁBEﬁzé&
cross-sectional illustration and view of the floatation device of Fig. 2.
FIG 13 is an illustration of an enbodinent of the tail nmenber of the

floatationwWawwsseef Fig. 2. 5 FIG 14 is an illustration of papgidantrss
enbodi ment of the tail nenber of Fig. 13. Detailed Description of the

Il lustrative Enbodi nents A floatation device for marine seismc energy
sources is pré¥fedd is arethen @asusedionaljllugdratien andpigwiafdhe flestationead

float, apluralkkt f tubular nmenbers, 10 couplings, and a tail nenber.
Each of g%gl%ﬁgtgﬁ%’rﬁnenbers in conbination with a pair of the couplings

provi de a sealfgd. i B38ballIABtrARINRAESF arf eriHAAIABA €of BRHAIIOfenHi® of GP! | NgS

includes an air valve for injecting a buoyant fluid into the interior of
the tubufleatatiorbdedce pAFIhiZd manner, the floatati on device provides a

- conpact. and | ar .fl oat.atj on, device that preferably includes a plurality
of 15 uoyan%n@ér‘%?‘nﬁhﬁﬁ %{@%ﬁﬁ?@%ﬁ&%@ﬁeo ﬂ@%@bﬂ'*ﬂg-

f oat at i device may be easily adjusted in operation by adding or
subtracting tubular nmenbers and couplings. Wiile illustrated in an

exenpl ary enbodi nenDeteiledl Dédcripition of theTwtrdtive BRbodémeatsm ¢ ener gy
sources, the present, floatation device, wll have w de application to any

nunber of appldeatabien devige ipsanaripe seifmis cagraosawrcehis pravidedatThm of a

ncaui of ¢ PoAC QRibEbHERratTF AREH o e fas bl o R memeeiE "
sei SN0 ceHSIgs, 4Rl a BAPMRMBYEL. MCacls 6f 818 fubRMa! S¥nHArs §8 chinbindtidh Withi ne
seism c acquisition system 100 preferably nonitors and controls the

col | ect i erpadf oSdhestoupligsprovidesa sedded floatation 2eniherndfarthermibee, eacht obl | er
105 controls the operatjon of. th rine seisnic acqujsition _ system 100.
The cont Flg? FP Wﬁ?}‘ s aiﬁ?/n_?q{dﬁﬁeé’?m&fafr?&‘ﬁ?ﬁé‘g;ﬂ‘b‘édpm thpdnieron | v
avai | abl gr gRObRIALferhBErsh! Ms HEBIES tREANMItLH HbvIte Brfides’®"

cbmpact and modular floatation device that preferably includes a plurality of

15 buoyant members. Furthermore, in this manner, the length of the floatation
device may be easily adjusted in operation by adding or subtracting tubular
members and couplings. While illustrated in an exemplary embodiment as a
floatation device for marine seismic energy sources, the present floatation device
will have wide application to any number of applications that would be enhanced

20 by the application of a modular floatation device.

Referring initially to Fig. 1, a marine seismic acquisition system 100
includes a controller 105, one or more marine seismic sensors 110, and a marine
seismic energy source 115. The marine seismic acquisition system 100 preferably
monitors and controls the collection of seismic data for a subterranean

25 formation.

The controller 105 controls the operation of the marine seismic acquisition
system 100. The controller 105 may comprise any number of conventional
commercially available controllers for marine seismic acquisition such as, for
example, a WG-24 or Syntrac. In a preferred embodiment, the controller 105

30 comprises any one of the commercially available controllers from Input/Output,
Inc. in Stafford, TX.



exanple, a W24 or Syntrac. In a preferred enbodi nent, the controller 105
30 conprises any one of the commercially avail abl e cont
| nput/Qutput, Inc. in Stafford, TX. -5 10 SEPTEMBER 20’%@56%&%86%@%‘&003
PCT/ USO0/ 06788 The marine seism c sensors 110 sense seism c energy and
generate electrical signals representative of the nmeasured seism c energy.
The mari ne Weedss649 sensors 110 are operably coupled to the pemusodésrss 105.
The marine seismc sensors 110 nay conprise any nunber of conventi onal
comercially Srgvai | abl e.mati ne s%ii 1c sensors, such as, .for exanple, WG 24
I n

or Syntrac. ° IS ey P S SenSeSeRIIC PR eLEY And geRerAlsr s 110
conpri se ofdri*aPsi m@% | ' [ #6817 ors from
I ngEtIOJt put, | n?gﬁfi%% ?%%f or v{r\é%X%%%é%ndé??hgsgﬁgﬁl&ﬁgng%%%%éce 115

i s oper alskismimgehsdrst H( dre aperablyl dotipledld tHeTonThAleFd06N e hsdrie ener gy
source 115, generates seismc energy in a well known nmanner under the
control &Ff §eBReLsoH Uonay sompriseany pgmbsr pf genventional commenciglly r ed

enbodi . ﬂﬁﬁllﬂ 'ﬁ&!ﬁ ] rgy. spurce 115 J des, a . fl oatation
devi cersg Bmél%%f\eone oresr%ore ergﬁglﬁcél%ns%scgﬁscg% %g?pjlﬁ’hg 4‘%8@&5‘?’&7&3 e 200
i s_pref eprbferredapiiodithent, thaim#riné Beisthic SdHsb¢ £16 L0mphisd aAQdon Obt RS e
215. The floatation device 200 further is preferably adaptéd to support

one or mepBUBAGigNy svailable ne0ing seismiosmuiotefrom Inpret/Qutpget; Enelia of t he
body of gﬁgﬁr ﬁi As illustrated in Fig. 2, in a preferred enbodi nent, the
f1 oat at i &0f:ct™ 200 includes a head float 220, a first tubular nenber

225a, one or F%Qid lﬂfcdéxfér ="

menber 225c, 2%3% |ngserg2e%, C a%é%fqlg%@%ﬁ%ﬁgwﬁgr&%&ﬂ%%%é
gener d0 aPpl iEhe nmrind sdidrnid doagpisbarce HdviarraR8 seisheic daviSei@Gvdincl udes
a head float 220, n tubular menmbers 225, n-1 couplings 230, and a tail

menber 2XGOWINEARNEY undexthe sonfrol ebths eantrellarnkd5.i rst tubul ar nmenber 225a.
The head 25 f . ! r.abl dapted.tq. fl oat,on the surface 210 of
The oty o wdrdBtrigg o Wi BLEGR 2 reB0RE BRLEinh e kn@oanife BBIRAES 210,00
pr ef er abkyer e botges 145 inCudegalffooHyn AePicB 280 B8 dPor0b) RWré Bhefspr 310. In

this manner, the interior 310
sources 205. The floatation device 200 is preferably adapted to float on the

15 surface 210 of a body of water 215. The floatation device 200 further is

preferably adapted to support one or more energy sources 205 positioned below
the surface 210 of the body of water 215.
As illustrated in Fig. 2, in a preferred embodiment, the floatation device
200 includes a head float 220, a first tubular member 2254, oné or more
20 intermediate tubular members 225b, a last tubular member 225¢, couplings 230,
clamps 235, and a tail member 240. In the general application of the floatation
device 200, the device 200 includes a head float 220, n tubular members 225, n-1
couplings 230, and a tail member 240.
The head float 220 is coupled to the first tubular member 225a. The head
25 float 220 is preferably adapted to float on the surface 210 of the body of water
215. As illustrated in Figs. 8 and 4, the head float 220 preferably includes an
elongate body 305 having a hollow interior 810. In this manner, the interior 810
of the head float 220 may be filled with a buoyant fluid such as, for example, air.
In an alternative preferred embodiment, at least a portion of the interior
30 310 _of the head float 220 comprises a solid floatation material such as, for



of the head float 220 may be filled with a buoyant fluid such as, for
exanple, air. In an alternative preferred enbodi nent, 4 of
the interior 30 310 of the head float 220 conpri ses ai%#?ﬁ@%?zgé%@
material such as, for 10 SEPTEMBER 2003 WD 00/ 55649 PCTI USOO' 06788 exanpl e,
Styrofoam _ In this manner, the head float 220 is prevented from sinking
bel ow the sy dfRessl0 of the body of water 215 in the event pErmRodideissl eak.
In a preferred enbodi nent, - the body 305 of the head float 220 further

i ncludes an open end 315 adapted to fit within one end of the first tubular
5 menber e2ample,|Ftyrofoemyplmbhis maenen, the head fioat BB0 kepreventegifro0 nay be

Lo or ¢ cBiniSREe e S5 B hobP B ek plA YRk BT BB bt
220 is remvaghyagfaaﬂeacégmoamfenfti ﬂﬁbd%&d@éf%@%ﬁ@é@%%& clanp

235. In a preferred enbodi nent, the clanp 235 es sufficient force to
ensur e aindudesad dgeni ehd 815 adapteddalfitbeithireoné bad of the fisstritthalarof t he open
end 315 of b13dy 305 of the head flqat 220 and_the inner surface of. the

first mbeigdper Ipshis manner, thedniariar of theihead dloat 220 mayebe fiugdicly

g
enbodi men tari ok 315 of dy 305 of
t he head c%?g%?%@%eﬁ%%«gzg%%gﬁrgg%n%@ nrgiggggﬁﬂgﬁ‘f éﬁg r%gre:ag order to
enhance ehfhodnieat! tHohal ¥eE 815 bE thdBod 805 3t thd head flbAE2dORrestivably t he
head fl oat 220 and the first tubular nmenmber 225a. In a preferred

enbodi mecoupkeddocdhedinst tubular ssember 222 uping welangn 3% In aprefetmed305  of
the head f| 220 j.ncl.ud . e.flexibl | i nb ' d
Lo ot i RERHOFmEOH HEE SEmP AP BTG EREREE Comee th ECaEE e R eitbhd 315
of thggb %ﬂs s3Pb&fwdeRaHaC A ef geﬁhcégﬁ%%%siﬁ bf bU&'56S of B REad 252

20 The b 305 of the head float 220 ma ricated Trom any nunber of
convent i float 220ranet thieainner ausfaceabf ¢herfitsdrtubliarsmembes 226ar exanpl e,

pol yet hyl ene, PVC or fiberglass. In a_preferred. enbodjnent,  the Eaggy 305 of
the head f|o&51§2@tﬁa§e$ab i& ,éaarpr@ifﬁ—rﬁ%éw £, the grpgioriyriaseiatal | y
provi de 44 } ?{lﬁ]. A, i er of
conventi oﬁﬁgpﬁgﬁongr;r@?%ﬁa yee%(\?/d;’i %(g%?fééh%lqgerrpl n% eﬁ%@%ﬁ?ﬁ@%,xﬂ or exanpl e,

hose cl amhedaanitsces335tinhapder td enRadecthRr dodsh eetibn biebRedn tHewpetl amd 3235
conprises nmultiple bands available from Band-It in order to optimally

provi-dé af the bgdy 3892f tha head flopé 228 andribedings fubular member 225a. In a
_preférred embodiment, the exterior surface of the open end 315 of the body 305

of the head float 220 includes one or more flexible sealing members in order to
optimally provide a fluid and air tight seal between the open end 315 of the body
305 of the head float 220 and the first tubular member 225a.

20 The body 305 of the head float 220 may be fabricated from any number of
conventional commercially available materials such as, for example,
polyethylene, PVC or fiberglass. In a preferred embodiment, the body 305 of the
head float 220 is fabricated from polyethylene in order to optimally provide

impact resistance.

25 The clamp 235 may comprise any number of conventional commercially
available clamping devices such as, for example, hose clamps, bands or straps. In
a preferred embodiment, the clamp 235 comprises multiple bands available from
Band-It in order to optimally provide air tightness. In a preferred embodiment,
the clamp 235 provides a contact pressure between the interior surface of the

30 first tubular member 225a and the exterior surface of the head float 220 to



the clanp 235 provides a contact pressure between the interior surface of

the 30 first tubul ar nmenber 225a and the exterior surf oat
o sPTEMBER 003

220 to 10 SEPTEMBER 2003 WO 00/ 55649 PCT/ US00/ 06788 pr air
tight seal between the first tubular nenber 225a and the head float 220.
In a preferred enbodi nent, a harness 325 is coupled to the outer surface

of the bodyw0a&n/s5649t he head flow 220. In a preferred enbodi mpgr/usdoRe7ss
harness 5 325 is coupled to an anchoring device using a flexible cable 330.

In this napner he floatation device 2 ositioned is a

subst ant i ?‘Pﬁ}d% # ﬁ‘{lg rﬁﬁj)mf iSS%eb%WeFﬂ gﬁg gg%@@‘ﬁ%“ﬁ“ﬂ?@%?ngfmﬁat er
215. The Raad#sst 82p may conprise and nunber of conventional commercially
avai | abl e harnesses such as, for exanple, rope, chain or straps. In a

preferred enbobi eprefertéeinbodanenty 2harness 838 is coupled tu thel ottdralurfideap i n

order to opt.i rmal ovi.de a cure attachnent location. As illustrated in

Fig. 2, tﬂ&hﬁnﬁé‘y 300 the heablow.220, Ina prefemedismbodimentethe barnesshead

fl oat 220 [ § 7 € ..i,Nt jat t.ubul ar

reer 5 o5en i belRet St ASHOANR AR ol o IR SRS fy phid HinRher,

The | ast thiflbatation device’ 20 miay HY Sdstti idd/isGOSMRan {819 @ﬁ‘ati’énéx?‘;lggé’ﬁ'&%i ngs
an

230 15 and to the tail nenber 240. The tubul ar nenbers, 225a,
225c, prenthepurfacnii0 of thebpdyef waterRitte Thehbhrmess @¥5emafoniyriserand

[ [ h 10...Th I 2 22 22

fbr 1 cat AAURIRSRCLRGRVSRHU BIBBHAN FORAPIS BATAeEr-RI 85 40T SSFEple,

mat eri al , . t i .

pol ye_tzg}tllsgfr?eé? Blllﬁﬁaoﬂértg?@ ?Ie%)kz”n%%gf ﬁ%ﬁgﬁé@o{}!%%u ftég%n?ébc%rhsp %%ga?’ 225b
and 2282 formeidaineial atregp i arder ¢b optinedly movidees securt Wekehnava loektienf r om
Unaflex in order to optinmally provide flexibility and durability. As
illustrated i rﬁfrﬂ&sﬁr‘%ed?nﬁa g,ﬂ\@zﬁ}ﬁtmb‘%lﬁé o1t 22fn isgorefenably abl y
conpri se i i ncl udin i t.ion 81 hat 25
separ at es&tuﬁgalf {;n(t?{éi%‘% %A%?B{!ﬁ%ﬁ(%%gﬁg%ng%g&h%g@;ﬁm% %%Fé??%?ﬂ%‘ﬁﬁ ers
815a andeubidir membsers226b fare Prefebally wath co@pRd b ol fifr bPtRE cOk Eﬂgé@go,s is
fluidicly coupled to the interior of one of the tubul ar menbe?s 25 and

t he ot herThalasitubyles member 825¢ isaprsferablyscaupledita bye ob thé eduplinghB30

ot e LS Sl B G S A7 rhe BilL: TRNLS, 825, o635 SnyBhagos 230 Y
preferably comprise hollow elongate tubular bodies 605 having interior chambers
610. The tubular members 225a, 225b and 225¢ may be fabricated from any
number of conventional commercially available materials such as, for example,
urethane, synthetic rubber or polyethylene. In a preferred embodiment, the

20 tubular members 225a, 225b and 225¢ are fabricated from reinforced synthetic
rubber available from Unaflex in order to optimally provide flexibility and
durability.

As illustrated in Figs. 6, 7 and 8, each of the couplings 230 preferably

comprise a substantially tubular body 805 including a partition 810 that

25 separates the interior of the tubular body 805 into two interior chambers 815a
and 815b. In a preferred embodiment, one of the interior chambers is fluidicly

- coupled to the interior of one of the tubular members 225 and the other one of

the interior chambers is fluidicly coupled to the interior of another one of the
tubular members 225. The couplings 230 may be fabricated from any number of

380 conventional commercially 'avaﬂable materials such as, for example, aluminum or

plastic. In a preferred embodiment, the couplings 230 are fabricated from
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30 conventional conmercially available materials such as, for exanple,
alumnumor plastic. In a preferred enbodi nent, the coupki Eﬁ§$
fabricated from-8 10 SEPTEMBER 2003 WD 00/ 55649 PCT/ U 3#%%3& a B§¥ﬁ5%1in
order to optimally provide structural integrity, |ight weight, and
corrosion resistance. The couplings 230 further preferably include at |east

one val ve 8 bdrkqo PErMts a correspondi ng one of the interipphraio@ngasy S,
815a or 815b, to be 5 injected with a buoyant fluid. The val ve 820 may

conpri se any nunber of conventional comercially avail able val ves such as,
for exanphleimipym in m topptimalieprayide strucinra! integrdpy. dighiweighteand t he
val ve 820 co |? & arge bore tire valve available fromHaltec, Inc. in
or der to fﬁﬁ I'de rapid filling and automatic sealing. In an

al ternative e@ﬁdb@@pﬁngsnz@oﬁirtm Sreférableinehide 4t188stl6n & 3RlveBI0UtRL 2

separate val ve 820 for each of the interior chanbers, 815a and 815b. In
this nannpermib@ahomespondmgmnfethsm&rﬁadaamMr&tﬁlﬁmqr 8toh,todet ed with a

%‘°Yf?b§§4n§e«3@¥3téﬁ§%%%%£ﬁu§r‘ﬁﬁ RS20 By GPRRFEG R f'”'@m%f@ Bt fﬁibi‘%sr
coupl i ngs,g3Q @ﬁhl‘?&n%e?ﬁ%ﬂy%&ﬁ Waivaeg%ﬁcﬁgé %he g,l”?%]g,ta%%o of ubu’ ar

body 805|n or ate ecoulln to the

tubul ar rareslves. 2iRba, préfrbed@ibad@ipgent] thavdlﬁesgo mﬂalﬁﬁévsch I®pgé botditireut er
surface of _ the coupllngs 230 include flexible sealln menbers at each end

of the tuwivaavailahle fous Hajtes e in order toeptimally eapid fidling and; r

h | d t bul b
bnd bone ydEReRaRE, 38 SPHRENHthdlinen eqée“ﬁ‘pi‘ireﬁ%ﬁ?%?uﬁéﬁ%ﬁer %5o5a
i's couphego Biclediea 88phriade PMlve BROTHL QLIS ﬂh@gﬁt&f& cHdmBer, 8184 raﬁa

enbodi nent, the first. tubular menber 225a is coupled to one of the
coupl i ngsSﬂi) bythis seannery botheindexior o]ﬁamherst Blbﬁaandlﬂidib &y bé injeetedoupl i ng

230 into t teriaqr,Ccl 0 of the 25 tub body 6Q5 of the first
Cubul ar it oSt it TR peelirpd cmbodiRenh itoe Duotanh Guig compiRe 11 st
t ubul ar er 225a is fluidicly coupled to the interior chamber 815a of

the coupling 230. Furthermore, in this manner the interior chanber 310 of
t he head fl| oatA2#Busteateddn Kiged,dnabparticularti preferred @mebodimdntethe

15 couplings 230 include ribbed outer surfaces 905 at each end of the tubular body
- 805 in order to facilitate the coupling of the couplings 230 to the tubular
members 225a, 225b and 225¢. In a preferred embodiment, the outer surface of
the couplings 230 include flexible sealing members at each end of the tubular
body 805 in order to optimally provide a fluid and air tight seal between the
20 couplings 230 and the tubular members 225a, 225b and 225c.

As illustrated in Figs. 6, 7 and 8, the first tubular member 225a is coupled
at one end to one of the couplings 230. In a preferred embodiment, the first
tubular member 225a is coupled to one of the couplings 230 by inserting one end
of the tubular body 805 of the coupling 230 into the interior chamber 610 of the

25 tubular body 605 of the first tubular member 225a. In this manner, the interior
chamber 610 of the first tubular member 225a is fluidicly coupled to the interior
chamber 815a of the coupling 230. Furthermore, in this manner the interior
chamber 3810 of the head float 220 is also preferably fluidicly coupled to the
interior chamber 815a of the coupling 230. In this manner, the interior

30 chambers, 310 and 610, of the head float 220 and first tubular member 225a may




interior chanber 815a of the coupling 230. In this manner, the interior 30

chanbers, 310 and 610, of the head float 220 and fi rst_fwgggmwﬁﬁ’g%ooo%%a

may 10 SEPTEMBER 2003 WO 00/ 55649 PCT/ U500/ 06788 be i njec uoyant
fluidic material using the valve 820 of the coupling 230. As illustrated

in Fig. 2, the internediate tubul ar nenbers 225b are coupled at both ends
to one of tweowsisgd i ngs 230. As illustrated in Figs. 2, 6, 7pGrasdodsss n a
preferred enbodi nent, the internedi ate tubular nenbers 225b are coupled to

t he couplings i psertin e_end of the tubular dy 805 of  one of
t he coup PH&?C%W%%QBM@C W?&eﬂ?ﬁé‘ﬁ%&hen%§&g?é%? cQURIng byl ar
body 60gggf the internediate tubular nenber 225a, and by inserting one end
of the tubular body 805 of another one of the couplings 230 into the other

end of the 10AsillasiratedchoRie2, (R0 interiieliftetibulat@dintRes 296b ahe
internmedi ate tubular mnenber 225a. In this manner, the interior chanbers

610 of t ReupPledathoth gnds t@@srmocfrtﬁm?ph@gam. mmwmm& 8d7to the
\ ! . ; 5
Fur t heprPd BIR Sppelenéd Aithodfinghy, fle indfrBRnlad bt mdiiBed Wanare ¢ e

pair of |eartg&hgaaupng%gzs%byqﬁs i Bhc & oF T8 leybider S ST by

tubul ar nenbers 225b may be injected w uoyant f
usi ng t hef th¢ veuditgsd3indo ohetens abithe imtgrio? 3hamber 610 af the vabulae body

i or or B0 0L e fiePmediite fHbwleSmembeg St Ry BHEUAG ERE CHAIRHE 235
d tdtnd j . int ' bul
menbor s SIaneg FPAT BRE' Al Y bt of e Bl B30 S ehP FREFRATRFH 250

In a [poefreteriot chatid 610tof thedtububiiiSoBB60D 0f Yhélfhtaraediade tubaessur €
bet ween the jntermedi ate tubul ar menbers 225b and the couplings 230 that

ranges fmsmbgrodtoas npthis manner, the dateriar diambers|610pfdhedutermediated and

air tigh e_| redi at e; tubul.ar. nenber.s 5b 25 .t he

coupl | ngé‘@@%‘.{‘ n?%ig&%?e%%?ﬂee@ icﬂgﬁ}%&g’ %‘Hg%go% ?@ogzgﬁanflo t he

ext eri or 815k dfathe palir 8PEdustingsEB0: OPAl-iHWE $n 0380ir fis SURRRY ti@irfterior

correspondi ng one of the “marlne seismc energy source 205. In a preferred

embodi meely: efd, 81bdlapdoiliibe of 626 pair efSeniplings A0l and indetiar chambet 5100 t he

. S 205,

MBI NG5S6hBle fiShnedhts BhEr Zianbers 225b may be injected with a buoyant fluidic

material by using the valve 820 of one of the couplings 230. In an alternative

embodiment, the couplings 230 include a separate valve for each of the interior
chambers, 815a and 815b.

In a preferred embodiment, clamps 235 are used to compress the interior

20 surface of the intermediate tubular members 225b onto the exterior surfaces of
the ends of the couplings 230. In a preferred embodiment, the clamps 235
provide a contact pressure between the intermediate tubular members 225b and
the couplings 230 that ranges from about 5 to 10 psi in order to optimally provide
a fluid and air tight seal between the intermediate tubular members 225b and

25 the couplings 230.

In a preferred embodiment, a harness 615 is coupled to the exterior
surface of each of the couplings 230 for supporting a corresponding one of the
marine seismic energy source 205. In a preferred embodiment, a flexible cable
620 is used to couple the harness 615 to the marine seismic energy source 205.

30 As illustrated in Figs. 2, 12 and 18, the last tubular member 225¢ is
coupled to one of the couplings 230 and to the tail member 240. The connection
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30 As illustrated in Figs. 2, 12 and 13, the |ast tubul ar nenber 225c is

coupled to one of the couplings 230 and to the tail
connection 10 SEPTEMBER 2003 WD 00/ 55649 PCT/ US00/ 0678;3%(3;@5(%?]1%”&%%& 00

| ast tubul ar nmenber 225c to one end of one of the couplings 230 is
preferably provided substantially as described above with reference to the
connecti on @b dolasssont er medi ate tubul ar nenbers 225b to the cpgpiksbs7ss30-
The tail nmenber 240 preferably includes a tubular el ongate body 1305 5
havi ng an_end wal | 1310, a_valve 1315, and an interior chanber 1320. The
tubul ar Bbape endofdhedast tubularmenher 225 ¢da pngend afaneeidaercouplings 23 inber

| e,
teel . 3 brotAbLE PRIRLGY Buba RNy L deltBh RN uBth MR Fenof b S oy
1305 of Ehnedtiid omaomteﬁﬂedﬂase t@&ﬂhﬁﬁ@ﬂb&fsmlw%ewggﬁﬁ gsT980.| ast
tubul ar menber 225c is preferably coupled to the tail 240 by

inserting a pdheitall member 240preferablyf inchulesa tubmiarbelonga@ hadyol3®e end of
t he | ast,tubul ar ner,, the inn 610 of the
| ast bam«g%ﬁ’a w @%égf?savﬂaﬁ&%&%ya%@eﬁueaerm attgnber, BHE T anbor 1950

of the t I Gpanber
815b of ﬁ%ﬁ %}fzggt@%%m?)grgggp g%?ﬁg ot her en% (E)#ﬂeﬁe | ast

t ubul ar mﬁarﬁcﬁ%mmmwﬁﬂlydvmﬂablemmiendlstmch% fort @tdroplecstaciber 610 of
the | ast tubular nenber 225c and the interior chanber 1320 of the tail

menber 2abminurg ofRlagtic.oln agrstared ambodiraent; the tebular hedz 1382 9bthe  he

| d of the | bul nb
5960, 1 it frerbb 240 s BNHRed Bond BuBRlE PTE DL LTS eiber 9280 and the
i nterijor chaniie 1as@euiiilad hferhbéd zm%&eﬁﬁmy%ﬁ pled RCfRGalihémBepUOy ant

fluid using the valve 1315. The valve 1315 nmay conprise any nunber of
convent i 848bydnsenting alpoytion ®f the lopen zndef thed4il assmber 24@ ketopne, eniddf] |

| ar ge borhe fasf By andnbeP BE5E I ShiFARRE, thi e piipiber 1) ohBRTRT v 25
provi de gaRhEr HhdthbBs 2856k iAnaY cou ﬁl’eﬁ'ﬂo%ﬁelﬁféﬁﬁﬂcgs : Msm ff*iﬂﬁ@&went

the |last tubular nmenber 225c i1s” coupled at bot 0 one o
coupl i ngmeifiber 240. Fortherarreyin tdd marmmal thaintbdor chatnbes 8285 ofitle easi | y

?gdﬁg Opéugelg%ggé,atqaﬁés dev e 2 g otlllgr gn (r)fe i]:cheerlzisetdtuebrrutigxc'i Imrgen%er 26.1‘25(2:,I I%rrp 235
fluidicly coupled to the interior chamber 610 of the last tubular member 225¢
and the interior chamber 1320 of the tail member 240. In a preferred
embodiment, the interior chamber 815b of the coupling 230, that is coupled to
the other end of the last tubular member 225¢, the interior chamber 610 of the
- 20 last tubular membef 225c, and the interior chamber 1320 of the tail member 240

are injected with a buoyant fluid using the valve 1315. The valve 1315 may

comprise any number of conventional commercially available valves such as, for
example, ball, tank or tire valves. In a preferred embodiment, the valve 1315
comprises a large bore tire valve available from Haltec, Inc. in order to optimally
25 provide rapid filling and automatic sealing. In an alternative embodiment, the
last tubular member 225¢ is coupled at both ends to one of the couplings 230. In
this manner, additional tubular members 225 are easily added to the floatation
device 200.
In a preferred embodiment, a clamp 235 is used to compress the interior
- 30 surface of one end of the last tubular member 225¢ onto the exterior surface of
the open end of the tail member 240. In a preférred embodiment, the clamp 235
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30 surface of one end of the |ast tubular nmenber 225c onto the exterior
surface of the open end of the tail nenber 240. In a p{f%gfi,g—gﬂn o%j gEENt,
the clanp 235 -11 10 SEPTEMBER 2003 WD 00155649 PCT/ US00/ provi des a
contact pressure between the interior surface of one end of the |ast

t ubul ar nmenber 225c and the exterior surface of the open end of the tail
menber 240wWdnewssseanges from about 5 to 10 psi in order to opldoebis7ss

provide a fluid and air tight seal between the |ast tubular menber 225c

and the tail nber ,240. In 5 refe ed epbodi nent,_ as illustrated in
Fig. 14, I?’FPé”‘ge 2 FITYACk BressLEe Be dnterigr susfacernf ong endrafithe lask o

includes C ne t|on
bet ween t ast tuEuI e?r%%dber I(S:ioé%‘g&? efoéh%n Aend‘g{‘f*)%ﬁﬁe er
240. In Mﬁﬁmgefﬁbﬁﬂah&mﬁﬁtbh@psiimbrd&t&ldﬁbaﬁﬂlfi)i)réﬂﬁea%&ﬂﬁ@ of
the tail r 240 i ncl udes one or nore flexible sea menbers 10 in

or der to‘ﬁ-ﬁtt% 15egl btweendhg t&ardmsmberﬂgﬁcaséabhe waembeh 840ain

t ubul ar, e o0 rrber 240. T ener gy
sour ces5 F%?%re?ogﬁl?oa metnl%“ Hﬁ%fr F%ﬁel‘ia% t?é'“'% eé’@ﬁ?ces
205 are mﬁsfﬂwwumenmeermdﬂemﬁsfo%owéﬁ rg&? % AL onal wat er

215. The energy sources 205 may conprise any nu 15
commer ci darilitatesthexionnention betwees the last tulylas member 2260a18d thé opeesadp! e,

2'0L;?2§25 S afishetbetpfb o b &ém%k&@ﬂ%ﬁﬁiﬁ&ﬁ?%&”r‘éﬁﬁéu?% ofthe
S
pf 3r aﬂty -oeé u%?gtr?tetm%ers W&eggngggi’?&%@%' ; (I#Pre%’Paﬁle head

f1 oat 102Gn dridesto bptitally profideaifiid 28Bair Sedt Deblvbdit) ts List tdbulab®
conmbi nation Qf at |east_one internedi ate tubul ar menber 225b and a pair of

coupl i ngdn$: er%@éceesithﬁ@ppawd@ﬁimtaﬂmemQrM& and a coupling 230 and

Wi a buoyant [PF cheredterds HOEE ol entetecd lalna RS | onec
in the walezgpbotites 205 Rkt posferlyFRAitidHRABRISRithe gﬁfﬁ@é &6%%9%&1@? gn

and construction of the floatatlon device 200 permts t e nu
| engt h ofwates Zléoﬂ‘ehﬂenm‘ghsosraes mmaycbmpaﬂpunyaﬂunber opeswvdritionadln t he

(D) o tre HRBpial afeilehlS marire FeiBer eiores powcess sudh Rn i cxamaplegira {ai |
guns, gas exploder or vibrators. In a preferred embodiment, the energy sources
205 comprise air guns available from Input/Output, Inc. in Stafford, TX.
Thus, the floatation device 200 preferably includes a plurality of buoyant
members that include: (1) the combination of the head float 220, first tubular
20 member 2253, and a coupling 230; (2) the combination of at least one

,‘(D

intermediate tubular member 225b and a pair of couplings 230; and (8) the last
tubular member 225¢ and a coupling 230 and the tail member 240. Each of these
buoyant members are preferably injected with a buoyant fluid such as, for
example, air using the valves positioned in the walls of the couplings 230 and the

25 tail member 240. The design and construction of the floatation device 200
permits the number and length of the buoyant members to be easily adjusted in
operation. In the general application of the floatation device 200, the device 200
includes: (1) a head float; (2) n tubular members; (3) n-1 couplings; and (4) a tail
member. In an alternative embodiment, at least a portion of the interior of the

30 head float 220 comprises a solid floatation material such as, for example,
Styrofoam. |
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menber. In-an alternative enbodi nent, at |east a portion of the interior of

the 30 head float 220 conprises a solid floatation matgy r
exanpl e, Styrofoam 10 SEPTEMBER 2003 WD 00/ 55649 PCT/ lﬂ)sﬁgwllzﬁszaw?

preferred enbodinent, as illustrated in Figs. 10 and 11, the floatation
devi ce 200 includes couplings 1005 and tubul ar nenbers 1010. The couplings

1005 i ncl udgypgyBk0ngat e tubul ar body 1015 having a partiti pgrdQedles7as
first inner chanber 1025a, a second inner chanber 1025b, an 5 opening 1030,

a valve 1035, ribbed surfaces 1040, and a valve nounting_nenber_  1045. The

partition 1020lnprrgtsredembadisnends apillusieatedin Bigs.donnd d1sthefieatahion
first and,seco k L _chamhers, 25a .and, 1025b.. Th uplings 1005 nay be
fabri cat ege‘flf%gg%h'g&ﬁﬁ?ﬁi%?%gg&qégﬁﬁﬁotﬁg‘ ?o%?ﬁbc?f‘%ﬁpg&avai | able materials
such as, for epagRbApliagyTO0S MRidPaRalongatd FulfulRF BB? neds pabp aent, the
10 couplings 1005 are fabricated fromalumnumin order to optimally

provi de | pattitiom@020ta finst inngh chamberyl 025a] asseomed imgeridi2Gnber 1085bs iage wal |
of the tubular h 1015 p jts.the yvalv unting nenber 1045 to, be
mount ed 5mpPﬁ=nlﬁgtﬁ?§5i avaNefodh @h@g surfares 1040, dpdimyalve ReURtipg Serphst
permts t £ N§ ] ) Mo I i 25a.
The val vetﬂqﬁ%STﬁ% a%{(f)itr%%%i @myﬁnu%@rﬂ% gégvﬂépnﬁ%ﬂgfboég%ﬁg?% Tlg/eo

avai | abl efiystl atebseeont iffier thdmb4P0Z5a déd 10258 TheWouplihgs 1005 &say be a
preferred enbodi nent, the valve 1035 conprises a |arge bore tire valve

avai | abl efabricgtedfromeany mumberpispaeentionapommerqjally avaitable materials | i ng
nd aut onmt i ling, 120, T | i 1045..or ef ef,abl

Compr 1 s o 17, pRinples Adafants of B T pPERERY FRESUBI IR Dol e for

mount i BY EAEIHAsVID0E032 fablitated T aftmA{uhiie ordky € tegﬁtﬁﬁaimgpmmengﬁeﬁ

preferably includes an outer groove that engages W he "edges of the
openi ng leeightrandleighidtreéngthbody 1015 of the coupling 1005. In this

T bt v R BT P e d 0%

o e iha e pis: 107 00 bl o e Sior B il
t ubul ar ebedgeh05. The valve 1035 permits the injection of a buoyant fluid into the inner
15 chamber 1025a. The valve 1035 may comprise any number of conventional
commercially available valves such as, for example, ball, tank, or tire valves. In a
preferred embodiment, the valve 1035 comprises a large bore tire valve available
from Haltec, Inc. in order to optimally provide rapid filling and automatic
-sealing. - '
20 The valve mounting member 1045 preferably comprises a tubular member
having an end wall including a through hole for mounting the valve 1035. The

open end of the valve mounting member 1045 preferably includes an outer
g'roove that engages with the edges of the opening 10380 in the tubular body 1015
of the coupling 1005. In this manner, the valve mounting member 1045 is

25 mounted within the interior of the tubular body 1015 of the coupling 1005. This
permits the valve 1035 to be recessed below the outer surface of the tubular body
1015 of the coupling 1005.

The tubular members 1010 preferably comprise elongate tubular elements

having an opening 1050 that corresponds to and matches up with the opening

30 1030 in the side wall of the tubular body 1015 of the couplings 1005. In this

manner, the recessed valve 1025 may be accessed by an operator. The tubular
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havi ng an openi ng 1050 that corresponds to and natches up mﬁth t he opening
30 1030 in the side wall of the tubular body 1015 of t Nﬂ?éR%ﬂgﬁ; I n
this nmanner, the recessed val ve 1025 maybe accessed by an oper or

tubul ar -13 10 SEPTEMBER 2003 WD 00/ 55649 PCT/ USCQO 06788 menbers 1010 may
be fabricated fromany nunber of conventional commercially available

mat eri al s SWOM0ASE49f or exanple, ur et hane, synthetic rubber, poalgsabhyisgne.
In a preferred enbodi ment, - t he tubular menbers 1010 are fabricated from

relnforced beg , avali IefromU flex in order.to 5 opti.mally
provi de ﬁl ﬁhﬁ]‘;pc q{ﬁﬁ?ﬁ @ phagyaqg: Pt Bﬁwal&'i%é%?o g‘ah

coupl i ngg; gg%} st is auSeRar & $1thad %%ﬂf] er chanbers,
1025a andV1025t‘)3 In thi surranneir%}%ﬁﬁ{p\lubul ar & er 1&%@bupl ed to. each

of the i polyethylenbedsn, apmwedmh@ﬁﬁmntnﬂ;eh&uhﬂmhb&svlﬂlb arebuoyant
fluid usi .the_.sanme coupling 1005. 10 oa atiaon device for a marine
seismc é&%?&?ﬂé%{%é g"&@eﬂ’q‘g§ ahﬁcﬁ%é@“@ﬂ%cmﬁeﬁéﬁ n
t ubul arg %&g@, aer couplings coupled to the
t ubul ar %@ er or seg I ng tg’ﬁ engqﬁorlﬁe%n of the tubular nenbers, each

coupl i ng i ncl Ediangrefierret femtstditrendhedcduplin gREIOUE %})a‘r RtePalf8 for
portion of one of the tubul ar nembers for seal i ng the end portion of the

one tubuleagh ﬁﬁﬂ&mnqrmb@n&%‘sewﬁhmwﬂmnﬁnﬂnﬁ&mmmhembﬂmr s
conprise_f i bl buI n ln a rred odi t he _tubul ar
rre%ers E?“énﬁ foclgt]t %ﬁ?ﬁ%ﬁb fg? p Mﬁéﬁb dBR% Pt i ng
of ur et hgdiRetedWRitH S b& oraﬂ%hdnﬁiﬂgmégﬁgl'a?/égg%%ieb@hpfef erred

enbodi ment’, the couplings conprise: a tubu aving an interior 20

di vi dé® by a |Aaﬁoaﬂamm device fm mhmsmmm@gy@dmwhu@bé‘éiu&é@ﬂiﬂed one
of the two ] ci‘tf{?é S@Fi#ﬁons a preferred enbodinent, the tail nenber
conpr i se§hafam Ianle ab Ih@}?‘ﬂﬁr membersrqoppled b9 thmheaghfioatanal r val ve

boen descynges HHEbA B (BE G oAb BB SRLGHL Bl i W o e ne

sei smi c eulpilgy ns@ubers eﬁdﬂﬁdnﬁp‘lxﬁgxﬁdlﬁdmfg* Qb vARe AV §2ail iGnbbrat at i on

device includes: a head float, n tubular nenbers coupl ed to the head
float, ncaupledpiangend popianiof ene oé theitubudar membess formsealing the end

15 portion of the one tubular member. In a preferred embodiment, the tubular

members comprise flexible tubular elements. In a preferred embodiment, the
tubular members are fabricated from materials selected from the group
consisting of urethane, synthetic rubber, and polyethylene. In a preferred
embodiment, the cquplings comprise: a tubular member having an interior

20 divided by a partition into two sections, and an air valve coupled to one of the
two interior sections. In a preferred embodiment, the tail member comprises: a
tubular member having an interior section, and an air valve coupled to the
interior section.

A marine seismic energy source has also been described that includes a

25 floatation device and one or more marine seismic energy sources coupled to the
floatation device. The floatation device includes: a head float, n tubular members
coupled to the head float, n-1 couplings coupled to the tubular members for
sealing an end portion of the tubular members, each coupling including an air
valve, and a tail member coupled to an end portion of one of the tubular

30 members for sealing the end portion of the one tubular member. In a preferred
embodiment, the tubular members comprise flexible tubular elements. In a
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sealing an end portion of the tubular nenbers, each coupling including an
air valve, and a tail nenber coupled to an end portio

tubul ar 30 nmenbers for sealing the end portion of the méFEgﬁlngéEﬁgﬂ?gr.
In a preferred enbodinent, the tubular nenbers conprise flexible tubular
elements. In a -14 10 SEPTEMBER 2003 WO 00/ 55649 PCT/ US00/ 06788 preferred

enbodi nment ul ar nenbers are fabricated frommateri al C’]?ﬁg
fromthe grgqj(g&é)sﬁ?i sting of urethane, synthetic rubber and SPpo ye"?ﬁé’?éejne.

In a preferred enbodi nent, the couplings conprise: a tubular nenber having
an i nt er i prefeiired cebddymanpahtel tubutar members are fabricited firdnanatiriald val ve

coupled to.one.qf t two interiqQr sectiqgns. In referred enbodi nent, the
tail ne e@sﬂg?q%zg?gaomm%?ﬁ% are %ﬁy%&eg‘ﬁ%lg gF a8dct i on, and an
air valv t b i j HBE! selsnl.c @YHH. ition
system hagdgﬁtst?l%geén%% ??ﬁeg{é%%lﬁ%?aﬁ%%#ﬁggse%oa cot Fo le‘rgb‘f%r coLDtsr ol I'i ng
the oper aineatberfhavingg af ihtdicedisided B¢ g patitiod inid twy Sbetidns) ¥ dodn 4B’ €
marine seismc sensors for nonitaoring seismc energy coupled to the

cont r ol P evalve geupleddpione of ¢he fwe intenoy sedtionse Iha prpferedtambpodizeing,fihe
energy co ed t,o the controller. The ri.ne.seismc ener source .

i ncl udes %ﬂﬁngﬁba i {'Pﬁmt%tﬁﬁ‘&la&%e ShOENIREAR [Rdetior § O’é’n%?(g?n%ur ces
coupl ed t@alvbeohpleditathe intdeibr&ectidhe floatation device includes a head
float, n 15 tubular nmenbers coupled to the head float, n-1 couplings

coupl ed to theAtmiamiheseismiberguisitiors systenphasalso depmn desatibed thateintindes ar
menbers, each cquplin includjng an air ve; and a tail nmenber coupled
to an end® ﬁ‘?ﬁifrpﬁ??pgﬁ‘r Cgﬁgrfgﬁng%%e %PG’EJ'%H‘%“) BlagIeselsyai) 3GeRusiienend
portio . r rad e Ln e tubul ar
rrenbergoggﬁ%&@??ﬁ##éﬁ%ﬁ%??ﬁ%&ﬁgﬁ?@ﬁggﬁ ~“’a““g)§%, ’lgéng}r%odi ment ,

t he t ubul eupledbetise contrdlidy andteeshaimnsdinmes é@érFy s66rR¥oe Eehepdtingdre group

consi sting of urethane, synthetic rubber and polyethylene.” In a preferred
enbodi nerfeismifenesgp cowpled da ipe canirodlery hemarinerssismicenengy souraat er i or
di vi ded ritatl.on i .1 tions, and an air . valve coupled to one
of "the- tugcfut e Ap4@loh Uskics S 60 bR RO shiomin Rt RE SORR | nenber
conpri sesgouplédiby ity flomatioh devide)ITRE floAtMHib® Hewits il PidesPs h3hH AGALMUE
coupled to the interior section.

15 tubular members coupled to the head float, n-1 couplings coupled to the tubular

members for sealing an end portion of the tubular members, each coupling

-

]

D

including an air valve; and a tail member coupled to an end portion of one of the
tubular members for sealing the end portion of the one tubular member. In a
preferred embodiment, the tubular members comprise flexible tubular elements.

20 In apreferred embodiment, the tubular members are fabricated from materials
selected from the group consisting of urethane, synthetic rubber and
polyethylene. In a preferred embodiment, the couplings comprise: a tubular
member having an interior divided by a partition into two sections, and an air
valve coupled fo one of the two interior sections. In a preferred embodiment, the

25 tail member comprises: a tubular member having an interior section, an air valve
coupled to the interior section.

A floatation member has also been described that includes a tubular
member having an interior chamber with first and second ends, a first sealing
member for sealing the first end of the interior chamber of the tubular member,

30 and a second sealing member for sealing the second end of the interior chamber
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A floatation nenber has al so been described that includes a tubular nenber

having an interior chanmber with first and second ends, ﬁ’%&?ﬁm:ﬁ@?

menber for sealing the first end of the interior chamnber

menber, 30 and a second sealing nenber for sealing the second end of the
interior chanmber 10 SEPTEMBER 2003 WO 00/ 55649 PCT/ USO8/ 06788 of the

t ubul ar nmemyeroosss649l east one of the sealing nenbers include acyalséodr98
injecting a buoyant fluid into the interior chanber of the tubular nmenber.

A sealin nt%a) or_sealin a1 hal | ow f ybul aj, menber has al so been

descri beg’fgﬁﬁt Lﬂ@gﬁ‘rfrh%‘rtl gFU R PlheTsaking gnembensgnslvderasyalgpforand a
d i td 80 i it hi Nt t ubul housi f

G vi di ng e ang Babyals MRS Rl dlatren S e byl Badber' TP or

portion and a 4 eesling nierhber for spalihg @hollvdtibulal Rndshadalt®bble hol | ow
t ubul ar housing. A nethod of oEer atin marine seismc energy system has

?: so Efae esgrabed thakinciizdes; sbo léiub hﬂlfylgihﬁmg? first enid asbasetand
i oot o i B aBhrsor BORR0Reg Sefin AR atfony bRy Bonstat Ae b idiagdti

supporti fterior 688He Kol ' AL r : : r f a
body . of \;\%t ermlusi ng one vg,r%]r)r‘gl?g of ﬁ%%%y%%%ﬂﬁegﬁgﬁghnﬁa%%ggﬁgp

f | oat i ng interia pontien, einchenslyve wetipled: tocthetidibeetufular hodsingf 15 water has
al so been descyi betgphh%t i ncludes pr.ovidjng a tubular floatation nenber,
seal i ng the erntMAthodolopsrating amparine sgisnfie ARaLY Syatese hias glso bremy ant

fluid in r j -adjeacent .t f the ends of the
t ubul ar H@(s)%{(i‘g%cli g’?ydn% %‘iedre%%gﬁgi(gﬂu%;%@?ﬁg%?%ﬁg%?%ﬁgm@ el ow t he

surf ad® eherabbry)yoaplingtthe fesiblg bhb?aﬁtlhi&ﬂferé,' B bﬁsﬁiﬁrﬂuiagnﬁ) met hod
of joining floatation devices has al so been described that”™ 1ncludes

provi di n&he flexible pind guppertingl atpleasterie/mairine seijmixt sougca

yaBt
buoyant £l ui d.i nto f atiop devices. Although i|lustrative
enbodi ms%f“ isi‘%‘i‘ﬂ ees'lsﬁg%en{’ﬁo %ﬁ°?ﬂé\9§“ﬁ§%“§lﬂ6meﬁdng¥?e f,heil&gyagtv\,i de range
of nodi f ngghbers. changes and substitution is 25 contenplated in the
foregoing disclosure. In sone instances, sone features of the present

i nventi on may Amethpd of vatingtomet oramone elenpmts belpwitiee sirfadieofd bedy of

features. Accordi ly, it is.a opriate that the appended cl ai ns be

const eavater ﬁas a?s% B/een éescnbeg l%fla {nc?uges providing a tﬂglﬂar floatation
member, sealing the end of the tubular floatation member, injecting a buoyant

fluid into the tubular floatation member adjacent to one of the ends of the
tubular floatation member, and supporting one or more elements below the
surface of a body of water using the tubular floatation member.

20 A method of joining floatation devices has also been described that
includes providing a flexible hollow coupling including a valve for injecting a
buoyant fluid into the floatation devices.

Although illustrative embodiments of the invention have been shown and
described, a wide range of modification, changes and substitution is

25 contemplated in the foregoing disclosure. In some instances, some features of
the present invention may be employed without a corresponding use of the other
features. Accordingly, it is appropriate that the appended claims be construed

broadly and in a manner consistent with the scope of the invention.



broadly and in a manner consistent with the scope of the invention. 10
SEPTEMBER 2003 What is clained is: 1. A device for use j i 1S HAC
surveying, conprising: a plurality of tubular nenber stQS'gFfFFﬁﬁée 23#33
couplings coupled to the tubular nenbers for sealing an end portion of
each atﬁshc‘?aihx‘égusl- ar nmenbers; a valve operatively associated with each of
t he tubular nenbérs for injecting a buoyant fluid into each of the tubul ar
menber s sig(?ratgjfl; and a tail penber coupled to an end portion of the
pl ural i t y“ofTIGHH H° HEHEEFL SCHBIC SUEEXINgnePmPpissid portion. 2. The device of
claim1l, wherein; .S conprise flexible tubular elenents.

o Py o Al RS

3. The device e clarnms 1 or 2, wherein the tubular nmenbers
are fabri cat eda plurslity Geteuplialks capl&iab ¢k {6019 hBAbES FoH Qﬁiésdnsetn' b

ur et hane, synthetic rubber and %gillyet hyl ene. 4. The dgvi ce of @%?g&f t he
clains 1-3, whefeich of He teblpt mpmbersonpri se: a second tubul ar menber havi ng
an interior diyi artition i.nto t sections; and a second val ve
coupl ed to onexggl%gﬁgé(rfﬁ%&}'ﬁ%sgﬂaga“@@celaf’lb\agt.heﬁs’uiﬂ‘iém&&ﬂ I BYeCHAG 2of t he
claim 1-4. whBidiafit 818 ih@lchol BITHEMEATRIDES sepdlaftl ffy t ubul ar member
having an interior section; a second valve coupll)ecf b the interior section.
6. The devi ce ®failangmbér cohpled taamendipdbtiondiahepnrdlineofabyiesmambers ésessed

bel ow an outer ur&ta‘}ce of the couplings. 7. The device of any of the
claims 1-6 furiREPE MGEBAPEIHR: one or nore narine seismc energy sources
coupped tond A& i f j [ | sm.c_ener iato a body of water;
one or nore ma#‘%ne cgﬁ?s%&%ﬂeg%ﬁ{sﬂgr S Tor érrn?)gr’ﬁr %Oiﬁl%gﬁ%%ieetiugmgéﬂ@tﬁy; and

a coht r ol The ddvive afeitheradflthagainttel I WakiedNthe futfullk® nfebeRd ard PARicARA Ne
seismic sources and sensors. 8. A nethod of floating one or nore el enents

bel ofPPARAERAL selectesk fromihrigrogp copsisting pHurethene, spntBRRTENBERNE PO cthylamer i ne
seisjic | 1.Sh g Qviding a tubular floatation nenber having
a pliiral is’?lglé’ﬁﬁ%gyg %ﬁ??ﬁn%%%agrgg ;IE{ Phefetn Pe couplfmgs comprise:

a second tubular member having an interior divided by a partition into two

sections; and
a second valve coupled to one of the two interior sections.
5. The device of any of the claims 1-4, wherein the tail member comprises:
a third tubular member having an interior section;
a second valve coupled to the interior section.
6. The device of any of the claims 1-5, wherein the valves are recessed below an outer
surface of the couplings.
7. The device of any of the claims 1-6 further comprising;
one or more marine seismic energy sources coupled to the device for imparting
seismic energy into a body of water;
one or more marine seismic sensors for monitoring the seismic energy; and
a controller for confrolling the operation of the one or more marine seismic
sources and sensors. |

8. A method of floating one or more elements below the surface of a body of water for use
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sealing first and second ends of each of the plurality of buoyant nenbers;
injecting a buoyant fluid into each of the seal ed buoy i nt
to one of the first and second ends; and supporting o@%ﬁmégﬁg@ﬁs
bel ow t he surface of a body of water using the tubular floatation nenber.
9. T Lin 8 rein sealing first and second ends of each of
t he gfﬁrggfl?%sﬁ%s%g%h@%%s is coupling the flexible buoyant nenbers
such that each ptdvedingh eutule YRBatio M BERRer havi 1%?%] | exi bl e
buoyant nenbers. 10. The nethod of either élﬁézl%rs 1%?@‘%’?’?%3%‘&%%6%H3i ng

coupl i ng the prsealiagifirst and s¢song ands ofreectvef the phiraliyy oObywyafigaembaeh coupl i ng

i ncludi ng: a tubul ar mber -having an interior divided by a partition into
two sections; AHEUIR a\r})glp};@télggipnln%eatcg ob s sstled bieoyeniompmbas pdipcanta onens. 11,

The nmet hod of @piheGirstlah@ s&dodll BEdS 3P, Wherein the supporting one or nore
el ements below the surface of. a’body of water is supporting one or nore

marine sei sni csupportgonber onwrd Hemests bEReEthe burfacb 0d) bedy ¥Rk ushé thdhe
nmet hod of cl ai giblﬂ_ﬁrfart her conprising nmonitoring the seismc energy-with
one or nore sBiPUfFdodatigmembers  The nethod of claim 12 further conprising

coi st s she BRBCRE cRim 8P Rordf Rl ABFhY or i i Sr &0A o R pRRI o™ °
buoyant members is coupling the flexible buoyant members such that each flexible buoyant
member is sealed from the other flexible buoyant members. |
10.  The method of either claims 8-9, further comprising coupiing the plurality of buoyant
members using couplings, each coupling including:

a tubular member having an interior divided by a partition into two sections; and
a valve coupled to one of the ﬁwo interior sections.
11. The method of any of the claims 8-10, wherein the supporting one or more elements
below the surface of a body of water is supporting one or more marine seismic sources below the
surface of a body of water. :
12. The method of claim 11 further comprising monitoring the seismic energy with one or
more seismic sensors.
13.  The method of claim 12 further comprising controlling the one or more seismic energy

sources and the one or more seismic sensors with at least one controller.
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