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. More
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
mat eri al . BACKGROUND OF TH?ITE NOLOGY [ 0002] Streaner
cables are used in a variety of applications, usually
i nvol ving renote sens;j i n_water enyironpents, for
exanple, in frggﬁ”@?‘@%ﬂ?ﬁﬁpgem%gﬁP@§3¥mﬁH§ cabl es are
-typically used for seismc exploration surveys to

gat her informati on about subsurface geol ogy, .
including oil and gas reserves. The cabl es usually

contain one or nNOFEEEPQEBECHNORLRGY Ng signals
present in the water. Oten, the sensors include

DY fignones  idls TRAMA0 ARSI S Wiy 10 U IR' cables, and

r cabl’és are often nade u seri e
sections, which may pe on the or%gr of 75 net%gs | on
c

methogsqebyretipiiting and prodvsing igsmes, cablesa Moty SPeei a1 invention

streaner cables, nmaybe towed behi nd vessels, or
relatde o sittearhentcables xeith |sohdtvoadisilles unitessispapdméthods of retrofitting
| ocations. 1 [0003] In a typical seismc exploration

stredtHérY 8¥ble® N@nficufHr §s NqR@MBIedCablLTer Bitfled A¥RY PaBYAvoid-filler -

a tow vessel. "The one or nore streaner cables often

form an array that
matertal.

BACKGROUND OF THE TECHNOLOGY

[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 o1l 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 arrays of several streamer cables, maybe towed behind vessels, or deposited at
fixed locations, such as ocean floor locations.

1




may i nclude a dozen or nore parallel cables, each many
kiloneters in length. The tow vessel, or another
vessel, may include an acoustic source for generating
acoustic signals. The acoustic signals propagate
t h the water .and interact with various. _
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bel ow t he ocean floor. The interactions may produce
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the streanmer cables and used to generate information
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sensors contai ned mﬁghintg streamer cable. Oten the

the watgg, 885"{‘? ecean dlogr and/ep helpy the pesandloos Theipteragtions may
' very | ow frequency, for exanple, between 3 and 150 Hz.
- produce pilzgtiorstand pmsefractibhethatmgy Ak sensoé by shedstieamert dubtes and used
applications, such as surveillance applications. In
to genesadernfampition abowtithe refieeting onefiactiiy ®AIRRIresC FHk 6arAple, an
referred to as towed arrays. In an exanple
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frequency range di scussed above. [0005] Conventi onal
sensors Sppigiied vithimb p sscagia crblguiQfien; the agpusti¢ gjgnals asedlin deismic

streamer cables typically include an outer skin that
surveystpstisbs verydow dreguerent Hrekamble, betbieen 3 and LS Hy,

sensors, strength members, wires, etc. After the

fo0dhrerSieatice catiesan iy 196l be dsedtinlotliddiafplications, such as
surveillance applications. In some applications, one or more streamer cables are referred
' to as towed arrays. In an example surveillance application, a military vessel may tow or
deposit a streamer 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




2 void-filler material, for exanple kerosene, is added
to fill the void between the outer skin and the
sensors, strength nmenbers, etc. The liquid void-filler
typically provides acoustic coupling between the
.. outer skin and the sensors. The specific liquid void

void-filler maenightfer §xampledssroseac sisladdedetd ftibthgdpidshetwinen tho entat kkin
density of the streamer cable and therefore affect its .
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liquid-filled streamer cables present severa
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material may be nobile within the out
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b wat er maybe acoustically coupled to the sensors by
UOYait ge waves in the cable. Additionally, the Iiquid
void filler of liquid-filled cables may |eak into the
H8896lof Wdtherghnsn arhwidsli esedshiquidifdled aweayaat caliles prpsérd
void-filler, such as "kerosene may create an .
severalgtiffiqubtiare himat, bhamss thediyeid Vadkdbkr nataiabniag by nadbilatigin
Al so, leaked liquid void filler may be replaced in
the outbhskis i @hBRiCalCadel & feyiiRE fbm th fvemdit of4RIEMIL tow vessel,
recei ved signals and cause corrosion of the internal
- Lally i
and g RRANGE s bl A SR bo SARCaRBGALALS the sisars g
nd .ot her ,users.of streaper..cab have b n, t
bulge Pl Pt B cabifa Arural 8 Bt Prd Becst ) GunERtesgies may
) {ﬂoq(_)lOZ] So%‘jvd streaner cables, i.e. streaner cables
leak infgy the bady pigwatsr when theguier skinis damagad. dblignidyeil-filer puch as
attenpt to address the problens of liquid-filled
kerosenst nay psategalsnggonmentaldmzard wigeleakfedsuioi acbasityrodamassr. Also,
cable includes a solid central core with sensors,
leaked Hlguid, voidbfillgraniy bateplacad in thediredri@t cabibiyouistes AFRAN@AL S
instal |l ed thereabout. Another type of
degrade received signals and cause corrosion of the internal components of the streamer

cable, especially in saltwater environments. As such, many energy companies and other
users of streamer cables have begun to favor alternatives to liquid-filled streamer cables.
[0007] Solid streamer cables, i.¢. streamer cables with solid void-fillers, have
been-de{reloped 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,
: bﬁoyant material, and other various components installed thereabout. Another type of
solid streamer cable includes alternating sections of sensors and buoyant material. As an
alternative to liquid-filled cables, solid streamer cables have superior leakage and bulge

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




solid streanmer cable includes alternating sections of
sensors and buoyant material. As an alternative to
liquid-filled cables, solid streanmer cabl es have
superior | eakage and bul ge wave reduction qualifies,
but present other difficulties of their own. 3 [0008
FlSPﬂﬁx anp Pecxagple, golkid seeamsr cablpy wyies yerieys prablepg elated to
problens related to buoyancy. The solid core and

buoyarwyhdihe solid dormané pthat solidmatiegals abthesablgpiypidally haow e density
density greater than that of seawater. Therefore,
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mat eri al nade of glass or foam is placed in the
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of air w@aﬁg‘gﬁgﬁlﬁ%m@b%éﬂwn@ cqusistent degsify ogighe
) crush when subjected to excessive force, causing the
microbgydemateriabmpyg be gossly and eomplieatedsr cabl e to increase,
and causing a | oss of buoyancy. For exanple, if a
o009 st Aapmicrotadat enitsrid) andle o glacOofobin, tefdds t6 @idsBaviah
a small radius, mcrobead material may be crushed..
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certain depth. In extrene situations, solid cables

vessels\guffiited i badie and storsdiamd-ftled pablgs muss be sefittedowigh tew abl e
buoyancy, and sink beyond recovery. [0010] Solid

- handlingtequipment, catbidisg adibing spridls etd, rtefora diesesgpri ok g saeuantle
solid ca%?eié rl\)ﬁcrobead material may also be crushed by water pressure if the streamer
cable is operated beyond a certain depth. In extreme situations, solid cables with crushed

. microbead material may lose considerable buoyancy, and sink beyond recovery.

[0010] Solid streamer cables also suffer from nbisc problems due to shear
wave energy. Because the solid materials in existing solid streamer cables, including
glass microbead materials, have Vlow. gompliancc, 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-




wave energy. Because the solid materials in existing
solid streaner cables, including glass mcrobead
mat eri al s, have | ow conpliance, energy fromthe notion
of the cable in the water can be coupled through the
solid materials to the sensors in_the form of shear
filler foppreviding e aesasepry Berustin supsTtios 8nd nerstion dwnogalivasproperties
presents a consi derabl e challenge.  Oten, the sensors
of the solal pliddidler.i Gomventighad sirsphartdablies stithipid-eidfillbomaienigl
enbedded in the solid void-filler material- The
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- be appreciated that _the_ necessity of isolating
types of spRsorsthal oy he msialisd @thinthe sigamgricablesol at i on
structures, adds conplexity and expense, and. al so
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streaner cables may al so present certain
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chal | enge. [00121 Accprdiqr;gl , there is a need for a
00 ner Asettiagly, theraiseoiegd fon 4 greameneablé with mtvaid-filler
remains largely confined to the cable in the event of
materiag thadirémaies bfgdheomfuted to thekiahle iAltisogvehihefiefailsrea filaeshter
for a solid void-filler material for retrofitting
skin. /l¥6,3hérBgs 4 héddifBr a solid void-filler material for retrofitting existing liquid-
filled streamer cables. There is also a need for a streamer cable with a void-filler material
that does not couple excessive shear wave or bulge wave energy to the sensors of a

streamer cable,

SUMMARY OF THE INVENTION
[0013] One embodiment of the present invention relates to a method for
‘preparing a streamer cable. The method may comprise refrofitting the streamer cable
| .with a solid void-filler material, wherein the streamer cable was configured as a liquid-

filled streamer cable. The retrofitting may comprise introducing a void-filler material




filled streamer-cables. There is also a need for a
streaner cable with a void-filler material that does
not coupl e excessive shear wave or bul ge wave energy
to the sensors of a streaner cable. SUMVARY OF THE

. | NVENTI ON [ 00131 One enbodi ment of the present

into the gipesmpeT GADIE aYhep dae YQPd-4illep pasbraial isvin adigujshitate gnd curing or
streanmer cable. The method may conprise retrofitting

otherwigesobitifdapgtie wadifidler matenabtosodalid stavé.d-fi |l |l er materi al ,
wherein the streaner cable was configured as a |iquid-
fiobi4yd simediEe embadihint dihBe pedsemiihtdnios réfREs EPAREdasRr
introducing a void-filler material 5 into the
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present invention relates to a nethod
[0016] Yet another-embodiment of the present invention relates to a method

of performing maintenance on a streamer cable. The method may comprise changing the
state of a void-filler material within the streamer cable from a solid state to a liquid state
and removing a portion of the void-filler material from the streamer cable. In various
embodiments, the method may also comprise performing a maintenance operation on the
streamer cable, or simply replacing the void-filler material.

[0017] A further embodiment of the present iﬁvenﬁon relates to a method of
preparing a streamer cable. The method may comprise introducing a void filler material
into the sireamer cable, where the void-filler material is in a liquid state, and curing the
ind—ﬁller material to a solid state.

[0018] Unless otherwise indicated, all numbers expressing quantities of

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




of perform ng maintenance on a streaner cable. The
met hod may conprise changing the state of a
void-filler material within the streamer cable froma
solid state to a liquid state and renoving a portion
of the void-filler material fromthe streanmer cable.
are to bpundprstoedas haitpapdidied $n 2l fnstansesthydthagrmalaboutc’o pcosiagly,
perform ng a nmai ntenance operation on the streamer
unlessdaditated ar ths icomtayy rthehaneric] phameairssdt ifbriein thafdldvahg
[0017] A further enbodi nent of the present invention
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the. vojd-filler erial. to.a solid state. [0018] . .
attemptfy frndt ot restignen ¢t dactine SEfavtisase e Some o8 fhegplaims,
- quantities of ingredients, tinme, tenperatures, and so
each npgeripal paeneter sbordd gt legetibe copainietliin lightonf thawtmabexiofsepogted
are to be understood as being nodified in all.
stgnificang tigghis @sd by applgingenrdmninhounditig fechomdesngl y, unl ess
indicated to the contrary, the nunerical paraneters
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.. hunerical paraneter should at |east be construed in
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and by applying ordinary rounding techniques. [0019]
embodithents withur thejprdsertpmventipat e t he foregoi ng details and
advant ages of the present invention, as well as
ot her s, upon BRIEH DESE@RIPTION OFcTiE FaywRrgsdet ai | ed
{0020] The features and advantages of the present invention may be better
understood by reference to the accompanying figures in which:
[0021)] Figure 1 is a simplified cross-sectional diagram of a section of
. streamer cable according to various embodiments of the present invention;
[0022] Figure 1A is a diagram of a bulkhead according to various
embodiments of the present invention; |
[0023] Figure 2 is a flow chart of 2 method 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 for installing void-filler material

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




description of enbodi nents of the invention. The
reader al so nmay conprehend such additional details

and advant ages of the present invention upon nmaki ng
and/ or using enbodinents wthin the present

i nvention. BRI EF DESCRI PTI ON OF THE FI GURES [ 0020] The
f HWR26} es Bpguareddy arfloagesmriodf a4 thethpd semdintativgd stecarmenyable
be better understood by reference to the acconpanying

accordih@td €Fioud ebb@iientsAF244 pz%b@iﬂirﬁveﬁtld)ﬁ a sinplified
cross-sectional diagramof a section of streamner

cabl e according to various enbodi nents of the present
i nvention; [0022] Figure 1A is a diagram of a bul khead

according to v resent
i nvention; | Ooﬁgéﬁ&f@%wﬁ @Mﬁ Nof a riet hod
for installing void-filler material into a streaner
P8l acdonkpdigents of the wesentipnenfiongalate tofstreaneersablossolid
i nvention; [0024] Figure 3 is a flow chart of a nethod
void-filler miatesiahfor istrgamer adbles ) thethoded faeirafitting sirennger shilsleaner
cabl e according to various enbodi nents of the present
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cabl e and
associated w1th hqulduﬁlled streamer cables, without incorporating all of the problems of

existing solid and liquid-filled streamer cables.

[0027] Figure 1 is a cross-sectional diagram of a section of streamer cable 100
according to various embodiments of the present invention. An outer skin 102 may
enclose the sfreamer 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.




met hods of maintaining streamer cabl es. Enbodi ments of
t he apparatus and nethods of the present invention
~may conbi ne the benefits of existing solid and
liquid-filled streaner cables including, for exanple,
m ni mzing the environmental concerns associated wth
I[PQAR]A- f Sensems B mawincludgpiasiovs kindh ofirarsdeesrypandairiotiger
all of the problenms of existing solid and
instiunteinepuiod sfehdurizg; Sgriabeimeidectadl s stréf0e Thblki100r & tariohs a
~cross-sectional diagramof a section of streamer cable
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i nvention. An outer skin 102 may encFose t he streaner
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of the streaner cable 100. In various enbodi nents,
may trangmitggeaiyedssizral igprmatjonnscanding ofvananeitinsissiavonsthodn
the art including, for exanple, polyneric materials.
includifigdonexample, ed¢ataendohoptirb erethodf0 Wivdst HiOmdyhieanomtidhe
skin 102 may provide the streamer cable 100 with
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in the streaner cable 100. In vari ous enbodlnents

ength nenbers 104 may be cabl es made of fiber,
caﬂesé%%thetlc materials, wire, etc. 8 [0028] Sensors 108
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streaner. cable 100. In various _enbodi nents, one or
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sensi ng acoustic signals. Oher types of sensors 108
intervalypysitipr, @1 lpsientidn widintherogter Skin ERanfihestredinercablo )
sensors, magnetic sensors, tenperature sensors,
includipg, deserampie nBopasiti@ischowh ®ysensos B080808b, and 108¢c. Mounting
mechanisms 122 may be made of wire, cable, or any other suitable material and may
secure sensors 108a and 108b to strength members 104 using tie-wraps, for example. In
. 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 including,
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




may transmt received signal information according to
various transm ssion nethods including, for exanple,
el ectrical or optical methods. Wres 110 may transm t
the received signal information and maybe, for
exanpl e, electrical signal wires, fiber optic cables,
may hquee a sensgp HSeawpbgrave stares bhid: sAetinesyriarasti2h mayebe the
streanmer cable 100 by nounting nechani sns 122 and/ or
portiongr poneerdof 236nsoahdl thay atssepnve locn@lsatin aagioywy @chddiments,
interval, position, or orientation within the outer
cavity §paices 4iRinQhe billRhaklOankst aeahdieH R ise il wehyigclufle the void-
exanpl e, the positions showmn by sensors 108a, 108b,
filler A0Szl 98£. Mounting nechanisns 122 nay be made of
wre, cable, or any other suitable material and may

e sgnsors 10 nd 108b . st renagt nbers 104
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may be made of any suitable material including, for
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116 in the bul khead 106 may be used to secure the

102, bul khead 106 to the strength nmenbers 104 of the
" streaner cable 100. Cavity 124 may contain the wires
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.may be the portion or _portions of a sensor 108 that
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sufficient contact such that signals propagating through the void-filler material 112 are
received by the sensors 108. The signals may include acoustic signals, thermal signals,
pressure signals, etc. It can be appreciated that coupling may be enhanced by placing the
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 material 112 to substantially

surround or encapsulate at least one active surface 120 of the sensors 108.
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cavity spaces within the bul khead 106 that are not
“otherwise filled may include the void- filler materi al

112. [0031] Referring back to Figure 1, void-filler

material 112 may be positioned between the outer skin

nd e vari.ous other _conponents of the streamer
3&%? 10@”96 vepditss ot 14 £ TR ey made of ey suijabbesaly i d
during operation of the streaner cable 100. This may
materig) thai epupleiaciontarignaly, suchast aspistic sigrlst tootive beskisni8i witlout
~ the environnent surrounding the streanmer cable 100 in
also cotipléngeasenisivainodset Sanitable wolidivéitlef mbderinie 100 nidyberidtiriaBki n
102. [00321 The void-filler material 112 may be

incom p@éémlégnd Qitebe o%ﬁgﬂaﬁﬁ. AR BssenfANRhE EpIaBYb1E REHAHEE for

| acing the void-filler material” 112 and the sensors

08 .1 LG t at . si | s .
examnplt il Bogcit bpRbERY cERIAE OB hAR IARTAR chassedp
recei ved by the sensors 108, . The signals | i ncl ude
pressurg | fegefrecgisieially FepREFesSiblpEnd bl melertl 114 g speple
etc. It can be appreciated that coupling may be
pressurg ﬁhﬁt&@éé@b%@l&@ic{;@ t¢ peous{ie waves, Ko e spasoey 108 rathppthan
direct physical contact wth the sensors 108, and/or
absorbmg e @ressuveechasgesiventie s ch@igeah vbhmes edus egsentidlly.inddipressible
various enbodi nents, this nay be acconplished by

materidl blalyibeEhbiEteHbEERNE fel S hivhibhllt mathids SRR B edlddle, to
is then solidified around the sensor. It can be

that of BABEEei ated that this nmethod may easily acconmodate
many sensor 108 configurations, sizes, shapes, etc.

y also. facilitate encapsul ating the sensors 108

SR oA SPieRE borph Bl S G038 By B8 By TR e atise o
void-filler paterial 112 to substantially surround or

the sengqgs, é%%uMate@aﬂf?W%a W gefapHanGereaysit dgtosmppprestablia

sensors 108. 10 o
response to shear energy. Therefore, shear energy incident on a low compliance material

may be coupled through the material, for example, to a sensor 108. It can be appreciated
t_hat solid materials are generally of a lower compliance than liquid materials, such as
kerosene. Ndnetheless, 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 cémpliance such that the level of shear noise coupled to the sensors 108 is below
the noise floor generated by ofher ambient si@ﬂs 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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[0033] The void-filler material 112 may be nade of any

suitable solid material that couples incident -

signals, such as acoustic signals, to the sensors 108

wi thout al so coupling excessive noise. Suitable

void-filler material s 112 may he essentially .

i WO3Mhr e S3pples o guiddhle solidmatshpls ifamyoid-Allep@ateripls |1 R ynay

i nconpressi ble material, for exanple, may undergo a

_ includerpolymets, sbdrayefor gxamplenpolymen gelsbjresstloded polyreing thpemioset

' pressure. Therefore, an essentially inconpressible

polym¥R] thefrhdpl suticipatyaiidra | phblcpolfiers, auplticconifoRsstuesins; Reo) Oft,
for exanple, due to acoustic waves, to the sensors 108

pdmgﬁan g ebﬁit n v &%%’An i egs ent ’%iﬁ? ?/Hllryﬁjg 0 %E%E?%Igﬁeé’ random

copotsi ot Bty Y RO PPROpEY SRR aigls Yaptfinlpe ol in voic
kerosene. [0034] A suitably conpljant material nay not

filler naafempald 1%»@&%%"5‘?3}8 C%WZ’HP“HB# %‘éy FgP“‘fF Wé?i)%'éfﬁ $ Bregared §f.0¥n
Materials with a | ow conpliance may not deform

isopregg ghearicadthylene prepd g butylacswrethanes, brigdieng aeryddtes, er
shear energy incident on a | ow conpliance materia

derivatigns dieudomphederdsh To deftaih embodineshitg voidf filler exgrgpingprist @ a
sensor 108. It can be appreciated that solid

thermdPMsBE rdber AlchidifNe e ds Yo f Bl dd gbRMET stERARIHIGRCRpblyaikss.
I'i quid materials, such as” kerosene. Nonethel ess, a

s@hhg void-fk ial. & '
rindl s By sohd cplIPMUHIp A3 112 My btgstatied
.. .coupled,t sensor.s 108 .is |.qw e h for e.. .
into s Gpes LohiEeika Rt ol O arEBNE et il i ato
. other applications., In certain enpbodinents, it may_ be
imporigphta mpisdas sirementiblisd 09 thef e pgeimally pondreuped asrljqamd-filled
112 with a conpliance such that the | evel of shear
streampo¢ablesoumaybeangtrobtiehto inchido tise sphid viol-fHidéronatetidld 13 @if dhee
fl oor generated by other anbient signals in the ocean
presendinveithar fobadyash thenghsin. that the solid void-filler material 112, or

constituent parts thereof, may be added to the streamer cable in at least a partially liquid
state. This allows the void filler material 112 to flow around the sensors and other
components. Void-ﬁﬁer material 112 may be introduced into either a new-design
streamer cable or a streamer cable configured as a liquid-filled streamer cable according
to various methods, for exémple, those set out below.

[0037] The void-filler material 112 or constituent parts thereof, may be
introduced into 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
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O her applications, however, favor a nore rigid, |ess
-conpliant void-filler material 112, even at the
expense of slightly increased noise. 11 [0035

Exanpl es of suitable solid naterials for void-filler

terials 11 i ncl ude ners, suc for
,crystalga %ﬁcblpg F%’éq e @cgssxqprqf ep e ] st@tg*; 9E%p%1ymcr see George
thernnset polyners t her nopl asti c pol ynmers,

v aatioh, HoRbOnbm v st Hopd dre) (17AE), which s
polyners may be honopol yners, copol yners, graft
incorpPatediidn bb refetencq plal warieus embadithents, the poldyfikdrIngieriArny 2

ot her pol yner topol ogy. Specific polynmers that may be

xnayb@ﬁﬁﬂebfhﬁﬁ&dﬁsdﬁk&hﬁ&iﬂgﬁﬁ&%@| 112, alone or in
nbi nat1 on nay i ncl'ude polyners prepared from

L@ﬂ eNeri; 1 bok 3 ﬂO‘%Elli]éH: 8 ro@ésg % fop Hs lu%sa v(fld—ﬁllcr
anes % ad I ene, acry tes or eriva
such nononers ain enbodlnents id-filler
mateﬂ@&%&rm@@ S&reafnﬁ@?%‘?éep fios%qcerdﬂ%fﬁe‘fﬂﬂpﬁ%%mfﬁ@%fs SEHhegessp
- hydrogenat ed styrenic bl ock copol yners. [00361 In
inventipgy A4 §tePEIB oetinstiferyt, pasts (of thevrpidtfitlpy naferiplak 1@rpay: bemixed
may be installed into streanmer cables 100 designed to
togethérn dhgcbendtireers phitdmup irblddel foeexamples thalcothp@uenkd of ssmaltis o
important to note that streamer cables 100 that were

compoﬁéﬁtg*bﬂﬂ bh&/o£ 2 BEl QHERE RS THeQdhstithédt peds mSY hR8MEdude one or
les may be retrofitted to include the solid

n r
wore P“?ﬁﬁ‘?*%’ Db AEnE AL, Brogd b Bt a%ﬂ?ﬁél?‘% I for BB,
mat er i onstitue parts of be
Plastw%aﬁea&d?%cke%egé <Rrebasier ey s B Pl €8 pomph ety
quid state, This allows the_void f|IIer mat er.i_a
densm i?zoraéww ik ekt eleokibr yetdsiillsranaiemal A 12 éntﬁ%}ﬁ@‘?&@ay
Void-filler material 112 maybe introduced into either
affect, fomamanpiss itherelasticita ete of tebioed-GHemmsterialabids Thglsonstituent
configured as a liquid-filled streamer cable according
parts may also include other additives including, for example, oil. In various

may.

embodiments, the mixture of constituent parts may be 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
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to various nethods, for exanple, those set out bel ow
[00371 The void-filler material 112 or constituent
parts thereof, may be introduced into the streamer
cable 100 in a liquid state and then cured to a solid
state. In various enbodinents, a void-filler_ materi al

reactiong betpggn pae elgReTeitheicanstifient parts. dp varoustesrhodingiss, the one
| east a portion of the material displays

or more bhsmaichlchaione srayi arpdsdinkt the nivdeaulasfof thelwic-fylst miterinkl 12.
solid. For a detailed discussion of the physica

In embdHidiedits @herd tROEIHBuentSRets GRRE BeateddiioMo bEfﬂgr;ﬁuque@ snt@khe
Polynerlzatlon 24- 33 (John Wley & Sons, Inc.

streamériBie 100 Ilrr% Pg Qﬁ e vels g&]ﬂhﬁ ik 09811 ﬁ?%ﬁen{ n

vari ous é mat eri a

e of nat ial.s other t han polyners [ 0038]

paﬂsm@%gﬂ&@sgapgawmg{- hart of a process flow 200 for

installing a, void- f|IIer material 112 into a streamner

JaMY 108 % SPPgIHRENIS CREBE TRa Bk BNPEmade gensitive to

present invention. At step 202, constituent parts of
moistutdvadvghet-enivirpementak faciors. RorZxamplse variove gonstidepat hats may

- The constituent parts may include, for exanple, the
react noR@RRAENEthohater thh ith theohenedistifueat parNWlsn ohlPebmall

concentrate. The constituent parts may al so include

amounP@ﬁa %terﬁ&[s@ml%r &Bﬁ!ﬂl&lﬂﬁaﬁ'xé Ydqgte@dRE Ex%xre Eﬁ&ﬁﬁj’( b¥ihe
fying agents may include, for exanple

constfl en%w@r&méd ,gggbs @8&%}4@8 éaréagﬂ s\wh%%armweafapa%’me

Irance
ver of the Ier terlal )
enviroRA PR E PG P S he ooty SHoplem ARG PRSErRr By

etc. of the void-filler naterlal 112 The consti tuent
- providisgratlargewporgis@raniiy] efeater srapsitiyg gpastifeat par tadflay, a eegtion

exanple, oil. In various enbodinents, the m xture of
with wetenst tht esvitonmzent as wel} ab eufficmnetkactions with the other constituent
parts in the curing reactions.

[0041] Figure 3 is a flowchart of an additional process flow 300 for installing

a void-filler material 112 into a streamer cable 100 according 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 retrofitted with a solid void-filler
material 112 according to the present invention.

[0042] At step 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

constifute 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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[00391 At step -204, the constituent parts may be
punped into the streaner cable 100. The constituent
parts may be in a liquid state to facilitate punping.
At step 206, the constituent parts nmaybe subjected to

curin erqgy.. ' ener may cause,. .t he :
50% of S e Tsai 114 BY ey Yk €6 Rt drmapisludg, for
favorabl e properties as a void-filler material 112,
exampleuml, ngitesnethersofieptsh and/ppproprdyrplodifying agpts fephmsdackiyfiers
energy, or light energy, such as ultraviolet Iight.
and plafiicgers. cAdditigese fmreygmpiey ol evdditived)endydrembotercioetheial
energy provided by introducing a reactive agent, or a

compatfBilgSwit K vDHl-Al&ThateRall N HANBLIT bUGI BRI S Exdbifles of oil
curing energy may cause, for exanple, one or nore

- additiv%sgfﬁ | ﬁ)@iude b h%?-?:gejﬂs A0k Qs%&ﬁ@ﬁze‘#brbglg;) so BB , n®f-51B8ns

tuent par n various e ne the one or

nor e, chem c react.ions .may crqss-|ink the nol ecul es
naphthengc ¢iff, a’%‘g]%"%?‘i IPYQP“?‘Fﬂfye?tf"é%eﬂ S G 1y enmbodi nents wher e

the constituent parts were heated prior to bein

MBEd iMtder Bt tha sieeamer ceblpped aditivemay g heatsd, hier

alternatively facilitated by cooling the constituent
examplpaabbse thietshlidifichtéosterparaturead bkeefinizd Goid - Bidet Ghat¢mal Va2 The

enbodi nents, curing reactions may be nade insensitive

solidifié@ion M&hSdrithfe StHe Obidchill@MiateHENE D dy Bethi GdnSperdtOre at which
exanple, vari ous constituent parts may react nore

the voi&ﬁﬁ?f‘ A.xwmtﬂz% ftiohl a:p?ef\fr&a M&ﬁd%%a‘?@%%ﬂ%& diGtiments,

8
parts. en onIy a sna anount of a water-sensitive

the hea,tl(ﬁ?‘gg&ltaig %% gl néopﬁa@%fledp% }r_rglgx%fsgne%télg tsﬁagaﬁ -teciaf;l% 184 a&éktltit%ergparts

i I ovi consune

re ion W.th ter or water yapor .jn, th .
of the vaiANGRERTE! 1 eatnd ghentrised Bl the gis gpkconssifugnt
probl em may be overcome by providing a |arge enough
parts, sepheastpumps ofeseRpeies, etreris jathiol sateshethi t uent parts to al |l ow
: a reaction
[0044} At step 306, gel concentrate may be introduced into the streamer cable.

In some embodiments, the gel concentrate majf be infroduced by connecting the streamer
cable 100 containing the additive to a reservoir containing the gel concentrate, for
example, by opening a valve. The gel concenfrate in the reservoir ﬁlay be in a liquid state
asa resultlof heating the reservoir above the solidiﬁcatidn temperature at step 304. The
- additive may be circulated through the streamer cable 100 and the reservoir until a

desired concentration of the gel concentrate is present in the streamer cable 100.

[0045] In other embodiments, gel concentrate may be infroduced 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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“wWith water in the environnent as well as sufficient
reactions with the other constituent parts in the
curing reactions. [0041] Figure 3 is a flowhart of an
addi ti onal process flow 300 for installing a

woverjatitimaly eemhers 1B or Bt drittes 146 L1, BEbiheads 106.

i nvention. Again, the streanmer cable 100 may be a

In somecsmbnskiments dalseaonomolsled capsiues os wihey shapgs abgeél concentrate may
liquid-filled streaner cable being retrofitted with a

be inchdbd th theisttedtndr cable dueibg its aditidlhRamdadue dgeandetdppreciated that
present invention. [0042] At step 302, an additive

upon tﬁ@}i%uﬁlﬂf@&dstfdafn@r tde SO0 ARVRIiERN Step @@4,hge_fﬁ§ncem:rate

additive may be any constituent part of t

ol B ARl TS O OB WA 13
ht E
now-1 it feseucrt e ie i Wﬁé&eﬁﬁ%ﬂ%@hﬂ% i oo
of the void-filler material 112 by me|? vol une,
uniforgy eonsiaaey rerasdinglp Petbpddenovmin th% a1 psladingfpr exganle, fluid
ot her solvents, and/or property nDdlfylng agents such

circuldi®nf agitatibnats and pl asticizers. Additives, for
exanple, oil additives, may be chosen for their

ﬂma} | biwhéry/a édited hcevihtibr islrthed@hesddtiveldnd @and
r overall density. Exanples of oil additives may

conceﬂt{:h% HQ? bE 'cllrelathr offRbhRe SMEHIHAP al SQYRIS. 281 c‘ﬁhhg mdySiftvolve,

par af t  efins naphthenlc ol I's, and/or other
_ tre
for engwgl ,Sﬁus c%ﬁfﬁg - ?netré)g or %@@&1 ag‘naﬁp c?%le 100 and
t he [ |CM|onte at ure .
de-ﬁﬁﬂéﬁg}ate%?gl belpy dhe ‘ld AP fepperaee Yfaﬁfﬁlfﬁm%wal

tenperature of the void-filler naterlal 112 may be the
112. tenperature at which

[0047] In order to facilitate maintenance of a streamer cable 100, void-filler
material 112 may be capable of transitioning from a solid s;tate to a liquid state on the
-application of energy. For ef&ample, the void-filler material 112 may bea thermoplastié
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 temperature of the void-

filler material 112 may be between 70° and 80° centigrade. Transitioning the void-filler
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the void-filler material 112 transitions to or froma

solid state. In various enbodi nents, the heating may

be acconplished by i mersing the streamer cable 100,

constituent parts of the void-filler material 112,

and equi pnent used to handl e the cable and constituent
materight S frompcieliddo plinpid mexeipsiijgp maintepance of thegtrpgpengablerl 00

bath [0044] At step 306, gel concentrate may be :
by alléwing aldtreabvalndfat tdast spordamef theabidfilled matealel 12.

enbodi nents, the gel concentrate may be introduced by

CRABF! | NHgtrb@ i§ h MR/FRALt of a?}@xags@@mﬁ Q00 BrPeNBrhing

additive to a reservoir containing the ge

maint&%ﬂ&eeég# %gt%&mefr %{ﬂﬁlg’i mﬁamg%/g x?r(g%'ﬁgfégfn%tea VB ac Eli&gﬂo

conce ein € reservol Iquid state
r.esul t

. as heating the reservqi.r .above the .
variowd gpiogiiRReR ofghe P Ao En okt SEB 0BT cngge mav e
~may be circulated through the streaner_cable 100 and
applied 4@ theggermer GablenkQ0) capsingehe veid-filin sarieriadd 13 e wansition from a
gel concentrate is present in the streamer cable 100.
solid th@Jip}d. | Forekhmplegifitocvord+filler npdriat d h2 s thetneoplasyic pelymer,
introduced into the streamer cable 100 by ot her

the enBBRSay dadfe BX RatufX e esidsiltcr Rterdl 13Dkd Bseddove a
concentrate may be included in the streaner cable 100.

idifl 8o Xrhptdatre Th A0S B didfenls t4RUE bty ShY 8BYhilied b
solidifigfiofrih IS1‘%4 or t%‘?"%ug ca@%’ﬁ 3 LS00 Ley o 0\51511 Y
. bul kheads 106. n S0l odi t i nj.gction_nol

placing BBl 10 BB ee g g Ko sl P fL e By Rt e

j nc) ud in the streane able during.its initia
now.-lwawt‘foa %@F’émaieflak §ay gﬁéi?aé‘é‘?dé%f@é‘“’cﬂ?gtﬁo%ﬁ’&ﬁtfﬁ’é“ cable
- heating of the streamer cable 100 and additive at ste
100. Bogmegaibodunerss theputer kil eletie steamar cable gnast reapapov

and/ or other solid capsul es or shapes nay |iquefy. The
prior tnapplyirguraisiieh coange Mhisahey otegiate ehaneedeo dandn the stth@ner cable

streanmer cable to a desired and/or
100 at step 404.

[0049] After the void-filler material 112 has been removed, a maintenance
‘operation may be 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 material 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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uni form consi stency according to nethods known in the -
art including, for exanple, fluid circulation, '
agitation, etc. [0046] Wen a desired concentration is
reached, the additive and gel concentrate may be
cured or otherwise solidified at step 308. The curing
8851} nv oAvwejd-fiflor meterialpl 12, withy bprropriiatg mobdity atslyenhance the
curing energy, or cooling the streamer cable 100 and
signals\edefivelditlyl tBE stieahest icathle 10@ bh etdiwsirdgRisollf thefvotRfill@mmaterial
temperature of the void-filler material 112. [0047]

112 is &%rl?rrrﬂ'&{ﬂg ?1| ls&‘éé:héﬂcﬁbﬁ: 0] ﬁéﬁﬁé{bﬁﬁt Aig @wﬁ%ésqﬁ?@s?oﬁs%tlbe

naterla 112 nay be capab e

forces {Dﬁ@ggfla(%\;) ég%l% nl}?le éﬁg Idble to {J_Zl 0t10 &}%Ledan%ttﬂé ow |

voi d- flller material 112 may_be a the nDpI C

vessel. Bylgesaves prePagaigddn @isERAmEL @Pf)ea %Odr%é%wgedtts the sensors
liquid state at a solidification tenperature. In

108, capsing ootse enthodiformation generasesl bydibe isersorsold)Stas mther aompencnts
may be chosen above the hi ghest expected operating,

A partibélacdticagier edbte S0Mmay éadiléapahapiopegaiontofdulpevesseonly at
cable 100. For exanple, the void-filler material 112

certain '}%&gu%‘j/%&ié ofrh& kbipeakied B H%"fﬁ@détrhﬁyedéﬁ@ﬁd’\@ﬁﬂleﬁﬁoblﬁ@daf

centlgrade I n"vari ous enbodlnents

the voiﬁ-(f’{lfeglnf e%‘%ﬂg g%?t%#éf: nﬂ{}%&lﬁgr 02 f}\lugu%ﬂa éu.)lse due to

and centlgr

Transitioni.ng . vaid-filler rial .112 frao

bulge vigzyep alaweammqaaﬁﬁb °F’§§i41 fuebitty B e s Gnag 112
streanmer cable 100 by allow ng the renoval of at

and thq elasdicity ohdeonisn shp 110I21 éU%ihét porc of thgequepey medes of the
[0048] Figure 4 is a flowhart of a process flow 400

streaméranablediOb dalivimiyin thesighafempenaes & tmesmnwed hydbt strehf@r cable
containing void-filler material 112 according to

100.

[0052] Wave transmission properties of the void-filler material 112 may be
considered to ensure effective coupling, for example, when the streamer cable 100 is used
in a high-frequency 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 may 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 matenial 112 may have an acoustic impedance

between 1 and 2 mega-Rayls or about 1.5 mega-Rayls.
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vari ous enbodi nents of the present invention. At step
402, transition energy may be applied to the streaner
cabl e 100, causing the void-filler material 112 to
transition froma solid to a liquid. For exanple, if
the void-filler material, 112 is,a thernpplastic
pl0PAL, | Thereidhllegpateay dauaay brehasery asPEtolo affeet the
void-filler material 112 to rise above a

densitgcinddhis thabirayant s wp heatrgrmer ¢able b0 & msgdierdesirable for a
transition energy may be applied by placing the

streamrfel EAAER00 fathive a IBRsifytoaghiotequaltte thdv af Seawhter,sd € med 4,
all or a portion of the nowliquid void-filler

eyl 5 i gl FSLO L BUPRE, Lol g e

in, 102.0f t st r eapmr,scabl e, m e renpved rior
cable {ff BedePe ik yol NG RETRL 10 MY 2 Bl SRS el eh o
need to drain the streaner ble 100 at step. 404.
seawafegyo Hofhaigasethe ydfenmetoriad | ﬁﬁ%ﬁé{h@&&ﬁéﬂ%@ depsity less than
renoved, a mmintenance operation may be performed on
that ofi sawster wamidee thabyerall density of tepstrgaier peliaiovwgblyagual to that of
operation may include, for exanple, fixing or
seawafegp recdrivgs ambodipenanthealensibheofSthe eaidefiller zddérial 10D mayrbe
sinply replacing the void-filler material 112. [0050]
‘manipl3tetly QhtsedaRQe i BNESunitsiE widiflg fibdsttRs Wil iHedoid fifler
maybe ‘chosen "with additional ‘properties to increase
| [ fQr:cuse _ - F
mateneslli fl A Lt@dr ek glg, 1{ 3% deb%}gf@ieﬁéfxﬂoﬁi ﬁﬁﬁ]e&%D@%%IﬁQ? IQIov\lgcvlgwered,

eaner cabl exanpl'e, ity

ransm ssi o ropertjes,. density sticity,.
then SEERRR T Bh e RGP e R e FRE Pieinbefisdh iyt iicrobeads or
' flashpoint, etc. of the void-filler material 112 may
foamspe optim zed to increase its useful ness. 17 [0051] A

void-filler material 112 with appropriate nobility may
efi¥ante tAleo, in various embodiments, a void-filler material 112 with a high

elasticity may be chosen. A void-filler material with a high elasticity may be more likely
to resume its original shape after being deformed by stress. Thus an elastic void-ﬁlicr
material 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 performﬁnce over an expected range of
operating temperatures. A typical streamer cable 100 may operate in 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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signals received by the streaner cable 100 by reducing
noise. If the void-filler material = 112 is overly
nobil e, the streamer cable 100 nay transmt bul ge
waves in response to forces incident on the streaner
) cable 100 due to the notion of the cable and the tow
signal gealip maypgl ginaimcasishngp Agandd i manbedgsaable to eldsise aoal-
may be coupled to the sensors 108, causing noise in
filler nidteial Al D mimtd mopgnereaiadn cinstantier aelragniod(Be stteanidnenble
conmponents. A particular streamer cable 100 nmay

100 tofr@fkihichatavd, RYehe BRBRIdOMBIEntdt SiQeMB¥ARrd Finye 8r even
certain frequency nodes. The frequencies of the nodes

oS O B 0 00
ARBER, o1 el hbedifens. TR E-RRE Sl s oyl et 12

) and the elasticity of the outer skin 102 such that

includgsgrigolynes, phoosingqianieyiahbifle an apprepeate styslinermelibEe 100
fall within the signal frequencies to be neasured by

temperahvee gnd glasseransigibh éempidtturd DOH 2jhade #s torgistamicygs Fonexample,
properties of the void-filler material 112 may be

a mateB@NG AR SbséOwRh AW pstaAlihesleititg teapahividabdvetheNaapite,
when the streaner cable 100 is used in a

cxpectEH Sk t]fr%ocl:‘ﬁ E4tRPBE fhE ggﬂf‘z?ﬁ?r cr%Ufehl @?fo%k&'&@%%% )(/;%neti grade,

survei | [Ffance. The voi er nmateri a

hosen .wi th acoustic.inpedance close to that. of -the.
and « AR HA PR P EiaC B IRRET o S8 pRerhiRe Pipelptice, for
sure of 4he ease with which acoustic energy may
exmmpgf%ﬁ%é%@§¥afhrough a material. Choosing the
void-filler material 112 with acoustic inpedance
d08FTlar focertai enppodimenis e efeconsisiencymgy alise beephanced by
greater percentage of high frequency acoustic energy
choosinge ivaigdrfillep matdrial $12 edther retraively shll doofffatent ofipblachetric
the sensors 108 rather than reflected. Accordingly,
thermal BEaviSio- ot EAaeipl SRS tHanl0. 36D el BYproa Y tBdaC Bl §dh6
i npedance
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 bé 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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. between | and 2 nega-Rayls or about 1.5 nega-Rayls. 18
[0053] The void-filler material 112 nay be chosen with
a density to.affect the density, and thus the
buoyancy, of the streaner cable 100. It may be
' desirable for a _streamer cable 100 to have a denS|t¥
flashppigg Ry & rantigrade Hahowrspegal peeepmogatipnsn dii ugh, it may be
buoyancy, to facilitate operation at various depths.
desirable ty gshdayathevdddilive mtagsrial he2 sithedimshpostdlioae 7100centigrade. In
absent the void-filler material 112, may have a

variou@effiot indit€ dlievoit Faler haddriabf 12 ﬁﬁg\\h@treeﬁ fladhipoidt @t beragen 77°
the void-filler material 112 may be chosen with a

andlgﬁQ§h$%ah@ss than that of seawater to nake the
overa density of the streanmer cable roughly equal to

t f us enb i men he de S|ty
ol tERE  OF B b b S BRE L SER b GhsEresy
edding solid filler units of varying densities
'aspecwz?‘ ﬁf}erwwové?lemt e éplew%ﬁf%ﬂdlmf the-gpvepYemp etais f
the density of the void-filler material 112 is to be
aspects ofiheduyentioh dpat fyduldbe apparent ip these ef erdingey skill gmthe art and
densities my be enbedded, such as m crobeads or
that, theefose, Wollibddt fAtilitte a better undetStapdibg df theriheentian, such as for
void-filler material 112 with a high elasticity may

exampl€, @ﬁ@ﬁﬁ@ac&svﬁnﬁe&bﬂsl &t ARt Rhdrdbmpbhdht@oPétiBmer cables, have
el'asticity may be nore likely to resune its original

not be%H ﬁga%ef-ﬁﬁ & orig t{&%nﬂﬁlﬁ@f tﬁ% greQé’nt %E&:%?yﬁon.-rﬁﬁoﬁ%m %ﬁ‘é&lﬁl‘énts
o SR S S B LB SR S 300 AR e

void-filler material 112 may be chosen with properties
consideRgg thederpprme dasenriione Earpenige Hiapmany pwdilyegipas &xcxarigfions
per formance over an expected range of
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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operating tenperatures. A typical streamer cable 100
may operate in anbient water tenperatures between -5
and 40 centigrade, and may be stored and handled in
tenperatures between -20 centigrade and 60 centi grade.
It can be appreciated that should the conpliance,
conpressibility, nobility, etc. of the void-filler 112
change, 19 signal quality may not remain consistent.
As such, it may be desirable to choose a void- filler
material 112 whose proper@'e Lemai n constant, or at
| east all ow the streamner 100 to remain
operative, over the expected anbient water tenperature
What #Jaimegriseven over the entire expected storage and
handl i ng tenperature range. [0056] In certain
enbodi manhethodl dér frypariigea whaiudrivableptainpiidihgr mat eri al
112 includes a polyner, choosing a material with an

appr opr L Alfintl Y hbalrbader Gld JWL}E a SofIRBRENECm A WARTein-the

transition tenperature may enhance 1ts consistency-

For exanple, a_.materi al . osen with .
streaiey EAF WS FOPERHG, Bopfor MG 0SEATHE Fifegpd Wherein the
expected operating tenperature of the streaner cable '

retrofiing ¢ampraseanpl e 60 centigrade, and a gl ass
transition tenperature bel ow the | owest expecting

oper at i igroti@ETRE aatoid-Eillef Blaterfd 3! the stréfinéredible) watdeein the void-
[0057] In certain enbodi nents, output consistency may

. J . oosing a void-filler materi al
ﬁlleﬁgt%%gf]ﬁ?lgg;?@ﬁgﬁt@é E§/‘I%sqrml | coefficient of volunetric
t hermal expansion, .for exanple |less than 0.002 per
degr ee QHBHIG e aa&-ﬁfl‘?r rgafepa f@r?o%ﬁadr%ﬂﬁs, t he
coefficient of volunetric thermal expansion of the
vo2.d- f i Themettmideoficddim 1, 12herainbibeGetdOfiting fudbgreemprises removing
centigrade. It can be appreciated that excessive
a liqGia3AUR FillePmaterial from the streamer cable.
3. The method as claimed in claims 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 hi 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.
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the void-filler material's 112 vol une may cause
unwant ed changes i n buoyancy. Therefore, it nmay be
desirable to select a void-filler material 112 with a
l'ow coefficient of volunetric thermal expansion.
[0058] The flashpoint of the void filler material 112
may affect how the gel can be shipped. Sone shi ppi ng
conmpani es and/ or regul atory bodi es require speci al
acconmodat i ons, and additi onal expense, to ship

makeri a | hpoi below a certai.n .

¢ hesnorie Moot OBRLE b8 e her S e aeqpt i ot Least one

n&tq.s.hilp a maéeri al with a_ 20 flashpoint bel ow 77
of a plasticigers a dackifitiotnd & prosslinking agambodat i ons. As such, it

may be desirable to choose the void-filler material

112. wi t Whe nidtlashgos! aimeabinvany7ohecehilaigisalde 6, wher¢ar theustrofitting

enbodi ments, the void-filler material 112 nay have a
mﬁﬂek%ﬁpggégt_ of between 77 and 150 centigrade. _ [0059]

IS to be understood that the present description

t.

il]lustrates,thqgse spects of the.inv j on rel.evan )

t o RE ARG, o PR oRe harts ST EoiE ol Tl ARG heating the
aspects of the invention that woul d be apparent to

compigalden.of ordinary skill in the art and that,
therefore, would not facilitate a better understanding

of 8.t he Thevartliodnas skiedsn fa@y orRXefBlatins Mafd PUsvherein the curing
spacers, connectors, etc. and other conponents of

comﬁiﬁsreﬁl%. @siﬁ@e%id—ﬁﬂgﬁgg&% gffl?%}g% ted in order to

st npli e present SCri hough enbodi nent s
of ,the present jinyention have been descri bed, one_of .
ord nar@’esmeawdi H¥t°ﬂaémagt qrein &’ﬁoﬂghtc%gﬂéiqm@qeﬁéﬂtmvmlet
foregoi ng description, recognize that many
encrgppdi fi cati ons and variations of the invention may be
enpl oyed. Al such variations and nodifications of the
16.  The method as claimed in any one of claims 1 to 9, wherein the curing
comprises heating the void-filler material.
11. The method as claimed in any one of claims 1 to 10, wherein the curing
comprises cooling the void-filler material.

12. The method as claimed in any one of claims 1 to 11, wherein the curing

comprises crosslinking the void-filler material.
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invention are intended to be covered by the foregoing
.description and the following clains. 21 CLAIMS Wat
is clained is: 1. A nethod for preparing a streamer
cable, conprising: retrofitting the streaner cable
with a solid void-filler material, wherein-the
streaner cable was configured as a liquid-filled
streamer cable, and wherein the retrofitting
conprises: introducing a void-filler material into the

strea cabl.e.. wherein.the void- filler terial is .
18T D Bfog BRIt FnY ot St 1 P nlhaapffhe curing
to a solid state. 2. The nethod of claim1l1, wherein
compHgesiprpdiGing p mepctive agent te Bepraid-&dler mstsriabg a i quid

void-filler material fromthe streaner cable. 3. The

mef4od Asstehaieresble gomipaikimg: 1 or 2, wherein the
. streaner cable conprises at |east one sensor. 4. The
methegiePlkin! @i m 3, wherein the at |east one sensor

conprises a hydrophone and the void-filler materi al

gt 206 s Bttt Rdb P SN (o 4. vier oi
the retrofitting further conprises introducing a
pr asekid yoitbfilles materiag @nsitibmcggetmes theanter skimbane] the2at least one
sensor, whefein the void-filler material is coupled to the at least one sensor.
15.  The streamer cable of claim 14, wherein the 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 as claimed in ahy one 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.
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6. The nethod of claim5, wherein the property

nodi fying agent is at |east one of a plasticizer, a
tackifier, and a crosslinking agent. 7. The nethod as
claimed irn any one of clains 1 to 6, wherein the
retrofitting { further conprises: mxing a

conbi nation of constituent parts of a void-filler

mat eri al; and heating the conbination. 8. The nethod
as clainmed in any one of clainms 1 to 7, mherein the

TR A Tt e

i ght energy nprises ultraviolet energy. 10, The
leastrﬂaew&asqgs é%ﬁgmad thtrapsynip aeleast anefpn cledtned signabped an optical
the curing conprises heating the void-filler
signatat erial . 11. The method as clained in any one of
claims 1 to 10, wherein the curing conprises cooling

theg voi ght 'sﬁbﬁﬁeﬂ‘@ib% hs”‘l:lalrﬁg\% o By %ﬁﬁ e 1ams Al Wikrein the

any one of clalins erel’n the curing

es .Cros |nk oi d- flIIer ial, 23 -
void ER el 5l i SEtasteel 5&%% R b getbie st &t Jeaptone semsor.
12, wherein the curing conprises introducing a
reddt | vEhegeermerccableay oiatmed in any one of ickdims 14. tof21, wherein the
streaner cabl e conpri sing:
void-filler material is in physical contact with both an active surface of the at least one

sensor and the outer skin.

23.  The streamer cable as claimed in any one of claims 14 to 22, wherein the _
void-filler material has a density lower than the density of seawater.

24, The streamer cable as claimed in any one of claims 14 to 23, wherein the
streamer cable has a density essentially equal to the density of seawater.

25.  The streamer cable as claimed in any one of claims 14 to 24, wherein the
streamer cable additionally comprises embedded filler units for affecting the dénsity of the
void-filler material..

26.  The streamer cable as claimed in any one of claims 14 to 25, wherein the

void-filler material is essentially incompressible.
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} an outer skin; at |east one sensor positioned
within the outer skin; and a solid void-filler
mat eri al positioned between the outer skin and the at
| east one sensor, wherein the void-filler material is
coupled to the at |east one sensor. 15. The streaner
cable of claim 14, wherein the at | east one sensor is
at least one of a directional sensor, a tenperature
sensor a hydrophone and a magnetic sensor. 16. The
amer,.cabl e as alne ¢lainms 14 or 15, where
theTar TS creamer o ﬁé‘ér"‘ijaé&‘?ﬂ APy opeseinalaims it it 26 rherein the
_at_about the center axis of the streaner cable. 17.
voidtfilersmeteaiak hasalsbeffigient b ivakundtric slngrmmb expdnsidnaliess thhd 0.002 per
to 16, wherein the at |east one sensor conprises a
degreenemigradsi tioned off the center axis of the streaner
cable 18. The streanmer cable as clainmed in any one of

kB voi d-fill .
Ieast p-;I?l Fi |S%eﬁlée%ncg%§%:ala§m§d tHETR O (Elmg}?eis{&%ég’rwherem the
The streanmer cable as clained in any one of clains
Voldléﬂ?fomi@ﬂa & aepctiient phvalumstrie thermab cxpansion of about 0.001 per
encapsul ates the at | east one sensor. 24 20. The
degre¢ centipradscabl e as claimed in any one of clains 14 to
19, wherein the at |east one sensor is configured to

tragsm tl“hétstrle@rﬁélt ca‘?ﬂ‘@ aQElaﬁﬁe@ b Ghy 'oﬁ@loﬁ:‘l:ﬁﬁﬁl I@{bd%@ Nwherein the

optical signal. he streamer” cable as claine
kS R o B S S gt

actjve %‘ig fs?r%ﬁmglfr ctalr)]lg gft' c{a(ieﬂal859,o€v%erse(ie1? il?é 'void-filler material has a
flashpoint between 77° centigrade and 150° centigrade.

31. The streamer cable as claimed in any one of claiﬁs 14 to 30, wherein the
void-filler material has acoustic impedance of between 1.0 mega-Rayl and 2.0 mega-
Rayls.

32.  The streamer cable of claim 31, wherein the void-filler material has
acoustic impedance of about 1.5 mega-Rayls.

33. The streamer cablé as claimed in any one of claims 14 to 32, wherein the
- strearmer cable is operative at temperatures between -20° centigrade and 60° centigrade.

34. The streamer cable as claimed in any one of claims 14 to 33, whercin the

streamer cable is operative at temperatures between -5° centigrade and 40° centigrade.
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22. The streamer cable as clained in any one of clains
14 to 21, wherein the void-filler material is in
physi cal contact with both an active surface of the at
| east one sensor and the outer skin. 23. The streaner
cable as clainmed in any one of clains 14 to 22,
wherein the void-filler material has a density | ower
than the density of seawater. 24. The streaner cable
as clainmed in any one of clains 14 to 23, wherein the

st reane l.e has_ ensi-ty.,essential |ly,equ 0,k he .
cdenS ty TBF el St 55 Mhipka 37 380 (b oL@ FBNLs Lf 3hrperein the
.in_.any one of clains 14 to 24, wherein the streaner
VOldcféB@femaf@aaw%mﬂeyamiﬁﬁn@rses enbedded filler units for
affecting the density of the wvoid-filler material.
26.36The Ter stsvaater cablecofadlaith 3i5imhetdin aly pohyen@f cothmiises a multi-
14 to 25, wherein the void-filler material is
comBeR&@Rtédh ! y inconpressible. 25 27. The streaner cable
as clained i'n any one of clains 14 to 26, wherein the

void-filler material, h a cqefficient, of volunetric
bl S URaGh chle STslain 45 otbSisu theqpely @it 1 brepared from at
centigrade. 28. The streaner cable as clainmed in any
leastopre of apligenrenas styrep, anteshdere, tshpropyling, iliutyene, a urethane, a
' mat eri al -has a coefficient of volunetric therml

butadicpangidem afylafeout 0. 001 per degree centigrade. 29.
The streamer cable as clainmed in any one of clains 14

80 S0 e 0 A B8y comories «
plasticizer.

39.  The streamer cable of claim 35, wherein the polymer comprises a tackiﬁer..

40.  The streamer cable of claim 35, wherein the polymer comprises a

thermoplastic polymer. |

41. The streamer cable of claim 40, wherein the thermoplasﬁc polymer

transitions between a solid state and a liquid state at a solidification temperature in the

range of 60° centigrade to 100° centigrade.
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30. The streamer cable of claim?29, wherein the

void-filler material has a flashpoint between 77

centi grade and 150 centigrade. 31. The streaner cable

as clainmed in any one of clains 14 to 30, wherein the
void-filler material has acoustic inpedance of between

1.0 nega-Rayl and 2.0 nega- Rayls. 32. The streaner

cable of claim 31, wherein the void-filler materi al

has acoustic inpedance of about 1.5 nega-Rayls. 33. ‘

i | . e
;roﬁ%gf r%geaﬁ?éi’ cﬁbl%sof%llzﬁ.nf'ff (%}Bﬁrgﬂi)fg@ ggig?getr%\(?g{pg?eslé thermose

I'n the “streane

t enperatures between -20 centigrade and 60 centi grade.
POlyBIEL. The streamer cable as clained in any one of clains

14 to 33, wherein the streanmer cable is operative at

t efiper alhe efrebmeneeable Sofc eldiing 340 ewherdind Ghe epoliygreadeomprises a

26 35. The streaner cable as clained in any one of
phot6pdliyier.14 to 34, wherein the void-filler material

canprises a polyner. 36. The streaner cable of claim

ot AhOnhd PRl L8RS ERE, RibbisingeT ol ne

pol yner is prepared fromat |east one of an isoprene,
a Wipdusiag aggdditvg irtadhe sireamegipeblee, a butyl ene, a
uret hane, a butadiene, and an acrylate. 38. The '
st intredecing algebcamfcentratieimtdShe wieanedrcablee apd! yer

conprises a plasticizer. '
solidifying the gel concentrate and the additive.

45.  The method of claim 44, wherein introducing the gel concentrate comprises
circulating the additive through a reservoir containing the gel concentrate.

46.  The method as claimed in any one of claims 44 to 45, wherein introducing
the gel conceﬁtrate comprises introducing an extruded strand of the gel concentrate into
the streamer cable.

47.  The method of claim 46, wherein the extruded strand is woven into a

strength member.
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39. The streaner cable of claim35, wherein the
polymer conprises a tackifier. 40. The streaner cable
of claim 35, wherein the polyner conprises a

t hernopl astic polymer. 41. The streaner cable of claim
40, wherein the thernoplastic polyner transitions
between a solid state and a liquid state at a
solidification tenperature in the range of 60
centigrade to 100 centigrade. 27 42. The streamer

cabige OfTHel metiodas cTRER iR ahf &nb QO Hs U477 Shefein introducing
thernoset polyner. 43. The streaner cable of ‘claim

I
B e T I A

.. C ri sing: introducing an additive into the streaner
mtoéﬁ%&é?an?‘ﬁtcﬁw&uci ng a gel concentrate into the streaner
cable; and solidifying the gel concentrate and the
addbt i vdhedbethddies chiithed iminy bad of dMimyW4neid8, wherein the additive
i ntroduci ng the gel concentrate conprises circulating

isaf)ﬁﬁeﬁﬁ%ddiﬁﬁn%gg&iﬂgh a reservoir containing the gel

concentrate. The met hod as claimed in any one of
| 30, e 25 By DGR oot b st i ot e
one oFa plhstickoer and & tackifier. | e Streamer cable.
51.  The method as claimed in any one of claims 44 to 50, wherein the additive
is an oil.
52. The method as claimed in any one of claims 44 to 51, further comprising
heating the additive and the gel concentrate. |
53.  The method of claim 52, wherein the heating comprises immersing the
streamer cable in a hot water bath.
54. A method of performing maintenance on a streamer cable, comprising:
changing the state of a void-filler material within the streamer cable from ﬁsoiid

state to a liquid state; and

removing a portion of the void-filler material from the streamer cable.
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47. The nethod of claim46, wherein the extruded
strand is woven into a strength nenber. 28 48. The
net hod as clainmed in any one of clains 44 to 47,
wherein introducing the gel concentrate conprises

i ntroduci ng injection-nol ded shapes of the ge
concentrate into the streaner cable. 49. The net hod
as clainmed in any one of clains 44 to 48, wherein the
additive is a property nodi fying agent. 50. The

oot 1 dhin b fF c®EE PR Pl ighehgRe slate 67 the voia-filer

tackifier. 51. The nethod as clained in any one of

matcg]ah comprides heaog thetwieamer edfdeadditive is an oil. 52.
The nmethod as clained in any one of clainms 44 to 51, 7
f usbher Thormethed ng clhgatisngvlidreinathedi héav@gagshmprises Jedmersing the
concentrate. 53. The nethod of claim52, wherein the ‘

streaﬁget}tchﬂgiﬁgmm&gyam;ersi ng the streaner cable in a

wat er bat h. met hod -of perform ng mai ntenance

A PN T —

froma solid state to a liquid state; and renoving a
peﬁ@nig?i@miggtenme\ﬂﬁemﬁom dncthe greanéerdable.om t he streaner
Ca58. | The method as claimed in any one of claims 54 to 57, further comprising
removing an outer skin of the streamer cable.
59. A method of preparing a streamer cable, comprising:
intrqducing a void-filler material into a streamer cable, wherein the void-filler
- material is in a liquid state; and
éuring the void-filler material to a solid stéte.
60.  The method of claim 59, wherein the streamer cable comprises at least one
sensor.

61.  The method as claimed in any one of claims 59 or 60, wherein the streamer

cable comprises a hydrophone and the void-filler material is coupled to the hydrophone.
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55. The nethod of claimb54, wherein the changing the

state of the void-filler nmaterial conprises heating

t he streanmer cable. 56. The nethod of clai m55,

wherein the heating conprises inmrersing the streaner

cable in a hot water bath. 57. The nmethod as cl ai ned

in any one of clains 54 to 56, further conprising

perform ng a nmai ntenance operation on the streaner

cable. 58. The nethod as clained in any one of clains

54 600 SthelEhB§ s %qu_%g gh Qi%y n%r@fvél&%‘saf? PYbEr i&ﬁ’lgie? comprising

of the streaner cab . rr({at hod of preparih

o GBS SSRGS o & 111

void-filler wmaterial is in a liquid state; and curing
t hé3voi dheinrdthed aneleimed int anysonsodf eaisasai®to 6. wikivein the property
nmet hod of claim59, wherein the streaner cable

modeRinY dgasisal 1daeB6ie SMEPlagRNISa] a tRkificFhdPéedinkng agent.
claimed in any one of clainms 59 or 60, wherein the

St pganed., j r D
Vol BTt 1T R S UblcS T3 ot UG O BRRRE S A5 rher conpyising
62. .-The nethad as clained in any one of _clains 59 t )
61X AHROMBBHY %111 GRystifueat B%&?%V@ldpﬁ dpgtgrial; and heating the
nodi fyi ng agent into the streaner cable. 63. The

combmatioml as clai med in any one of clains 59 to 62,
wherein the property nodifying agent is at |east one

_ g; g%t P' THE GBS as BlatBEKid bRy ondM Raifis 9840 HKi Wherein the curing
comprises exposing the void-filler material to light energy.
66. The method of claim 65, wherein the light energy comprises ultraviolet
energy.
67. The method as claimed in any one of claims 59 to 66, wherein the curing
comprises heating the void- filler material.

68.  The method as claimed in any one of claims 59 to 67, wherein the curing

comprises cooling the void- filler material.
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64. The nethod as clainmed in any one of clainms 59 to

63, further conprising: mxing a conbination of

constituent parts of a void-filler material; and

heating the conbination. 65. The nmethod as clainmed in

any one of clainms 59 to 64, wherein the curing

conprises exposing the void-filler material to |ight

energy. 66. The nethod of claim65, wherein the |ight

energy conprises ultraviolet energy. 67. The nethod

as gl ai ' 2 of; .cl ains 59 to 66 ei n the .

cuhg T8 B % Hlp i Ay gl Ity 59 1 BB cRgtelt e curing

68. The thod, as clainmed in any one of clainms 59 to
Com@??es\/%%ﬁsgephmgﬁ}ée veidrinlder ragemial ses cooling the voi d-

filler material. 31 69. The nethod as clainmed in any

- oné0of dhaimethdd as eldifed ihengionetdfeclaiursi 5 to 69nwhereAsthe curing

crosslinking the void-filler material. 70. The nethod
compisdslifl-oRRingla AR PO Soh t& 1R VTRd-Fet afiRialWer € n the

curing -conprises intfoducling a reactive agent to the

void-filler material. 32
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