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i nventi on wel @tsse9general ly to [mﬂmmwmmlc surveyi ng andPEBS00/06788
particularly to floatation systemfoJ.\lSe in marine seismc surveying. In

marine seism c surveyi i i i (on relating to 5
the substrata | ocat ﬁ@g%%%ﬁ‘g@@‘g%%%@#@ﬁg%@& general ly
acoustic transmtters, adapted BNERCGYIBOURCESSuUre pul ses or shock waves
under water, are towed beneath the water surface behind a marine vessel.
The shock waves propagat e i Bagkgtmngliofthedinvebtiosat h t he sea where they are
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overal |l pressure pul se produced by an air gun subarray is a function of the

char act aropagate info thesybsteatarbenpathsthe spacsberscthey arhaefnadied andhl air guns
and the 2 hysi cal rangepent of the air, guns in that air gun subarray.
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having solid 5 floatation material in separate conpartnent sz. or seal ed
nenber s theaverahnressure pulsemroduesdhoanair gwn sybarrepis efupttionlofébe and a
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25 than fifty (50) 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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souxce. Summary of the Invention According to one aspect of the present

i nvenntion, "a floatation device for a nmarine seismc energy source is

provi ded twetooisseabudes a head float) n tubular 20 nenbers cBOPplUSE0/e6388& he
head float, n-1 couplings coupled to the tubular nenbers for sealing an end

Pai || nodgu B RSt FEFCATE BHoS sBF AROREaY s TearE e e b Bpiop o
seal i ng (bPeh &8s R §d1ie AYstefih 2BLoWEaPeRIndBRRE el ACCOr ding to anot her

aspect of the present invention, a marine seismc 25 energy source is

provi ded t hatComenimiasal Hoatadbinasystems éor use Binohapive seismir acqusition sei snic
energy sourcgs coupled t he floatati,on device. The flpatatiopn .device

i ncl udes!:yalcﬁﬁ&(‘}o?"ﬁléﬁf’f sqaled gt Cr?BHB%PETSeSS‘Hngnf@ FehRgRg Spﬁéat, n-1
coupl 'd‘%aﬁ%&&?ﬁ?ﬂa& e sl Htééonqﬁ Elchtl r stofld An® ler@gﬂaPor.“ on of the
t ubul ar “menbérs, each coupling rnctuding an air valve, and a tail nmenber 30
coupl ed cogntinfate ROtH b10d anbthepaisig 4 BeribsIbfiVsivesrantier foghbitededt i Ng t he end

portion of the_one tubular menber, -2 WO 00/55649 PCT/US00/ 06788

Accor di PPl . ahlstaiden sypems eomsistingnissaled metad ronsainess freanentls sutfer ¢
acqui siti on systemis .provided that,includes controller [ trglling
the. operBORaERtthF s fh SPEraea etk & et bR ok s ARBRIhr e
sei s C ;g ebStaiRér. TPIHat&Xidn Systins FofisBHRLDHF seqlddl iRdmbers Revizgdal | er,
and a marine 5 seism c energy source for generating seismc energy coupled
t o t ) datatbdh enatefials imesapacateaiosmpartmentyyresaumplexiand difffsulaté | oat at i on
devi ce and gne,or nore i ne seismc energy .sources éoupl %g{é t he

f1 oat at iTBPREeT, i aperption: | Hloatatiqn,systerng geusigting of spplgdimem ar nmenbers

coupl ed : : i pér%ﬂ] t I ers for
seal i ng "g’%’%ﬁg‘%g???@n@‘g% aItlﬁgljetr &%&Ralrc% a?ne e?%,d Eglé%ﬁﬁgl upl |c?1)(l':[:1n I ncl udi ng
an air \ealdwequireth eegrdatedpovbarsupplyvadvihg, and arngnpeolisron of one of the

t ubul ar nenbers for sealing the end portion of the one tubular nenmber. In
accor dance wikhe W?hbkﬂv&@g@& is skirectad {9y exeEpemipg eRe o5 ANoRe ¢fithst at i on

nenb i [ OV] hat. j.ncl . a | gr er havin m interior
chanbe@r I%R\%ﬁghgg ?Flg g’éﬁ%ngé@%‘ﬁ%l%%gsg&ggﬂsgggg ghq:%%s%éﬁb%?n?rgy seal i ng
the firsbuesgl of the interior chanber of the tubular nenber, and a second
seal ing nenber for sealing the second end of the interior chanber of the
tubul ar nenber. At |east oneSgmmpary skthid lyembiobers i ncl udes a val ve for
injecting a buoyant fluid into t interiar_chanber .of the tulhul ar nmenber.
20 1n acoor dACEFRPENO 4 B oL BeTerent v R B0tt AU BRACS IR | ng
menber fipsrineabisRfc @n Sotirks b RN dERNeE ihauBEQX'lfé‘ig AQAl nithslingdes a

hol | ow tubul ar housi ng having a Tirst end and a second end, a partition

posi t2bmeembetshiquplédththe bead flbat, a1 houplimgs ¢ampled vo thentubwlar i nt eri or of

t he hol |l ow tubul ar housing into,a first inpterior portion and second
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operating a matine seisnic energy systemis provi I ncl'udes
provi di ngbalar 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.



plurality of separate flexible buoyant nenbers, coupling the flexible
buoyant neribers, injecting a buoyant fluid into the flexible buoyant
menbers; amod o@856@upporting at | east one mari ne sei sm c sourPET/H800ETE8 t he
surface of a body of water using one or nore of the buoyant nenbers. -3

WO 00/ 55649 PLCT/ US00/.06788, I n_accordance W th. another aspect of the present
vent i on,  a MECTRAEP HOhe REEhE B RrrehbitiRhRE, siRBierimity abe of o
body of gugditibs s}lzé&m sheproviddd i lineladed h Quh tHoller Fort sdditrallirfg that at i on
menber, sealing the end of the tubular floatation nmenber, injecting a

buoyant dpenation of the naringstismi¢ sesptisitionrsyStarentre ondjareanarine seismiof t he
ends of the tubul ar fl qatati on nenber orti nglrlone r nore el ements

and. su
bel ow t HRPRSERS OE Aagpitaring setsiic petey cubled fa Hie taRFdiier, egdamass e rber
I n accor ] : s e | I+RB, od of
o it 1 FTAER ey Q00ttr BEREALIE pel icREREEY bodba T (BB coRtrBRebl e bl e
hol | ow 1Dhe marinegeismid exeérgy sauvad inelddes a figatationglexridetayhohe bt mstei Nt o t he
floatation devices. Brief Description of the Drawings FIG 1 is a schematic
i 11 ust r FDABRCFRISANCEMTBET FRHTed FOuPlad to fhe Haptation devdes-siThedleatgtionm Fi G

2 15 an L el aldonnle A BRATIRNL:OLo itk 341 L8R YEXL58.1 HpffBfk nE 15

sei sm c ‘energy sources seismc acqui’sition sy§ em of

Fig. 1. doupledtd thedtubud&Smeestdre fér sdallingsdr edd porial of teavt@bulahe floatation
device of Fig. 2. FIG 4 is an illustration of an enbodi mrent of the head

f | oat L@fmembers,cachicovpling mdudisrg @ gir walveand Gtaib member ¢dupled taanhon of
anot her enpodi,ment, of t head,float .of EFig. 4. FILG 6 is another

o osas s S BoR pf Ghs Phthe ey Setbecs fotisaling haend pariice! G aney. 2.
FIG 7 bt Remieross-sectional illustration and view of the floatation

device of Fig. 2. 25 FIG 8 is an illustration of an enbodi nent of the
coupl i ng of tlmeadchoddrate voith cenoitloer adpeki of th2. prieb&t vieatian, hlfloasatien i on of

ot oss- s FBPRBRERS BTesines UiptipERides S b daminer deving an inferlor 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

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

water using one or more of the buoyant members.



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

cross-sectional illustration and view of the coupling of Fig. 10. -4 WO
00/ 55649 P&®U d9B3B869906788 FI G 12 is another cross-sectional ipidraspoes7sdn and
view of the floatation device of Fig. 2. FIG 13 is an illustration of an

nbodi h il f | ' ice. '
P an 111 ust 1 ecir s W Ehoter ifack i AL AniK Sk, Siflanga of 1 14
Det ai | e@joREsg IRl dromosé elehferith befdvw did MerfEedela BBy of valtéoi! grovideddevi ce

for marine seismc energy sources is provided. The floatation device

pr ef er abthat inchidesqrovidiegd thbular, fleatption ahémbenfsealingithe endrafdhe, 10

couplings, ang, a tail nmenper. Fach of the ul ar nbers.i n,conbi nation

wih o BabiaBoResion AT tyegunaa broyaat Hd e The Sy pERtaton

Furt e Wifiber® et to'h B S drifb 4B MAkAtIYA NEber, ddfd eCLiNg a
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buoyant to the interior t he tubul ar rrlé ers. In this manner, the
f | oat at sappeititigene bomateslanentyisalo wahd soofhice af afdonlyt aft water dsing thd hat
preferably includes a plurality of 15 buoyant nenbers. Furthernore, in this
manner , tabalar dlogtation metben. oat ati on device may be easily adjusted in

oper ati on by yaddl i Re SHB! LAGHD.bURYrIhe ARG G0 AUEHGOUPLIIAS oM | ©

i1 lustrated an exernplary € as a mari ne
sei sm ¢ jAAs{ERostatichedeviédids Prewdpd thatiichidearprdeidieg afiddibleadysilow de

appli cagl on to any nunber of applications that woul d be enhanced 20 by the
appl il®acoupling inclunding avalve dox utjectinglabuopan REfit intadghe dlaatatioy dewvicps.g. 1,
a marine seismc acquisitipn stem 100 j ncludes a controller 105, one or
more marine seisnic sensoriifAescophion r@rwgﬂic energy source 115.

The marine seigGs aGHemlaticAllusiratismoFaR &ﬁﬁ&&iﬁéﬂﬂo@ﬂia&ﬁ@s%’%\iom rol's

the collection of seismc data for a subterranean 25 fornmati on.
cont r ol laequit¥torcoystem. s t he operation of the marine seismc acquisition

syst em 100. controller 105 nmay copprise an unber of cgonyenti gnal
comer ci al | yﬂaaﬁuwpelﬂ%mamm@@ FBPOGReTHeD e I aAU oRCiHIES IqTaRAERe as,

oL S5 BB Sl B NP 0 BB L R e 857 O
| nput / out put FIGN@.is iancrbésédctionhl MMustrdtion 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 F'ig. 2.

30 FIG. 11 is a cross-sectional illustration and view of the coupling of Fig. 10.



WO 00/ 55649 PCTNSO00/ 06788 The marine seismc sensors 110 sense seismc
ener gy and 'generate electrical signals representative of the neasured

sei sm c eveogyssedhe nmarine seisnmc sensors 110 are operabl ypcupdosd7880 t he
control ler 105. The marine seisnc sensors 110 may conprise any nunber of

cxampl e, 6 Z1C0R24s papuler i abeshing MR BciCraTte d BRI BoBUEET i '

sensor s g&Jide P FRg.ie any one of the commercially available marine seismc
sensors from I nput/output, Inc. in Stafford, TX The narine seisnic energy
source 115 i FIGpaBavhn lﬂuslphbdnwdanm;nb@hmentldrthwadoaembhemﬂm ne seismc

energy e 1 seismc energy in a well known manner under the
control aﬁ: é%‘ﬂ'? ﬁ“bgr%ios Referring to Fi gs. 2-13, in a preferred

enbodisnent , @&, 7Rk 98 iAGkGHiEn YPERGYh UG tl (TthE e elbaR bR L

devi ce 200 and one or nore energy sources 205 oatation device 200 is
preferalhBy 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
nore energy sour cegemddaéﬂcﬁrﬁ*@do fthedHustrativerBmbeditnentst t he body of

oat ati on adviewhihh e frbndingaob i aRbB ISRV RE, PheT ..

225a, ORBafitidiPd&viéd prétbribIy ﬁhc&lﬁ&eé 4 Bgha Flod® e plifraBBp bf tu?odlaﬁ imdrifbetlsar
menber 225c, couplings 230, clanps 235, and a tail nmenber 240. In t he

generdl ca@mlmmandmtmlmembqroaﬁm ertheéubularzoembtenelmeminbmm wmﬁi udes a
head fl oat .22 q | dat nb

230, The RRAE fepear 3 alic tosatiof BB e w%ee‘i‘se of The "
head 2544 Q@dp@% 1h§llme§faﬁreﬁplv¥l\%%95@@cﬁﬂgfallg.ﬁ)éraﬂ@ ﬂtdg&]@ 16y of the

body of water | ustrated in Figs at 220
pr ef er abf the twdulae membeaisorigathés madyleﬁ,(li’merfmatagon dwideqwolvrdeera or 310. In

this manner, the_interior. 310 of the head f]| oat may befllled with a
buoyant cwneaer %m%@ ag ﬂpaf@iweéﬂwamat Hrﬂfeaﬁblan mslmi@ﬁ idRusalieet ed

enbo f it (0] aad. fl oat 220
corrp(ril ses % gﬁfé% fl%ér{g{nl%t eria suc ﬂér Eh%ﬁn%hq O?fth%/@%ﬁ '5B649

device may be easily adJusted in operation by addmg 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.



PCT/ USO0/ 06788 exanple, Styrofoam In this manner, the head float 220 is
prevented from sinking bel ow the surface 210 of the body of water 215 in
the event WP 05@Pr | eak. In a preferred enbodi ment, the boBGTRISH/Q8% he
head fl oat 220 further includes an open end 315 adapted to fit within one

end of the fi 2R t.hi. LpLerior of the
head fl oat 2 n%{z/ﬁ‘ ﬁ%& ﬁ%@ﬁ@%ouﬁ%?sth %e.{s%ﬁieW%.?ngﬁ?%dgEfi rst

t ubul ar clevtiesl sighsls rbpreventatiws dfelicanbonirs® Béisniibenoign Fhe n&fnef the
body 305 of the head float 220 is rempvably coupled to the first tubular
nmember ZeEmigseneprs 108 opssably coupleddpdbesantnallenil®bntThe martneanp 235
provi des _suf.fi 8i eor}t f(brcg to ensure an air_a 9 flui d0 %g 2[)]' ht Cs"ﬁ@l bet ween
the out &F YRR IS ]th%l %pgﬁlpéng aysnge 858€ %;b‘?n& & T4 dat 220 and

t he i Hefafbbleanbridk seld@niciseAors\saeh ak, fRERAMPICTWG-28 orISyntidAtRbai n Fi 0.
5, in a preferred enbodi nent, the exterior surface of the open end 315 of

t he bodyrefesred embodiment, the markr@séismiicishrsoon 21 compriseranyome sfithfeaces 335
in order to enhance t, connecti qQn between jhe en end 315 15 of the body
305 of tcﬁgnﬁé%‘a& 6%@%%6“‘% PRASINIG 3qnSp %PIEE%QPQ%ZPC-IIH a preferred
enbodi xterior surface of the open end 315 of the body 305 of the
head frggéﬂgggeyﬁbludes one or nore flexible sealing nenbers in order to
opti mal |y prdfhemaririd sdigmivehery stingletl 1568 lopbeibie ebupled tothe cendrodikd of

t he body 305 of the head float 220 and the first tubular nmenber 225a. 20
The bdH\10805The maginegaigmiq eRargy souresyl Ivcgenesates seisanic eberanip acyaler of
convent i,onal commercially,avallabl e .materials h as, for exanple,

pol yet h}ﬁneo%n WeSru%4eﬁéP§I08§§°?Pﬁt e'fjor%tf@:l?eﬁjgenbpdi ment, the body 305 of
the head fl ogteféri@ng $o Fady, i2CHS, 6l of prererped ¥RioniABRt, itRe @h&khe sBisaAt! mal |y
provi de inpact resistance. 25 The clanp 235 nmay conprise any nunber of

convent iemergy sauncerldbantinday aiflaabation device 120 dend eesosnwive ®nergior exanpl e,
hose cl anps, ds,,or .st s.,ln a preferred, enbodinment, the clanmp 235
conpr i sCupiRstito: TBe ARetain dewre20 tremsterablX a9aptsd e floal Sggtienal | y
Provigde @ifack 'ﬂbt&%sﬁocyn&; ﬁa&rrejl%f ek ﬁg%gfoﬁecf%vig[ @3@1@?9‘5%35 provides a

contact pressure betwe e Interior surface o t tubular
menber 3Z#bferably ddapted tesuppors vnkaranofe érhrghaadrdes @06 Ridktidmwed BelowWO

00/ 55649  PCTNS00/ 06788 provide a fluid and air tight seal between the first
t ubul ar thesH "9%3 OJﬁBetbﬁéyﬁgéﬁi‘t?ll g’af 220. In a preferred enbodi nent, a

har ness 325 i L Ot . . head
fhow 220, 1n > SRSRLA TR, Mlairebittod Bl aE:, B NI0da AR dblie e20
anchor i rgpodavheies ishdi@ Aodt 220, Al forse alihlad 3embér 2865 ofierviemhord he fl oatation
device 200 may _be positioned is a substantially stationary |ocation on the

sur f 4% ipteymgdiatedubylsr wemhers 225h,5 lash subizlan saembers226a, conplings 23Gind

nunber q t] I i y il harnesses ch far
excanpl o laiBRE 255, SRAE caf SRS 240 1 5% bBPa PR RAE T U 18R 526
conpr i sefeviceldD0l @héaevier 200 iféludps h he@d dRVat R200R tu bRl drimem®er225, ecur e
attachnent |ocation. As illustrated in Fig. 2, the first tubular nenber

225a i s couplingxBBY, awdipltedd member24dad fl oat 220 and to one of the
couplings 23 The | Rpter iate tupul ar ers, 225b are ef grahl y .each
coupled to a elﬁe%‘i H‘Pﬁ%ﬁ@ﬁpﬂ“ﬁ’ﬁ;@%ﬁ@fe %@P@Wt’ﬂ%ﬁﬁ? 2 ?rb@fheg%ti i's
pr ef &3t o4t $20Rs prlefePalfedabidd o ORI DHSsiir#hke 210 of the body of water

215. As illustrated in Figs. 3 and 4, the head float 220 preferably includes an

elongate body 305 having a hollow interior 310. In this manner, the interior 310
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



15 and to the tail nenber 240. The tubul ar nmenbers, 225a, 225b and 225c,
preferably conprise hollow el ongate tubul ar bodi es 605 having interior
chanber s 6W0.00/586#9t ubul ar nmenbers 225a, 225b and 225c nay beCraisnd/exassd
from any nunmber of conventional commercially available materials such as,

for exanple,,uret hgne ntheti c rubher, ory pol | ene, referred

e nb odi nﬁn%)?l,np}% g%ﬁﬁ%gﬁ@ulsl thﬁ% me%%a}}ea?z@%a%%@]}éﬁg %gPéeraf %8 cate d from
rei nf or ghfkifiy Weltfl tie SuiTRES 200 of tiRb&dy 6owhtddafllsem fHe &Ved@lofaf APldaKal | y
provide flexrbility and durability. As illustrated in Figs. 6, 7 and 8,

gggh_ of I t he &nmgbﬁef?;teci@mhmffuhflﬁhlthy b@dy';ﬁﬂﬁs?’thesh:lad_tfkmtigﬁm ﬁu?h?ﬁl a: Bo:ﬂy
i ncl, ugi a partitig separ at es i ngerio e tubul ar
bogy B0SAMHE ERGPER B 1 adnore FE rathE heant of the Hrh Gbulre

enmbodi mﬁ%q_n . ' ' j Al : b
[ nteri50r 0 b%?o' ngu% %%F%ér}{ %%@ngg%}é%hgéﬂg% g%/ﬁggq%ér?gg%mflﬁgﬁ
i nt er i okoapleditethe istdriori ofithk fireptybuddr enilber 2282104 poéfearsdd her one of
t he tubul ar menbers 225. The coupl.ings, 230 nfgé be fabricated from any
¢

number 6mbadimentdieiopen endodtfelthe hady304 echepst Boata?20 isremarably or

exanpl e, _alumi.n | I f el | l'i ngs 230
are fabl"‘?'g%]teglc}(’# Fg%ﬁigi&%lémn%%% %g(fg%g’%gﬂua' ng%glloe;&)order to
opt i mal leynbyddmed e thieldurhp 285 O;:iﬁabﬁma istfficién ©fdrcaVed BRéureditt afr U PALRD

resi stance. The couplings 230 further preferably include at |east one val ve
820 tlatighésealtletweenthe opberisurfacernd the ophs end 215 of bedadde of thehead or

815b, tqQ b i nj,ected with bupya flu d The val 820 may conprise any
number g‘l"aggggéﬁfil dPnE’bﬁWg;E‘? %ﬁoﬁvnftﬁﬁltﬁé‘g]iaé Wﬁé&ﬁgﬁ% as, for exanple,
bal |, tank, ar i e l=n; qu .

conprises a arlgggﬁgﬁi ‘?‘. ?Ieg \?éflggqjgg%ﬁ%oﬁ%gs rorﬁﬁ?%eeg;,&b?lno\éaéu%gac%r% er to
opt i mal kthe ppewiedd 31&mfdheidodyr85aofdha bieaddlaat 220dhtlugles bnea® rabieer nat i ve

enbodi ment, one_or nore of _.the cqupli r%gs 10 230 include a separate val ve

820 f or ribhed syrfaces 3ppdm order wrenhnance the connechipmsbetveen theprenerthdid pot h
: : Sa ; S
L dpops SBEHREY 305 4F phe ARtk RbabsadRa e MILERIRHat b Borifin b 1 C 11

Fig. 9, préfegrddodrhbedingsrity this ettetioe dupfabe of tienbpert Bed Bi5adthkibedy 3030
i ncl ude ribbed outer surfaces 905 at each end of the tubular body 805 in
order tof thehpad fpat 23Q indudes enre or mose flegible serlinpgembersia ardetitar

menbers 225a,,,.225b.and 225c. ,In efernred e di ment . .t er,_surface
of the. CBARHINGEoA R A6 dndiats Refl A ePT G PRGBERE end B hRbed  he
tubul ar 308QY tRORchd fRAHOP0 LA dARLIATBL tubillEPKidRba $954.d and air tight seal
bet ween the 20 couplings 230 and the tubul ar nenbers 225a, 225b and 225c.

As i120ust r at theibpdsi I3 ofsthe Iveagflios, 220hmay befabrigiedAiromeanienund®y of s

| ed at dt f th i 230. | f d enbodi t,
Che T r SOV ErperiBeay A B HREHAE S TEh 250 o HAmIaD! | nge 230 by
| nser ti pgIyRRyIRAE PYCiebRMR! 1 lRe@bnititiRHE! iHAboRB05S e

I nteriof chanber 610 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



25 tubul ar body 605 of the first tubular nenber 225a. In this manner, the
I nterior chanber 610 of the first tubular nenber 225a is fluidicly coupled
to the i ntwoioosse@panber 815a of the coupling 230. Further noPET/USH0/adI8%
manner the interior chanber 310 of the head float 220 is also preferably

manner . Bt B Ao S HEhEe beld B e By b e 48 ardbyg 0" ©
first tudddefodedeer 225a may _g_ WO 001 55649 PCT/ US00/ 06788 be injected

with a buoyant fluidic material using the valve 820 of the coupling 230. As
il lustrated ilm #pyefefred: érabodimemntedibarness B35 Jarconplﬁﬁetostmsz@tteasurbwpl ed at

o e\ th Hasp il Berti AR 220 dn a4 Brsferstid spBhimsns, hDEES b o0h ar o
coupl egl §2st ﬁe Cgpéqnéd aganéﬁ&lﬂg db%@h%hi(}g% ﬁeﬁb@@éamte d30e Mlihid aadiRely 805

of one o upl1ngs 230 1nto one en the interior chanber 610 of the

t ubul ar thedjofiftionfdetive meamimmdnddubarsuhahMa]IﬁEmtumMytwcatmert i ng
one end of the tubular body 805 of another one of the couplings, 230 into

the ot heon élwswfa@q]%mef tha '@de}b@f VAHZAO. élilm bﬂmfﬁé F20pupz copgaiseddsl of the

I nt er medi at ul ar I, 225a. th nter| or ers 610
of the |1HI’1§1?’ ?SY%V bol.ﬂ %ﬁ%’é’}%ﬁﬁ’gg are S‘ﬁ/ coﬂp?r %"*’ﬁnsfﬁ
i nteri orpgpaapkahor stias. mﬂa %ie“feneafen&mlﬁfum €He E&4{¥sk 395 cdafbrises a

Furthernore, in this manner the interior chanbers 815a and 815b, of the
pair 9 f@umeldimg@l 2B@panchrider ¢o pptimstlyrprovidelosadirefattachmantdoeatiimt e

t ubul ar jected a buo ui di erial by

usi ng the valé%ﬂﬁfgr%ﬁngﬁﬂgegfﬂtbﬁ@ fﬁébﬁl“?‘ﬂ I#%lsaﬁrteg‘?rﬁ &lve

embodi Megupldd\ey ARHALAAASRHD ki ki dRe of %ﬁ@e&%@g@w Phe ks hotatehe

i nterior chanbers, 815a and 815b. In a preferred enbodi nent, clanps 235 are
used to mlmbmemmbms i286brare pré’[@rdﬂyfeade codpleddo ianpar mﬁdlnat:amphﬂgsl 280.
menbers 225b onto the exterior surfaces, of the ends of the caqupl |2r}§£ 230.

In a prefbefasy tuhplaaimember 2hec 1§ prefrabhncqunied &éoaeetiﬁh%?um}i%%

bet we £ tubul %gﬁ a 230 t hat
rangeggf%%%gugﬁgﬁe%% %Llsbl 'f‘ﬁ or 0 op&tf} Q?‘;f%il’i%?g)v luid and air
ti ght seplefi@bleesmptice hanewrmdmgébe tubhldr dodbend s Baﬁﬁ@tinemloﬁéhddabers
coupllngs 230. In a preferred enbodinent, a harness 615 is coupled to the

ext eri or6HlurThe éuwlaééembemt #4252 4ph @ﬂ&@%@nmbe §alpr¢@at@ﬂrfgma any

correspondl e of t ff QUAL Q ferred
enbodi meAT rPF%% Oélé%r%e}nggﬁ%ﬁalfuseaggpo %éltjesﬁle %Iflleghag’r %Ogges%g%gg’t o the
narine SgretRhfe, HYALHNISPIBHR o%%ly&ﬁ?rl‘éﬁel |Ih%§fé‘éﬁ‘éd'éhﬁécﬁﬁ1en2; the2 and 13,

the | ast tubul ar nenber 225c is cou to one of the couplings 230 and to
t he t 20| tukaisemepnigers PR6acYHheand 8Roc axp fabvicatml fepueinforced 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
30 conventional commercially available materials such as, for example, aluminum or

plastic. In a preferred embodiment, the couplings 230 are fabricated from



PCT/ USO0/ 06788 of one end of the |ast tubul ar nmenber 225c¢ to one end of one
of the couplings 230 is preferably provided substantially as descri bed
above wi t hwoalossemce to the connection of the internedi ate Pabaisas/oaresrber s
225b to the couplings 230. The tail nenber 240 preferably includes a

bul | on ne 05,. ing. d | 131 | ve, 13 d
EE e T R R R g N B
f abri categgrdsidredidtagbdber of conventional commercially available materials

such as, for exanple, steel, alumnumor plastic. In a preferred
enbodi nent, tThe ¢caiplirgs 280drtlgdpreferahly ingludensnibast Gudvalye 820rthetit ed from

alum num 1Q The | ast tybul ar Hber 225c.i s ,preferabl up%l d to the tail
Tenber  PRSTRY 3 FRISPERGRSIDE 0Beat She BiteriE chpRIesR 15 Thlatyt Beerber 240
into . I Is i e i nner
chamg%gﬁbﬁt&?Pg%%%ﬁdéﬁmﬁ ergsggégﬁgé)@%{ggi cﬁy coggfgg to the

i nt er i orconhamtier allcdddmefcihliy availdblowalves siél as Hortelrarmplde chall, tahRj sr manner,

the interior _chanber 815b of the_ 15 coupling 230, that is coupled to the
ot her ertiredralysse Imoa prefgriedambedimeantotincvalye 820 ¢painrises adapgeBoretiree

chanper "ISIGRapIE Aol Halfocy B, ) gPtorto SIRIRRLy of5aRadald b B4
i nteri oraugbmaeR seBARE. 0h anhAt&PdBive Renbod@mehbadnd ér AO¥El0EHhé @oﬁ;ﬁlﬁmz%t her end

of the Iast_ t ubul ar menber 225c, the interior chanber 610 of the | ast
t ubul Hr 298rbelude2xbsepazate valve BRO for eachodfdiioanterddOchembérs, 8494 andnber 240

are inj dwth a buoyant fluid using, the | ve . _The val.ve 1315 may
conpri sgltgfﬁy Iﬁtﬁi’ﬁ%ma&iﬂe 0 Q/té‘rmléﬁfﬁ%‘f a&%ﬁh%‘fscﬁig? @gﬁi%gamaé’%&wgste uch as,
for exanphga fiflyant FRAY. Oh ol pricfert8d ¥fibo eﬁt,RB@fb%rogﬁﬂt gﬁb&% Plsesthe
val ve 1315 conprises a large bore tire valve ‘available tromHaltec, Inc. in

order taioptinmally 25 provide rapid filling and automatic sealing. In an
alternative enbodi nent e |ast tubul af menber 225c is _coupled at both

enﬁ; to one a¥ t’@é’%‘ﬂ)ﬂi % %230 2 particplashnprpierred smbadigieat, theoul ar ;
erboc nsoABIRES 8RS AR IRBRY dueb Sunralll It LR L Y bl B OF 7 00

end of 808 ihasitdet Ub Bdcillitai® Bhe Eodplhiy oNthe doupligxt 280ab thefihBaRrof the open
end of the tail nenmber 240. In a preferred enbodi nent, the cla 235 -11

WO 001 538ambprsTREi0 286he@dnddis dasa preferned embndimentcthecouter suriage pht er i or
surface ,of oneg.end .the,l ast..t ubul.ar nmemher 225c .and,t ext.er,i or surface
of "t e o ORRUEES 290 i dtfae ARbnle Fel RIERREs AE ST PRq b BREFUBDAE" 51T C
i n orderpody mihrmldleﬁ@b?ﬁth rfovideda ARSH 8hd ald @bkt S€AboRbYRERe t he | ast
t ubul ar nenber 225c and the tail nenber 240. In 5 a preferred enbodi ment,

as i 13Qusonplings 280 Bnd. the4ubular mgmbero?25a,228bandf 239¢e open end of the tail
menber 240 ingclude ne. ot,.nor.e Ji bbed suLface 405 to faglli.tate .the
connect i on b%@é‘ﬁ%ﬁ%@&%@t‘gﬁ gbu{%‘? ﬁp%eﬁ‘%%gﬁugﬁdnf’ﬂ’g’%%é?aéﬁ80‘3)919’5'he
tail menhenedtd td 6h@opflfefﬁdfziﬂgg’?@99"Iﬁei‘fareféﬁéd%ﬂk%diﬁfenﬁufﬂea&%tm the

open end of the tail nenber 01 ncludes one or nore flexible sealing
menber s thibular mener 285a 4 cogled twone ofl hacduplingsd280 by inderting oneadndoet ween

he | bul 22 dth f th il 240. Th
ener gy 60he Su0ig5 bay BO5.R1tba CPBPRG S0 AT eIndamOR HeRober BT 6T S gy
sour o5 (ABAIA Y AILE AR AL AP SLRELORS e WL A8y 200 ¢BE sl agighody of
wat er” 215. e energy sources may conprisé any nunber of conventi onal

15 conmehairtter)s 19V thalfiret bEsulae nfdhber 2258 TUMdRD Eagsled ¥6 thé tntetidf
exanple, air glrJ&I’i%, 0gas expl oder or vibrators. In a preferred enbodi nent,
8

t he enerch ¢be conpling @38 Fugtheymorsi inathis mammen theuntenienut ., | nc.
in Stafford., TX.al th I t.i on devi.ce, 20 ref erab i ncl udes a
ol ur ai 1 195125 3 b ead Ao B gD i Al RErer R iy hARIA G861 he- head
float 23Qteridy Harhbdi8 Ba 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




20 nenmber 225a, and a coupling 230; (2) the conbination of at |east one

i nternedi ate tubul ar nmenber 225b and a pair of couplings 230; and (3) the
| ast t ubul wo aeessé#8r 225c and a coupling 230 and the tail nerosrusag@s7seEach
of these buoyant nenbers are preferably injected with a buoyant fluid such
as, for .exanple, al,r usin e.v.alves positioned in | I's of.the
coupl i ndt 94 tﬁﬂawtlhg%y 9‘3# h%ﬁﬂé?eteﬁlﬂgys%et%&evﬁl%ggﬁamﬁ§?‘I‘R}Hfg on of
the floaggy i on device 200 pernmits the nunber and |ength of the buoyant
menbers to be easily adjusted in operation. In the general application of
t he fl oat ati oAs ilbwstrated@ Fighy theunternidiatertabutiastnefribers 2B6baré!| oat; (2) n
tubul ar nmenbers;. (3) n:1 coupljngs; apd (4) a tail nmenber._In an

alter natqq}’g’Y%érﬁB'a?%e?ﬂqs toong ttheé’ob‘BBPgﬁ)ﬁégf Asqjlustrated i3 Figs. 206, 30 head
fl oat rl ol ]gg ' DB S5l SHE e,

Styr of%g%&s’@éiggegr@ﬁsﬁg%& %%8]?16 7 g&f‘?\é% pr Eﬂ" g‘?%%%%n@%%m, as
i 11 ustr adotsghlédrtdtigscoullings @30 by inkertin®ahaehdnfdRY itaBulkebodyE05isone

couplings 1005 and tubul ar nenbers 1010. The couplings 1005 incl ude an
el ongat eofttiigirouplings¥3Q @ ongend)ofitheinteripy ghamper 6301of the tibwlar bodynber

1025a, cond .inner echanber ,1025b.. a openikng 1030, a val ye 35,

ri bbed sqﬁ %tgtz]se 1%%1'81,1&@%% téﬁ\}%%emﬁﬁzﬁa” %@%é'ani?f Hig %‘éeﬁér"f %B? on 1020
di vi des gup@larbady 805 6f ahbthek BREIRthO SNPSR3R olthe dthéstn@ B teecond

i nner chanbers, 1025a and 1025b. The couplings 1005 nmay be fabricated from

any nlOrbatemér cloambert 6 thaf theotubedar hody 66 of tlabirdermediataltsbslach as, for
exanpl e, al ym or. astic. In a,preferred enbadi nent, .the 10 couplings
1005 ar dOPHRREF d4pad it BeRRehUbeiRte aThanebers G 10601 the dntarmpdinteg ht

wei ght e i o S| t ubul ar
body loit%%bler m te g‘h{eﬁgggg \E/’}e-@rﬁmugﬁtap négagﬁge%%rﬂh%d%fggrt@ﬂ eaﬁqrrlg{#nsf g 5%\/??% n the
i nteri or81db, bhehd phinldrcotplings 23G. Flikkheralore, ihOffs peirfdrs thddtiefjoect i on of
a buoyant fluid into the inner 15 chanber 1025a. The valve 1035 may

conpri sechambergnlaa and 8dahafithemair efeanplizigs 239 andintaripe champes 640ch as,

f-or e .hal . an tire,val ..In.a preferred enbodi » i he
val veﬁgggﬁgégrr%rr %%egégtg&lug%ag mepbery #g%QWeb%gﬂF?tﬁﬂl@% Pﬁi%%ﬁlm%c. in
order t cmafridI®y wsiRg @Mé J8IveEI0bidnld dftfle2BApAHES DB tn 282AIEGatR@ The
val ve nounting nenber 1045 preferably conprises a tubul ar nmenber having an

end wal |embedittintgthe eqnpdings 236 include asnparategvalveforadach o386 intEréoropen end
of the val ve nounii er 1045 preferably includes an outer groove that

engages t%agﬁqr ’eé]];s@g%%&rg ‘he opening 1030 in the tubular body 1015 of the

coupling 1009y 4 Bréfeted BBGdinen? ScId RIS DIBHAN|RM ¢ intedor Tount ed
within the int er?or of the tubul a’rcbogy 1015 0‘45 the co ﬁleugsgg%f&‘%%ﬁ 1‘I'hi S

per mi 2& surfacealftbe 10@Fmedidie tnbules seembeis0d2ithen muther exteribasarfated dfe
compr | < SREIg 4t GRBPIRE T Dol 8 PERPFIS SIHDOGRITy BOSRMLSI S0l 1 csponds.
body 1008 et oottt ProssEra BB R et Ve i en 2B B O™
may be aheessphinpy 280 thaperaiges froth@bbubbltarlO-gsd 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 13, the last tubular member 225c¢ is
coupled to one of the couplings 230 and to the tail member 240. The connection

-10-



WO 00/ 55649 PCT/ US00/ 06788 nenbers 1010 nmay be fabricated from any nunber
of conventional commercially available materials such as, for exanple,

ur et hane, Wom0is864Pc r ubber, pol yethylene. In a preferred enPCDIUSeNA678& he
tubul ar nenbers 1010 are fabricated fromreinforced synthetic rubber

avai |l ab i i QWi f hidhiid d
Gur ab 1 P ghS PRARERG Bt Qe ahoBe 2951 [IBAS nflof ShHS ShE tolplibg 250
separ at & prfsrablypreddéd shbsthrtialinas debaritbel shoveORith refetehO@bbthd n t hi s
manner, the tubul ar nmenbers 1010 _coupled to each of the inner_chanbers,

1025a afennestion ofthe iptermediatetmbylanmemhesy 246b te the couplings #20.sane

coupling 100 . } I r | | S1p source
has been des??ﬁﬁ%H@Pﬁégs%%%Pgﬁggséhﬁg%Q%FF%ggaghﬂ§6%§+%¥k§%%@§¢s coupled to
the hgafalingtdn efid WwADYP10,0%al¢oURI B hriat iegteridpWhambEnia0s Tie seal ing an
end portion of the tubul ar nenbers, each coupling including an air val ve,

and a t tabulaebpdy 1800 9f dhe tail meneber P} mayrbedfaboicatest froneany buieberrdnber s
for sealing the end 15 poriion. t he one tubul ar , menber.. | preferred
enbod nEfRveRHHRA somnereTi, ARl Bt aae s o g lecfteRent . I - a
pref err ety RiMAH I Fhstid. " b \pPblepfed GIBSdimHtEtH AL A8 BOAY 1805 %Pftﬁéa 'ng' S

sel ected fromthe group conSisting of urethane, synthetic rubber,
pol yet hyait meember 24 (piscfhbricetbddirtmmciloarihyint.he coupl i ngs conpri se: a tubul ar
menber having_ an interior 20 divided by a partition into two sections, and

an ailf val ve Tbglprtembudarmemrer:d2acisprefprably sousleditp She tail mempees er r ed
embodi T8R4 1 tiﬂgelrtﬂiré a?ﬁm(% of ﬂﬁ@éﬁ%eg %%f E}Y%j{fglflﬁlemeﬁtidﬁlﬁ%h%%e%%d g erior
sectionZ and Gncar e YEPVETRSUpT edPFH RS It &t BIFERT 1 on R O B s ei smi ¢

ener gy skellse thbslagimembeef25ie sy thie gndredr, thelnifte chandSerfd 1Wpéfofhiedastdevi ce
and one or nore narine seisn c energy sources coupled to the floatation

devi ce. tulpdar meember 320¢isflwdidy,eoupled to theinterior shamber t13801of thesatber s

led to th fl.oat, n-.1 | | led tq the tuybul nb f
ceal | ngmiarRetcRAtE FptBor i, G Risn g, GBS or chasafigt BhP PhEiai ng. an
ai r gl ¥Suplékll280 tidak iBSHNE 6O UR 6chelk @nALIAAE I%rth'bﬂﬁhx%eﬁﬂ?erlcﬁz%,hﬁ

t ubul ar 30pmenbers for sealing the end portion of the one tubular nenber.
I n a pr @uddickyocompbertitorthe intetier chdonber 6 b nbtheslast byrilae nidreken225¢ ubul ar

elenents. ,Ip a -14 WO 00/ 49 PCT/ US00/ 067 ef erred epbodi nent, the
Cubul ar SitdiBe faickir GRAREAATY OhiB BRCORPAPL 40! IR pGTelTa t he. or oup
consi st bﬂi?)oeé.rﬁﬂﬁﬁttil@@ﬁterMH%%B&' Slm%rtgé%guﬁﬁhﬁggpytﬂﬁs cbﬁ%l%dg’bef erred

enbodi nmen e couplings conprise: a tubular ne aving an interior
di vi dedtly otheramid ¢f thre 1asit mbular meathen225cathe iaberddr clambérv61@ofithed t 0 one
enmbodi nmber

of the two interior sections. In g preferre t, the tail

conp SL%';.* t'ég?{?SGP%‘P ﬁ%%g » 3 thednierior chamber %%?&ggﬁl,e %H@&W%srﬂ%m ve

coupl ed - 1 I3 e Di'%. g i { SR C 1S 14 st em has

al so beg%@g%@%efi%gﬁta%q i ngpglg%géiél coﬁmfﬁegﬁ'o’%‘ﬁgm@oﬁ%% he

oper at i gsm@tist k@ yraimber s£taived tidfglitcnine?bially asuiaBl8 vaviés Aichnay, forar i ne
seismc sensors for nonitoring seismc ene&?y coupled to the controller,

and a mexumple ballntanlepetigy vabygsc dn parefprned ambediment the valie 1% oupl ed to
the controller. Th [ ehSm.C . r source {ncl.udes a, floatat,ion
devi oo SAPEREs BlasIRre e AR R aFRI Hopy UGS, RS W 8FipCly il
f 1 oatyst pesvide vhgsid filling dddahfdnatic s¥inge InGl Hdes RiveadbbdP@ént, the
last tubular member 225c¢ 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 preferred embodiment, the clamp 235
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15 tubul ar nenbers coupled to the head float, n-1 couplings coupled to the
tubul'ar nerbers for sealing an end portion of the tubular nenbers, each
coupling iwolaussesd an air valve; and a tail nenber coupl ed PETAISOUPRTSS
portion of one of the tubular nenbers for sealing the end portion of the

one tubul ar. nenper . f | t I conpri se
O PSRRI eabaBi e U e drdBl i PRGBS o

nmenber s gybildredichibirabst 0@ thattédbsswhcshef s dd oftiy faileRailsri ng of
ur et hane, synthetic rubber and polyethylene. In a preferred enbodi nent, the

coupl i ng@2Athaprasges fronubboutr 5 be dd @si naotdey tarwptimally prodide adiuidianda
partition in t ectiqns d.an air val coupl.ed .t g one, of e.two

i nteri ormgéﬁ%lgﬁﬁéeb? Wegngﬂg?%s&&gaugqmaﬂ\#gﬁﬁ%g ﬁﬁﬁf ettﬁﬁlm?@hﬁﬁ?&@or%ri ses:
a tubus af pRBENRH éﬁ%ﬂéfd]&e%@ aSHIRisklted B FiP N4, 3o BkforicH i fLRWT8E opent Ne

t
interior gectlon. | oat at1 on menber has al $o been described that | ncl udes
a t ubul aendeftier tailomentdhea240riheluides onbamrimorenibbed surfacantd®Setmond ends, a

et ubyBSAREBS Cong9cHG betuadlyHek WahPRiaRSauber S25cua Eopopts SO cond
end of ¢ heyl L A7 8 HED BTy alfiserrod QuANMETEAD CLLHEAN GR1AE o uiche

t ubul ar east o sea g nenbers 1 nc a val ve for

i nj ecti ngpeh éndyptHe failindmbitr @40Ha cludes bheor ghardRéxible ddatinguhbmbersrenber .

A sealing nenber for sealing a hollow tubul ar nenber has al so been
descr 1®ein ander to optimadly pravidd afluid pudair tight sea) behwieeny the {astdubulagt and a

second 5 enq, artition positioned wthin th ol I ow tubul ar housi ng for
di vi di ngmﬁﬂg’er%zgf:ia&f]_tb? whe M?%ettﬁ'ﬂlﬁgpbﬁf){éé&ng into a first interior
portion and argeefbfhy EeLTOPRFd dRiplePFti NANR: &M £4d 620t &yhol | ow
t ubul ar housing. A néthod of operating a marine seismc energy system has

al so beesnatgygspittned 20hatreiprefenalely positiondidigelawthesalrfacg 240 ofépahaty of
flexible b t 10 nmenbers, | i the flexible b t nmbers,

| nj ecti RISy e PREAE DHFG D TRE EOBRDIS Fy-RETHER BE VP Bl ppor t i ng
at | ef@tco%e%ﬂl?%yiﬁ%ﬁ@ﬁaﬁﬂé‘%&@nﬁnggﬁ% ﬁt"%g%%;gaj"ﬁ% ?& &aﬁgﬂlﬁghgﬁo""at er

usi ng  one or nore o e buoyant nenbers. of floafl r nore

el ement spingd, gas ekploder baetbrators. Hadypmferrbd wailardileatahecenregn soemesi bed
that includes providing a tubular floatation nmenber, sealing the end of the
tubul ar $Q%eamprise airegins availgble fropyInpw(@ytant, {ne.dg Stafferd,nBXt ubul ar

f1 oatat i on G4, AYRGEN oA Ac0E 28h BRI Sblude0S PG o gkl O

menber, and supporting one nor € “el'e surfdce 0 ody of

wat er UsineghHe® thatoimlcRide:  Doghat doibiRBIIBA 'of tRE had¥loae @20f fif<¥i thbatar
floatation devices has al so_been described that includes providing a

f1 exi BP emgsihes @268upnd agonpling &30y (A thalcomhinatippjof et least anBuoyant f1uid

into the floatatjon,devices., Al ugh,illustyratiye e di of, t he

i nvent i Owtﬁ%%cﬁsteeﬁubslﬁme%%er éﬂ)% Shd & pair of coqumgs %8, anng%)sthe la.'s.tI
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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described, a wde range of nodification, changes and substitution is 25

contenplated in the foregoing disclosure. In sone instances, sone features
of the prewemt/ssd@ayenti on nay be enpl oyed without a correspordi/Kigounsassof the
ot her features. Accordingly, it Is appropriate that the appended clains be

Cventon. - 18 & br@Rhsbeib BN GORMRER o kidh, DR RER s en o\ e
for a mievive 208 Mithedesnouplingo 1005 and eubuladimembdra10e@d float; 3 n tubul ar

menbers coupled to the head float; 4 n-1 couplings couabgd to the tubul ar
nmenbers for SEag cmgalmgs&m)%apmd@rameloagmemmw bedyrdbahevingseh coupl i ng

i ncl udi . i d 6 | ed f
one. of - REOFioR 030" st Fer e Ber A IR Bioe St sl TOBB0 A f ot ar
menber obe%m% SR bﬁ%e 903s) ﬁbﬁédlsuﬂﬁé‘éseldlot Qﬁd@@él’v@'in&?ﬂ'ﬁ?ﬁé fndifibE | Se

flexi bl e 2 tubul ar el enents. . The device'of claiml, wher@&in the
t ubul ar 105bErIse partitiad ﬂDE&ﬂdeésr the idtemoeof ﬂ:lestmﬂar:bedly L0 bSnitk toethgr oup

consi sting of _ureth ne nthetic rubber and 3 polyethylene, 1 4. The
devi ce dfrstpaffeqon reolfifoarfnd .@be coup &%&P% m?érn%r

havi ng %ﬁb#x@%ﬂ%ﬁ' fPOm g&};{ﬂt B off cBAYdd tidiiE cbﬂ:%rﬁ%lﬁzgﬁl};‘a 8 gk 4 an air

val ve coupl'ed to on two ITnterior sec eV| ce of claim

1, wher @u@htdaﬁfdraeﬂammapﬂmmmm bf Phastid. antwpsdfezrredmmeddahﬁnrtﬁﬂne’m interior
section; 3 an air valve coupled to the interior section. 1 6. The device of
cl ai 0L conpbings A0ph are fabricated from elyminnysdu osdente eptimallyrprovide lighte of

the coupli.n 7.. A nari,ne seisnic energy source, conprising: 2 a
f1 oat at |‘8?1‘gg§9¥‘%é“$1?18?&8% 217 WD 00/ 55649 PCT/ US00/ 06788 3 a head
float; 4 n tupwd gpediBEDDBEH 1ﬁquelsﬁ;b \;vmuomh@mlfa&%ay 1918-perffitdPiHeN9s

coupl ed to the tubular nenbers for sealing an end 6 portion of the tubul ar
renber s, vadeemotimdizlg mgmher|10¢Htg bermduntied withie thaintegion af dhé tuewnlaer

| ed t t f the, tubul 9 nh f. J th
e por tiegh i3, ER elvg oib 2Tt sgaiectah o D UREIG g Bt B el ori ¢
ener gys SAUnRst 10288! thd Falb88085 yRLdRPride aflf Hufber 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
groove that engages with the edges of the opening 1030 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

-13-



1 8. The energy source of claim?7, wherein the tubular nmenbers conprise 2
flexible tubular elenents. 1 9. The energy source of claim7, wherein the
t ubul ar NMeWES569e fabricated 2 frommaterials sel ected fr ®@ET{USE0/QH7881p
consi sting of urethane, synthetic rubber 3 and pol yethylene. 1 10. The

ener 9) SAULREOT0f0 Bl e raliBLELDblP SOURLIIGS QL AR P BnblliLAL

menber having an Thn on into ionsy and 4

an air viallablomatédals @ueh s Ofor teRemipls) uretleii ) syatitdticontbbet, 11. The energy
source of claim7, wherein the tail nenber conprises: 2 a tubul ar nenber

havi ng aelyethylane: Inea prefarred ebedimeps) the mhembarsd Ol Btazei or secti on.

1 12. The, ener qy..source, of claim 7 rein, I r | ves .are .recessed
bei ow ariBRHETr S et Peed sikiBe it phPhSaveilabe fiat [ atfek B Gt £

acqui s§ tdpamally besRide PRIHiRL End dhBabilif 00/ 55649 PCT/ US00/ 06788 2 a
controller for controlling the operation of the marine seismc acquisition

3 system 4 dmea preferrred embodimessj the coupdings 1906 dnclumleia sepangtesedilsefor

energy coupled 5, to the contrgller; and 6 a_marjine seismc energy source
for geneqaégiozéhgé‘il%?ﬁ 'Qwéw@?r@y é%’i?p?’é‘éi 1p@ob. I ghisgpapper,dheitibplai ng: 8 a
fl oatati | ' hQ: f . upl ed
to the HOSELFILEF10 Bblel Weath Bt HEPRhner RBbmply N OMR LR 1 SRR SR BE.T 0

seal i ng iajecestiwitdy 4 basyait il ddihplths samelenplingd 0esch coupl i ng incl uding
an air valve; and 14 a tail nenber coupled to an end portion of one of the

15 tubll ar nehfleatatiay deviae forp mesinaspigroia ¢nergy Sousce ias been dedonibad

menber; ,and.1 ne or e, Nari.ne seism c ener sSoUr ces upl ed,to the 18
f 1 oat at itgﬁgéfé_%}lg%s. a%ei‘i?fo?ﬁen Eﬂl‘%‘ﬁ&ﬁf’?ﬁm ?rﬁicfhuf%é Wntg‘regt?‘f‘?‘dtcﬁ%&e thl ar
menber s GARALES Bolipledith!tRe 2ubtiR¥ BEmBERRR8alidg AR eniortion sMHef ¢l ai m 13,
wherein the tubular menbers are fabricated from2 materials selected from
t'he gr outpbularshnetibeys,fachrecetthhing indydingedn airrvdbberandaa daid npohpet hyl ene. 1
ubul ar

rorber  RUPHG Hrh FEEEREon ol PRea Bye Audar arBhersrios SrUbhE taeilons: and 4
o 2118 SR A A el 9 P ORORE e il Syt
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 couplings 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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WO 00/ 55649 PCT/ US00/ 06788 2 a tubul ar nenber having an interior section; 3
an ai'r valve coupled to the interior section. 1 18. A floatation nenber,
conpri si ngwodossédabul ar menber having an interior chanber wWPCH/USDI/@4788nd
second ends; 3 a first sealing nenber for sealing the first end of the

interi f 4 th ' d mber f
oal | ng WRIEES Sipodiinef thiBibRlac HiEBEre Ao RaRe RN BBEriM orper: 7
wher ei N glect&dfrlon? Bk Bf o Cor@ting6f GRARLAS, syhthellerabbe i for injecting a
8 buoyant fluid into the interior chamber of “the tubul ar menber. 1 19. A

seal i ng pryéthyldne: Inea prefgrredrashbedintemiby the covplings comprise: 9itudula a hol | ow

t ubul ar housing having.a firs and a ,second end; 3.,a partition

posi ti on"@ﬁ F aﬁmcg] h%‘f‘ﬁf{s\ﬁi‘tﬁi@ﬁa &Y %, Bartitiop WP%YQ/Wﬁt’r?&gt ARAAD Y orj or of
t he h i r nd
nter Dr s HULIEA HQHS IRt Bh6 1@%%*]%?@%&"%&#%%%8&1 SRghg. 1

20. A netaflatiemibep perprises; atwtaﬂanmmbarﬁmngahgmtéﬁst eentlcnnmmdlan aiy: 2
providing_a plurality of separ ate flexi ble buoyant nenbers; 3 coupling the
f1 exi bl e"avgeleddoihe nteglor seefianng a buoyant fluid into the flexible

buoyant nmenbe A??ma,gg %S%QB‘g%‘Idbﬂﬂ’Pa%k&ﬂ%aS%& BB B&scifiled t?xﬁa{lgu byant

beneath the surface o er "usi ng one or nore

nmenber s. 4 cdntzdller’forRbhebllhg tlll@apem&rwf thle HiBFifie cbﬁmata%qbﬁhmh the surface
of a body of 2 water, conprising: 3 providing a tubular floatation nmenber;

4 sealQ raystem, fermjonmqua ananiphe Seismfi¢ sensors for monitoring dsmic/ D@y 55649
PCT/USOO/OGZ@éﬁ %’Diﬁ%lﬂ’g‘ 12 ant fluid into the tuhul ar flgatatlon
menber o f appg ﬁﬂé‘e@felspﬁﬁ RERRY SFUICE 4%k BPR TR Eber ; and
7 SUppOrdgj ficQhRrey g@;;gl@d% %HE@%;E&BHLP"‘TBB%&%&E ff'eﬁef;kﬁﬁié' g? water 8

usi ng the tubul a ation ne oat ati on
devi ces,inchrdes iasfl segatian plegicedimijoree 6t marb Ingadiné bammoapérmaurcémdl ng a

valve for ipjecting.a 3. b apt flu into the . floatation devices. -21
A2 A R 9&&@? ed-grthexlnat AFWM%&F@GAQ&%ﬁ%aMO& %&FCBAGCfA]f{ &eh%'srﬂ Aegt, By Aly. AY&

R A&Ry \
Pg} xs n| Iﬁagﬁ%af c?g]t}é%]h %]i fldar] ca Cg}mgi écg]tgg]tubl]ﬂca] caj ca]
ca] cal] qabﬂnba}@f@&]%alm ]amaénmbt])ﬂ&lﬂ Gﬁﬂlﬂe(:taib@lmbmémbﬁrs each coupling

E;;yé;i){:g}]gg ;ga]ég?a]}g?]eé?] cal ca] ca] c@&cggg%ﬁg]a%a]nca] ca] ca] ca] ca&ca]/g/(]wc/g]&

cal ca) co b dins K %gﬁbg ké%b@?ﬂog?%ﬁ%lﬁ%k&?m B T (77T

@O00#10 Igrbfedded embodiment, the tubular members comprise flexible tubular elements.

3F333$ gb] X111 ca] ca ca] cal ca] c cal ca] ca] cal ca] ca] ca] ca] ca] ca] cgiéa] caUl c
#8y8 Jazer 9: H;

aU] ca?@ aljncape ]3@:? aunemizzs sne @55

P <<>7> > t
a] ca] cg] T ‘]% 53¢ OAC‘H] %?ﬂ%@tﬁ]"%iﬁ%ﬁ 5&?@% <]BCBg]DlCJ?)}DE)?)]’>EE}:E;
peJeyeeee:, La preferred embodiment, the couplings compnse a tubul

MXMWFN{ vl gb X] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] calUl ca] c
a] ca] ca|meinbat bayig amjutzroa)dvded byal paijtitidi-hiNORWe1JeCHPRPRS d @il , it UUUW- WO W

ca] oa] A (SR £ phaE 6 Eb SR oAt i o i o el LR DRRBOb Ry drene
Z]eg]a]ca] ca ca]ﬂb'ef g’?’ E%]k%%‘]k ca?iég]%%% caﬁ%ca&ggﬁ:a cg’]%}:la?]clg%:a?ﬂj??]nﬁﬁ]nf

ooop 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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Z~ytoje [V]]ca]ca]ca] ca]ca]ca]ca]ca]calcalca]ca]ca]ca]ca]ca]ca]lca]ca]calc

01 ca o 2y ey Bgeifer AL BRMEBe BLAR, Ryt iy Elndupd AR CBHCE) C3) G2
] ca] ca] syedliftg a(d¥ant fluid into the interior chamber of the tubular member.
,fzuoje [V]] ca] caj ca] ca] caU] ca] ca] ca}lca] ca] c caj ca]b ay Ca!l l]:’ca] cal]caJca]c

a] ca] ca] ca] c Ajediigonpubier 40124 er has een

o B e LU DM Salashon) oo

zl_]sy}lg%ql&g ) ) 3?(%&%‘\31??%%%)1(@;4: d, éﬁ% q%@( S}m/@w‘%uﬁﬂarsholcglﬁé for(dividing the

$109%#& ﬁx)tdrﬁﬁ(l%&héhoﬂbﬁlﬁm& h()udlﬁgﬁ)ﬂ/ﬁ a(ﬁrétﬁ'ni&%ﬁoft)on anda\déebnd0 10 10
=100& ()-83 " 10%& ()-F 9S100@& () - |F"9810% (). F 9$10% ()- \p dBVK@ !
#10% | &u(ﬂ)ermm%&t 1, andagralye caupigd t9 the bolley)tubylaoysing GaBVK@

o0 030 o A e SR b RO 15
/ I 109%& degeribed tHYdn (ludSs pEORANG & 811&’&11@ of $epk@ite fioxiblel®idyant- gbC!

"&10%1& ()-3910%& ()- 10 10 10; 10% ()- 810%& ().-1's6! 109%& (fz 9
} A 2b G0 azerobes, coupling tlysflexip) e.b qn})elrs, injecting a buoyant fluid into

323;%&6§g %e%%ﬁ&éocy&m&nfggﬂ% ,(%ncf debo%ﬁgg)at Jeast one marine seismic source

" 10%18 0%
10%8! (?’L‘ ﬁ\e(%t?’l%a%&() /10%%‘@'()-- 10%‘%’&%&%@%8%%@5&? Py () - vorlou& (

) - 10m Ifembers.

m—"ﬁ
L=

A method of floating one or more elements below the surface of a body of

15 water has also been described that includes providing a tubular 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.
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"10984() - 00#mq11¢cmﬂu:@s@ou;pmbmm(e)tubnm@nbets for sealing an end portion of

-109& - 1109 - 100& V&'
3F333é(E)b@u |- 133 %W@Ole upling inglyding ag. aiy yalye; and| o1 00 ()
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2 materials selected from the group consisting of urethane, synthetic rubber and

3 polyethylene.

1 4. The device of claim 1, wherein the couplings comprise:

2 a tubular member having an interior divided by a partition into two
3 sections; and

4 an air valve coupled to one of the two interior sections.

15. The device of claim 1, wherein the tail member comprises:

2 a tubular member having an interior section;

3 an air valve coupled to the interior section.

1 6. The device of claim 1, wherein the air valves are recessed below an outer
2 surface of the couplings.

17 A marine seismic energy source, comprising:

[o-)

a floatation device including:
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10! . #10%& ()- S, ! ]ﬁoﬁ(%ﬁpf 109%& ()-(S

1098 (-9' 109%& () - Ty - NoP" PEPSPUPLP@DC 10! #9109%& () - FRLO%&' ()- 10 10
10; 109& () - S6#10%RtuBulat HONEDdrs-cGR AIGAMat10%& ()-! #10%& ()-s!
#109& () - g)loos/& ()- Fl‘g%/&' ()- &l 1%5& & -S TTT, UEUUdEbaC;Llol #%t{/& ()- 3"()

ig:yg'l_ I(é; 6%!& ;?;/&'Y(l ? f()—ol/g?pbyg@m)@ﬂ 9 the gualar meambenaspnxeding an end
ot o o 020, e et e - 1
10! | F$109%ME’ () - | 100/«15“()'ill 100& ()-S .

109&' (§-S"109%& () -aHibiember’chpledatamuxémd Gortion of one of the tubular

10! Y96" 109&' () - 4109&' ()-gtgmo%%[g g)-‘(!gﬁ 0% [& ()-!!| F$10%NV& ()-' ! F$10%

RR& ()2 a%* b+b, b- b9b GHRBRPER ®oFkon ©of the 9vggubylary o
10 member; and
11 one or more marine seismic energy sources coupled to the floatation
12 device.
1 8. The energy source of claim 7, wherein the tubular members comprise

2 flexible tubular elements.

109 The energy source of claim 7, wherein the tubular members are fabricated
2 from materials selected from the group consisting of urethane, synthetic rubber

3 and polyethylene.

1 10. The energy source of claim 7, wherein the couplings comprise:

2 a tubular member having an interior divided by a partition into two
3 sections; and

4 an air valve coupled to one of the two interior sections.

1 11. The energy source of claim 7, wherein the tail member comprises:

2 a tubular member having an interior section;

3 an air valve coupled to the interior section.

1 12. The energy source of claim 7, wherein the air valves are recessed below an

2 outer surface of the couplings.

1 13. A marine seismic acquisition system, comprising:
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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 members for sealing the end portion of
the one tubular member; and

one or more marine seismic energy sources coupled to the
floatation device.

14. The system of claim 13, wherein the tubular members comprise flexible
tubular elements.
15.  The system of claim 13, wherein the tubular members are fabricated from
materials selected from the group consisting of urethane, synthetic rubber, and
polyethylene.
16.  The system of claim 13, wherein the couplings comprise:

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

sections; and

an air valve coupled to one of the two interior sections.

17.  The system of claim 13, wherein the tail member comprises:
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heé tubular member; and
a second sealing member for sealing the second end of the interior
chamber of the tubular member;

wherein at least one of the sealing members include a valve for injecting a

W =3 O O

buoyant fluid into the interior chamber of the tubular member.

19. A sealing member for sealing a hollow tubular member, comprising:
a hollow tubular housing having a first end and a second end;
a partition positioned within the hollow tubular housing for dividing the

1
2
3
4 interior of the hollow tubular housing into a first interior portion
5 and a second interior portion; and

6

a valve coupled to the hollow tubular housing.
20. A method of operating a marine seismic energy system, comprising:
providing a plurality of separate flexible buoyant members;

coupling the flexible buoyant members;

1

2

3

4 injecting a buoyant fluid into the flexible buoyant members; and

5 supporting at least one marine seismic source beneath the surface of a
6

body of water using one or more of the buoyant members.;
21. A method of floating one or more elements below the surface of a body of

water, comprising:

providing a tubular floatation member;

L < - B - B

sealing the end of the tubular floatation member;
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