TITLE Streanmer Cable with Enhanced Properties FlIELD
OF TECHNOLOGY [0001] This invention relates to

i mprovenents to streamer cables, and nethods of
retrofitting and producing streaner cables. Mre
specifically, the invention relates to streaner
cables with solid void-filler materials, and nethods
of retrofitting streamer cables configured as
liquid-filled streamer cables . with a solid
void-filler nmaterial. BACKERCEND OF THE TECHNOLOGY
[ 0002] Streaner cables are used in a variety of

appl i cations, gguahédCaHI@WAh rﬁﬁnr:@(['?fog)eﬁt?&s' ng 1n
wat er environments, for exanple, In Tresh or saltwater
bodies. The cables are typically used for seismc
expl oration surveys to gather information about
subsurface geol ogy, including oil and gas reserves.
The cabl es usual | yFEShDOR THEANOLGY sensors for
receiving signals present in the water. Oten, the

sefi0ip i ncl THR ifveiePHeRes (P imPeHRnihtRG8 Usttdater cables, and
signals. Individual streaner cables are often made up

' o) ' , ' be,on the.order ,of. .
metis oS80 e ind BRAMERE, skt cAPles, B1628 spfg@atyy e invention
arrays of several .streaper cables, maybe towed_ behi nd
relatG, L Sfreamey, Sallgyaviftbdolid void-Rdler imbataalsnsnd Suelhods of retrofitting
ocean floor |locations. 1 [0003] In a typical seismc
streagyep| eabdgsi onnBguredyas digmidbfilledr sreoraosles abitlesa slid void-filler
towed behind a tow vessel The one or nore streaner
mate€idbl es often forman array that may include a dozen
or nore parallel cables, each many kiloneters in
| ength. The tow vessel, or another vessel, may
i ncl ude an acoustic source for generating acoustic
signals. The acoustic signals propagate through the

wat er and i nB&GEGROTUND LF THE TRCHNQLEOG YN

[0002] Streamer cables are used in a variety of applications, usually
involving remote sensing in water environments, for example, in fresh or saltwater bodies.
The cables are typically used for seismic exploration surveys to gather information about
subsurface geology, including oil and gas reserves. The cables usually contain one or
more sensors for receiving signals present in the water. Often, the sensors include
hydrophones for sensing acoustic signals. Individual streamer cables are often made up of
a series of sections, which may be on the order of 75 meters long. In deployment, streamer
cables, or érrays of several streamer cables, maybe towed behind vessels, or éieposited at
fixed locations, such as ocean floor locations.
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the water, on the ocean floor, and/or bel ow the ocean
floor. The interactions may produce reflections
and/or-refractions that may be sensed by the streamer
cabl es and used to generate information about the
ect i : : ' . . For exanple, an
gy L AR kb Sl B S oot Bhutt e
floor that-are nore likel tq.contain deposits
awe towed Beflld 2 16 vesidly The SpRSr Mirsiareainer sleselim{or ab Rezy that
. Jnformation devel oped fromthe acoustic reflections
may Incudq A Z?‘b?rrIBB‘Eeiﬂﬁ‘F%lef eedles; sactoyany ilopetondn lesgtis oFte tow
contained within a streaner cable. Oten the acoustic
vessel, ogjagethpsvassddnininchiderinacosstioseyscedbeg@brating @cdustieWenals.
frequency, for exanple, between 3 and 150 Hz. [000
The aco@tticesiymals profigas: thiyighltBOwar UA® thtéhciQlilfYarious structuges in
. I'n

_ appl i cations, such as surveillance applications
the wate,Q/HEth8 B&ah GRfol A8 /or BRR) WP FnEal)iss. are
_ referred to as towed ar Plgyrpge%f ﬁbéﬁalg%é[ﬁt%faghonsmay
_ ' ) j catd on mlitary vessel may tow or
produce Sfifibhs ARG AR R sl ue R SHaer Calat el wred
' etecting, for exanple, the noise generated by other
to generglg 13imaltn 40 B *izsFing of refSiRinE strveier. Borcesaonple, an
.applications nmay be capable of sensing acoustic
eneIgy cm@rEy may &e 2bletd dorcaty gachensathdhe dedan oantizhere Indsb Gikkl/
: frequency range di scussed above. [0005] Conventional
to contaigtdepesitsiof od ptassindfoe othieqmhiderald Yyeskaminhiap ki ihifddh@don
streaner cables typically include an outer skin that

de?elopdﬂkih&ﬁ&hé ARusRAB&HNE aaH/dr '@@ﬁ%@h@r&c&@@ﬁ ie]?drtoRtelonc k

sensors, strength nmenbers, wires, etc. Al

Sensors &ﬁl[ﬂ@@éﬁﬁﬁ?gl s@re(jnﬁmc(?%ﬁ%{ 98keS meaac%)igsqxl;cigg%%lsr%i. il{ :};c!i%rﬁigp

material, for exanp erosene,
i tween. t he out.er ski and the sensors, strength
surveys 48 ofa VBl nY i ol by sanct ent [ e |
‘ &h}%\"i de§ acoustic coupling between the outer skin and
[ sensBramertalles payiatsoche wsgdiie othor epplicatians, smhesi al
..y be selected to adjust the overall density of the
surveillange apphieationab lesangapimatibos, enabf sote sttcameb b @ ¥ referred
' to as towed arrays. In an example surveillance application, a military vessel may tow or
deposit a streamier cable containing sensors capable of detecting, for example, the noise
generated by other vessels. Streamer cables in such surveillance applications may be |
capable of sensing acoustic energy over a much broader bandwidth than the 3-150 Hz
frequency range discussed above.
[0005] Conventional streamer cables are liquid-filled. Liquid-filled streamer

cables typically include an outer skin that houses the components of the cable including,

sensors, strength members, wires, etc. After the streamer cable is configured, a liquid



[ 0006] Although they are widely used, liquid-filled
streaner cables present several difficulties. First,
because the liquid void-filler nmaterial nay be nobile
within the outer skin, nechanical energy resulting
void-fillLom, L h %pvggggt of the.caple, tow vessel, and cable
5 HEGTERe Karoshe, il il dhieiee b fusan e outer skin
coupled to the sensors by bulge waves in the cable.
and the AERFOFS;, stiengtly members, piguildhevisivet! FoitlifBler tfpidallgpirahifléd dcostic
~cables may leak into the body of water when the outer
coupling fbietwdes thiaoretgredkin 4nd theserbovni Thd djebigic liqRlECbid Siller material
n

kerosene may create an environnental hazard whe
may belselatted td AdjBstahdOekYalPle Bl O the A t88mer LARK Ll )l d
filler may be repl aced i% t he stregﬁer C§ﬁ1%k%¥&%§¥§g¥m
buoyan¥§)i ch can degrade received signals and cause
corrosion of the internal conponents of the streaner

e, e ci al i.n saltwater epvironnents. As such,
n?Fené$g§“¥%ﬁ%§Hﬁg§"§ﬂH“6 diquidEledsstespmer peldesepresent
' | es. have begun to favor alternatives to .
 several ﬁffgama@%-i Firstbesayse dheliqud poik fillpooateiialSosy be siobdargihin
cables, i.e. streaner cables with solid void-fillers,
the outey skig, migelenichd ordrgp sgultingdrom thempterhent ad tHeaablel RRv vessel,
problens of liquid-filled streaner cables. A conmon

and cablofpadlifi; delite i6 UiRNeF madbea bt Sd1Habif: %%g% 2’&

core with sensors, skin, buoyant material, an
bul Wds 18 Ue EHIR0 : r A er e
HEew 1soI id st rlggﬁg?n%gﬁ%l llk(ﬁ%i ngsﬁgﬁpt% gpﬂ%ﬁﬁﬁ@s‘%ﬁ%%ﬁé’

of
: nt t.ecial . . alternative to
ke i PS5 B B SaTHRUE BT Ti8 i Frmndld, A a Sl sach s
superior | eakage and bul ge _wave reduction qualities,
keroseng, ffay (réate A enirmmeal Bﬁ%ﬁi fl tyhea legked futp @ body of $rafe@0@dio,
For exanpl e, solid streamer cables suffer various
leaked lbll%mﬁgike meyde replacadiinyhamstycaninealslo by dvatay ehivhcban
other solid materials in the cables typically have a
degradedeceivedysigrpleatdaausdeirdsivat ofthe sitawal @mpohbat oF etstreamer
' addi ti onal buoyant material, often hollow m crobead

cable, egpatially a sdiReiRerAnvibansntd AlQash, m&ﬁﬁ%&:@hk& 2nd other

streaner cable to reduce its over

users of tsﬁgarﬁi&r@bfeiﬁ )l/lg.(re b&Pan'th HAREGRIHIRE & Hquial& A Sher Lables.

t he quanti
[0007) Solid streamer cables, i.e. streamer cables with solid void-fillers, have

been developed in an attempt to address the problems of liquid-filled streamer cables. A
- common type of solid streamer cable includes a solid central core with sensors, skin,
buoyant material, and other various components installed thereabout. Another type of
solid streamer cable includes alternating sections of sensors and buoyant material. As an
alternative fo liguid-filled cables, solid streamer cables have superior leakage and bulge

wave reduction qualities, but present other difficulties of their own.



of air positioned within the m crobeads, insuring
consi stent density throughout the m crobead materi al
may be costly and conplicated. [0009] Al so, nicrobead
mat eri al nade of glass or foamtends to crush when
pect i i ng the oyerall
Ly o R BN B AL 1 S UL Pl p POt et o
causi ng..-a | oss .of, buoyancy.. For exanple, if a solid
buoyanglf B ool ingt SR Bitecialiignig Cotlss ivpeplbihaye sedensity
mal | radius, m.crobead material may be crushed. Oten
greater thag 8? gty fherefase, additinaabivwoyaniomstegak often hollow
. liquid-filled cables nmust be refitted with new
microbead meit¢ e meagieiof glast or forml, isdilagddnitid sigasppedtse tode8uce its
before the vessels may safely handle solid cables.

overall ddmsitpbBachugt tirRrdeatity SHtha i roBea LhHEHEMs PY 108t S he tity
pressure if the streamer cable is operated beyond a -

i H R i r -S| ' lid cabl
ol B B L PRt bR R Ben S by BB B
. d sink beyond.recovery. [0010] Solid
mlcmbe?{jrg%agén}ga)rh%a bee(?Sth %%(F%’ﬁ?lﬂé?&%r om noi se problens due to
éﬂﬁﬂ ve energy, Because the solid materials in
i ng:lsymgrobprdmaicriabmpfeef slpgscr foam dendgltasmish when
.. mcrobead materials, have | ow conpliance, energy from
subjectedte exesssive fate, chesingitbk ovirall densityaf the steamdreableup ivgease,
through the solid materials to the sensors in the form

and caunifig 8 hesanf busyeasy. Faodxainiphy if hsvlketsams: é4bbmstigdiehear
waves presents a considerable challenge. Oten, the

roughly S&SUES aed Snal fbﬁﬁﬁ, fnﬁbr@béah%&cﬁﬁ%%{ l%e%’ﬁuﬁ&iy Q%#Jnetog)’

housi ng enbedded in the solid vol mat'eri al
1s JBHSd f g i en besfil wi.th a
vessels iiRted il coricr R Ny B0 Y oS I s o sl g
. acousti roperti es and negating the negative
handling EQU5hER BeRBFe dolingiboals, Sheo briirs the veeseny efahandic
. streaner, cables with liquid void-filler materi al
solid cables,; Migrpheadansferial seait alsbe creshadsleyr wateopressureiifithe stseaboer
' _sensors. It can be appreciated that the necessity of
cable is ppeypigt bayosenetam dépthi In exteald stuatiosh selid sdbldR with crushed
i solation structures, adds conplexity and expense,
7 nxic:obe&hdlaair'&bniag dseohdi@erible Dby alcyC of i b&fdnANEcRery.NE
sensors an

[0010] Solid streamer cables also suffer from nﬁise problems due to shear
wave energy. Because the solid materials in existing solid streamer cables, including -
glass microbead materials, have 'low compliance, energy from the motion of the cable in
the water can be coupled through the solid materials to the sensors in the form of shear -
waves, Isolating the sensors from the -shear waves presents a considerable challenge.

Often, the sensors are placed in a rigid isolation structure or housing embedded in the

solid void-filler material. The structure or housing may then be filled with a liquid void-



types of sensors that may be installed within the
streaner cable. [0011] Repairing existing solid
streanmer cables may al so present certain
difficulties. For exanple, it maybe necessary to
a1l frermv.giﬁlalrge sections of solid material to access )
Cr 1] RARG CHE SUNESFE A0 2O EHaproRsTHEs and negaipng e aegrtivehpapperties
- replacing the sections of solid material of existing
of the sghifl ivaldsﬁlg@a@pvwmwéstwm aablesvgh ghig vaid-GHed mgtetine
signal qualities of the cable presents a considerable
typicaliyhdal flog ngretain] SDOH Bplatioa atrditagsyfor diesre it$a@bPegsteti@feddhat
streanmer cable with a void-filler nmaterial at

the nec&@[f?iolﬂﬁsolaﬁhg QbdkofORfthineckabR, bilg: a%?ﬁﬁxf{#)l@ﬁ&& Srf¥ &t éx(a]:is

a failure of the outer skin. Al ere 1s a neée
1 | | hd 1 ri-al _for retrofittin
complesy afl Sk, 44 frp et & EPOEI S oo thes plorg g
a need for a .stre: cable with a vaoid-filler
types Ofrﬁﬁng?fis é’i‘a? mayhe %ﬁgﬁﬁwﬁ%ﬁﬁ piEeameg 6ddfve shear wave or
bul ge wave energy to the sensors of a streaner cable.
Q@%Mm#@mwwtmqw@ue{mmples maycdsorplestobcaidiln a
. first aspect of the present invention, there is
difficulfiess i od edamplenit ntayth o recepappantngvalisie eatdis Fablie material
conprising: retrofitting the streamer cable with a
to access@antged/QinBork iok kighalRirer Tt@hn b¥B&LGhA rb8CiRk HRAM R ions of
cable was configured as a liquid-filled streaner

solid m&@RhIGT exRAHg WS &lddnde €aigd &%b‘hta:doi& ﬁ%‘g q?%éét§l?§@s‘?18 Sheppl

introducing a voird-filler materia
" : in the.void-filler material is in a
qualme??‘gﬁl‘é&a@é@gg?ﬁgﬁlcfogﬂ\‘fl[?rﬁglet @il?flﬁcd-fi ller material to a
ﬁgﬁ'f %%ate, wgerein the void-filler material is )
l}k) ed Aoxtinglyatheress @ need §va stisamprcable witharvoaddiller ~
and wherein the void-filler nmaterial is buoyant.

material hghremaing langelyrepafioed Wi this cablsée tred:vesipe et failfiretdfehe outer
present invention, there is provided a streanmer cable

skin. Atsonthetesis agieed foralbotid vekd-fllefdnatedalStor %ﬁ%ﬁ’@fﬂ?@ﬁsﬁng liquid-
positioned within the outer skin; and a solid

filled sthahRPSIMERUSTHéR dafdold I%Gd{}?{ § gtig%!me? QE ivﬂﬁlezgv&ﬁ—t-ﬂﬁe? "haterial |

the outer skin and the a
that does not couple excessive shear wave or bulge wave energy to the sensors of a

streamer cable.



one sensor, wherein the void-filler material is
coupled to the at | east one sensor, wherein the
void-filler material is buoyant and essentially

i nconpati ble. 6 [0015] In accordance with a third
aspect of the present invention, there is provided a
nmet hod for preparing a streaner cable, conprising:

i ntroducing an additive into the streaner cable;

i ntroducing a gel concentrate into the streaner cabl e;
and solidifying the gel concentrate and the additive.
[0016] r Disclosed herein is a nethod of perform ng
mai nt enance on SUMMAZRE OEABE. INVEATEINod nay
conprise changing the state of a void-filler materia
within the streamer cable froma solid state to a
liquid state and renoving a portion of the void-filler

mat gooh f reEdA@ncSWiIe 3 B a§RE! of theB?@se%MﬁoﬂWcr@is%@owded a
conpri se perf orm ng a mai nt enance oper ation on th

m&hd LR Blep &E’h%laestrealﬂér c§615m:|0 ﬁﬁﬁé Q'Qljrcﬁﬁhﬁékﬁe ViPdatlref b:ibhee\gn a solid

mat erial . I'n accor nce w t urt aspect

voidﬂﬁuaq&a%&m vea{gye%g Qs eFSJb?e 35 &58;&:9&395 al uéfaghigeddsﬁ%émer cable,

reaner ca

|d f| Ier terial |nto trea cabl e,
%‘W&em e oo R bgPeaeiriop s & SPIEEHG Pt S b oheamer cable,
curing the void-filler ~material to a solid state
g‘ieﬁoldrféﬂ% Biaterial i [neq ligrad wategandicyringihp veid-fillsr matenal to a solid

| east one sensor in the streaner cable, and wherein
stafch whenginghe veif-dllemmaterial &y coupled togtdenst orfeGensg inlthg segmer cable, and

ot herwi se indicated, all nunbers expressing quantities
whefein thg veldHfdlet materinl isbyoyhetnper at ures, and so forth used

in the present specification and clains 6a are to be
-undgo@upodinagchrdimie widi febatdl dspedbl tHegﬁésaﬁ\:GﬁﬁenEMn {th&e is provided

term "about." Accordingly, unless indicated to the

a se@ithérdalle chbR@rifiHBB duldr sRA! AMBIsehe StorfpakitibnddwitthiE the outer skin;
fol lowing specification and clains are approxi mations

“and Q%mamé@{ﬁ!ou‘! SR In AR pBQﬁor%ﬁsb'e{vge%n the outer skin and the at least

‘one sensor, wherein the void-filler material is coupled to the at least one sensor, wherein the

- void-filler material 1s buoyant and essentially incompatible.




properties sought to be obtained by enbodi nents of the
present invention. At the very l|east, and not as an
attenpt to limt the application of the doctrine of
equi valents to the scope of the clains, each

numeri cal paraneter should at |east be construed in

i ght of the nunber of reported significant digits
and by applying ordinary rounding techni ques. [0019]
The reader will appreciate the foregoing details and
advant ages of the present invention, as well as

ot hers, upon consideration of the follow ng detail ed
des 0015t i orinatcoeddnoc it third hsgebieo i thy prebémm tuveitien, there is provided
reader also may conprehend such additional details

a 8o B b PRpAGRS a Bfeanlte cilf1€ TOMpribinY SRtrbARineRALITRKE Mo the streamer
and/ or usi ng embodi nents within the pr esent

cabl@ VigfbiRhg EbndoEpeRt T {hgﬂtr%a;'z!ﬁo@ ﬁd@ﬁﬁdlﬂfﬁﬂg% o?;h@oncemate

features and advant ages of the present invention
under stood by reference to the acconpanylng
an??m%@g%%%n whi ch: [0021] Figure 1 is a sinplified

. cro cti r.am of ection of streaner

 CabllOBICor 3‘”%%55%40‘?%%{19 LR B SR HPLE B apamer cable
t 0 Fi | A dj of

T IO BRI P! 5RO B Ao tpidhe streamer cable
present invention, [0023] Figure 2 is a flow chart of

from peelibeiae de ajliggidaytate ad vasnaying 2 peitionnsf e void-fifler watgrial from the
streamer cable according to various enbodi nents of the

streangsg ealile.i nventi on; (0024] Figure 3 is a flow chart of
a method for installing void-filler material into a

. st rEsmestheibhieal ac@aipdisé gerfobming i mdisteLAbO Sl imich 9n Gie sb@mer cable,
present invention; and 7 [0025] Figure 4 is a flow

or%hﬁﬁlyr@ﬁacﬁlgﬁﬁém&ﬁh@{mﬂ&hdlt aining a streamer cable

according to various enbodinents of the present

I NVEgOlL 7PN - DESCREdRTE M ION o AsPACEDTIhEDkesent invention, there is provided
a method of preparing a streamer cable, comprising: introducing a void-filler material into a
- 'streamer cable, wherein the void-filler material is in a liquid state; and curing the void-filler

~material to a solid state, wherein the void-filler material is coupled to at least one sensor in the

streamer cable, and wherein the void-filler material is buoyant.
[0018] - Unless otherwise indicated, all numbers expressing quantities of ingredients,

time, temperatures, and so forth used in the present specification and claims

6a




[ 0026] Enbodi ments of the present invention relate to
streamer cables, solid void-filler material for
streamer cables, nethods of retrofitting streaner
are todkblretersteahas Igpiigadoditied id SVidianebSb S id Bl TRLEN 4 &l Sy,
net hods of naking streamer cabl es, %rﬂf g&rr%?%tggg gthCbrdmgly’
unles§hididaaédioNge %ﬁtﬁﬁﬂ?}é Enbodi ment.s of th )
appar at us and metho es&%p&?%%g pr ggeﬁfé}ifﬁ(}gm%ﬁowmg
GONR t efits.of .existing solid and : )
SPEty qu?@?i%@g%ﬁp@éﬂ%‘ﬁh@%ﬁw&Eﬁ epgndingppandhagesred
o m nin zi ng the environnmental concerns associated with
properfes oiby B 19 bejopiapedipreaadimentdf] thepresent idvention.i MO @6 1edsi, @ not as an
al | of the problens of existing solid and
attempt tg lirgit fhq anplicationenfiter doaihesf eudRFts K Giefstopk dfihéciaims
-hcross-secti onal di agram of a section of streamer cable
each magericat pomdictty shauld a1 legit He eORMIAER SHOLF D
i nvention. An outer skin 102 may encC oseélt E‘éﬁé‘ferrscgg}%%?ﬂed
signifizaid digit9 Sn BB aspIyin e Bifin 08 and any- ot her
i nt ernal cgﬁmﬁgﬁgs, a@??%%@%ie%h%‘&%(% The outer
skigioei02 artight  t event _outside water
f !‘Oo m (% ont 2@%&%‘5&?&% a@é nsf??%g’f%ér%ﬂﬁlgﬁ%%is @gﬁsmm@ of the
he streaner .cable 100. .In various enbodi nents,
proseal E%JEBﬁ?%rwé’k? S BFTIndipop Sonsigkration pfither follpwingnlstiledi n
-the art jingludi gg for exanple, polyneric materials.

descri erpRpdiments oh helinvantioar The textlenitsoiayt fenablid such
skin 102 may provide the streamer cable 100 with

 additioge} defgithantsadventagassof thepissent GOPRBIOANTFon Hhaki

ﬁ{éifiélflﬁ‘
within the streaner cable 100. |In vari ous el%o I ments,

emboditherts gtithinerdseseni Bderdh. 0e cabl es made of fi ber,
synthetic materials, wre, etc. 8 100281 Sensors 108

may i ncl ude vapi ' ansduce and/ or ot her
i nstruments f%?%?s%?ﬁggigﬁg?g & YRES t he
fﬂ%b mer ﬁ%@ 100.dl‘g various enbodi ments, one or -
re of t Rd adwpniages gEthe prosans fivsntod may be better
_ se i’l ng acoustic signals. Qther types of sensors 108
undersiogd

% & Erence e iy acnapativing figeres éxsipdie, di recti onal
sensors, magnetic sensors, tenperature sensors,
- P& ur e Fimus diiss siedptified #2058 20886611 88%8ram of a section of
streamer cable according to various embodiments of the present Invention;
[0022] . Figuse 1A is a diagram of a bulkhead according to various

embodiments of the present invention;

[0023]  Figure 2 is a flow chart of amethod for installing void-filler material

- - into a streamer cable according to various embodiments of the present invention;

[0024]  Figure 3 is a flow chart of a method forinstalling void-filler material

o a streamer cable according 1o various embodiments of the present invention; and



may transmt received signal information according to
various transm ssion nethods including, for exanple,
el ectrical or optical nmethods. Wres 110 may transm t

the received signal information and may be, for
cabl es,

l e, el ecirical signal wires, fiber optic
3?%[ o0bEITE i flev That Ht?z npsthadcfop ramtsipiogiastiepmer cable
streanmer cahle. 100 b mount i ng mechani snms 122 and/ or
according,tg Nanieps dimggpfs ﬁgweﬂ’éeﬁ%fsliﬂt"?lﬁmd at any practi cal
interval, position, or orientation within the outer
skin 102 of the streanmer cable 100 including, for
exanpl e, the positions shown by sensors 108x, 108b,

and 108c_ MounDESCRIPIINN ONYHZ ENVRNT®NBdEe Of
wire, cable, or any other suitable material and nmay

. mbers, 104 ...
e AT TR M R

. ' ' 122 i ncl . | t
i R PSRSBA TR A2 R P i 2
ot g S S 1

shows _.a view of a bul khead 106 according to various
methodg ﬁ*% GHiHERng seamsecabless dimbadimentsio6 the apparabislaktl eathcR®f
may be made of any suitable material including, for
the presspbimykationhayg tombine tit e fisioflaxbitiag REti®AdPliquifAiel i es
116 in the bul khead 106 may be used to secure the
streamepchklBe RANHDE:, t6r dxampH, hﬁﬁgﬁiaa%qﬂpamm%%n&i s

streaner cable 100. Cavity 124 may contain the W'res

associaélkaggxéiq{ BEHIHARIRRCYGer SBIS! x}(rﬁéﬁ 1iﬁ$%gg%$lf %@Eg %_rr; ems of

, Wwth active surfaces

ot - the. ryion or rtions of a sensor 108 that

e’““m% r eld%gl d éﬁ%fd\?gﬁ?é)sgﬁia&]’%fc@aeﬁ' n various enbodi ments,
&ﬂﬁiiy spaces W thin the bul khead 106 that are not
i wi SEBYES | 5@ GHesp-Serdonaddiagram oBi gectibh (of etreamtreablall 00
' .112. [0031] Referring back to Figure 1, void-filler

accordipg tqyarigus smbodiaydnts @idbe presemtdnvention. An outer skin 102 may
enclose the streamer cable 100 and surround the sensors 108 and any other internal
components, as discussed below. The outer skin 102 may be watertight to prevent
outside water from contacting the sensors 108 and other components of the streamer
cable 100. In various embodiments, the outer skin 102 may be made of materials known
in the art including, for example, polymeric materials. One or more strength members
104 within the outer skin 102 may provide the streamer cable 100 with strength as well as

secure components at locations within the streamer cable 100. In various embodiments,

Strength members 104 may be cables made of fiber, synthetic materials, wire, etc,



between the outer skin 102 and the various other
conponents of the streaner cable 100. The void-filler
material 112 nmay be solid during operation of the
streaner cable 100. This may prevent the void-filler

i al f ' ] : nvi r onment
e Lndchg T Ao M BARAO AR S TR BN dreoppie
e ar. or aother failure.of the outer skin 102. [0032]
imstrumbefS oy ot e Sita o of 1 Fimpe it G ansrons
.sensors 108. Coupling may include placing the
embodipgnts, ge|qr gRotRee g sansars 408 mpyihiee hssimephone Iossensing acoustic
) sufficient contact such that signals propagating
signals.t Gthsutyipes tlesensdrd -10BInhasr alsmbensedlindddingy for ex 261k VBebchivnal
t he sensors 108. The signals may include acoustic
sensors,Shggatis sedsbay Mphighadehsors Hrekait @nsirf i, SI'heeriegs rk 108
can be appreciated that coupling may be enhance %y
a Wpla : [ E N =Yg [ ;N direct
ey S e A At Flac BB S Lo AR E R oo
. - aCki r es.120 of the.sensors . In various
inchudi ok famn Bt CRORS el MRS P AT Py Fror i ghe e
. t.reagmsfr cable with liquid material that is then
fe""“’“ﬁ%&? i PEaL ¥ 8efion pmple relectrgnl pianabwires ifbereptic
that this nmethod nay easily accommobdate many sensor
cables, efpg configurations, sizes, shapes, etc. It may al so
facilitate encapsul ating the sensors 108 wth
1022 1 i Seasorsrtd® niayl belsblured withiPdSistre@hen@bIR0 by
void-filler material 112 to substantially surround or

tin@i6eddanisak g 28 tind A2 SuIIREILRS il :
oo 8 108- 10 [ 00331 Thsgm\‘?b?ﬁgq‘?‘?ﬁ’gf’gmmg‘tgg?‘?%ahﬁ?d‘Cal

: : ncTel-No) of < Bl , [ terial th
mtcrval,(';%iébtf%gé i ncﬁ%ﬁﬂ?ﬁ%&ﬁ gghs uglﬁil égz 3@@1?58#6@'“55 ﬁﬁiﬁ W0 ¢
. .the sensors,, 108 w t hout | so coupl.in Xcessi ve
including for 8Xatdple thg Pasiigns Shewa By Sensow08Ror0Ebpanhy0dse Mounting
essentially inconpressible and sui tatglb% conpliant. An

mechanismsdde may Be madeabisstable onameether suitable matramipind mayay

undergo a mininmal change in vol une when subjected to a
secure sefparyE)8aand 3 08k swsteengithoreafbersel 04ansigstsenram] fof example. In

i nconpressible void-filler material 112 may coupl e -
some embodiments, mounting mechanisms 122 may include a sleeve (not shown) for
enclosing the sensors 108a and 108b, and may be made of various materials mcluding,
~ for example, plasticized PVC, nylon, etc.

[0030]  Figure 1A shows a view of a bulkhead 106 according to various
embodiments of the present invention. The bulkhead 106 may be made of any suitable
material including, for example, plastic or other suitable material. Cavities 116 in the

bulkhead 106 may be used to secure the bulkhead 106 to the strength members 104 of the

streamer cable 100. Cavity 124 may contain the wires 110 discussed above. Cavity 118



pressure changes, for exanple, due to acoustic waves,
to the sensors 108 rather than absorbing the pressure
changes with a change in volune. An essentially

i nconpressible mterial may be. characterized by a

L.athvel [ J siym.l ar. ~for anmpl.e, . to
ey o s ool R SR 207 P S St 1 Bk 2
.y not coupl e sive shear noise to the sensors
portion Gportighs a4 Sengor, 108 1Bl S oSBT SISty vAES qEfofments,
.. appreciably in response to shear energy. Therefore,
cavity SE‘FF@% withpeihg pulkhead £0f thaharg nopotheovist filet mapandudathe void-
' may be coupled through the material, for exanple, to a
filler malemaldl2108. It can be appreciated that solid -
: materials are generally of a | ower conpliance than

100a1) d rResferibaback HURBuRSL, vKRL. AB&RateAANG LB EES ot
solid void-filler material 112 may %g chosen ﬁwﬁt?]osgtmned

 between theRuted HGHA02 GRARI %&igg%} g&flﬁoﬂc%}.[seclif L sl ea({r e ieﬁSO.

coupled to the sensors w enoug 0

, - er. 100 to,. useful in sejsmc survey and
The void iR HELeriF PL P Be Pl BullhE et S Beier oo PObe
Thi advant ageous é choose a solid void-filler materi al
15 may pyevept thy veid-Blgi matseal Ndcdromieakingiate beenvisenmerdar

noi se coupled to the sensors 108 is below the noise
- surrounding die fepmencabde B0 b the eventioif en¢ar oi gthet Gilure dfibe 0oaskin
- or other body of water. Oher applications, however,
102. - favor a nore rigid, less conpliant void-filler

material 112, even at the expense of slightly

00821 as Gthe ROIEANlerhatEANBHL rﬁéﬁﬁpk(ﬁx}l% téﬁﬁé taRkbe =Rl 1 d

materials for void-filler materia may | nclude

CouplinB%h¥/Bbfide fletheafe vl . AR JSLS: 108
oS5 T SRRy O T B 00
. ther | asti ¢ polyners, photopolypers, pulti-caonponent
suﬁicxerln,t &0 %‘é? sugﬁ %l_la% fﬁaﬁé ﬁa?wg%g ﬁ;égu@éﬁg amgip@]llcgy:@qttgr"ial 112 are
. €O g%yners,Hﬂgaft pol ymers, bl ock copol yners, random
Iecelvedc‘ag pRasess HS- abie map nakde acopsicoignal Sgeringl signals,
polymers that may be used in void- filler material
pressurejsignals eton dt ean bhepppordiitedithiabcoupling niayte id@analdbyesiscing the
prepared from .
void-filler material 112 in direct physical contact with the sensors 108, and/or with active
surfaces 120 of the sensors 108. In various embodiments, this may be accomplished by
filling the streamer cable with liquid material that is then solidified around the sensor. It
can be appreciated that this method may easily accommodate many sensor 108
configurations, sizes, shapes, etc. It may also facilitate encapsulating the sensors 108

with void-filler material 112, e.g. positioning the void-filler materiat 112 to substantially

surround or encapsulate at least one active surface 120 of the sensors 108.
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i soprene, styrene, ethylene, propyl ene, butyl ene,

ur et hanes, butadi ene, acrylates, or derivations of
such nmonomers. In certain enbodi nents, void-filler may
conprise a thernoplastic rubber including a series of

NOUB3P g e MR @ foig T R fterl] 93K 1SHP5 AR S arrrlavgﬁﬁgéx sdig,

vari ous enbodi nents, solid void-fi eri a

- st adl s treaner.cabl es 100 designed to
material B G AR Pidefitipre Dl SocH 4 EPRH s s soor UGB
also coldRYr Lant . t o not thﬁf st4 mer cables 100 that were

F AP SO &3‘1‘% cqn ‘?‘38? pateriplsdd 2 may epgpeentially
. cabl es may _be retrofitted to include the solid
incompigssigle ad itablytcemplipnt 1o efsentiadly inrewmpressibleventdianfol or
at least the reason that the solid void-filler
examplegnay iledergd 2 minimal charsgel ih vehtm@ahts sibjedi@Plo. a dR¥ DB,
added to the streaner cable in at |east a parti a%l y
pressuré.i Thitrdfors tadt@senfiBil$ itlohPiSssie vl ghdrinh &5 a1 TS 'ﬁ{aé/%louple
112 to flow around the sensors and ot her conponents:
hSrofad | ri.al be introduced. inta either
pressurd Bhitecl P oIE AR to dalP o, | I RRHET 1 et than

g fl liguid-filled streamer cabl e accordin
absorbif Bl ST Ao sl Shasgeif yobime piG esscaralbiiacompissible

. OOSE)] The vaid-filler material 112 or constituent
matmlL%’PY echapelshzedhy a prlatively high hudig modulys shilass foe axenple, to

cable 100 in a liquid state and then cured to a solid
that of keregeme. | n  vari ous enbodiments, a void-filler material
112 may be considered to be in a solid state when at
[083d] a Aenttatiycahpliig niaéedlinay btBUBKSxcessive shear noise to
characteristics simlar to those of a 12 crystalline

the senso@ 108. M@ferialsdfitioh IR0 cohpRMRR! REY %tjti (%Wﬁ%:ﬁ%ll% in ¢

states of a polyner, see (George
1sE k i, O A= ohn_ W. e Sons, Inc.) | )
responst 4 W bR Pherettid SnCal SN ral niilet! o7 Dl eatbi banee malorial
vari,o embodi ment s he void-filler material 112 may
may be KR -G AterL fF etblate PERGIHEN0S: It cqndpagpreciated
Figure 2 is a flowhart of a process flow 200 for
that solig quatgnals Aty gengrsily.of allpwer cormpleanicathaniRpidinatesiaty nehner
- cable 100 according to various enbodi nents of the
kerosengr Blooptheless, a solid void-filler material 112 may be chosen with a high
enough compliance that the level of shear noise coupled to the sensors 108 is low enough
for the streamer cable 100 to be useful in seismic survey and other applications. In
certain embodiments, it may be advantageous to choose a solid void-filler material 112
with a compliance such that the level of shear noise coupled to the sensors 108 is below
the noise floor generated by other ambient signals in the ocean or other body of water.

Other applications, however, favor a more rigid, less compliant void-filler material 112,

even at the expense of slightly increased noise.
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I nvention. At step 202, constituent parts of the
void-filler material 112 maybe m xed together. The
constituent parts may include, for exanple, the
conmponents of a nulti- conponent resin and/or a ge
ntr 30|
GOt " B npil0Be GANRL LB BANL S0 T BUSOLLRELNTT) may
en |nclude for ex
- inchoad s Se 9 Hof PRl FRLHGS: se1S xS ke S polympraarcsmpser
for exa 2, the conpliance, density, buoyancy,
Polm%éhamowgeétl@ Relymers phefopphaneysimaulfirqoneongueiiresing etcl he
A tackifier may affect, for exanple, the elasticity,
polymags may bf hotepebjingers, i dopelynres, erafapoliiiers, brek copdiinkteindom
parts may al so incl ude other addi tives including, for

copolyR%aN®lady otidr polyinéta6paIesy gﬁ-. rs thi§ndY Bd Wef i2%0id-
constituent parts nay be heat ed 039] At step 204,

filler ntatt%at? P18 Ll drid&fRlin BSbhallBy B ag IR 1%9@5 H‘eegi‘ied aner

cabl e 100. The constit uent

- CI [ itat u ste

lSOPfen%b?f&t%n% s Tl SR B 8 theaeftaué i ohrgr

d ?gkgdp may_cause the constituent parts to cure

eﬂvattq’tta PRPRESt I FrAiAhgmpedisieats, ol birsmeayeonsise a

void-filler material 112. Curing energy may be, for

thermoplagiigpiubber inchuing asanics b hpdrogemtedytyrearc tlogkhtopoBmgirgy
such as ultraviolet light. Also, curing energy may be
ife036he fbrvarinfus ehbotlinadnts, eokd gyidpfiletird@eridl) 12 may be installed
i ntroduci ng a reactive agent or a cross-|linking agent

info stréAndAbLIES N6 ldb48dd BaRdISde tﬂ%%oﬁﬂ rvbﬁgﬁﬁé}etﬁ&)énﬁiﬂ 2348 Glso
for exanple, one or nore chem cal 13 reactions

1mporta}ﬁ YYE&E 1R %trg a(m@iporaﬁleg j Rb t@ﬁat Qm?egé Bh%%@& Sﬁlztrfﬁ“{%} asrhqmd filled

vari ous enbo

[ eay ions k,t l.ecu t he
stroamdy &alilep A7 be %ﬁ?ﬁ&@@ ipéfgat Hteﬁnﬁ G- Rie e xafdhe

constituent parts were heated prior to being punped
presentjipyentiopdor afleast therreasan that thpsolisl ivgiddillenynatuial 112, or

alternatively facilitated by cooling the constituent

constityszat payrtsheteofl miebsadded e thecsitehmed ble [(0446dkt 4 arially ﬁqﬁtd
enbodi nents, curing reactions may be made insensitive

state. 'This allows the void filler material 112 to flow around the sensors and other

components. Void-ﬁtler material 1 12 may be introduced into either a new-design
streamer cable or a streamer cable configured as a liquid-filled streamer cable according
to various m.ethods, for example, those set out below.

[0037] The void-filler material 112 or constituent parts thereof, may be
introduced jnto the streamer cable 100 in a liquid state and then cured to a solid state. In
various embodiments, a void-filler material 112 may be considered to be in a solid state

when at least a portion of the material displays characteristics similar to those of a

12
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[

noi sture and other environnental factors. For exanpl e,
various constituent parts nmay react nore readily with
water than with the other constituent parts. Wen only

a small anmount of a water- sensitive constituent part
‘ is required ntir.e n he stltuent
erystaltg b G o R R ut GEn Bt R ahitod sebet e SR e Serdperee

or. water vapor .in the enV|ronnent | eavi ng none for

Odian, &amlg_&%%@tqnm% 33 tem ¢ %@smr)gb%l)wmch is
providing a | arge enough quantity of water-sensitive

mcorpocmrb,hw@mémmf@amcs Tovaiduswirdodeaats, Gre void-fillenaiagirial h12
the environnent as well as sufficient reactions with

may be iveleof hterdsthéerdth@npolypid s in the curing reactjons.
[0041] Figure 3 is a flowhart of an additiona

fY038FSS #I%&%’ 2309 ffo%chhﬁ%'f%#éc(@:gsbfﬂ%v %g% ?06{ é{é%!ri%g'ﬁ a void-filler

mat eri al into a strea
, resent i a|n
matem%“ ﬁfﬂ ﬂ’?%aegtrm 4RGS0 bosekd el So Rt btrinhe nS%gfr’S Bt
Fbﬁzo ured as a |(I%\fCL§I d-filled streaner -cable
m"en“%"a if' ¥ W&Hfﬂmﬁ? oreid-flsT afenial &2 maythermixed
112 according to the present invention. [00421 At step
together gbhe epnstiiganimare maayinglade fopeamiple, the denmmnesamfm mualkl e
100. The additive may be any constituent part of the
componeot chsiidnier aipet emcentrdid 2 Thaoshstinynt ReRIhAS Al inAIdedsS or
percentages of the conpleted void-filler material 112

1o B
more propertPindiifying \GQEMEEPrdplfty n’i:daﬁfyﬁigq{éﬁﬁ@ mdyrlnﬁflﬁtﬂlﬁ gfﬁ? ﬁzﬁar%p(}&)

enbodi nents, the additive may nmake up nore

s S R RS e R,
s T S B 1. e 5

oi | addltlves may. be chosen for their
affect, fgp, ﬁ’b%?ﬁ'isu the glpstigityneteel te veidk llgr spatorial 412l he eonstieent
their overall density. Exanples of oil additives nmay
parts minalso thelusiel oty taddatives inshdinga ori cgomplej aibd Irovdrigusi SO
paraffins, a-olefins- naphthenic oils, and/or other

‘embodifents] metna'mre bf @aRBtue pbits n@dyChe heated.

[0039] At step 204, the constituent parts may be pumped into the streamer

cable 100. The constituent parts may be in a liquid state to facilitate pumping. At step

- 206, the constituent parts may be subjected to curing energy. Curing energy may cause

‘the constituent parts to cure into a solid state having favorable properties as a void-filler

material 112. Curing energy may be, for example, in the form of heat energy, or light

‘energy, such as ultraviolet light. Also, curing energy may be in the form of chemical

energy provided by introducing a reactive agent, or a cross-linking agent to the

constituent parts. The curing energy may cause, for example, one or more chemical

13



[0043] At step 304, the streaner cable and additive
may be heated, for exanple, above the solidification
tenperature of the final void-filler material 112. The
solidification tenperature of the void-filler materi al

. be the tepperatyre at ich the void-filler
ceactioni; bl oR8 o) ord REPE! ShdiefesRpptty Bvartods emo dimspis, Tapme
vari ous enbodi nents, the heating may be_acconplished
or moreb’w?‘eﬁf‘h‘i‘i‘rifeé'f’%‘bmtfﬁéy siopElipk theemplegulepof the yait filleramatepalr tig.
of the void-filler material 112, and equi pment used to
In embasianeits whisee thalspbestidwent parts wietalemnted gy tebeing phmpsd into the
punps, reservoirs, etc., in a hot water bath. [0044]

streameAtatdé ¢00, 3fing gedy leoNeenivalycfabifiyatQEby SJIRGURE EbrsRhRnt
the streanmer cable. |In sone enbodi nments, "the gel

parts wiIAR @R tfeainRr Bfle Pgo i Ntroduced by connecting the
streamer cable 100 containing the additive to a

voi ining th el _concentrate, for .exanp| e,
(9361 Th SO HILAREE, Bmg RGPS mi Hamidranscnstive o
. reseryoir may be in a liquid state as a result of
motsturgy &%‘f Pﬁ'ﬁf 'ffh"éw?ﬁ&em E?Crtoréb geexaepleoiangps penstitusat parts may
tenperature at step 304. The additive may be
react mesiereashiytveith wates thas witle thetothermonstgnenteadt® O Wird onhyea small

reservoir until a desired concentration of the gel
amount of acetrrsehEtive coustisent parbistlequisdd, GrRNRitir< fRingtylO0he
[0045] In other enbodi nents, gel concentrate may be

constitukid paecii6 eided ta9 B RnsshéC R Bfeabddl ®ith Q&Qﬁté?Y)lr Wﬁ%rglapor in the

nmeans. For exanpl e, extruded strands of so
ironfeRC SRR gﬁg{ Jiged .t reamer cabl e 100.
o e extr%deg sf}an'fnﬁay @g'2@“@%@%%&fﬁ€€§%?Y%ﬁﬂ?ﬁgy
-nenpers 104, or. through, cavitjes 118, 124, 116, of .
providiffe RRESerbtgh Bhadily o S Sinilirneeiuerbpissts aho Woiraagiion
; capsul es or other shapes of gel concentrate may be
with wafef dn virpnngRt asoyehaerulbaisniaeactions gvith the phier perstituent
manufacture. It can be appreciated that wupon the

parts in Heeauiring redctich® streaner cable 100 and additive at step
304, gel concentrate contained in extruded strands

@odipr @ipet Sokilbvadpsfas 0ditisRARRERR WD 1 irftalling
now | iquid gel concentrate may be dispersed in the
a void-filler AR {al ¢ 8P ifto bAtrRaESE bR AN Bl ding to various embodiments of
the present invention. Again, the streamer cable 100 may be a new-design cable or a
cable configured as a liquid-filled streamer cable being refrofitted with a solid void-filler
material 112 according to the present invention.
{0042}  Atstep 302, an additive may be pumped into the streamer cable 100.
The additive may be any constituent part of the void-filler material 112, and may

constitute various percentages of the completed void-filler material 112 by weight,

volume, etc. For example, in various embodiments, the additive may make up more than
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uni form consi stency according to nethods known in the
art including, for exanple, fluid circulation,
agitation, etc. [00461 Wen a desired concentration is
reached, the additive and gel concentrate maybe cured

o r W Se, S ified e cur
50% of i3 ‘@ﬁ[l“ iR LT el B ot nd b s g el dyr
_? , Or coo{| ng the strearrer cabl e 100 and

example, Gl ¥ Hier, | her FaIVER AR Tt ap iRy ISE REENY $uehep eaekificrs
tenperature of the void-filler material 112. [0047]

and plasfipizewsd éxdditavesafor kxaraple, orhpdditvem oeydfe chosnrfeatheir cabl e
100, void-filler wmaterial 112 may be capabl e of

compatibiliay siithi the ivoid- fiiled Maderiud 111 0 a6l et dv@ral Jiéxﬂi#%dEﬁ:IIﬁﬂ@s 8hoil
the application of energy. For exanple, the

additive¥ 9139 Jlélhht%ﬂ BB Rklt@duch i Imerpz%d %LIF hig& E‘It&g 165 Exiacﬁgﬁns

po ymer t hat transitions froma so

naphthedd il Crkl B or Bkl BB R AP 01 %, iper at 1

ari |cat|on tenperature
be chose e the hi hest pected oper ati ng,
T nt SErep @y B Symbenpic ot up e b heistofor
cable 100. For exanple, the void-filler material 112
exampleyalovedhe selidifrationftempernbine péthsding woid-Mlsrweeeriab012.alite
100 centigrade. |In various enbodi nents, the
solidificstidn @nfpecaticard theevpdfAlen neataial tihe nvgi Iﬂrthé tedpRfature at which
material 112 maybe between 70 and 80 centi grade.

the void iR ShdtéRd 1N taRSitive @-driftdiffa sofi8 siiRd. %'%o%ﬂcfd@ﬂbﬁts

solid to a liquid my faC|I|tate mai nt enance of th

the heatﬁ'ﬁg'h?@}‘i% a&BRlpRisHAGy B¥n 11 ind 0| V41Q Prlr caner c?ﬁg {) C%fﬁu%em parts

ast” a portlon of “t

aflo 0C f] ow 400
 ofthe oSt pi i a7 i Rpimmiit o oo Bhe e S an Shsdpen
containing void-filler paterial 112 according to
- parts, sugh a3 BYEDE FEHEYHER S 87 2babWateedat i nvention. At step
402, transition energy may be applied to the streamner
[B8ddle 100 stapalfsi g¢) coheenyiaitaimbiy [beéntrovhiced indd tht kftesmer cable.
C transition froma solid to a liquid. For exanple, if
In some bh[ﬁodﬂnﬁrtzﬁ ,ithd g¢1 condeditaf) mis Be igtralubBEbBilnRshiALhe streamer
pol ymer
cable 100 containing the additive to a reservoir containing the gel concentrate, for

example, by opening a valve. The gel concentrate in the reservoir may be in a liquid state
as aresult _of heating the reservoir above the solidification temperature at step 304. The
-additive may be circulated through the streamer cable 100 and the reservoir untif a
desired concentration of the gel concentrate is present in the streamer cable 100.
[0045] In other embodiments, gel concentrate may be introduced into the
“streamer cable 100 by other means. For example, extruded strands of solid gel

concentrate may be included in the streamer cable 100. The extruded strands may be
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the energy may cause the tenperature of the
void-filler material 112 to rise above a
solidification tenperature. In some enbodi nents,
transition energy nmay be applied by placing the
reanmer.  cable 1 in t wat e h. At ep. 404,
woven 3 S pnggh mﬁ%ﬂg‘% bk siliey bl §108; 1% pPbihneas 10
material 112 rmay be drained or punped fromthe
In somg epbaisrengsabyectiongaoldedicapsiies enpibar shapesof gdh comentnte may
. skin 102 of the streaner cable may be renoved prior
be incltdedapphey stregnter aside tivdmg snmitgyl mabhifaturay [todyibatappidatated that
need to drain the streamer cable 100 at step 404.

upon {H48hg 6f theTstiehiftev@blk f00l dn@raddRive at Hep 3@2 é@%o[%ﬁﬂ‘ate

renmoved, a maintenance operation may be per OF-

contaufeﬁqn %%ﬁ@&ﬁ%&aﬁ@@%q%ﬁ%%%&%tg?ﬁ&e )g(%) ﬁ%g or 15’%%{:%& Hlt

opera Ion may In

. he_, st reaner 0
now-ligif B eRapeir HY B parsad i ek CTREbiA o s HpbasYpr
I n various enbodi nents, the void-filler materi.al 112
uniformgonigergynseprding topmethersneman inhews indleding, dot eramplediuid
its quality for use in specific applications of a
circulaion.egitatio; gl e 100. For exanple, the nmobility, wave
transm ssion properties, density, elasticity,

qoedd}i ci sWhienaf destrbd 8Bideh@atidicis fEdcheX RO Sdd¥ive and gel
fl ashpoint, etc. of the void-filler naterial 11

concenﬁ%aﬁ d§’9& Lired %E’oﬁm@rdn@&&cﬁﬂﬁﬁed étssté;;;?@r b ik %&M@&ﬂw

A voli ler material 112 wth

for exaﬁgyg? %ﬁ{f]%gﬁrg%/ ll),l% :t%g\ﬁ‘lin:f’ én%%& P??%cgeﬁ/n\gotﬂa t?t 4 eanc%fﬂc 100 and
void-6ffg it a?r's]rﬁ]%]bz%@%&gﬁ R ftpsetiges qlhe ?%Fief%i‘et%'nexat%r?ﬁ

i ncident on the streaner cable 100 due to the notion
112. of the cable and the tow vessel. Bul ge waves
propagated in a streamer cable 100 nay be coupled to
t{84Hens b erdet BBfacilizats imintawinge of A strém@nédrrchblental), osid-filler
generated by the sensors 108 or other conponents. A

materidl AN L irkiy) B caphbRIMBan&AGkBg Hoth ABMid faieltb h3g@id H8te on the
propagati on of bul ge waves only at

application of energy. For example, the void-filler material 112 may be a thermoplastic

polymer that transitions from a solid state to a liquid state at a solidification temperature,
In various embodiments, the solidiﬁcation temperature may be chosen above the highest
expected operating, handling, and storage temperature of the streamer cable 100. For
example, the void-filler material 112 may have a solidification temperature between 60°
and 100° centigrade. In various embodiments, the solidification ‘—tempcrature of the void-

- filler material 112 may be between 70° and 80° centigrade. Transitioning the void-filler
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certain frequency nodes. The frequencies of the nodes
may depend on the nobility of the void-filler

material 112 and the elasticity of the outer skin 102.
Acoustic noise due to bulge waves nmay be m nim zed by

aiggg ing the rmblili,cg)y of t_ge void-filler material 112
matert RET & iolich tp @ ligpigmay feribigicanaitsnancery taggreameacable 100
none of the frequency nodes of the streaner cable 100
by allowzg thoremeval phet lsisyagbrifoneefubaedidSilten nisgerimbddar ed by
the streaner cable 100. [0052] Wave transm ssion
H0®18¢r t | Bigunf4 ishefloodidrd ofl d gocasatilem 400 bl erf@yning
considered to ensure effective coupling, for exanple,

maintelHRB oh R8treih6AHBle R B voidBRY mAtBrid 112 according to
hi gh-frequency application, such as mlitary
- i id-fille terdal  .112 maybe
varionS i AT BE e PN Eidedon, o B B, Boppid ik o e oo
. ter outside.the cable. . AcqQ i ¢ inpedance is a,
epplied i EPeer FAC L0 So0r TR ot Mleometoral @%@M@n from a
... propagate through a material. Choosing the .
solid tapliguigi Frrexamplenf tie voidfillet matsdalib? is aithpegalastic polymer,
simlar to that of the outside water may all ow a
the encgricmtp cayse tleelempgetot ofi tlghvdid-ddleemateriabt Ukt fise aboes gy
i nci dent on the streaner cable 100 to be coupled to

solidifitAtorenperaturd. Ot domddhibodirnts! @idstidnsherAaRaY Bb BEed by
the void-filler material 112 may have an acoustic

.placing. tﬁg SHARGE cabR10B %g a ?183@%56?1?_%@9 eRebp 4040h1 gpn% Pérrtilogl of ﬂez

1. 5. mega- Rayl s. e void-filler

. osen wit.h.a density to affect _the., density,
now- i VB ARG g a5 gt Sr Pl otihe SEgmenable
may be desirable for a . streaner cable 100 to have a
100. Tnj3ifa g?@wgﬁﬁy&@waqr skig 102:At the stecamps celle maygpe removed
. neutral buoyancy, to facilitate operation at various
prior tanplying trapsitien ¢nsugy- e s diajeoitviate theenesd tedmmir thestibamper cable
100, absent the void-filler material 112, may have a
100 at stejmd04.y greater than that of seawater. In that case,
the void-filler material 112 may be chosen with a

qest Y hessieRAN-filiBehartiaf PV R Yeech R b Bintenance
overall density of the streaner cable roughly equal to
: operatigll‘? ﬁ{ay%fe performed on the streamer cable 100 at step 406. A maintenance
operation may include, for example, fixing or replacing a component of the streamer
cable 100, or simply replacing the void-filler materiat 112.

[0050] In various embodiments, the void-filler material 112 may be chosen
with additional properties to increase its quality for use in specific applications of a
streamer cable 100. For example, the mobility, wave transmission properties, density,

elasticity, coefficient of volumetric thermal expansion, flashpoint, etc. of the void-filler

material 112 may be optimized to increase its usefulness.
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seawater. In various enbodi nents, the density of the
void-filler material 112 may be nmani pul ated by
enbedding solid filler units of varying densities
within the void-filler material 112. For exanple, if
the density of the void-filler material 112 is to be
PoyHr ed A vaitidillef imakesial U tdthwipploprieteahodiBiyymhPwnhance the
densities my be enbedded, such as m crobeads or

signals €& by B@2dtarbS@bld IMOMA de@iksing APRE T ITRRY Soid Fller material
void-filler material 112"'wth a high el ast|C|ty may

l 12 1s optrer fllﬁgﬁ?@ thé%tf/eg.ggr Ewlé f 0 &%[ah%lt“ﬁlu rcPI]:)od’JISﬁ gcr

e m)re

ter bein str.ess Thus an eI astl c
forces it pf F*}eegfrearnﬁ'& - O%E@dtﬂéﬁi&owﬂ% pF e Able and s
likely to remain_in the streaner cable 100 in the
- vessel. Bylggiwayes aropagated i astreamer 6ehle 08 miay begpupled 058l sthwrs
void-filler material 112 may be chosen with properties
108, caushegtnoiserh dhnciefdrimation geareted babhesecnsdi® 008 onsthsit esiayorehts.
performance over an expected range of operating :

A partichRiPR&aaidcable 100 4y faéilitaad &@qﬁs% agaBbh 8f thile WavesQﬁﬁj; at e
in anmbi ent water tenperatures between -S and

certain FEUEhS AH8es. A TRV eRGeSSALE qm%lgggﬁ? ﬁg%&godrﬂ:he obility of

terrperatures betvveen -20 centl grade” an cent gra

n reciat sho lia

- the void- ﬁller%ézgcgn ﬁI?IQ &'the aslnc ;(jfof g;te ou ecffsb(rﬂ]g) d{%uf'ilq’ ?‘3?6 duesto
cha S qual ity may n remai n_consi st ent .

bulge wayes ane ’i“tmwgiﬁﬁﬁ’éf C@egﬁ% Heanply lmfdé@ veidyfics matenialdyl 2

_ material 112 whose operties renmain constant, or at

- and the elagtigityaf thypytpreskin 18%@11 thatislose of §6 freguemsyrnades of the
operative, over the expected anbient water tenperature

streamer eabipe] Olofallevidiin tlovdgnd fieqeaidiesao s peahadd by dicdramied cable
handl i ng tenperature range. [0056] In certain

100. enbodi nents, for exanple when the void-filler nmaterial
112 includes a polyner, choosing-a material with an

0SSP ok SRl SN LETRRCE I 2
éonsidereg to ensurngei%éctlve coupling, for example, when the streamer cable 100 is used’

‘inahi gh—frequeqcy application, such as military surveillance. The void-filler material
112 may be chosen with acoustic impedance close to that of the water outside the cable.

~ Acoustic impedance is a measure of the ease with which acoustic energy mz;y propagate

through a material. Choosing the void-filler material 112 with acoustic impedance

similar to that of the outside water may allow a greater percentage of high frequency

acoustic energy incident on the streamer cable 100 to be coupled to the sensors 108 rather

than reflected. Accordingly, the void-filler material 112 may have an acoustic impedance

‘between 1 and 2 mega-Rayls or about 1.5 mega-Rayls.
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a material may -be chosen with a crystalline nmelting

t enper ature above the highest expected operating
tenperature of the streaner cable 100, for exanple 60
centigrade, and a glass transition tenperature bel ow

t he Iovvest expecting operating ten‘per ature, for
Theppiddtier grtgwl 1 Hpsybechosa vish @ density to affect the

enbodlnents out put consi stency may al so be enhanced
densitybgnd @h@ﬁ@ihﬂg?@’ﬂ%@ﬂhﬁ stréasrer gableriOfl Ity be tibsimble for a

relatively small coefficient of volunetric thernal
streamnécabledi00 o hiwd a @Ritp raughbsaquahanthe: AQRaweer, 489 he@ral

centigrade. In some enbodinents, the coefficlient of

buoyanwltumnﬂafe $ e&fml at SHRARSe thsO gnb&%%%ofdhhé ,the streamer
nat eri al naybe 0. 001 egree centigra e

cable 168 ng@%m%? v01 éeF Ima &IT aai l%%%tsﬁ Phale :-:fg ysngggelg{éa reﬂaaé&f

ch es i n huoyan Therefore it maybe desirable tq
scawatgrg 1B dgot aa%ﬁtf-‘%ilq-ﬁﬁe naearl 2 map borkeven witha density less than
coefficient of volunetric thernmal expansion..[0058)
that of Tgevatdr 4 mebe the eferalhdengidy df the|sireamemeabld @Iughll”&qndyo that of
af fect how the gel can be shipped. Sonme shi pping
~ seawate@olipaaiies anstdimenteght demity ofitlsk esidfHltn infaterp @ T2 alay be
accommodati ons, and additional expense, to ship

mampd!ﬁ&&ﬁ% 8mSeddihp séhcf fidshipak BF AUV sites Witidthe void-filler
threshol d. For exanple, some Shipping conpanies vv| [

matcnan qtl 2 S pbxpe & {h@ ldeﬁ!l ﬁhggmdl ﬁ)‘i%%?dt&lrial lﬁ%g behlowqed

i grade W t’hout spe acconmo

then ﬁlﬁﬂ% vzl Sy 352%%3@%5 £ eiBpddstnthch p b e

enbodi nents, the void-filler material 112 may have a

foams. | ashpoi nt of between 77 and 150 centi grade. [0059)
It. is to be understood that the present description
003t r atrd®m, ihvaus ambedinenty, atvoed-filvemtiedal 1Y withnthigh
to a clear understanding of the invention. Certain

elasticispag bs chdsehh e volddiiler antdrbd vioahigh RRisBEBAMAH be bfdre likely
those of ordinary skill in the art and

to resume its original shape after being deformed by stress. Thus an elastic vmd—ﬁller

‘matenal 112 may be, for example, more likely to remain in the streamer cable 100 in the

event of a failure of the outer skin 102.

[0055] The void-filler material 112 may be chosen with properties that
enhance the streamer cable’s 100 consistency of performance over an expected range of
operating temperatures. A typical streamer cable 100 may operate 1n ambient water
temperatures between -5° and 40° centigrade, and may be stored and handled in

| ‘temperatures between -20° centigrade and 60° centigrade. It can be appreciated that

should the compliance, compressibility, mobility, etc. of the void-filler 112 change,
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that, therefore, would not facilitate a better
under st andi ng of the invention, such as for exanple,
various spacers; connectors, etc. and other components
of streaner cables, have not been presented in order
to sinplify the present description. Although

Slgnal qeafiiydnayemt semagh comgstprte serruch/iv emy bedetimbl: tbednose a void-
descri bed, one of ordinary skill in the art will, upon

filler mat@Asli 1derwm)ge blpeitiel egnAinGodasa] biditil@at alroem@@kré@mbh@éme
many nodifications and variations of the invention

100 to rgﬁaﬁlrp@pem%gthc@xkc&% Bn¥ g@«{atoe&’ &Pﬂuﬂé‘}gﬁ%é S?E{ré%ﬁs

I nvention afe Int en covere

in Cri n Iovmng clalms 21
over th %’Ir%gxw%\wgts Or%gep ﬁ%‘gﬂﬁ%&rﬁpc YeEHSd f or pr epari ng
streaner cable, conprising: retrofitting t
(4936}, e 15 oot cTpbpHiTaENSS pekpaTae When e Vﬁﬁ\'ﬁﬂ%ﬂﬂateﬂal 112
wherein the streaner cable was configured as a
include$ p golyener, dhbesing @ matariat v thtrneappsaomdiatavrpstaiine piedting
retrofitting conprises: introducing a void-filler
temperaradeaint glass thwitidicesipeaaire nayedihanceitseiontiftehde For example,
void-filler material is in a liquid state; and curing

a materfal fha¥YMe@hbdeh vAth AEYShiIRle Ihéltlﬁ% %ﬁe@atﬁite%‘)ﬁve Mﬁ%@&é&t the

void-filler rmterlal is coupled to at |east on

expecteﬁ%ﬁlgﬁ nhﬂ-f t?rte“ a %gg(%?%lhlgqg%%%x E ceggftigrade
ereint re fit further conpri.ses
and a %&Wﬁlfﬂﬁh PpgiEe @%Mﬁfﬂ? Favisst FRRREIPFA1iE (eperanie, for
streaner. cable. 3. The nethod of claim1 or 2, wherein
example,;@05equligige- cabl e conprises at | east one sensor.

[0057] In certain embodiments, output consistency may also be enhanced by
choosing a void-filler material 112 with a retatively small coefficient of volumetric
thermal expansion, for example less than 0.002 per degree centigrade. In some
embodiments, the coefficient of volumetric thermal expansion of the void-filler material

- 112 may be 0.001 per degree centigrade. It can be appreciated that excessive changes in
the void-filler material’s 112 volume may cause unwanted changes in buoyancy.
Therefore, it may be desirable to select a void-filler material 112 with a low coefficient of
volumetric thermal expansion.

[0058) The flashpoint of the-void-filler material 112 may affect how the gel

can be shipped. Some shipping companies and/or regulatory bodies require special
accommodations, and additional expense, to ship materials with a flashpoint below a

certain threshold. For example, some shipping companies will not ship a material with a
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4. The nmethod of claim3, wherein the at |east one
sensor conprises a hydrophone and the void-filler
material in a solid state is coupled to the
hydr ophone. 5. The nethod as clained in any one of
clainms | to 4, wherein the retrofitting further
flashpipfihslow dd” pentiemls o iy uh spredd apequmedatiops.ngs sadn it may be
the streaner cable. 6. The nethod of claimb5, wherein
desirablts ghoopreibe wonbilliéyinaigrialgel®t wits 2 dlashpeastaboon®70fenéigrade. In
pl asticizer, a tackifier, and a crosslinking agent. 7.
variousl&iebodinkod, Bis veldfiletmaterialyl 2006y Rved MdsiBoint bPblween 77°
wherein the retrofitting further conprises: mxing a
and 150980it#aldeOn Of constituent parts of a void-filler
material; and heating the conbination. 8 The nethod

ai med i n,_any,one ains 1 to 7,.wherein the
dRore’ "Eni pE e B al it i ntEat 4 ripictTigiates Bose o
light energy. 9. The method of claim8, wherein the
aspecty ?fglﬂ? inyeRHR reliapt iostkdeqy undgtptanding ofdheinyentigre. Getaimhe
met hod as clainmed in any one of clains 1 to 9, wherein
aspects ¢fthe ypvicngon tehpeikide dppatanhty thhee ofairdinki dkill in the art and
material. 11. The nethod as clainmed in any one of

that, thetefibrepwauldmol Eaciliwherabientet hedestandify o LOBRAVcRE6n GRGh b fhr
the void-filler material. 12. The nethod as clained in

exampRNYai®AR spheed, BbMAFeclort, &td hnd WARK %@PB&%LSCW s',t{égm] r cafées, have

conprises crosslinking the void-fifler _materlae
not been - e%‘é&qﬂ offer§h Qi'nﬂﬁﬂ"y 'k ﬁrgyen? ﬁgSC%];:)tlgrll amo&ght gml}c?diments
ereln the curing
of the present invention have been described, one of ordinary skill in the art will, upon
considering the foregoing description, recognize that many modifications and variations
-of the invention may be employed. All such variations and modifications of the

invention are intended to be covered by the foregoing description and the following

claims.
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conprises introducing a reactive agent to the
void-filer material. 14. A streaner cable conpri sing:
an outer skin; at |east one sensor positioned within
the outer skin; and a solid honogeneous void-filler
mat eri al positioned bet weggmyhfie outer skin and the at
| east one sensor, wherein the void-filler material is
coupled to the at |east one sensor, wherein the
material is buoyant and essentially
VVE%L%&%%#%%{@ 15. The streanmer cable of claim 14,
wherein the at | east one sensor is at |east one of a

directional sensor, a tenperature sensor, a
1.hy drid piedhed farfeparinggséeames sablss cOmPIisMeEs st r eaner

C ab ! rStraﬁtttF\b %g@ﬂeél%e? Egblgﬁmahd'a % 1|& o%md"ﬁl?ér%gtehgﬁ gfﬁereln

one~sensor I positione

thalstrelanidne:abMas cawilgureﬂ asfmilqmd#maﬁetreeﬁ’tﬁre:abﬂe? andhe
hle of clains 14 to 16, wherein the at

t
W'Tseérﬁg‘tatﬁgﬁsﬁggﬁ'%rm%%ﬁ ses a sensor positioned off
theiﬂ%ﬂtﬁﬁn é'v%idlfllkfrnﬁa 'élPﬁ‘l’ff?fhé@Pée?rn?:lg?tg%—,hn\ghth:rtl E)he

st reaner Pe as clalmed |1 n any one o
vo@?flllema@nal istine ligpiidistaite;laad mat eri al  at I east

t I {
e cuithathe DSRERI: MaBupllS clboiid Sate, WieeS @ Naicetlir
materidiGs colipleditd atidust\WRkbdnisbl ch@@t@dn@ér (%BP@%H whéfein
the at | east one sensor. 20. The streanmer cable as

the veidriller matarigl isheopantel ai ns 14 to 19, wherein the at
| { at {

2 one 1P HEEAT My, Poreftir el Balirdfthey Bumprgs:

rerddvingkeliqid eamsr If@@bét@r@ﬁfr@*n&hﬁ%ﬂebhe&@éb@e of clains

14 to 20, where
3. The method of cialm 1 or 2, wherein the streamer cable comprises at

least one sensor.
4. The method of claim 3, wherein the at least one sensor comprises a

hydrophone and the void-filler material in a solid state is coupled to the

hydrophone.
5. The method as claimed in any one of claims 1 to 4, wherein the

retrofitting further comprises introducing a property modifying agent into the

streamer cable.

6. The method of claim 5, wherein the property modifying agent is at least
one of a plasticizer, a tackifier, and a crosslinking agent.
7. The method as claimed in any one of claims 1 to 6, _wherein the

retrofitting further comprises:
' mixing a combination of constituent parts of a void-filler material; and

heating the combination.
8. The method as claimed in any one of claims 1 to 7, wherein the curing

comprises exposing the void-filler material to light energy.
9. The method of claim 8, wherein the light energy comprises ultraviolet

energy.
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the void-filler material is in physical contact with
an active surface of the at |east one sensor. 23 22.
The streamer cable as clained in any one of clains 14
to 21, wherein the void-filler material isin

@hySTﬁ@hwect’l%H QEEIéNg%g uk?%hp ofB A ﬁf]% ﬁ%@ "ﬁﬁer%fln tHecding

| east one sensor e"outer s e streaner

caaplisesdieatingi thedoidfibgrymatesiabf ¢l ai rrs 14 to 22,
mat er |

1¥hanidmelio ¥ ooy dS aay one ospleitiel & FEaReti fiecburing

cmpme@mngnh@wmon%r@ﬁat@han s 14 to 23, wherein the
st reaner has a density essentially equal to the

T@ensThymethabasstaimed s anypaesif cisdmer bl .evberel) thenwting
f erein the streaner
cdn‘? I e a Qg?lfﬁktrg ?‘Ie%'&ﬁlrlérgnééfbé ngded filler units for

133f f ekié megttidtbasl emmbgt in ahy bhe of @Iaiﬂt;ﬂ tet1 2 mihvereirdhe curing
26. . The streaner cable as clained jn _any one of clains

comprﬁ?szgtroq\mpg Aiepnive agpnl-teithe veidrileemaigrialas a
14:oef;( b SREr egb]qumglgg?_ thermal expansion | ess than

per degree centigrade. 27. The streaner cable
as al“awtedskln any one of claims 14 to 26, wherein the

void-filler materi a icient of volunetric

! hedigdst Shaenght BrsiidaedwiRbhe bt sy, i

centyd ghliddfomdgencdiss wid-fiteEmatal oﬁﬁloﬁbé'ld&\ﬁeérﬁ‘ R Yuter
one of clains 14 to 27, wherein t voi d-fi

skireand thel atlleastora senassi whemreﬁteevmﬂﬁdiar matemlas cooplw to
S FE B B0 3o, NEPIFRLEL P FaBhaP b BBty
| esb@ﬁm@nna&ngi@m]egr ade ang 150 cent |ngr g?ed glorrsﬂl]i o
15;t9r e\%ggt@amqqi‘@%?e 8f gllalrrrﬁ '14I \r:]vhaerr]gln ?he at least one sensor is at
least one of a directional sensor, a temperature sensor, a hydrophone, and a
magnetic sensor.

16.  The streamer cable as claimed in claims 14 or 15, wherein the at least
one sensor comprises a sensor positioned at about the center axis of the
streamer cable.

17.  The streamer cable of claims 14 to 16, wherein the at least one sensor
comprises a sensor positioned off the center axis of the streamer cable.
18.  The streamer cable as claimed in any one of claims 14 to 17, wherein
the void-filler material at least partially encapsulates the at least one sensor.
19.  The streamer cable as claimed in any one of claims 14 to 18, wherein
the void-filler material encapsulates the at least one sensor.
20.  The streamer cable as claimed in any one of claims 14 to 19, wherein
the at least one sensor is configured to transmit at least one of an electrical
signal and an optical signal.
21.  The streamer cable as claimed in any one of claims 14 to 20, wherein
the void-filler material is in physical contact with an active surface of the at

least one sensor.
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void-filler material has acoustic inpedance of between
1.0 nega-Rayl and 2.0 nega- Rayls. 31. The streaner
cable of claim 30, wherein the void-filler materi al
has acoustic inpedance of about 1.5 nega-Rayls. 32.
The streamer cable as clainmed in any one of clains 14
to 31, wherein the streanmer cable is operative at
tenperatures between -20 centigrade and 60

28€ent *I'?é %ﬂ@améﬁﬁaﬁg%s%‘aﬁrﬂ\%ﬂ?ﬁ aﬁﬁ%’nﬁ A ai1xEg 1 elg the

one o streaner cable
veigdiflenmaeterialtis mmiwéipdtqqn@@t Widh beib an-Btivesuriage of &&eﬁtdreas@one

[o1-ToY N The streaner cable as clainmed in any
~one o%ﬁ‘fggugr%%l(% to 33, wherein the void-filler

2%mt elhestreamer tahkie ag qﬁym@rm anp ang®f cigies ddrteatde wherein the
v&al?ih(% rﬁéteﬁél%'ag‘a%nsﬁmgﬁfgrt fhah e p i & BB séég)aﬁﬁ i ses a

ti-conmponent resi'n r eamer e of claim
2@,4 Whee strpameheatyi kg elgimed ipaepane®f idedns 14tto| Fngthesrie the

t‘P(Iban?é‘r caBRMaS %%en@ut;ﬁééé%ﬁfﬁlygﬁﬂal?& e ity BPSMAtENE,

¥m£ne ane and an acr ] at e.
237, streqraenegble ap|clainged i anmoaa of wiedpeild tonad, wherein the

stpé)anYéF%Preq?mﬁtioﬁg@ @ov%ﬁ*s%te'n?ﬂea@éd f iR unkb ?orséffe%ﬁ“BZV‘fhe density

erein the polynmer conprises
ofithe Kpiglifiler marialThe streamer cable of claim 34, V\herel n

oé.he PRl UTBIMm&GONAYid 88 2iafmed RELAPBhEDE icRiR® 4B 25, wherein the
void-filler material has a coefficient of volumetric thermal expansion less than 0.002
per degree centigrade. . |
27. . The streamer cable as claimed.in any one of claims 14 to 26, wherein the
void-filler material has a coefficient of volumetric thermal expansion of about 0.001
per degree centigrade.
28.  The streamer cable as claimed in any one of claims 14 to 27, wherein the
void-filler material has a flashpoint greater than or equal to 77° centigrade.
29.. The streamer cable. of claim 29, wherein the void-filler material has a
flashpoint between 77° centigrade and 150° centigrade.
30. The streamer cable as claimed:in any one of claims 14 to 29, wherein the

void-filler material has acoustic impedance of between 1.0 mega-Rayl and 2.0 mega-

Rayls.

31, The streamer cable of claim 30, wherein the void-filler material has acoustic

impedance of about 1.5 mega-Rayis.

32.  The streamer cable as claimed in any one of claims 14 to 31, wherein the

streamer cable is operative at temperatures between —20° centigrade and 60°

centigrade.
33, The streamer cable as claimed in any one of claims 14 to 32, wherein the
streamer cable is operative at temperatures between —5° centigrade and 40°

centigrade.
34. The streamer cable as claimed in any one of claims 14 fo 33, wherein the

void-filler material comprises a polymer.
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40. The streaner cable of claim39, wherein the

t hernopl astic polyner transitions between a solid
state and a liquid state at a solidification
tenperature in the range of 600 centi grade to 1000
§entTﬂé éﬁﬁamé}caﬂ_g%fﬂeﬁw I’féﬂgl E?P?:&fi?rtsesa

wherein the polymer conprises a
myfti-corhporgentegasior cabl e of claim 34 V\,herel n the
onpris a hot.opol yner .. 43. A nmet hod for

3¢ o 6 A SEL Pallndy R &8 TR toF o/ e S aaeirom
atdBagtdstid o isBprerieha SEE)L RBNBAH BRI, adr@w]@x‘i’é‘%m.&yiéne a

gel concentrate into the streanmer cabl e:
urgthang: pyauiediene ul agestdaler ate and t he addltlve 44.

e 8 Bl S By D R«

plastiolregh a reservoir containing the gel concentrate.
3845' he nmet hod as clajmed in any one of clainms 43 to
A4,

siegamer ¢able g elaiy %w@éﬂndbﬁ OOMMSR QOrRRHERS des

taé;{]ﬁé,odum ng an extruded strand of the gel concentrate
Into the streamer cable. 46. The nethod of claim 45,

3%herldiensttdamentahle oficlaim D4d whereintha polyinserecorsprisgsgs h
47. The nethod as clainmed in any one of clains

th%@’?@a% WHBFEI n introducing the gel concentrate

4050 MTHeSRFodnbr @IS bIBlairRIZeS WHRRGIAThS %mﬁgﬁé’ﬁ% el T%rha?
gel concentrate into the streamer cabl

trafstiiend betveemarsotid istatarandom iquifl stateiate stdidification

terWBSFa?t'u% ih I?ﬁe range of 60° centigrade to 100° centigrade.

41.  The streamer cable of claim 34, wherein the polymer comprises a

thermoset polymer.

42.  The streamer cable of claim 34, wherein the polymer comprises a

. photopolymer.

43. A method for preparing a streamer cable, comprising:

introducing an additive into the streamer cable;

intfroducing a gel concentrate into the streamer cable; and

sofidifyihg the gel concentrate and the additive.
44.  The method of claim 45, wherein introducing the gel concentrate
comprises circulating the additive through a reservoir containing the gel
concentrate.
45.  The method as claimed in any one of claims 43 to 44, wherein
introducing the gel concentrate comprises introducing an extruded strand of

the gel concentrate into the streamer cable.

- 486. The method of claim 45, wherein the extruded strand is woven into a

strength member.
47.  The method as claimed in any one of claims 43 to 46, wherein

introducing the gel concentrate comprises introducing injection-molded

shapes of the gel concentrate into the streamer cable.
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additive is a property nodifying agent. 49. The net hod
of claim48, wherein the property nodifying agent is
at least one of a plasticizer and a tackifier. 50.
The nethod as clainmed in any one of clainms 43 to 49,
48her eha nidtRod ad Hdifnka ih Bndrfd df-clRts A'Ish@ AeLhtefPihe
clainmed in any one of clains 43 to 50, further

adaitiye Issé peppestytinadinting agdai.t i ve and t he gel

“Gioar Tt rfis BEoa AaERbRRin fhe Bl oo ise Rulnl A

lebst ow@bea phatiBizePdnd 4 taekified of preparing a streaner
cable, conprising: introducing a void-filler material

5@.nt ol e Bigt § ciMEd in Ry osierpfial@ims/} - 49, 1whegrein the

el 1$ In aliquid state; and curing the
a%‘?%ﬁﬁ%‘? material to a solid state, wherein the
5Woi dFtie hiethod emchimed in ang owel efdidimsa43 105G tfuher

sensqQr in the streaner cable, and wherein the
- CQIERIEIRG h?@f‘“%ﬁlee@;‘ﬁtwﬁ §“%§6%Sﬁk9°@@."tf?% nmet hod of
| ai TP : -1 ;
5T e aemeMethiEbLLRin 37, ShERHTRIC Rash ERfBriESfnRbreing the
stgaenerfcabieanima heBwaterbathwherein the streamer cable

5% oug Bipod ol HErRDaR GLHATRNSBEabISPHRETER o ol af med
i N amYo@uEn®h vOIRTiNG: Material ffto af dFddn®dr cabRTRIASTEMthe

i ntroducing a property nodi fying agent into the
voigi-filesfaategiabisdn a Igjpid State;ranchod as clained in any one

0 PG bRy BRA L A RIS RA LBl e
matsrlakis coupled to at least one sensor in the streamer cable, and wherein
the void-filler material is buoyant.

94.  The method of claim 53, wherein the streamer cable comprises at least
one sensor. '
55.  The method as claimed in any one of claims 53 or 54, wherein the
streamer cable comprises a hydrophone and the void-filler material is coupled
to the hydrophone.
56. The method as claimed in any one of claims 53 to 55, further
comprising introducing a property modifying agent into the streamer cable.
57. The method as claimed in any one of claims 53 to 56, wherein the
property modifying agent is at least one of a plasticizer, a tackifier, and a
crosslinking agent.
58. The method as claimed in any one of claims 53 to 57, further
comprising:
mixing a combination of constituent parts of a void-filler material; and
heating the combination.
59. The method as claimed in any one of claims 53 to 58, wherein the
- euring compfises exposing the void-filler material to light energy.
60. The method of claim 59, wherein the light energy comprises ultraviolet

energy.
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crosslinking agent. 58. The nethod as clained in any
one of clains 53 to 57, further conprising: mxing a
conmbi nation of constituent parts of a void-filler
material; and heating the conbination. 59. The net hod
605 CYRE WRsthbA BWaiRRA ﬁfa | MGt éé’m;so?fﬁ) 6@*\%5&&1 EHbe
curing conprises exposi the voi d er materi al
cyringheorapases hediing thisevaiddikeydmeterial.ai m 59, wherein the
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cunmg”mmpnm céalingnbe coPfillsienatedal.i ng the void-filler
teri al 62. The method as clained in angzone of
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one o rein curing
64:0 rrp'ﬂns petieod asclaikied dn hg onei af- dlauhis&ES o638, rwlaéreld tr@4
net hod as, cl,ai,ned i oneofcan«fa53t
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agent to the void-filler material. 27
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