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WD 20041028892 PCT/ GB2003/ 004191 1 UNDERWATER
ENCLOSURE APPARATUS AND METHOD FOR CONSTRUCTI NG THE
SAME Technical Field of the Invention 5 The present
invention relates to an encl osure appar at us,
especially for providing buoyancy to underwater

Wosh ions, and to a nethod for constructing the
sarrte@hbl'sﬁ;e2I apparatus finds use in ar angeLﬂ’gjizr)(mgo“‘”/004191
underwat er applications, in particular for providing
buoyancy to underwater strudtures and installations
enployed in the exploration and production of oil and
dﬁDE%WéTEW PARSG UseANI3 & THIOTUROR ORABSERUCTING
| ocations to 10 house eqpipPYEfy Sensitive to
hydrostatic pressure or intolerant of an underwater
envi ronnent. Background of the Invention Many

under wat er operatiQﬁ&naggﬁm%gmkmgﬂg§g of devices to
provide buo 15 subsurface structures and
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devbesstt 0 be incorporated into their design and
construction. Still Rather applications for
under wat er buoyancy i ncl ude suspended noorings, in

whi ch nooring |inesyand, 08 ASmaLRe, hel d out of
contact with critical subsurface ui pnrent, such as
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A variety of materials are known for use as the buoyancy providing medium in the
aforementioned buoyancy devices. Polyurethane foam, having closed cells, is used to
prepare buoys for light load applications in surface or shallow water uses. Capolymer
polyvinyl chloride foam is also employed as the buoyaney medium in such devices as
buoys. A third class of material used as the buoyancy providing medium is syntactic foam.
Syntactic foam has found the most widespread commercial use as the buoyancy providing

mediwm in buoyancy devices, in particular in deep water applications.
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WD 2004/ 028892 2 PCT/ GB2003/004191 Syntactic foamis
a termused to refer to a range of foamnmaterials, al
of which conprise a polyner resin | oaded with holl ow
m crospheres. The m crospheres serve to reduce the
overal |l density of the polyner resin and provide t he

REF RS buoyancy of the foam materi al
pr ope@ﬁ%"s of the syntactic foam may be rrop&inché'H”’B‘ﬂ?“”

varying the 5 conposition of the polynmer resin and by
varying the size and nunber 2of nicrospheres
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stall ] t he syntactic foam huoyancy devi ce.
of IEhe overall nge of the foa)lln unit and 1t is not possible ¥o easily cast the larger units

required in certain underwater operations. This again adds to the complexity, time and
cost of constructing and installing the syntactic foam buoyancy device.

Perhaps more importantly, the complexity and cost of deploying syntactic foam at
depth increases dramatically as the depth of the installation increases. In order to provide

the syntactic foam with the necessary rigidity to withstand the very high hydrostatic
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30 Perhaps nore inportantly, the conplexity and cost
of deploying syntactic foamat depth increases
dramatically as the depth of the installation
increases. In order to provide the syntactic foam
with the necessary rigidity to withstand the very high
c WD 20041028892 PCT/ GB2003/ 004191
g%gégﬁégéﬂat depth, the density of the fodh'ffet03pE!!
increased. An increase in foamdensity is achieved by
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circumferential holes. In a further alternative, a series of resin rings are employed, which
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materials indicated in US 3,598, 275 are syntactic
foans or other resin matrices and fillers. 30

Al ternatively, US 3,598, 275 suggests form ng the core
in the cylindrical portion of the construction froma
series of resin rings, spaced apart so as to | eave a

%ﬁ{%ﬁ&n@%z circunferential holes. In a further _
alternative, a series of resin rings are &fpl@yegro411
whi ch WD 2004/ 028892 4 PCT/ GB2003/ 004191 abut one
another, with each ring being formed with a

sem circul ar recess on each side. In these
abvtangewthat, with tdek ricpbedngtated ivith 2 kelivieelr teb@s dmnéaet siden dn

f the do ends. is LN nt.act.i c
b el ok SRR SR B8 s Sl ARG DR B B
Wi ageiasyswtic ewept ance in the art - 5 and currently the
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roberks ixfscensabetsnidnesdiegly. thees inarogd for amarprepd begyricy
bRRmkABE voids@E MO RBhes d0nAIPRAM DHhtadtd SodnVREL | ON
According to a first aspect, the present invention
EF@WL@%S an apparatus for providing an enclosure in
| ocati ons of elevated pressure, the apparatus

conprising: an inner, housi onpri sing an inner
housi ng body and tmém%%%%§£%§i¥£5¥¥ housi ng 15 ends;
an oucesrding wed firg ag@Bpihe Siestgt idvtnid Révidio s ipperabiody and
WO. .0DPOS| outer . housi ng.ends; the inner housing
o RP s B ai i B S PR is b Lo UE ForPP e

i nneran amek howsing compmising imigsr Ihefiigtiodgma tweappesing innerchoiding
Lhgrebetween; and 20 a structural filler within the
cavity extendi ng between the outer housing and the

i nnerb RYEFIOEIE comerisne aneuigr kpusifig badp enddwmopposing gutar

Rlushgbdat.y of spaced apart structural members for
transferring stress between spaced apart regi ons of

t he ifisrieer kaysipgbainastisppsed fullyytildin thenuter hepsing, the inner and outer

EREHSSLORMN MnSDACRSy ARADEWESILANS Of the outer
surface of the inner  housing, the structural nenbers

occupyFygre! dler it theerviy Gfenfipgbsiwten the ogter baveing ard thy
iZber QOE1NG) tROstuiaNEI1es Edmyeiidg @blufatilylo€paced apart structural

members for transferring stress between spaced apart regions of the inner surface of the

outer housing to corresponding spaced apart regions of the outer surface of the inner
housing, the structural members occupying less than 60 % of the volume of the cavity
occupied by the stroctural filler.

The apparatus according to the first aspect of the invention represents an improved
means of providing buoyancy, capable of operation at depths greater than those feasible or
economic for known devices, such as syntactic foam-based buoyancy units. The
arrangement of concentric shells, combined with a low density siructural filler extending
between the two shells allows the very high stresses applied by the hydrostatic pressure at

depth to be dissipated effectively within a very pressure-resistant structure. By ensuring



10

15

20

25

30

The apparatus according to the first aspect of the
i nvention represents an inproved neans of providing
buoyancy, capabl e of operation at depths greater than
t hose feasible or econom c for known devices, such as
syntactic foam based buoyancy units. The arrangenent
ric shells, conbined with a | ow [
g%%%@?%@a filler extendlng 30 between tﬁgﬁ?%g%xngTs
all ows the very high stresses applied by the
hydrostatic pressure at depth to be dissipated

effectively wwthin a very pressure-resistant
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BPPAkiAL bSinfe QiR CORRRLMEE dnPlbarh BGLRRSEH ISR Eh% caVify afd

further aspect, the present invention provides an
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foam bonds to the surfaces ‘of the inmer and outer shells, obviating the need for an

adhesive.
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25 a structural filler, the conponents of which are
applied to the annular cavity, for exanple by pouring
or injection. Once applied, the foam expands in situ
to fill the cavity and provide a structural bridge
between the inner shell and the outer shel

e epoxy foam exhibits higher stren
ﬁﬁgﬁ&%%$£5|stance to shear and an |ncreas§§T%@ﬁEWF§”‘

conpared with conventionally applied foans. Expandabl e
foam does not require a 30 W owi ng agent to create the
foam structure, unlike other foam materials. The
expandasirdng ﬁ)@efmlbmp@t ¢fdhetpivgers inveraiveshof ispheidedaer
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housi Qo ByusaRdotiWRin@ BR Sk MSusi 3 tely HAUWSH HosnLRRs: an
gﬁter housi ng conprising an outer housing body and two

i out er  housing ends; the inner housing being
di spothe thnbitHohyingMein idﬁpdsl%tﬁfuﬂjdﬁ/ﬁlﬁm 10 Wbt Kdusihd) ErelikHRLIARBE:

ut er us n_annul ar cavity

%ﬁ%%ggﬁﬁg %%WEETKQ%PE? PEERAY filler within the
c avi t :ystmxmfahﬂilan githia thweeritytchiendng tefweROhs bintgr idbdnd A8 the

ner u structural filler conprjsing.a
ol Mokl R b PR A
T%emma@w@f a continuous, substantially void-free

resi nﬂié%s@&%%@ntﬁﬁo& sﬁgsncalfﬁlﬂﬂf"v% d-f{'éeltrflsglle ) %le%\sl\g’ strucverl ¥lller

strong, pressure- resi st ant appara ro
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SRIBL A Syl Y St oM Bl ol o
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ﬂ'lh%rabbfrcmmpmﬂem sofid lﬁll@"nn an amount of from 10 to 90% by weight, more
preferably from 20 to 60% by weight.

According to a firther aspect, the present invention provides an apparatus for
providing an enclosure in locations of elevated pressure, the apparatus comprising:

an inner housing comprising an inner housing body and two opposing inmer housing
ends;

an outer housing comprising an outer housing body and two opposing outer
housing ends;

the inner housing being disposed fully within the outer housing, the inner and outer

housings defining an annular cavity therebetween; and
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preferably conprises a solid filler in an anmount of
from10 to 90% by weight, nore preferably from20 to
60% by wei ght. 25 According to a further aspect, the
present invention provides an apparatus for providing
an enclosure in locations of elevated pressure, the

ﬂﬂp%ﬁ Mﬁ conpr|S|ng an i nner hou3|ng Coqﬂﬁkﬁbagmﬁun

i nner housing body and two opposing inner "housing
ends; an outer housing conprising an outer hOUSIng
body and two opposing outer 7 30 housi ng ends; the

i nner housi ng bei ng disposed fully within the out er
housi ﬁ@tm@tﬂﬁ@%iﬂﬁfrtel?hﬂathﬁca@w efending pabweeg $hechufenvusigs andl the
aﬂﬂyhakm%aV|ty t her ebet ween; and WO 2004/ 028892

PCT/ GB2003/ 004191 7 a structural filler within the
cavi t ¥ 1636t ¥K AT thg IHEthREEE o He oWatwrsipheiisderman fompsdibre-

| IR cel @G Gmpading a%&&htp&fﬁb% eitéh%nig rﬂ@l%ﬂﬁ%teﬂﬁc@& the

the 0 ho being fornmed froma fib .

r 8?%?@?5@&5 Hfgt??t ﬂ&tﬂﬁﬁ?ﬁh&bﬁgxfﬁn%t&ﬁt 3t ol oéfromllérte §5°to the

emm&mﬁnﬂgmhehh@thymMAth respect to the 5 | ongitudinal

axi s a each .fibre e

gl e 5pe PSRE BHE 5! Bt S bP R GHGS ddo At DSt used

tth ecifppatha thets. Hmﬁrhﬂh@ﬁ@y@mymgeﬁ% @dtentt Iﬁ&haﬂly Mth redpdct
U 98, 27 se

BB R EE b gt s e ¥ Pl Rt ment docs

awot Hﬂ‘gé@adﬁwa’@xtmcﬂ‘tadwaﬁ%;es widtided iretbpapbratut @s 4 thalt of

I ' Serotd. i

(AR AR X bl MR ARRBS B e BN GTRERT

reepiogech havangteghar et os dpraglsads, isiehiestid strwsetsrﬁ:eseagrplaiuactmss as

aﬁn@te Mc;uldqfe ex&)égﬁ Cb?’&lggtétﬁ Sordfs Gn Fﬁogt%n&ff@%e i¥a E?dlally

cyl i ndrical appara such as wou typic
éﬁﬁ@ﬁ@dcfwﬁemdﬁ@ te g fftfen thestricisredovesmersthe s@leéw]oe@ttc

tp@esﬁﬁ‘é RESBThel HASE VR eAparflsHEL ée‘n&@l%' loné:‘t'u&lﬁ;h 'dlrgcﬁoﬂ\@éﬁldﬁllg ke
ected, hydrostatic pressure acts on the outer

§ B R CPRFCRINg ARe stpyre Thedadigly eicpding fises of themeiptagt may

anell?pé%tsf)ﬂhe faldﬁﬂif Bivaildp g:tif§ fortes. chﬁvevéT'QYi@l\éﬂlTaLIy éx}t@di@@ RBrcs have
ressuyre acts on t S 0 t

Wit bl P POHgEP 0 i idimaad forces

@emdmﬂgtm@ﬁmshorten or “"concertina" the structure. The

ool Stk nERan b RS Slont BE aleealls, BelerdBiotifing a

toh engleard ifiainl 3j° mxsﬁem dlerhtglgftmdnfaéﬂld;‘lmve prefegty fonAsh t6 60°. Ina
R X
ﬁhﬁﬂésﬁﬂy®h@@WJ@m@MvEHGMheMﬁ%@$hyadhangomhsna¢p@M®mus,
ﬁﬁi@ﬁlﬁgf the}fre%ﬂe@ ng:d’ﬁgd&fng the fibre or fibres in one layer {0 extend at an
angle of x° to the longitudinal axis and the fibre or fibres in an adjacent layer to extend at
an angle of 360-x° to the longitudinal axis. The angle x is preferably in the range of from
45° to 65°, more preferably from 50° to 60°. In an optinowm arrangement of strength and
ease of manufacture, the fibres in adjacent layers extend at about + and — 55° to the
longitudinal axis.

Preferably both the inner and the outer housing comprise a fibre-reinforced matrix

as hereinbefore described.
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an angle of from35 to 65to the |ongitudinal axis,
nore preferably from45to 60 . Ina particularly
preferred enbodi nent, the said housing conprises a
plurality of layers of fibre-reinforced matrix, the
fibres in adjacent |ayers extending in opposing

| ' . This maybe represented by co e
gkg$§&%§Q$ibres in one layer to extend atﬁgﬁﬁ%@%@ﬂgkﬁ
of x to the longitudinal axis and the fibre or fibres
in an adjacent layer to exténd at an angle of 360-x
to the longitudinal axis. The angle x is preferably in
t he r dhgeontfuchy physe iq Ge fibreggniorped matpx ésfresferphly a fesionfos0
t&mﬁﬁe a \ln&lyéfér RBL LB ALLANER TS maf bé%1£s§ RGLLD 2B ARASE

manut acture, the fibres in adjacen ayers ext end

dﬁ“& B§tfe: + and - 55 to the |ongitudinal axis. 30

Pr ef eradil e)hbb@hlant& behd DPaEnPITechetpRRe® yﬁ;sl{noﬁ OM3btBGive layer may
rl re-rein orced@gﬁtrlx as herei nbefore
sP d%@ga xRS 5D NP GPEFGFCPLTACBI GG 19 prgtesiys layer
CRtd 10 YRvGt B AGRIHsNfréh Beifid d&frﬁgeﬂﬂmﬁﬁglfaﬁé}ﬁrtrzlﬂd ddployinént. The

preferaply a.resin, for ster resin or
Bt T B R Piopree iy e rBel i b o Gl
fa sbmtasic Gram, oryd Imneyﬁ:darblf @sterial MiglplotetioldycrpiafetabOfcotplses a
a Lhe present..inve rotective er
ARRAS ga GID{OE) Cxaipiyal h%3 I Q tﬁ ucl)fblé:rc[] Qlfﬁs?icg t?l suc%; 5 s&eglyo&'f
tahenigub e ff ah owsi lmgr ofﬁrml r;sremlob@:etdl, it & dommeeient ts Bave @8 njetal in the
) | - h r
o S e U L M0 P A SRR B ot B oparats
pr ef e’F@kﬂmﬂr@f@ﬂmy‘i comprisg jushiove ousbes ah amer Hougieg andsm eHeras
Bof RRMit vFi how BTl aBore @Mtk 8 HiliGnd AR pflsi o ol %@}éﬁ@ﬂpd

material. The protective |ayer preferabl
epcgiferthstiouping %ﬁf@{ﬂg afcgiity 3B Hhsladiageni hppdne. ctura) Allers may be

fpida{deamnﬂfs&mw#ndala@%aupde%bemt al, such as steel or 10
al um ni um an quter |ayer of netal is enployed, it

is coﬁ‘i@@%‘?@?ﬁ’@“@e&t Hig yePaFafs Cofsrises qof O‘EIH%lebFQS]FWl ispgsed

S\lit[ﬁfn@he :@trelf@cﬁrﬂf] @b hjﬁeﬁ?@h?ﬁtﬁbdﬁ@uﬁt@ ldivﬁﬂhﬂe)htnaﬁ&lﬂﬂ@i tvd R nkd er
surface o e ar at us ar at us ris
PO a0 e i L GPGe B0 A o roresd
g &1 Roii . ng tHig fom bi cohanvetioars daglgph) b eclikadae p&éf&hblﬁdlﬁﬂﬁ)lsd’ddo
be pr ded
ﬁ&ncug I(}e? ]iOII’L Scf'le 1g%eg§$/1%smg gc\l/ tlcﬁle ofaa&terg% évr? y, %%@%e%dfay
Be dls;mtsaglraathe junbﬂicaroé oreRy b«ﬂh 1nn61510mntg\ﬂndl‘e’:dld \ﬂnetdmenhwsmglbody
%ﬁé’ l'.)l.ﬁlh}%f’d 1§§reﬁ%ﬁr| aﬂargg%c‘? glfcfl El%.dfn tﬂleneBrQrP %ﬁg g%?aq éhng ctlon w%ter

Ses -one
w Oﬂlit\?ﬁfhmtehf@r ﬂlﬂ ingeripoef ﬂ@flmteh@usmmmd Hmu@“mfgl fomecrf\buﬂtgeatl@ a

g&ﬁ(ﬂlﬁﬁc bhﬁﬁea'd n\LIﬁ{E{ s‘ﬁrfﬁlésg E)lﬂh #h\épdlﬂé‘ e rsﬂffn&g gﬁgg&%%ﬁmead

I nner ou3|ng orne romtwo usi n
ﬁ@rtth s hwmnﬁ@p@dnmwma Gogiphency jrfthe biflldhesdpa h@fprowded

PSS {nflindsSo QRINBAEM, ordy Bk HBGAE HufinPIa&H Bl BRbMriately
di sposed to
sized apertures.

The apparatus provided by the various aspects of the present invention finds use in
providing buoyancy to underwater installations and structures, such as arches, risers,
pipelines, cables, control lines and the like. As noted, the apparatus is particularly
advantageous when used in such applications. In addition, the apparatus of the various

aspects of the present invention may be used to house equipment at underwater locations,
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20 coincide with the joint in the inner housing. In
addition, or alternatively, a bul khead may be

di sposed at the junction of one or both inner housing
ends and the inner housing body. The bul khead is
preferably arranged such that, in the event of a |eak

o JohGzksgnction, water is caused to enter CITh(%Z?OSIIQ%]I%
f

interior of the inner housing end. A pr ef er't

bul khead is a conpliant bul khead, with a stiffness
such that differential stiffness between the bul khead
25 and the inner housing is kept a mninmum Conpliancy
iths protecting thivamigmeetyfrog hprderiveatedenvivgnmeat: Viiba gppatags is

%}Qﬂnﬁxﬁé}gﬁﬁ f#ﬂ&ﬁm%%gb@ﬁ@rﬂ ’sen@ﬁw@% hgp{rgs\[éugkafégsu}e o?%exposure

ppaerationgll pe wifﬂré@@ld thyt thdr?@par@wa @mser@gp deth ghedfinctipis of
BIRRERbubANE b %Slﬁl% Qﬁlﬁltalﬁgﬁlsllyn Pk e¥hg agﬁctbfﬁgﬁ%gsﬁy to

undermater installa I ons and structures SucC
veniod providegpghods of menseng seRperasPrasevidieganresploqueaias

a.:laﬁhohb@f idviied prOsurB Ah@hs tHahRsABRAIBY In b BrsPahldabithah | Y
ant a%) ous when used in such applications. In

oy @%ﬁ’ﬁ?at us of the various aspects of the

presefﬁﬁmngaﬁemtetmanrray be used to house equi pment at
under ter cat 4/ 02889 / GB2003/ 004191

9 t hd®P &P%Fg T‘rlt(hjﬁ‘ {"Hférs Hinge e under wat er
envi rfomiimydn. oufbhehedh Etpﬁi{dalid.tﬁltdr Surfaﬁh&ff&he&:uiea]ﬁdtgﬁau seful for

h t

o expnatPehBEApeagrel o G Rl Gl BB RAEE e

apihed. 24 pmfecﬁermdiﬁmnmabmb bnertsbelf fqmﬁﬁlﬁnonlsﬁbmé-remﬁrmdl di ng
f

Elg'tgl){éﬁ NG zﬁg% 1?8@2%119@ : nven%g%%ﬁci é/nto aflaflird Y ltne hcdiner ]ghell

aspect, Ion provi des net
wmelpﬁafpmwg bnwnﬁmgéiﬂameuts irf sypcegsive Vavekis.rvgthahe @lambmssheing wonnd

Jn%asalhp&sdl@e}en% L.fgye@ta@gor%ﬁmy [neddjal?éﬁf:ﬂ%e?? mﬁﬁh 9&%&{ ihed

above. In first rovi
%Ww@l%@mquahéowathﬁﬂewg@{ | ; appl y| ng a filler

to thge ot & applidafia@e cnﬂér shitRe | bﬂﬁ@lﬁné kgl foﬁaégsagjp the filler
form ng, an outer shell around the outer surface of the

BV HFRAea g G Onter S e e @Rl by e Heé spisPlredheientteny

Slésialf ﬁse&fﬁﬁz@rbb Blredif HecBard n’YheS:illlelt 28l R aF 1 Ro4lsin layer or,
Igr eferr FI odi rrtent has t d nﬁer she formed from
P16 LT abIs iR BFeeE sy as f &71ea Pt disgtsledargls. dhs ey may be gtiupfural

dohdedirma @&nﬁgidgglemwﬂ ds Dﬁﬂll@ycanlﬂ&tiﬁﬁg@{ed ﬁmen-.itemae Ehasihed, |
SSIV
R S 3 P M bt oB el T YR B s it

tyndi drfretueh fillamgkesis], skl asd:l"alsewt)(al: |ﬁofns:ha1 ramh@tjuaem aﬂnploys
ijo ﬁﬁgf Iflal}o er ?s%%gds thy s y\ﬁ”e ?.Pé)h?aetﬁ Lk Ssurfa¥ eumer

e materil a orm ng D= TR e
Sé;pibalsme@mtmprc hceud)wwmemsraﬁth@ﬂ@wm toteh@md nprerthetuethde, Thé filler

BETESRAY Y nedelieyf 111 €7

Should an adhesive or filler be employed that requires curing at elevated
temperatures, the outer surface of the inner shell may advantageously be protected by a
heat retardant material, applied in sufficient thickness and amount to prevent damage to
the inner shell at the peak curing temperature. Suitable heat retardant materials include

ceramic paper or tape, which may be applied in sirips or sheets to the outer surface of the
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may be bonded to the outer surface, for exanple by
means of a suitabl e adhesive. The adhesive, if used,
may be cured if necessary. The filler may be applied
as a single layer or, 20 nore preferably in |arger
units, as a series of discrete layers. The filler may
tural space frame geonetric filler, such as
gﬁ%%ﬁggﬁgﬁb corrugated filler material, RO/ 004191
beans, such as |-beans, or tubul ar const ruct i ons.
Alternatively, t he fiIIer ndy be a sheet pol yner or
natural filler material, such as bal sa wood. A further
SRS hete AteragiisFlpyee heptaetanisrit bberial nlafy baardbbhiarbyfrhdahedt | S
UpRGingt hi s maybe applied to the outer surface of the
i nner_25 shell as one or nore liquid conponents and
al | owEe 5T ehel #199 bepesmpictre cnslossdsbell. Altematively, menmnm)aelbe

amuyedrnpﬁse Bl@ﬁ]ﬁﬁ'fhadisﬁmg b&!ﬂﬂh‘ |agoﬁ8n @Aﬂ 'mylﬁugﬁ godlul ’%l:p i

é)ggthat quires curing at eleva

nﬁ%‘ Qe @ertiog e%ﬁi’ﬁaé’rha‘é‘if"pfﬂa’é@owmﬁm a’rffn:h@rth@btel o sy

admwmgagﬁq ti8d o nitge PHOIROE A rddiirad in HBA, histiaL 99&%{ lete
plied in sufficient thickness and unt

?%tl‘%?%%s'%ﬁ“%fﬁ&gﬁq%d B e s horepstre GeuitRe. ponk

cur i rihetogtepdriatay 6. forGied b@a{yauﬂm&tmeaﬁt Bl AL redBY Brhdd 5
ch may be applied

er,. or
in s% m%eggr sheeot%gp%uf)fa? éh’ﬁ%ﬁ%‘} to ?anaa@ée “Bioferprd WO
E@@WC@QB ST, IERREO SeD Oddripd ﬂl@sdcfh@ﬁfelﬁhlﬁ&hg a plurahty of

app ! gagfetjs XFﬁleen‘%?%‘PQ&%& sﬁ&ltn%r ant Tiygda ﬁécimpémpllflﬁﬁiﬁs'@é

a corphp @F%ET eafredinemgr Isﬂlmdl Of pnéjaarmg aedppatethy for plagidinpBer
ghagkl or a ortion
re inl T8GR PLESRd gn% ds?/ﬁ@%op@eld WhIg;sm%g oHlarl%a dy or

of an I nner hou3|ng nher

portl‘Bﬁm’tgl"PéFl“é'élfs heliy have an inner housing end attached
t her @rdhinglal o8tiGllel; 2N ar rangenment, two or nore inner
shel | s are req uired in order to provide a conplete
encl 6%8 ng§1i“?é¥"fer shellh epficeprically wighiy the evwfer shelt, Herebp pefimartzias
@&U%hﬁcﬂfh@itﬁléﬁnﬂi&&&*shm%dThe outer shell nmaybe

for | e neans, but is preferably forned
" "t g e e

&€ onto the outer surface of the

f [ | | hg inhe a.fﬁcb:ﬁm shefld BsyebererhRf ﬁ'l’)lﬁ@ﬁiy shastORSER M GAd (R
sﬁﬁﬁ §&%Rﬂy &n% %th shel] .is fornmed by succeSS|ve¥y

diTRG s BRCHAR, Regregpne @ ala- P’&ffé‘f’“‘% 3‘6‘?0‘1?%1‘1“&% ApaOr
bqrﬁm@f thatimer mb ehter atrdyfohﬁaeddiﬂreﬁbrafetnﬁdrcda@fﬁﬁﬁnel bLQH as :i ].f;olymer

vﬂﬁ(fﬁm{s)ﬁem% lvgun% 3ol m ele %? gi{]]‘i[%lnl;@‘ gﬂgeélﬁléll%B gqulpgi B

preparing a Daratus
Wiggling flepentsgh Sl@b@&l‘aft ladsrspwﬂs&el filmiess IpH’u(ngl/dilﬁﬂi at thHaﬁlB or

ARt I%Q&Hafoh&ﬁ n iphner shel m ng
an outer. shel Ogsclgllt(?l Iﬁ]ﬁ&eﬂ&ﬁ%rsl AT SHEp [t it b ndo sl

oW Hearisipls éqqnylg\rhetsherl}prtslwéls Guhetingfiekdy, t her eby
defi THeﬂﬂleﬂnay be formed from any of the materials mentioned hereinbefore.

However, for ease of construction, if is preferred to employ a filler that is a substantially
void-free material or foamed material. If a foamed material is employed, the material may
be introduced into the cavity as one or more liquid components and allowed to foam and
expand to fill the cavity. Suitable materials for use as the filler in this preferred

embodiment include polymers and foamed metals.
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cavity between the inner and outer shells; and filling
the cavity with a filler. The inner and outer shells
may be formed fromany suitable material and by any
20 suitabl e nethod, which may be the sanme or
different. A preferred enbodi nent has one or both of
Rg%mhﬂﬂﬁﬁ and outer shell fornmed fromfibre-reinforced
material, such as a polyner, with fil aneRCYCEEH4191
wound onto a mandrel. The said shell or shells may be
formed by w nding filanmentg in successive |ayers,
with the filanments being wound at the sane or
di f f elnewrny easepl s fibanokilbrel@rntcatingoiitsr it ius aekjnamﬂﬁceh aHEhS -
ecessa et
Ircrﬁé%ltg??%sus §B§ it IJnch b\énﬁLolble id 15 Semoyg Lh% rhga? g W%g li)}r Hle%ﬁ?r
%ﬁ?ﬂfﬂﬂ%‘e #tICPJlf’%‘Pl' SpﬁayTPb@WIﬂl@awet]le feapenatuyof aife fillaeand the inner
B R SeBs ﬁ%ﬁgréa%‘ qg n:fbgé’cﬁlhgggér%;@m ould? %T‘ @ hin egn%[i ‘%as €

of construction, it rred to e
fomprauees Juiangrluis spaeimibp ywthvba Heat reéﬂedanhn@maatnasolve dopléztel

B 2 |bbtﬁ lof thb fand sh@REBELIRLS Eﬁeﬁlor ﬂ1§ ovﬁtgﬁllﬁﬁ[c% A mb Der shell

may be jntroduced e cavity as on

ﬁﬁer %@a'i thalisi?IH MRFSHHG RVt ke agpligd & 51 ﬁ“ﬁ‘iﬁé’é’f tﬁ@lﬂfeéfeﬁlrﬁ amur@@ protect
th P pedtiteshéll ﬂ'rén_l i€ a'ielpbak cRkhd t@l*ﬁi)@aﬂﬂ@to?ﬂnh alis. fé‘.ﬁfabfé‘ch@at
%$ he fil thlagoreferred enbodi ment 1 nc
%?HEP@% 37 diseeren e 2004/ 028892
PCT/ @62 00RMOER A Aner kHell bouERENE! GRS egmprtsa shédsing%dwr bl
been i duce Into the

[ curin af
B il e Th Ehcutih 0605 ol Pt v s
athehch) éatetog én awhh:eajrabgeniehtemfol ok tefe shelbdofdnathre Y biked ih brder

_ I t f
? lﬂlzoev"gl? Q%o cor rgﬁgtﬁ encllo F]?]‘%Pgﬂ SUC %éais {eglrllregﬁlé%hfa gi? ar %s ﬁ%}?eéeg%bg}m o

dsppibest t he i nner and/or outer sheII from excessive 5

t enpar I; b a_heat
[ ot ar df%?]}%& ﬁ%%ég ?flr tg{lgfesteﬁ eﬁt&oﬁ% OW({] s .'% ! fd 81%%{ (ggoi' BiSP0g A0
PpEapfReogding ateéwlewq i évcétwne¢f eﬁwbd pressutthe methat
@H@ﬁﬁﬁg of the inner shell. The heat retardant

mat eri al] should be applied in sufficient thickness and
anmoufPrg 2pigerebdl t he respective shell from danage at

the ERBkGUILNG iedRE AN @1 inbNGef,i | 1 €r. Suitable
heat . retardant. materials are as di scl osed

her ePHBBE 8 Fer $illone or both of the inner shell or

out eheasmhé oultd yhell @8 1R bceRpAsi ObIShd WP QY O a portion
[ body .or. portion thereof

rmy O(éav :s an %@%gsg%qb‘mgﬂg alﬂéié? IQE%@&““FIHE?%V Fithipghecytenshgly
aairangenent two or nore shell portlons are required

o AO5g heboBt R e 8 AP 2R B SN PR B g
Hﬂ@@ﬁﬁﬁb@d 15 A further aspect of the present

| nveRfiRR; ﬁ'&i%}fﬂeldsﬁg’lls%ay% Eogm&le éorﬁ?glyfs%léab% enai ang by any
suitable method, which may be the same or different. A preferred embodiment has the
inner shell formed from fibre-reinforced material, such as a polymer, with filaments being
wound onto a mandrel. The shell may be formed by winding filaments in successive
layers, with the filaments being wound at the same or different angles and orientations in
adjacent layers. In many cases, it will be necessary to cure the materials forming the shell

formed in this way.
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apparatus for providing an enclosure in |ocations of
el evated pressure, the nethod conprising: formng an
inner shell; applying a filler to the outer surface of
the inner shell; 20 form ng an outer shell; heating
the outer shell to cause expansion of the outer shel

I he inner shell and the applied f
gg‘?}%&ﬂ?ﬁaﬁ%al ly within the outer shell; andﬁéglf(?%wsﬁ%“m
the outer shell to cool so as to nechanlcally engage
the filler in an 25 interfétence fit. The inner and
outer _shells may be formed fromany suitable materi al

and by PapRfer selfiis Rpned fney s auitablp melsrishdlpt peuitit suffeiens or

CixbireioR Gpon héatik 86 8th HAvieM RO HicBBRY %e&egte\gltﬂ tggﬁféer§ﬁl§ll |
u

formed. fr fibre-reinforced materia
pBPy FRsfing. \%’tﬂ optiey %Pﬁ@%?f%vaﬁé?}ﬂﬁ%y suiighlin Y18 e onalpmindtebeing
Tma*emddelhdtenmwmstfueﬁmﬁdr tb@/owur ggiing filaments in

successi v ers he filaments bei ng wound
at t hen%%erPé’%o er Ogﬁbﬁl By PR A B Ry T

aujtae efid hdusiyeb csly Tmsi hmmgf dp aqmﬁioh thbtelbil' mQﬂmﬁ@éJﬁﬁl&ﬁg ¥nd
erials formng the e

] B b8 Bl B R Sl R 08 s e e i orcer

duptevideheinipidie efotnseresdicl, s@inagis yequmdtmbﬂe epena b hdreiheddre

%J&hpédt $n ocrh\:l In'o&duﬁéﬁt ong 2)(1%%]&1 of 9{% 1#%\@19291{1 Eg {aﬂthslhnlgs c%glpnsse?]%f)l

provi de the necessary engagenen i'nne
bpensteds 3udg howngand, &ﬂn@fhosl fathirsompsingeatiphing aaedopd

ShhshiaRh@io tNY dr RachisRel A%m&ivléﬂ] ¥ léﬁ@hl?rﬁ'fepﬂld/oﬁ Enﬁ%r%ﬁ%ﬁ %L]n be

mat eri als of construction for the outer s

ditacheshah thsir opgmendsnisdprmstnesngloseg shellt karan elmativerenybodivrmt, pue

Ar BAISH GRS 6 Rer ShellPQRLiEOST a%fjuﬁlgtbg&bs 'td"\glupxpé}é( attadl] two
ou3|n%Hbody or portion thereof may have housi ng end

PTEERES t hereto. In such an arrangenent, tmo or nore
s hel | T}ﬁ@ﬂlbﬂ 19&1:@1161’@ ﬂfe%qiét duebbelonthe e shell. Of Qercég\éérgi Qheaﬁuer

cl Suc as is.require I N
BA0E: Gofu SRS EPE T by wonE BePun e g absve. T
ediﬂ@m:h mamd ma;ﬂer::mred tfme&ei)s@fg rhefilispmey b@@ghémagﬁmgﬁ ehbrsr,
S, 0_housin 0 [ en t he
EOTRESRTy R 1ol O R et e B R o b g
ek franetghematric fikes suchize b honeflotnby coatigaved | filer hateria® Whdhnels,
bAREu é})(}g'i Qéanﬁu&%fbuﬁpceoln&ﬁ:]c&o%g Rﬁ%mﬁ%eﬁ‘%ﬁ‘ eﬂle%‘}na§ D8 dheet

open en to forman enclosed I
palyresr prarahyd Gllprerirish pich apledsa wopd. b«bﬁmth@fembhememmpmam d

fg)%&% gi‘(i:lerz hel f'o§n 6005 8tS 1l mB R gﬂﬁw@% ROMNer LB VP £ €
shell as one or more 11qu1d components and allowed to expand upon the surface. The filler

may be cured if necessary.

Should an adhesive or filler be employed that requires curing at elevated
temperatures, the outer surface of the inner shell may advantageously be protected by a
heat retardant material, applied in sufficient thickness and amount to pre\;fent damage to
the inner shell at the i)eak curing temperature. Suitable heat retardant materials include
ceramic paper or tape, which may be applied in strips or sheets to the outer surface of the
inmer shell. Alternatively, the heat retardant material may be applied by means of

spraying.
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housi ng ends. 15 The filler is applied to the outer
surface of the inner shell. If necessary, the filler
may be bonded to the outer surface, for exanple by
means of a suitabl e adhesive. The adhesive, if used,
may be cured if necessary. The filler may be applied

a§0§m§&§g5e Iayer or, nore preferably in r
units, as a series of discrete | ayers. The£¢$$§%%mﬁﬁv

be a structural space frame geonetric filler, such as

a honeyconb, corrugated fillter material, channels, 20

beans, such as |-beans, or tubul ar constructlons

Al t er Wigttirstarrqpt metegaly iupy adto bragplibétoghesttse surfapodfyinsillein

n@Héﬂ kprotbdt Hﬂe@ﬂleﬂ@n@ fhk ﬁéated%utglhsh@iswpt?l finy ]@%&1@&1 %mdﬁn]:lﬂﬁé 08L
'S

di ment enpl o foam f
hastc?ﬂl‘“éi%(jmﬁé“%’ﬁ{qtbﬂﬁli% the outer surface of the

inner shell as one or nore liquid conmponents and

al l oned to expan on the surface, The filler mybe
curegﬁ ?mﬁ§€é§g§g§mg§§m§W8€WE“§ﬁHﬁﬂﬁ%@#@@cHP“ﬁmﬁP@Fn%e
émpﬁ@yﬂﬂaibmhaﬁﬁamhmes curing at el evated

t enper.at urface t he inner shel|l may
acvant RS0 3M Beiep FPeeTaBye of by iUy asiee s e
riienestar &l be adipgbd, Bxcbrden tc&mfrésp@dd&dﬁlﬂae ke eSS ofihel o@EUdIL The
t . t t he ner, sh he
P D o BT Suond B el e e B B PR L
iAoy d@ﬁmelé ﬂ(apwndqjh@lequ1md intenforncevity berbveamalye ﬂiiize:r aithd @tbr
sl s IEEbomid kPGl SULAE ool S PR i

i nner shel rnat|Ve
PEEeFIddEs gl be appl i ed by means of spraying. WO

2004 1'@%%%@%@62’5%9@&&%? Q%&Qg]ﬂlél?hné#‘éﬁetu aﬁ@hﬂérql?sn{;ed The

materials may al so appl 1 ed he outer surface of
eHeet piihg heptingjito easfraaé Fhetobtermh@it éh@tebx ieregsinig|iis diafuetorm Thae

RRAHSG! ekRIctshE the M hefi Mlﬁ&ete‘%ﬁﬂ!a e ‘%’ené};eﬁnw‘t‘o'&hm%hﬁ

out shel | has coogled and contracted onto th
Flfquﬁlé’re beafedpand g exnangqn 1 i <Bi5¥E: heat r et ar dant

mat erlf dsived, RE hdﬂdfbnﬂ@ﬁﬁigihgthé an&&m;mﬁym@ bR to thaSIR by a
| er once ap

. pl i
PO RS OB O APy Mo Aceit ohtgon: B s s
hﬂ&nwfmedescrd)bamfyeé aptpﬂiecbtg _ﬂﬁdmndsﬁlﬁﬁi?e of'ﬂle Gﬁteﬂ{ouilﬁ)gh ml. Trder
o the.i.nner diangeter.of the outer she
%ﬂ{&@&ﬁ{gﬁgm} Toyse pin ?‘ °f Wé’ggf @JF &i¥foul d be | ar ger
t han lithepparsive pand:xaamaamreuectnré lafydrens berti@beferh atskriteyl, HpliciQo its
@ﬂalslﬁrfac§ u'fﬂ‘ﬁ 19 %E}: lﬁv%mgﬁtg\éggi%%&&% tlreea a!rar esq—1a etez?.?:](];n%g‘ te%e

fit between t e out (S

Heryerss i fﬁfer%ﬁn@ef thradestiodfod ponetamtipr @lowwherrammtm hager g
$d Aplaﬁerd O @utaisuff&e bfthe Blt@SRe1ARD: AR &H%g%u%%@ﬁ? gy %g&

is heated prior to having the in
%qlq%ﬂﬂﬁ%serted The

A further aspect of the present invention concerms a method of deploying a
buoyancy apparatus, for example the form of apparatus as hereinbefore described. The
kmown method of deploying a buoyancy apparatus requires that the apparatus has one or
more inner cavities filled with a ballast in an appropriate amount to provide the required
level of buoyancy. For the deployment, this may be neutral buoyancy or negative
buoyancy. The ballast is conventionally water. Once in place, the ballast is forced from

the apparatus by the application of pressure, typically using compressed air. To provide
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effect of the heating is to expand the outer shell
thereby increasing its dianmeter. The 15 material of
construction of the outer shell will determ ne the
tenperature to which it should be heated and the
expansion to be achieved. If desired, for additiona
the outer shell maybe bonded to the filler
gbégﬂgéﬁp%able adhesive. If required, the HdWeEPFernHy
be cured. A heat retardant |ayer, such as
her ei nbef ore descri bed, mayhg applied to the inner
surface of the outer housing, in order 20 to protect

t tihs cotipredsed @y s bd’ﬂlg)réibtﬁ' g bd Bieh1&8d Fob GepRfymbRat @gﬁ@@&e\fﬁm

us can rotective | ayer,
R e R R S A
Tﬂw bydrestatiogtssme avkadeploythnt 8 e@tleresiee At RRampRhatiUS

gonstructe referabl e and if
e N S A o o s bre B S Sttt 01
| canypday Bd‘rdyml]béo éFJ aipreitet! that thenwed togtroviderchatei@erbf dohpressed air
F Jhm%lggéslon fil gd s%ct&rgs tvFﬁseIJIQ qulp q{rxcra?gve?nent é Potgx?m 1% e

I nner s er as
ﬂw&@m mv@wtlw@mé@rdmommomw a@ﬁarﬂiwb Oiprefogie @quired.

b . t
e R L T
deog pr frgloaring & byerprey apnspsiis at ag destiériesgtianydtere tyeyancy is
&%ﬁfécﬁw&h BsbarafR ﬁas%rﬂmd]{?gh?ca'vf?ﬁ%f;ab%‘f'a&c'oﬁ%oﬁ%‘nh tg ﬂgl\ﬁﬁ,tﬂlﬂa

allast in an appropriate anmount to provi
MRRP0 FRBPTEHE) evel of buoyancy. For the depl oynent,

t hi s paystibgthe ebara0ls bPHDY A6 Ylulﬁfcaﬁ@%ﬁﬂa\hﬁmd Wagﬁ/&féﬁﬁ/
The ballastd?é_conventlonalh% water. Once in place,

PRESBRI P BOYI9e L pRrwBYC v ff PKEBppar at us by t he
appl|mmﬂmmngméq@hﬁ&sum&sﬂﬂw&mgﬁ i usi ng conpressed
air. PCT/ GB2003/ 004191 14
this c Wé%tgghq\é\%rgonbth%g?fg%gé%r‘ Yray be enpl oyed for
depl omnmaSthuﬂhath“ahéphﬂmmS of Heiey prressmtetor SWhdrlial REcuum.
f.orce t out .of t.h

%Hi@ En%glb rggggdum%%%% o A FECPE nmﬁy%gr 08 tﬁtdi ‘%}hﬂﬂ %@’i’ﬁ‘%@‘ B
pwér tg e}ainwntbﬁdebdi@m abpsratuset Tomeical Atze, Gied s plefptahly,

by thdrSwn W}Qﬁe%ﬁb tiohsbrHR oot O pERR Hiro n%h%, ggngq%'%p@giggl

of conpriessed r are retaine

al so BEeRpp Pé@f»‘ pistarintalfagt dirpréiomiodehvt lisiujslfomi e fluid-tight cavity
aRhebylgdes; of conpressed air at offshore sites on
fixed structures or vessels, is both inconvenient and
poteﬁ?ﬁﬁ@ﬁ?Ofﬁﬁﬁgﬁﬂﬁﬁ§“mmﬁm5$¥%%W%P$W§mﬁﬁﬂH©GWﬁéHWdﬁﬂm

che B 1RMéNGa RUAYABGY: (RRRRY Bidigsnt Swvirer ef ore required.
ACCOh? B% to thlg further aSEect of the present
i nverlt Bfastug dawd jsdngst ghyegenhavatsre This pllog techgllasy ey ta
bﬂﬂj’éc&ﬂﬁzyo a.p paiafitist #lithdaNenyREekNaL @mag@&amnp n where
10.requi whi ch a,

1ol 3 sttt e B B R g dler g o
Ipdmeancyrmphm‘ds cOuprapsirang has a fluid-tight cavity containing a liquid, the
system comprising;

a cylinder;

a piston arranged for reciprocal movement within the cylinder;

a line for connection to the fluid-tight cavity of the apparatus;
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bal | asting the apparatus by filling the fluid-cavity
wth aliquid to an extent necessary to provide the
appropriate | evel of buoyancy; positioning the
apparatus at the said | ocation; and 15 w thdraw ng
the quuid fromthe fluid-tight cavity. The ball ast

s wthdrawn by neans of reduced pressure or
6'5? f”oﬁqm\%tc uum This nay be provided by rﬁe(gff%m?)‘]?m%‘lm
reci procating piston noved within a cylinder. In
order to maintain the debal hasting apparatus at a
practical size, the liquid is preferably wthdrawn by
r epeat diekt opekatt ahs alddfwitdibe flecbiftudiclain the cpiitg imdmthe cylinder;
through a cycle conprising: 20 novenent of the piston
ina first direction to draw liquid fromthe
f 1 ui dasdcgid nopastimyalve sitowingtie foy df fldigfomtbyeimednr. of the

pi sto "t{aé g/ 1ifdeS SReRde Ak 'é;?ct:ﬁrFt%Hd se%ﬁ%ﬁ lteﬁmi D&k P be ndula
ej ect § froni the nder ocati on of %

tthmhet rea mphaiedunpp@ Biruc 1uge lntthfew@atyl o dreidagjored Jqunyanqys
"E‘ﬁﬁér%t&& e de?&rt L%c%ﬁ?ct fF cxa&Bie% s@h 'n%% E’&\%a?éti}g% tfiﬁ%&red\’at er

5 be ejected I nfo the environmen

eiprand herdeniayed ﬁ)&#ﬂ@é Aferhyely thpEeprpit sishre mankederesdi n
AerhipbrdndE o S5HIE Eéplo@ﬁt@ﬁ’t'o@@ﬁ b@yﬁ%? bRhu8areleRall itshy 1 a

buoyancy appar at us ch par at us has a fluid-t.i
P f‘Eb‘Fﬁ %ﬁe}‘ﬂ“ﬁ@ 1316 Preatat @Veﬂtl%aﬂogfﬁgl@étﬁeeb P P"é""t‘iﬁfg ng
Cc)éhlpﬂ:d@ﬁt capeblaofteil @b val, f@m@@ﬂ ah@bpef20aibh b adtelBpepHRANT
%h%2$ég cyl i nder; ine for connection to the
P RP%ht cavity of the appar at us; WO 2004/ 028892
PCT/ Cﬁwaét&ﬁémddlﬂl&tﬂhé ﬂm’t&i is tyefebletlyditlliceld). ithe a;tstemwi ng

flow of. fl ntt e the.cylin

e B of BFREOR 63 s e er A
fsaindmby grhotided witidnitiedsepport ety ot meldre, preyidst Opan ROVv e
and first and second non return val ves may be housed
5 together on a nobile support structure for use in
the vicinity of the BugiD Hiha Bea Il»pparatus The
SUPP Ofif oGl b HR pres @ 1SS ROPH A 1 £ exampl

ernanen&$ nnoregmsadfﬁcent ?h “g% oyﬂ% appafaﬁﬁgpe
Apbfelraﬁtate re\f@ﬁye torthraceusa ins fgurcgdp tfhléh may be depl oyed
t enpokigkik h Yoo Qs @é&ﬁ&laﬁwéiﬁ@ﬂ aﬁlégﬂ%fhftus%r prdVRIQUAY AREYat

apparatus, .after which it m enbved for use
SPdeavitiaiesations écoﬁtdégé%tneueﬂlb@m% AL B PrERAt BYFRIWY st em t o

be propinge e d diosd sekBoriDABAGLa gohlich of BARAE! 284 EifterdBhdM of 2
1rs¥ 2191 d%(tjgnlt gil tl?eneg)gargtﬂg of%?eegrcr?gra %emgq O%F m%t ely operated

Figure 3 is a cross-sectional view of a portion of the inner and outer housing of a

second embodiment of the apparatus of the general design of Figure 1;

Figure 4 is a cross-sectional view of a portion of the inner and outer housing of a
third embodiment of the apparatus of the general design of Figure I;

Figure 5 is a cross-gectional view of a portion of the inner and outer housing of a
fourth embodiment of the apparatﬁs of the general design of Figure 1;

Figure 6a is a cross-sectional view of an apparatus of the general design of Figure 1
showing a first design of bulkhead within the apparatus;

Figure 6b is a cross-sectional view of an apparatus of the general design of Figure 1

showing a second design of bulkhead within the apparatus;
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vehicle (ROV). In a preferred enbodi nent, the piston
is operable hydraulically. The system preferably
conprises a drive for the piston, such as a hydraulic
drive. The hydraulic system nmaybe housed within the
support structure, or maybe provided by an ROV. 15
%{dzo Dsesscrl pti on of the Drawi ngs Enbodi nents of the
e hvention will now be descri bed, R el 04191
exanple only, having reference to the acconpanying
figures, in which: Figure 116s a cross-sectional view
of an apparatus for providing buoyancy at 20
under e 7aliveghingis ormbtedifagottion of eshelitbd iapminttusad
thﬁsﬂ%fe%%ﬁﬁ%nér@éﬁ%ﬂgf@ﬂfoﬂ Rl 1Pl Sieff ST 0SS secti onal
vi ew of e 1'nner and outer housing of a
first FegMsodiineishengtic prirstatippefizaotion of a shhleofpa apyragdtus to
dlﬁﬁdtlgﬁ RQQCOE(! %ﬁtléﬂ fFélﬁHIrcﬁlg %dfe§m%e(§5 FS SeCtI onal VI ew
of a portion of the inner and outer housing of a
secondZBTHF8 i AfEtE-swtioneheevpiyercetion of e appheugiteerazhoral

dﬁslglgaflﬁémfﬁ B o Kirst SRbJTHHAF & a9rdiSife GJpSS- Sect i onal
Vi ew ortion of the inner and outer housing of a

third ’@Iﬁ?ég ES eSS BICpaE Vi) PADREPE obfn Ppraaterdhogoneral

diesi xgor Fogurd- 1giHng 2 dscokd @ibo@inntio$ a Brofb@BIayeeCt i onal vi ew
of a Eortlon of. t he llnner and outer ]IEHSI ng of a

f our t WEENEHHiAFEITAEH IPFat0ne0 & appgatupthe ﬁ‘@‘n@é‘FﬁéWB]D’
daecsoircgng tof fikt gruhc@uﬂﬁnt Hitpun@hddaf tdsttucts)ss- sect i onal

Vi ew of the ral des -igure 1
v, B0 QOB ot S Ol LG L L
appad enodimesi fg'mheenﬁﬁpdloﬁccatsmws sectional view of an

appar [ of. Fi qu ng a
secon@glggg‘?% ﬁ%og %ﬁbﬁﬁ?ggﬂ 0\%\% ﬁmon aedoglp‘ég?ug%lﬁgmo
2oomhg28Be zePaTAcBROD8L004191 16 Figure 7a is a
schengt g Of n
e per b PSRRIt RO Bl bR bl
la@?a%fmngflbres in the shell; Figure 7b is a

schen@gire 1 QM4 @ﬁl&@&dt@@ vied: O?anpdgt[cmaQH ath fR uRddRldier Qr?pl%ent
ratu ustrate a second orientation

[
P‘élfi‘ifsﬁig&%ﬁ(@’a‘?‘iyﬁl’@éa“}sn the shell; 5 Figure 8a is a
Cr osFigect llbﬁﬂﬁﬂ)erépb@l% ibw af PREdNA Qﬂlcﬁlﬁte@ﬁclﬁﬁpﬁ‘ﬂcﬁltv&&@er of
tdrPngﬂeﬁecral gn of Fi ure 1 having a first

ﬂ?lplzﬁm ﬁlb‘%f‘fl@’caﬁ’i’@ ¥ayer; Figure 8b is a
cr os igect lictnaderspicaive déw af pQrtichiend @fss akh &pPadAvis Of
8‘%%3%1% neral design of Figure 1 having a second

nent of a protective |ayer;
Figure 11d is a perspective view of an arch for underwater deployment comprising

buoyancy apparatus;
Figure 11e is a perspective view of a lay-over arch for underwater deployment; and

Figure 111 is a perspective view of a tied-in arch,

Detailed Description of the Invention
Referring to Figure 1, one embodiment of an apparatus for providing buoyancy at
underwater locations according to the present invention in the form of a buoyancy module

is shown and generally represented as 2. The module 2 comprises an inner shell, generally
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Figure 9a is a schematic illustration of an apparatus
shel | during assenbly 10 according to a first .
enbodi ment of the nmethod of construction; Figure 9b is
a schematic illustration of a shell during assenbly
according to a second enbodinent of the method of
construction; Figure 9c is a cross-sectional view of a
SR PR®8E a domed housing end of an apparatermeehosidie
general design of Figure 1; 15 Figure 10 is a
perspective view of an appagatus for deballasting a
buoyancy apparatus; Figure 11 a is a perspective view

cifdiedteda ) £ babRs RGO, iiRdes X‘@a“ & b&?a?lc%a@ﬁg% is formed

L Si Cy appar at us; gure
S@ﬂ@%%%iﬂ?%@%f LR et ingepdribed er@uhiiar ch f or
ey w10 OBhUTE b ST BUGNPDE Yo w

t.us: , Fi C a Pers| : . .
PP pResE éﬁ&%iiofm%ﬁﬁ]deriv\ﬂﬂ@rﬁhﬂ@éﬁmg};@ Aggnerally
Vigpdrieal duiterchoiigingal 3pe6BPRGLIN\ERI M} AWuRE hdBin2Ektb 008 22
Eilipdrieal oigngal 3pEi6BP _ ?@ng ubuoyan%y o2 s

: I t, C ri , i

25 i orites SRLRYTER ¢ RSB Rt Faed Rtpagnevi
sYlEdridabr Homeoters ivmilblre wiépdiayimen bmeraﬁdls ggtt @iélfoﬁedalﬂ:foydnéy a

q ' ' Jed-in arch. aile
D R TP M Bl 0wl PEPr st tteataogbat e
Bier JafrBwer hensing aof shawn ayfimwral 1ol dorddO ‘ﬂil E@uﬂ&@@%@@tﬁﬂt

| cordi.ng to esen

1 GBlne e 3608 oL atieen Bl S
R0 Syt 1she mepmnered prneldichien @ thBkieptmaduilien (Be ROMY ik S€s
Bding d@pievedshel |, general |y WO 20041028892 17
PCT/ (B2003/ 004191 i ndi cated as 4, and an outef she!l
gener'df 19ershd tis pemegicomeenticadly githindie aigor ltell 68witlsa cavity
Jdreingdefingt thetebetivi®. TROQKitSRLhtads § e 58 gfﬁe?[eiaﬁ% dQs%lritl)e%.St
AL A5, described hereinafter. The inner shel _
conpr PSé@"“ﬁ‘ &) gﬁ%ﬁﬂéﬂ% WPTEFREhtfrreag @ fmif@ler FRaus iagortidy of
{b¢ @Sitrdedinedd@oieen BB thnbyand ButbrhORYingh 9119k BE ﬂégona‘hn?\{bgb ?rg- -

W t he .out shel| 6 conprises a genera
ﬂ?qu & tnkf’g{c’}fﬁ’g e aeie] gﬁ%’?"ﬁ&*’f@}”%‘l"m apd ouser dpusig@ndsyl4an
16@n®R0, BB uBlieriigst emtke2d dllels 22.and 3BNLayi MRS 2RO LR
ghaelts 4 and 6are shown in Figure 1 as being génerally
ﬁﬁdrical. However, it wll be understood that other

C
f )(;r S iR 34 is seroted sentrallbin oyend pf the module, by a shank 36 extending
through a bore in the outer and inner housing ends 16, 22 and secured to a retaining plate

38 extending across the inner surface of the inner housing end 16 adjacent the bore. The
ring provides a means for mooring the module at a desired location. Additional rings may
be provided at other positions on the surface of the module 2, as required to securely moor
the module,

Fluid aceess to the buoyancy cavity 8 from the exterior of the module 2 is provided
by means of a spigot 40 and a valve 42, Access to the buoyancy cavity 8 in this way may
be through the outer and inner shells, or through the housing ends. If access is provided
through the outer and inner shells, the access is preferably located adjacent a bulkhead

(described hereinafter). This allows ballast fluid to be introduced into and removed from

-the buoyancy cavity 8, as hereafter described.
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cavity are possible, such as forns having pol ygona
cross-sections. The ends of both the inner and outer
housi ng are shown in Figure 1 as being domed. It wll
be understood that 10 other forms for the ends are
al so possible The design of the housing. ends wll
%@p on such factors as the manner of

n@?"ﬁ"ﬁ’?{’ on and the depth to which the noWalGs20g/004191
bei ng depl oyed. The inner shell 4 is arranged
concentrically within the oyer shell 6, with a cavity
30 bei ng defined therebetween. The cavity 30 contains

a fil Bekh@2s fsexhed ﬁ:&fs& 8k bﬂg&fégf bhags wikd tﬂ-glﬁneg?gﬁ 1480 the

ented as having a
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%%am@pgleﬁgbasgga}{mge the same or may be different. 20 A
ring 34 is secured centrally in one end of the nodul e,

by a Eiednier 31 ouiex @Pﬂéﬁlmﬂybefdmei@an)asHUMcemmandl Bie DUERT the
@d’d{dlrénfbﬁ@ fof ﬁ@ﬁ’o?én@greﬁm ® wiflstaftih o%&gti ;ﬁ'essurﬁ At tﬁ e degiheof -
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Pl PHEnY Bﬁ‘ﬁ @Flg]F’Fo HuiaRly meatrafals Bickidg metelntsudiive alhorieum, Elleys and
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FEQed q{%&buo 1:;}Jncy ?ﬂgé Iy fromthe exterior of the
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nis@giaien of the junction of the inner housing body 12
and each inner_housing end 14, 16. The bul khead 44
may BEEE PR APPREctiond Viswoy aneior efis tuyyages mddale
2smhemlthe\m&dumaw@g3mlm@a Shell Waﬁchantolil%r &Heli 8N %ﬁéﬁ‘ﬁg&éﬁ%}%}%e

2150“116 g rm’elﬁrg ? vol ume within eac
separ a?m%l ERE) OB S/ ey 1 c B qayity Raretitrinontiler
3Bk emblslinenys dfehepieastit Goehtivh, iy tnctibhsr thd ¥ARE 358! draner

aﬂﬁevglﬁﬂﬁikt{iﬁlqe loads and stresses induced in the outer shell 6 by hydrostatic pressure
to the inner shell 4. In the embodiment shown in Figure 2, the filler is a structural space
trame geometric filler. This general term is a reference to a filler having spaced apart
structural members forming a load transfer bridge between the outer shell and the inner
shell. The members are regularly spaced within the cavity in a geometric pattem, in order
to provide an even distribution of the load to the inner shell. The structural space frame

filler is such that the structural members occupy only a portion of the volume of the cavity,
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The inner and outer shells nmay be forned of any
suitable material able to neet the requirenents of
sufficient strength to withstand the hydrostatic
pressure at the depth of deploynment and wei ght.
Suitable materials include netals, such as al um nium
Q%32Xu and 10 steel. Polyneric naterlals may al so be
el s exanpl e pol yvinyl chloride and {SaIGRIgBOTHE1
Preferably, the material of construction is a
fibre-reinforced polyner, sygh as fibre-reinforced
pol yester resin. Suitable fibres include carbon fibres

alndamwmrhesmmmgdimssf th d1i8s . Tn Bﬁﬁfeﬁe@&ﬁboﬁinﬁih?%e%ﬁlﬂl&lﬁgl e
n are aval

r I NV
et el by 0t BT ST Mene BP0 Tt b PEe0laRe Ty,
L@Y)tye ;i’migrrerl E8ernhavx siBakued kietBer@dtdupyik 1eERa€ PNRQS tHe €8lume

na e nat ed WI th resin
ShOI‘ J[%F\);ty %me Elgrggrm An qegﬁlhﬁr%éfgﬁg% ﬂo‘f‘"ﬁé 05?1%‘?"1"3% while

Al @;owdtng\g@fﬁyent idad tr{msm' b@wmﬁmbﬁteﬁﬁﬁlu@iﬁﬁﬂlcﬂlm TlhB Golfuls Hn

Qﬁ bk 0-G
N

ﬁéf“éla‘ﬁfl SCHES ©repiebpte tpdhePverall buvgancpeithouodie. shel | s may

be f Ol“l’fé%ﬁ'ucfttfrﬁlrﬂléﬁﬁ@rs DH4E ﬁﬂ@'ﬁﬁ& bﬁéndg:{rcﬂﬁf&fel%aﬁy withi i the cayity.

S Tur ni n now to Fi 0SS SeC
Peatseho B TERATEROR Yy HRCS o b anel@ioits: okgmeina

takie o DeEkdbenld) Si¢h RoheBE1IY R RELd Wlé'ur?tﬁgca@ﬁy outer shell
6. The modul e of Fi gure 2 is of the sane general

desi gr"4es ‘f“ﬁ%\i‘gag’ﬁBWH s Berfude 21is shpwe w6l stryct@el space
¢rant Allaaén the foith bed 11035yc31ﬂb 200hadhf stRORRGMIRILS2 B and B‘&upym
rggg EOI aqﬁgté o E%pfunctloqﬂof the filler 32 é
Fanat Ad® arrstrop dillers prepyaila ?6%%@ﬂ%ﬁ5”§@ﬁ@@§@@ﬁﬂ
ﬁllﬂdIQb’BIﬁr lllqnejtchm’trnlso llHX&ﬁpISd'tEf kuitable Bynetiysehb %&@ﬁllﬁ GrefiyRASUr €
Y shown i n
b (RO OR Ret® 0. O P P s Horeshe
%Wémhomyfwmb (573 Hei{dmi)an@mh;earabnateelbmybcﬁnlﬁ reference to
aflleg&ig ; apelib et ur
for mﬂn %IF ??gaﬁcg%gs‘%g Odc QO%e v\t/tecLeiJ OW}%‘”BWF@W shel |
‘&?RHP‘FW@E F‘lihﬂ@?ﬂag‘f)? siestrhl spaph éameﬂiﬁre isshawre Thegothpdnkits of the
ﬁ&ﬁ&‘eﬁ:ﬂlFi’g‘Lﬁeh' 1513115&%&96’35 BtyFléLg e P IGATELS [ &Pﬁﬁl ! ﬁt,]a%re ng glanc? o

order EEHOVI de an even Istributlon
BT r}r@? il 899 compriges & plugrbipyiaf beamp d6%extanding withinlthogrviys

BEddE Rbdafabmbies §%fﬁ1‘-&' bibia) mIRARes s e%%%lg%déxg%éayaﬂgl B on

the cavity,

f th |
“l%Efﬁ C%E\éo L%g‘%ﬂ@is hell § W%O%faﬁlte 16ulAnstruciezd member 360 eg6nds

Hetveethb ba¥R pail oF boecRE @fcRibEe 800D 88 RN Ioﬁch%tv%eﬁ Haicétuﬁ%al
than 50 % nore preferab ess

{ﬁ %‘3“%{? %%P%/hth jZ’FW%SPaCFH apart abg,flipignce F‘Ffﬁflélﬂ foafovide
the Slllblmrtsanﬁwvetrmsfeu]seQMi‘eaht ﬂﬁl@dﬁb@feﬁd@%@ﬁfcl MGusl RS MolnlaN 25
sone fillers

“ﬁ:@%%@“? ﬁsge Sélé‘s h a??*hfgﬁ%ﬂ“é’?\{’e% % @‘f%mﬂﬁe et o thexpitely |
gvdhtef Ban in modules intended for use at greater depths. In addition, the dimensions of
the bracing members 304 and the structural members 306 will vary according to the load to
be applied. A single module may have beams 302 of identical dimensions and even
distribution within the cavity. Alternatively, beams of different dimensions may be
employed and/or in an uneven distribution, depending upon the overall shape of the

module and the loads to be accommodated.
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5 still providing sufficient |oad transfer between the
outer and inner shells. The volune of the cavity 30
not occupied by the structural nenbers of the filler
is filled with a gas, such as air, and serves to
contribute to the overall buoyancy of the nodule. The
S uet ural menbers of the filler nmay extend

clt CUurFE enti al | y within the cavity. Al t eraratsvshysor
the structural nenbers of the filler extend at an
angle to the |ongitudinal 1@gaxis of the nodule, such
as helically around the axis within the cavity.

Tur ni Rgfenine® Eigae £ atetosteglivnef 2 porlibteo MBI a8ey ndd1eS NOWN

Vi, : r pace  frame filler in the formof a
h oér?g)f gagﬁ%é %%&ﬁg‘%“ﬁaﬁ% PP HPoh e Alenis sipwp. Fhekomponents
GEESHPING of Fitwe ¢ dviticyl 18 oseStFizak2ard 100eY R fols ggﬁg s

St tababl CrRITIIE, 3L v AN L e v Al ard
mer honeyco %‘I@gjﬁ%‘%ﬁé@ rgf‘a]g’{l P‘% Bl 8% Grdyes fripving an

ol
ﬂﬁ?é#l?%?t%r CRIFSPaRding fp thedigtiNorbetbdn (HeahineeXRNP 181 A8 outer shell
loegbniBat QenSulse WCEN .si ze). available ex .
Hexcel it,, a?urﬁ%%?ﬁ%dhg%é%gglﬁb re%?)dﬁgg?lb%l? Siaﬁd’m“dmga
B "516% BT HIAR 0 A MRS H62 1k sigwh Fiegn i a ofeular

ClogsssBet e C Howeve hltadnaAR drbde! ney nodul e
i ncor}pso?;lat i n%_ﬁ}an alter rl;at ??/ngnsaﬁhgﬁe?é%aa}%x%sggge' frame

fi 1l er® TSEROWH e beir9e metpmdssirofm etvatiallpmdtttineheatvity
Fogirtee Ingditddind ieiabs thOmbdaese 19k ki | ndi cat ed
H%ie@@itﬁiﬁ?he%g r efﬁr er110e 20 nut#ersgﬁdgfﬁm%lgg %tinﬁééré%%ﬁo
conpri 8es 5 PufaRIFIAISE arfangreeriss aman whick pti angnovd tulkts are
Frpeed dwlicaljy witloathh cdvitbeam conpri ses a pair of bracing

menb - h _ext endi arallel to and in contact
wit h?gigég‘ﬁlcg‘%gs QTP ol Hhet sppcipmpitbin ieeprigs A

steppipedinahe Inwith by acB@fimedcteanolsich iDRIHER qaem&d%§@% & % br
iﬂt@nd@ﬁ@&)ﬁ%eﬁ%@‘fﬁ?ﬁ%dﬁgdf and transfers the | oad between
' she

the i nner and outer shell 6. The |-beans are
s pacBPrapafueirangeticnt tin chesi0n hieGilled it ORI ANdHBroR5re,

frRasMOP s sudld 2|82 %@3)3% gléuié, IeSIrll Ié'z% o dv%%eé F)lha(ejrgESq%tn h of

hd‘ﬁgl %yrrent . Thus, for
SHATPF GRSt chee B Heobok HetubedfBdilledvitepmsutict uiaes frowessed
vath @ tdnki®d HoopétteSdwithe 3l [N ul.es inptended for
syse. at glro gipt e ‘ar:gﬁt hs § {lﬁftgg%fagtsgﬁg%ﬁ]tuﬁgma% %é?f@iﬂberf%bedf’
TR By P?@g ko vt fargelentdnding tadially ontathrdnforh efeSnr06
shallltd the autyr sRaC Sieli \GredsGndubl@ 1h 23 . ied A
103& pgke. fod L{Jge ey (ﬂ%ve beans 3%1§H'g? 2_ ?1315 %gl@gﬁy&m&m
| enst GREY ptfheedilos Ihe fegraeiopprestioss ivetdminined brethe predsting.
ofthe Bridietthiv el YubeDERNTLOSmddhf frofegiks £ ' .0
e FRLQY qutﬁggéeO{o 0 an. uneven i ot ?%B%ﬁ%ﬁ%ﬁé%%ﬁd&fgﬁ&
Upon TR BYeIR PIER AR agreaien prestistsdging adiadtagdens 4t geedtsr t O
deps. sl stmed, HNAL2ODL AAABBIRiROrEET:CBA0Q3,H04191
LB OGN oo SSTSERLAR, ST 8. PORIL" ©
pressurized fluid underwater at some depth between the surface and the deployment depth,

ot are filled at the deployment depth. The filling of the tubes underwater may be
accomplished, for example using an ROV with a supply of pressurized fluid,
The fillers 200, 300 and 400 shown in Figures 2 to 4 may be used throughout the

cavity 30 between the inner and outer housings 4, 6 in the module 2, that is as both fillers

32a and 32b in Figure 1. Alternatively, as noted above, the aforementioned fillers may be
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incorporating a further alternative structural space
frame filler is showmn. The conponents of the nodul e
of Figure 4 identical to those of Figure 2 are
i ndicated using the sane reference nunerals. The f
iller 400 conprises a plurality of tubes 402, each
&HQ@MEﬁMbng an outer dianeter correspondbggGgﬂm%ﬂﬁ

di stance between the inner shell 4 and the outer s &I
6, such that each tube 402 extends between the inner
and outer shells 4 6, pro&ﬁding a structural bridge
bet ween e tubes 402 re sho in Fi
FEPIRYS OE{YH%E}}F 8?“1% Jege @i’f“i“’aﬂ“ Ho g Outﬁlh?‘&ﬂ%;f"?l%”
@ 3,al55 rsaeﬁneremah FSéilﬁﬂe Shafiker attsm tma&d dIhe. mdasleszhmmmdrm

ure 4 402 exte er ent
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SAER, MRl ShpoBRPETE ) B8, SO ki
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arr angenent he tubes 402 are fil
trAiiop meludesdhn f‘éfect of Bpmig fpsPEPACYat, CO@H%WIYaﬂsl,l thg gavisy,

ﬁk‘ohﬂﬁg & Plurdity of stl’dcﬁlbﬂl Bridesdxien@ifig Bdrlveen \WRtlifer R1d cAtef fleil ekt
y drocar bon, such as ap, al coho A tube 402 filled
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may exceed the tolerance of the shells to heat. Tn such cases, it is advantageous to reduce

the peak curing temperature of the resin by incorporating in the resin precursor a solid

filler. Suitable solid fillers include chemically inert materials, such as calcium carbonate,
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21 enployed only in the portion of the cavity between
the inner and outer housing bodies 12, 18, that is as
filler 32a in Figure 1. The filler 32b in the ends of
the nodule 2 may nore conveniently be an alternative
filler, such as a foam Suitable foans include
GRIIRIRh3s | Y available syntactic foams. Spefydshdsior
aspect of the present invention provides using an
expandabl e epoxy foam as the structural filler in the
buoyancy nodul e shomn in Fidghre 1. The epoxy foamis
ava 1I rcially in onent formtao produce
SRR S S ey et Sroro e S G o

t ﬂleam‘mamea]yasla@pﬂ matehalsqfor bamapmiliaf)cavity, for

exanp b i n ect 0 ce.mxed wthin
the ¢ g@f Jid %ﬁ ﬁrels g glﬁ(%(oi e 35#“‘?@9‘? B %iﬁ EFFHIE The
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Cs £l cavi t i, di a
PRI ol FRIRLE B el bepreck s F0 prsBNE PR
i \Mﬂéﬁ 05ﬁ1@|enfam igdler §Weinpre pfﬁlfpeablyffam@ tmabhéy mhoyse@bzalhy fiam
r 0 [ Jom 100 to 800 kg/n8,
R%?ggoﬁﬁ% g%% F&@??gag%%(ﬁhkMu%O kg/ n8. The conponents
for pRefsamE g lglﬁ@&faém?ﬁ af @osgryertiprabtiews of gapdnleofthe general
f QligexanRkel KXol qmsaat qﬁ&ﬁdﬂ%@&sﬂé% of BHihARL, eAd iR @ Rted
products include 15 PB 1 PB250, "PB400 and PB600
tf}?@ﬂﬁafﬁf?é‘rld ?ﬁ«?hfe%nﬁi%@de fhe Fedile P BEY epDristIE AT InArg bliheads
dﬁ&&ﬂeﬁding&fnﬂﬁlhtﬁe Ednﬁhl-%h@ﬂnd‘y@@fﬁy sF T B HRad’ RRWMpByed within
é@ an nodu %,accqﬁg tao_the present invention
?3%1.0 WPHGYEY © 95k @ PraYlﬁf'gm?rBaS%fl fiffpesn & thempddienent
ofrudtire pbeiskAd of fiMe ﬁkisigﬁ Rith Ggwaomﬁmsss mfougﬂa)at mAEhBl098d.
%%%yret identi?al tg he nodul e %ure 2 are
ek BePr e vk  BuRsR o edisg el s gBont it the
fsirhdtigre at30Qmestipn ofymbuilhhestdhethnndnﬂeeﬂﬁﬂ GésuEin' o dbffdratial
e e i
a continuous So ase. e 56 ase
300p provildesis arcporvided urocuéer@t rdot ulr@mnbrtq thigagfofementioned
Qmﬂﬂﬁﬁg Lifshgs Stresses between the inner shell 4 and
the outer shell 6. The filler 500 is preferably a
pol yretre Spgkpes # bulkhend ¢0Ra pladfirridesimi Fge bulsed 60k has a region

@0@5@5@@& thﬂ&e%)iﬁlﬂp&ﬁtepfl‘h@ t}@dicﬁés%ftﬁ&lblﬁﬁ&%ﬁfdo% inlrSgion 602 is
yester resin th suitable 25 resins being
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sol i

dl‘he bulkheads may be prepared from the same materials as the inner shell and
outer shell. Alternatively, the bulkhead may be formed from a different material to that of
the inner and/or outer shell. The selection of the material of construction of the bulkhead

will also depend the degree of compliance required of the bulkhead and the other features
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filler. Suitable solid fillers include chemcally
inert materials, such as cal cium carbonate, WO
2004/ 028892 PCT/ GB2003/ 004191 22 avail abl e
commercially as various grades of finely powdered
chal k Alternative solid fillers include fly- - ash.
(fﬁ yials (for exanple Filliterm. }Q@Kﬁﬂ%dgmwl
er |s i ncluded in an anount sufficient to reduce
the peak curing tenperature of the resin to below the
| ower of the nmaxi mum exposukdt tenperature of the 5
|nner and outer shell, The solid filler nmay be present
therbulidhendidesign such attha greand SBpe Hymyrcengs nefenthSuiEblei r e
fmétéreaus for cQanqu%%f Bt 6listAR iYonfde ABai, Qolt & aﬁuﬁrﬁiﬂﬂ%’allo s and
? especially from 3 0 to 50% by wei ght o ﬁe
sl opyiegsy Such ApRoblefigvind plyssii ng to Figure 6, a
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stiffness. 6a shows a bul khead 60Qa of a fjrst
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pegthe Blerition rdqﬁ@scse al bloyahSy 18R i wiich AderichiatiekdTaisesiveds it fe
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%%%h%gﬁd g% 604, the size, shape and n-anber of which
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oo FU0E yatstanste ooyt AL 0,

evel e shomn
Fhedupr the @ptershelbef amgpdyigles the agoieral deylgm ghiogn dpulfiayre 1 k@b@v@we

inhs Miehtkal pﬁgmﬂﬁgﬁ&ﬁtﬁ@ dTI{e@ﬁ’éll et Pl‘?sres §ﬁl?r9 %‘mfglfce@lﬂﬁﬂk &k, in
can al so be enpl oyed. The nodu ‘é one_or

isich 2 Ol IRPraRRISX 1s providedivigh Birpst 46 W%lmgp@wafa e gFig702. The

ITRERY 8ehnerkID RS ﬂ?ﬁgm*eea ahy teRe1SRAMRNIGS sﬁ@le%reof)r may refer o
different, eS| The bul kheads may be prepared ?m
ailg' ch P 1ty 0

£RET ELeT{he e AR 7Ok rpinigfegd by @ plural
fibres 706. Each ﬁbre 706 extends at an angle x° to the longitudinal axis 702. The angle

x° may be the same for each fibre or fibre portion, as shown in Figure 7a. The angle x° is
selected in order to provide the shell with resistance to compressive forces ¥, in the radial

direction, provided by the resolved circumferential component of the resistance of the fibre
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30 outer shell. Alternatively, the bul khead may be
formed froma different material to that of the inner
and/ or outer shell. The selection of the material of
construction of the bul khead w |l also depend the
degree of conpliance required of the bul khead and the
f ures WO 2004/ 028892 PCr/ GB2003/ f
?%gﬁgﬂFéﬁéad desi gn, such as the size andqgﬁépemgﬁﬁgﬁy
openi ngs present. Suitable materials for construction
of the bul kheads include netals, such as al um ni um
all oys and steel, and polyners, such as pol yol efins
amadirgelapddit eccsssarfsesivat@dg cautpessiivenfercesdinth thalbegituging|fbrees,

f ) - ’ )
YRR L) Lty O LB . e,
const rfheshicl 60 mpxsberfermed Ofé@tﬁmg@ layemféhepnaé@e?q"ie dhergptok 7@14
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Preferabl’y, "the matrix 704 is reinforced by a

Fﬂlgylfea]b, ] %}16%1700& has a ceniral longitudinal axis 702a and is formed from a fibre-
reinforced mattix 704a. The matrix 704a has first fibres 706a extending in a first general
orientation around the axis 702a as described hereinbefore with reference to Figure 7a.

The embodiment of Figure 7b has second fibres 708 shown as broken lines. The second
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fibres 706. Each fibre 706 extends at an angle x to
the longitudinal axis 702. The angle x may be the
same for each fibre or fibre portion, as shown in
Figure 7a. The angle x is 30 selected in order to
provide the shell with resistance to conpressive
g&%ﬁﬁﬁz 9 1N the radial direction, providggdR¥:dR61e1
reso ve circunferential conponent of the resistance
of the fibre WD 2004/028892 PCT/ GB2003/ 004191 24 to
stress, and the necessary r&sistance to conpressive
forces F1 in the longitudinal forces, provided b the
rigues|70@ extnd iyihe ortosing ditcelipparrand the fixig Hga.rtees st arrrogle@f —x°
ttQ ﬁleflér@fhﬁhﬂa@aﬁst rh? §t§er “-lm-)pcﬁ tﬁ@g:lcsj! ﬁb?é%%%&ﬁd Et%@% )@’fto the
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25 nodul es for deployment at great depths, tesel
WH"OWI%SBWT}}%’@"%“E 1&%? IIOtT‘EﬁYGPnSlSé?/férS§1gIG Lgjex ¢ the
afoteRfeRRdnkd@atdidl§ hs ARG BACQAR.l AyEHSively, the protective layer 810
may be made up of two or more layers, applied successively to the outer surface of the
module 800. Fibre-reinforced plastic materials are preferred materials for preparing the
protective layer, as they may be applied by winding the fibres around the outer shell to

build up a protective layer of the requited thickness. As the protective layer 810 does not
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Referring to Figure 7b, there is shown a schematic
representation of a portion of a shell of a buoyancy
nodul e having an alternative fibre orientation. In the
enbodi ment of Figure 7b, a shell 700a has a centra
I ongi tudinal axis 702a and is fornmed froma fibre 30
Rahged matrix 704a. The matrix 704a hagrddd@biogson
fibres 706a extending in a first general orientation
around the axis 702a as descri bed hereinbefore with
reference to Figure 7a. Thébenbodi nent of Figure 7b
has cond fibres 708 shown as broken |ines. The
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nodule with a protective |ayer erring-to
gEspoat 6 denlomestotheenagsldul e 800 is shown in

cros sa;ssefeti |a@cﬂrc on® BOWEAELIL Béh | bnﬂelﬁne% Gﬁ‘d &mé% Qiéen@@ﬂh@n
uter sh 806. A structural fill 08 i s disposed
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11 IRAnhér
Figure 92 shows an inner housing 900a and two domed inner housing ends 902a to
be attached to respective ends of the inner housing. The inner housing is formed by

winding impregnated fibres onto a mandrel to provide the requisite number of Iayers. and
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25 the enbodi ment shown in Figure 8a consists of a
| ayer of resistant, rigid material, such as a netal,
for exanple steel, alum niumor an alloy, or a
pol ynmeric material, such as fibre- reinforced plastic.
The protective |layer 810 may consist of a single |ayer
3% $hBss@f Orementioned materials, as Shov‘”‘pdﬁbd:hzﬁ}d&%]
a. ternatlvely, the protective |ayer 810 nmay be
made up of two or nore |ayers, applied successively to
the outer surface of the 302fodul e 800.
Flbﬁﬁ?relnforced plastic materials are preferred
ciess.£ BerearE gt e Gotsg ends982aat attpeher sy the inngrdiopdingy
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whlch is then allowed to cool. The contraction of the outer shell upon cooling generates an
interference fit between the outer shell and the filler. An adhesive may also be employed
to further strengthen the bond between the outer shell and the filler. The outer shell is then



10

15

20

25

30

transport and depl oynent of the nodule. As noted
above, one or preferably both of the inner and outer
shells of the 25 buoyancy nodul e are fornmed from
fibre-reinforced plastic materials. In a further
aspect, the present invention provides a series of

qﬂ§%&agﬁgptageous met hods for preparing a pd3u@mansdiio
nodule. In a first enbodi nent, the nethod conprises

form ng an inner shell. The inner shell may be
prepared by winding plastic<&npregnated fibres around
a nand g @ln known manner. 30 Figure 9a shows an
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ard, is %ﬁxllt!ed Mlh&iﬁﬂé? S face mheHﬁlﬁzg ﬁ&lfsllnél End 9@3@511{1 ekfends around

present hereafter app In"an alternative

SO (The BT A H<dhod i 167 araEdde aeenddrengittes kot
demaH the@ther 1RWAEnARGE lnkdA8E EaafPbldan aietirhﬁfhoﬁglﬂgl&ﬁ 98& A8 the
Rl Sa sh ok spRCrial e stac S Lot
gheetlrogh ahdf threap@fndton ik iA@Tsw@GRE. Ve backplate 914c and the spigot
916¢ are sealed to the inner housing end 906c¢, such that the hole 910c in the inner housing
906c is fluid-tight,
With the backplate 914c and the spigot 916¢ in place, a filler may be introduced

into the cavity between the inner housing end 906¢ and the outer housing end 908c through
the hole 912¢ in the outer housing end 908¢. A pad eye 920c¢ is provided, having a spigot

922¢ with a thread formed on its outer surface. Once the filler is in place in the cavity
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20 both ends, that is has the formof the housing 900a

of Figure 9a or the conbi ned housing and end assenbly

900b of Figure 9b. The conpleted i nner housing is

inserted into the open end of the outer housing or

outer housing portion, after which the cavity between
' and outer housings is filled w

tsv{tfﬂ]?:dtlda%g{ filler. In a third enbodi nment, ﬂ(ﬁrééﬂllﬁ]rs]/gornm

and outer shells are fornmed as descri bed above. 25

The structural filler is appfied to the outer surface

of the inner shell and finished to the correct
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trpBice iRt enet tocetiss with i |d@ﬂ0ymettt mwdlmst Tb@fapfdhfé i‘h@ |n@dtﬂe of
@agg;és@ﬁt &¥ntiohichd betbla@asfe@w hi¥ WQF%F\%;;&SEQ%@%% advaﬁsge over

the outer shell at the nodu ends. I n such
dhpshwoyaney ynits ofthe reiof a Whish ggierln brip £ ifigpidiuoxmep @abag lt

em];ﬁafnﬁo tubaderct Eieﬁl f&?ﬁweﬁm @fédemeer Wﬁﬁaﬂoba%toﬁ' I It ed | with

a | er, suc as 0 rov e a e Structura

li nk DEmpdals piike I?rF?ﬁ%n’lW%lé’PlareéPﬁlg“gﬁ hgﬁ% tp bagyanoy cavity

tvhmumshﬁwr shichl@vit AtshitaBle AR THIs istht hepahay Wg:ﬁlr. ?fhe odule
a Se rate ous e r

SRt O PR 5am, Bt S Mg e,

ofippied. Cynibatlyeitle modidd wijl ba hdlagniko assirayuifad Broyaxadiing the

t ' ousing and end 10 assenbly 900b)
F§§35§§§*$%8¥&a hole be forned in the end, in order to
S uppodPice dirdoyad idrbellast ia powyedihincthe blvgargh eakvhty phthée moduls, s

R ile e oF Sl Gl Thi o RS B eRlenk b WS
éacing @w bisi a$t Iouﬁ crﬂ ilteurrglldtﬂe ujing 4 eomprseage giseyrh asogmprsesed fip Thls
AR s&ridud dfs&?ﬁarﬂ%@? df'llgtrlgs Iﬁtedtamﬁ'e QHE ﬁéces%!:}? kd prE‘Qdegtﬂé a)mpressed

access to the cavity between I nner and
gt ¢ wifficagggpiessie tq gygrcempihy hﬁécrstaiﬁemreaﬁﬂwtah@e é@mywnt\mth
Bedohd, §1aDhBestiy téquc@ |the]n'i_bdtlle Wi kwo iR, bilel thiGEmaRR thehihd

ths manner nay $¥ foam such as a syntactic foam
Ogeé%ﬂ}e&ompfeﬁlﬂh VINgEas jPUAIng (0 fRepresentinyrptivg s pethpd of
ﬂ&ﬁ]ldﬂtmg%. m@file iCAEviedd] fmtreb@ tHedAIGRME Rithdrein RaRkRYJAgeand

scal II{]egemng 0 El ol eﬁ() tﬂere 18 sho(\jv% a perspective view of a deballasting

apparatus according to the present invention. The deballasting apparatus, generally
indicated as 1000, comprises a generally rectangular base 1002. Hooped supporting
members 1004 extend from the rectangular base 1002, joined at their top by a supporting
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ends is shown in Figure 9c. Figure 9c shows a
cross-sectional view of the end of a nodule of the
general design of Figure 1. A done-shaped housi ng end
904c has an inner housing 20 end 906c and an outer
housi ng end 908c. The inner housing end 906c has a

R Boifde, A simlar hole 912c is present, c‘rR}Btz%mewl
outer housing end 908c. A backplate 914c, typically of
steel, is nmounted on the inner surface of the inner
hou3|ng end 906c and extend® around the hole 910c.
The backpl ate 914c has, _a spi t 9160 %rranged to

st Ho tE HOPthae prgyided ey radyof fi trhendimpqielioopis rarngine

%6 Hers MOAA, éa@l@brﬁcﬁk\éﬂ Han@EhM@@&eﬂlﬂﬁgﬂ. e braBleskSIiong al@Rcthe
906¢ and tQ% 5 outer housing.end 908c. The spi got
gaRsEs e beditis irpxanle byt CIFl’ﬁﬁg? i nal bore

t her etterdebigibstiansbparatul [ 88 dorfiitsbetieballasting cymlﬁ&rassembfyao H),

ate 91 and, the s
BRGSO Rt 2R svee 2EndRhpdiifyBid e §helt
tafsemblp N0 houBiidhnlet 8O Geneciod louhechubyagést modiletand & lﬂeld outlet
ackpl.at 4 ' e r
B AP R PR SRR A e,
hauswmgmeﬁdegaﬁmnamd t he outer housing end 908c

- through 1s$og%@9 Pgoaﬁésg&g agfeﬁld&ehﬁse%womg%@@byefﬁgnga%

A pad e e avin 922c Wwth
ayctrmhe a:dmﬂ@rlprb?dwbﬁ 1 {stfesl hydredic fltigfose ehyd@wg@ﬂwﬁ EeseIy el Eil4
P%rhﬂrﬁhlé‘ﬁﬁd %hﬁ 6CBYId ¥r NORPAALPE8HED 1016 is prov1ded by

/GBZOOS/O bet ween the i nner ‘and outer
A elegtigmelpgid] @o@@ de@@ss@ng wREPERARFEPFated ERPHSHITH2 t he

Qs bor p1§t%§1 3 theQfrtlch VR LRY b@&jﬂﬁéct’bﬂ tel aﬁ)%ﬁls biMnbdns bhe
pad eye spi got 922c engag;

&ablea W R e AEe LRt L&%ggu@fﬂeomnﬁwss %‘%al% @%@%3080 for
ggkg)vsﬁj/@ﬁﬁl%ﬁ&&ﬁthaﬁﬁmraﬁﬁadc@éraﬁe@al{dhehtntﬁilﬂta(ﬁr housi ng end

C SucC encl O
buoy dnds b aouistins Do ook Rsa s R ﬁ“ﬁ%fé%ﬁa“yed

afefddib@erhmmafonhﬂma;é toomm adjacehttthd mochleitogﬂwlﬁlb}cﬁlﬂballast is to be
%gn-\l/o%ec} 3%}' mo%ules that ?IF, f%%:égﬁ go{o%etd cﬁ)mptl;) FRGliack %ee&tohlﬁgtn}gh at

drostati C pressure
prresien mapbe gﬁuaact omkbpiuisce VEsel ongldﬂjdm_a Fayletrdashe bepyiest t o

%%HLIHQ (ﬁﬂgt cﬁﬁe%ﬁ At 1?% @}hn&é? gﬁ%l{fmﬁg@ s &ﬁﬁé&[eﬁ tJ AEMuid

are §u ternatively,

aflet aﬁthedto @dﬁ, tivsalbtheimpeesof apRO¥t Thechydragke Cdim(ﬁ'h 1012 1s
d&?ﬁé&% Lﬂ.%ﬁﬁéd' it e/@%ulictﬂﬂdhﬁ tlgegjlugx? t810%hich BAlm

nt —or | ocation intefne bet ween t he

sqqlrpfo&@tes thmsttm@lﬂgn the cyindgriof e debgldasting prkinder aspambly 1H 8y

%ﬁ-?emﬂl {alWs eﬁsuﬁe)ﬂi’dt SalabtYs \bi%dfh%%ﬁﬁﬁé’m&(ﬁﬂélﬁﬂo'ﬂ@sﬁyhﬂdéﬁ
in order to_ reduce I ldOPﬂoyancy, to assi st

W?‘lﬁhf}ﬁ@‘l@éﬂﬁ@%ﬁ? led e dfre g fact that the
modul 18 a @fal aﬁﬂa@ B¢ RERAlntAN@IPdvitls SoiftcDety bﬁh]ltcﬂ'ﬁlg eghteifor

this wa ents .a significanf ady nta

b O oI hat HEBT GRertee . A TG eer 8 hy e
groﬁ/idihgﬂu@mwwmmemmkeqn@meﬁt aﬁ&stﬂlbtﬁjfe!s Gullpentiont sporigr ge
tmtc]eegu 0? ghe gl?eYl ortrﬁl moﬁmg,eltr1\s/vaa vgl{tagtegus % Ifnloxﬂ%lr thle %Ec%tﬁltyocﬁ the
module. The monitoring system may comprise one or more gyroscopes for detecting and

quantifying motion of the module, in order to identify whether the module has been
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The nodul es of the present invention are ballasted by
filling the buoyancy cavity wthin the inner shel
with a suitable fluid. This is npst conveniently
water. The nodule is provided with an inlet to the
buoyancy cavity, through which the ballast may be
supplied. Typically, the nodule will be ballasted to
PPMAB3E neutral buoyancy during the 20FPHYFPEYHEH!
procedures. Once depl oyed, the. ballast is renoved
fromthe buoyancy cavity ofsithe nodule, returning the
nodul e to its buoyant state. This may be done in a
cswowﬁrdttd) adyainpA¥RIR 8doidbytal 1cfamrngsi Mistikferntadbd @sies Udentfy at he

[ as h,as conpressed air.
Tt g B PR R SR gt R R0c ot e
aboveAn altemas\mewm Apyitoriog mt@mmhgloysrmw ocompe essediiRé

%gli’p%}a{eﬂ 111?6}5' Isl?ehbe wth%cfd%fe%ﬁgragt tglfr%\it%’nc %Hgmgtpfﬁds of f§bncat10

press ment d econ
|dbscnlgedmemeiés°aneymct mn&rmxgl@eimmmpm@tﬁdéibw ﬁmumdmnmﬁieé@rs

%ﬁ%h‘g‘tg fendi %glgyeh‘)ggvér?@elp@ ltﬂem}paﬁﬁ& mﬁtmfapﬁbrgsnﬁto the module

conpresse riving gas. According to the present
isteame-i Bie oatigrbfitiesdesuplayedyalshia SHorpglion crengming theintegrity of

REQVd R ThoRE LRl f&@%m%! glﬂﬁ§ﬁ1fdn§aﬁ%‘irﬁ§j B@Muﬁtéd%ﬂﬁzhﬁ

nodul e. Referring ure re i s shown

sl demogalear eigy T aﬂacha%@éhq %@iﬂﬁ@not% forsarele pimeans of a
RCOOIie ragudapﬁﬂr&@st@rﬁ @&ﬁﬂ:tem bRY&IS pRMde ARticabalitasd dyftem

SRRy by ok epagu O e e BiB et L IRpBT A

Mﬁmhﬁrﬁli@@%mEMﬂﬁﬂﬁeﬁﬁﬁﬂfﬂh@xﬂﬂﬁh&ﬂ@ﬂh&ﬁmhﬂSﬁmﬁ@ﬁﬁmy
ned.at .their to a.s ting WO 2004/ 028892
W@ﬁiﬁ%@?ﬁ%ﬁigfﬂg@GXg%QW#ggﬁg Brackets 1008 are

pr ovi Alentfemrad megtity afonttdrag bwemsnopries both aeRe chosUypetdpEn g

ach bracket having a hol e theretbrough.
fﬁﬂgﬁPﬁﬁé ?eﬁﬁ%g% allow the apparatus to be lifted,

f o r eRmnrpbasatisyf the presanbmpatictemay twlempPhia! af etyainfiawateng

aRA g:rir%gxfhléx% fénygé} &%E(ﬁ%h Sﬁ?amglegﬁalblﬁhé Jalwav%g ady Lﬁo&%ﬁp for_
phaEs, mpm@omcﬁ“m @ﬁgmcam thﬁanstailah@cqf other eqripmeiynd nder
s end| &isul&téd%u&aﬁc orfrlslays %a £Haﬁ5w &Jster fé&@%ﬁinb% tht the

buoyancy nodul e an cases in which
PRy gr yegtica] ée%%awng ﬁ&ﬁffa\ﬂ’fmflli’léﬁﬂf ﬁl??élﬁﬁﬁlaflfr‘@af?@ﬁ%&tr@rthat
1RQ erhp1by BloQied ﬁbdmmyh@mafowegmw@wmw e BEReMed inldbgil.

pi staon of the deballastl yli nder a 10 is
oy e RUSREARISE 18 U5 T PaA LR PROSAAIY 2 Fign oh

h@psﬁﬂg PiyéhraBotleitte stdbed &l ﬁﬁcreamma 1deyiting urhecartfcmuted arch, generally
Ser oir. 10 14. a
e Sl 0F Rarmiper ey o s TR e g
byhneddil tedeetet 4t itteirM@p@tivalddd Sy hitpe JdiiﬁbHJOB St sng:iort members
g areaarran eﬁa%ﬁ s%’er %resdm Vajec{{‘)%l% éﬁ én%%}s Al eal g%’ﬁ%eﬁg he

O rm S u r connec
acppeqtalttwg rigid triegnigr ﬁﬁ&neamrk of tubes 1108 The tubular frameworl 1108

accommodates a portion of an underwater pipeline 1110 which is being supported by the
arch at 4 distance above the sea bed. A rigid triangular support structure 1112 extends
from each support member 1104, to which is attached a buoyancy module 1114, The

buoyancy modules 1114 preferably comprise one or more embodiments of the present
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cabl e. However, the enbodi rent shown in Figure 10
conprises atie-ininterface 1020 for 15 a ROV, by
whi ch neans the apparatus is operated and controll ed.
In use, the deballasting apparatus 1000 is depl oyed at
an underwater |ocation. Preferably this location is
cl ose to or adjacent the nodule fromwhich the ball ast
WO 30R9/088892  enpved. For nodul es that are bdiAFERI¥HIBed
close to the surface, the deball asting appar at us my
be situated on the surface gessel or platform To
debal | ast a buoyancy 20 nodule, the fluid inlet of the
detentdd, asticraipefond desvdibed. asipembbuyoydy hoduls 1¢ bhare cineettdddy
tk fltf'irfﬂ inlet of the nodule, typically be neans of
an E&B\} e hydraulic cylinder 1012 is operated by
bei ngReiapipk teeitigwe L 1o, thynd iscshidvrca febanid dedgn of rgicggipdardlOfhs
e h
Vm#&)@t d'lé?m%%&{aﬁ% ﬁlggébp{d%g@??ﬁ/a{eh%faabl erq’ﬂ% zérﬁﬁeé %d;lc)réh Eenarallv
N@@ce\*@ta@ il A2 agopwsises A S iradititoh alpnawlbluwtmy modyles hidraomegtedom
ta P4 lﬁ{eﬁ' résBécgvé Qlﬁs %ﬁé@ﬁ&ﬁts ZB6t Jﬁﬁé)dﬁgﬁng)nﬁocfulléé I16:124 act, as
et . and_expel Rr ou . final
d&%@mmwx fyectigp, é‘§ étﬁlctw%véweqr% ﬂi%‘iewi ta%@eg?m WE@PWy
Qb6 peidySd Iﬁmsuir@sfbuayaka@m 23 Gieh BRAHEE ThEBBPandP modules
her ei nbef ore descri bed. the effectiveness, of the

nig dtiprateraRly CHPRRF Ty “lﬁ’EFofi?ﬁ’ Lipegtyo h%?%ﬁ&tl%"ren%‘i’fu?sp ment
aiafénﬁ&fbtétawﬁe& THe BRpaRFatduldd pm aﬁ‘d‘wrangeﬂtsiﬂ@ b §ije lﬁfpalt‘st'l e

hel h du eou 0 _non t t he
s e R B nasnteR e R e RSP e Syt btk
clapprileesbohefrate vk Hzg ycrcasmm abatiodeftaa mhdlem\gatalpd)elme

d d f
AR s Rl Rt o8 R Sty Ghole A 6811 1
PCTHEGBA0ABHG04LE4 | BE cstain}s domedchtraodaleyl 1 24y frawttish ippttached 2

%dagl t?l%Pqu@} mhaﬁléji 1:3951\;\]%: %&b%g&g n IIQ?EEC, gﬂéﬁﬁgbl% Qomprlse one
d)amagemqbpdlmpntf @f tereypson) Anvemtion R h@tﬁlﬂ’@f\fmﬂ@s‘a@ efly nﬁélgfrem y

'E‘R&ah&%d?ﬂleﬂﬁh%@cgﬁﬁ&%’@tf‘}rﬂﬁrs‘?[sdmre optical fibres
incorporated into the shells of the nodul e during

f abr i Referpanowiedigie: Hedieros shoapn edieplged irsss pral desiepe dhe

hRES DRI QLB BME1QITH 1 041 15 GuppbMed RlmbeRRhegRsas f4nbres
around a mandrel or substrate |end t hensel ves very

Vs arghoppEses h3cgPTRIMaRABA! BPPOFSETEERS Kb CPWP%SW%H%T%
REHIH Bars $146U ThélirRngehider Pl B Fgufd 1DE BS ﬂaeeesuem@bp&edmttares

f t th
TS b B R e o B Penme Ry Bt sl pine
rnsgy clagp MDARN tAechirwif bilymcy hedulshiebd mﬁ)ﬁeoﬁrhcetoﬁmubiﬁ)ﬁ btars 106y
eaaltl sug)gg thﬁt%ﬁt(g\}& nanganse fr sg fﬁy ’Ad acent gﬁ%g%ogl}lles 1150

ans br & Y
earmkt@ghetdattﬂmrmspWMQendnb}dumgevcentsrblrﬁﬂt ®hd trvgs &ylst Ehwilhvhi ch

Cot.err ) . r
P8l L SRR Bl 1T RSy ORI Bt e
tdbsated ted of fleagaitipn £k the pripe nudpﬁs eeingsupmsniiado Eé@b@waﬂcleagdules
I1 w&gﬁﬁ& Xompnse one or more embodiments of the present invention, as

hereinbefore described.
A distributed buoyancy module arch is shown in Figure 11d. The arch, generally
indicated as 1160, comprises a plurality of buoyancy assemblies, each indicated generally

as 1162, supporting a pipeline 1164. Each buoyancy assembly 1162 comprises two clamps
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followng its fabrication and prior to its depl oynent.
A preferred integrity nonitoring system conprises both
one or nore gyroscopes 15 and an optical fibre
system The apparatus of the present invention naybe
enpl oyed at any underwater |ocation where buoyancy is
requi red. Exanples include m d water arch buoyancy for
&P mor ary buoyancy for assi st ance Fo/qBiyst04191
installation of other equi pnent and structures,

di stri buted buoyancy for rigers, and shall ow water,

| arge volune top tank 20 buoyancy for vertical self
St1aa elictr@d tol thefipelinEXBAIne slagp dispeal 4 th undeiatembly.

t t I b I ..
el R St b e el TR Y T R S BB Py By rotwning
detsaill0. FiRet Erdrshovgs dach Hebypueseasdinbly, 116he@mprisisg thivo Wwoyancy
£ ; z . :
Ao P yBlen ¥t GHRL B ALy b2 SRR U LR R
arepibendf v ednca peshpblipe hER @inplpyediindtitcainedibaibe Yubgancy

j | 4 f
SERE 851 8 Blig KobuGion AR &1 0b Jht il ShERke qrer
rraeyp eplpddireenis vd Sie pyesdit yatipishesinbato despreds uppor t

nembe gl 194s,8%:8a AL-LANIRH 13 LBy SHifGnk NTIRALY Sver WH, D
the support nenbers of each pair %el ng connected by a

)PC ch .
rgepgrdllytindicgieg gt hiS0sseenesnePRelpr 11831563 diat4n58 aboyp thesepfigt ar
f’]'hg ARWReK 1871085 1n%%ﬁ?%@$\:h?&seﬁqbﬁolﬂ%4 BRir@fan @Ilauat?; sugpott)ﬁng
unaer er I pel 1 ne 1 C IS el ng uppor

LG 145 re HPUE BATSAHCL TS RS oS GRURA LSS, | TGy gpitched
tarplaagub o BB ABsdnles | 199GY Wiehs bl Hotizentdl npdSrt 3hsf 11 9Mardac h

S [ nbe 04, .to ich js attaghed a buoyancy
SRRIA04 THA ek AP0 T R s e sE i Do B PR
chevpn) ibg mean ef hites (ot soenbo dizfigdearalfto blagkefsriésent thabular
04/ 0 CT/ GB2003/ 004191, . 32 J.nvention, .as
TAMErREArSr J PaRumi poortey euiey T ERey s aifag wp e
dueyaoqnepotecht By thetach. BlartsiofabdenodRist &r0ipngereidy ¢inguise 1
|eBivodiEN ot e IO A GORTE HERTHL ‘Pifo%ff'?‘”' cul ated arch
for supporti'ng pipes above the seabed at underwater
| ocat Figwrs 11fhevsarticd qudrelt fotisuapating agapdsredtirpipeBne. The tied-in
P £ALAN iAGlh 221200 0TRLESE S va ALY ER Y ui%ﬁlaﬁéﬁ@ﬂﬁé‘t e

i 12
buoyancy ‘nodul es 1124 connected together at their
FEEe 1 108 cupgtsiesy iy Eeqlol 20t oA pipokpe 13Pfis pigaipa fcfje oradle

MG aSeadsld 8Bt 12085 A HoARnfallPEANBRY tdbWRCIubE RS st@Sure 1210
structural _ ne t ey per a Seco

I . Ho , th d
YRS TR e&hﬂfﬁ}dsgf tg? %P%te %@é&raﬂ%%?ﬁ%ﬁs} %@W ffl&ﬂ%{ﬂﬂ on?
Eafbwsk N 2eH lHuSyanaShﬁodilLé@Yﬂg_%é s%ﬁ@@dhfﬁa& hérkR Atalpugioarsatdnye
onpri se 0O or. .nore 0 nment of thnhe esent
PR oERe P e gt Rk LRI E b elr trigr S ey
sogbtireGotlshavn)dy einar(ia Hged) siaded byhshdizoitsl opedriic] suppdrt h
b RuD U Sl ERE D DR nDEL DA FRONRSH 51 PYecfla Mellahe o

the floatation duty to be performed. Preferably, the buoyancy modules comprise one or

more embodiments of the present invention, as hereinbefore described.

Embodiments of the present invention will be further described, by way of

illustration only, by reference to the following examples.
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1128. The tubul ar framework 1128 acconmodates a
portion of an underwater pipeline 1130 which is being
supported by the arch at a di stance above the sea bed.
Arigid triangular support structure 1132 extends
fromeach nodul e 1124, to which is attached a 15 nain
uo anc nodul e 1134. The mai n buoyancy nodu
8%5% Y conprise one or nore enbodlneﬂFgﬂ%?mﬁﬂﬂwl
present invention, as hereinbefore described. Adjacent
buoyancy nodul es 1134 are connected by tie bars 1136.
Referring nowto Figure | Ic, there is shown an
articulated truss arch desipamplERe truss arch,

gener dlcated 1140, is portin

under %e’(‘?%ef %?"BWW@O A TR are‘EBLh? U §t§mgfg% accordm fodhe
Pr&edur@3s Odscrited kpoat al  support structures 1144 each
conpr sing three su L [

shomm %%%ﬁﬁlﬁff'gﬁas Fﬁreén%%%%hmﬁgggﬁtﬁstructures
Tcdvbdn fitks (1700 ex Temb end @t ruetinBekdniy LZ@ Thasm@fbtfrﬂs 2Y

THOBRS 1&%% e%%;#g}ba?etdtu %ﬁgca&%ntdﬂ%s Qlaaoegbimsm DYnBrofeh QR

ul es 1150 are secured to
tlmgresrupp @btes brestrips ﬂpm@reg f Theaerpriningyperhules SereiREIpPaiee Usied 4

tﬁfgeg%ﬁ% ofa i R0 adhOme Adkpcank thus@ency erduI es

are attached at their respectlve ends

hi ngeTheghetiules ves preparpbbaying & gorginglengthad 04 1. &"BWPW@

Sv%fréc sluﬁétﬁl'ﬁﬁ gﬁdﬂ?ﬂﬁ’l&& ad Kad Glbilbh &SonbbthdnSinekr Bﬁlﬂiﬁ@dﬁ Gdusings. The
nodul es 11 rovide the desired |evel

fnesitene i Framplet 1 iolﬁ"é‘nﬁaﬁ 5 B preped 5iag ﬁ@n%%ﬁ?eaﬁﬁré'o(“‘m?ﬂ%
RLRMARGY M dHiheSe miaaraﬂelmemg adrabd per AORRAMcILNORE Kxampibs e
eMmmnmnsofthiﬁﬁ%ﬁ rma1| " 3 ena %%%&r
8 BYePHRLISING G TR B! &p Wﬁﬂ%@ Bl @ EFeh™°s
Ssﬁéné?%dé@bd:dug L[Et!her]lﬂ.y, d greﬂ_ihﬁlrﬂ]ﬂmty of fglmgetsa)biayled Wheghi aqmltrédy of
a ra ty o uovanc i.es,
p A Mol s L TR e S A

pingRltilrand dfiihg ticatche iftuoy mmh odpwaersity fomet@ iehpelsses

secur 84y e %?o?%l g% i %’f‘i’@r‘%?%n??e e
eees h ngindhaeycoib (aniﬂkg/m approY éﬁ@lyﬁﬁédii)lcelé 51161 GBH%C%U
%ﬁ?lh g QmEB%e%nag a%%%&fﬂ‘g h&@%ﬁﬁl@ ?831:1%@1130 éﬁfﬂ%% @61 @%)

ni ng ars ure hows_each buoyancg

ancslenlb pymplogel ab@ndpiﬁm@h@ge FiRgses ths seveaneil et daaree’ 12Pg

f 5 duhiggpnRkiniescaphayay Exasple 9
regﬁ%&ﬁgduﬁﬁgg(ﬂﬁp%@%&i%ﬁ bdqun mﬁsfgg? esﬂlfBZP
g gt Vish e AR OB ot A1 (RS R Ok g 6F SIEHERt of

tgpRkiRetikne. The buoyancy nndules 1168 preferably
conprise one or nore e

nt h
GRS INemEE? GPEcHASTR Bage EF JhiPe 5 T dRbs
lal"alﬂ@)l Wideihe ﬂﬁﬁﬁbeﬁr@rwﬁhkpiﬂ@ﬁcmlcﬁt@ irga ipkty bfiyers] h]eo as 1ndlcated
ay-o ner cated.a
a )F;i pi ﬁ).}%gc'ffgt?e eraang %t%{rgh :;hg wg%tg(;l eed Sf’lere It %Qda‘g:ﬁ g‘ﬂﬁ Bgeti f)ly

tape to draw out excess resin from the shell, in order to render the surface smooth and free

of voids.

The details of the modules, their dimensions, configuration and manner of

construction, are set out in Table I below.
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" Peel-ply applied to surfaces of both inner and outer shells

Table 1

Eg}ﬂ%}t (ﬁl lerg)@ogﬁnj?ﬁﬁlﬁlﬁ ﬁ/%lp Ef@ Qae;iganded foam

Bach of the buoyancy modules of Examples 1 to 10 was tested for resistance to

external pressure in a hyperbaric chamber.

Each module was placed in the hyperbaric chamber and was then subjected to

increasing water pressure, to simulate the hydrostatic pressure of underwater locations.
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10 were substantially cylindrical and had flat ends on
both the inner and outer housings. The nodul es of
Exanples 1 to 4 and 6 to 9 were prepared using a one
unit mandrel (nom nal |ength 1000 nm, wth one inner
shel | being fornmed per run on the mandrel. Exanple 5
was prepared using a two unit mandrel (nom nal |ength
PEC049292 from whi ch two inner shells coltd/qFaMg RN
Generally, a greater simlarity of shells is obtained
when a plurality of 15 shelks are wound on a
multi-unit mandrel at the sane tine, for exanple by

W GkRGridatioD bitEé Ghalnbh &ad Bihrkddt ddiiftgernidpRIY fbe ainBJTeﬁI t1®50%
plurality of portions to formthe inner s

vdgﬁlg@eryssw PP of PESTER AN e?ﬁésuf?a%aéﬁ%ﬁ% aFPpgl
Ztgﬁ@lt? bﬂbvfﬁkﬂéﬂﬂbl&ﬁlejdeﬁe@dﬁt resy@8seBof i Moulan eyunoad be Noniorgd.

e pes B Bk Pt SRR s iy
aﬁfﬁﬁ@éfneﬁtanﬁhﬂﬁiziantﬁﬂ of & cha%ﬂ)eﬁxmm'aﬂﬁe 6f teepbdyeatcurred. A

%Jilﬁ%&é@ Aglﬁa ds rem der%ﬂed as mther ﬁla %‘Iitgsﬁg Hid ﬂhurF bf thcefnodule

pidoygrstoBapse, esa:ompfqnild;eelf tl(e EruCRed rlrrtemf ﬂ@anqwé@myg to aloss

mnth an expandabl e epoxy foam
ew%Faegﬁgg%%m%%%%ﬁ%rnS ex Sicomn Conposites UK)

A var Betsyrs relcaplogaigh s bynsrharieshambsy apr tip BRAWE Wdlmiortthee

fﬂgﬁ{oﬁ% V\Dﬁé Jh@gdﬂ?ﬁttﬁ‘é:hybé}bﬁé tekPdhiBbet and¥hd ﬂﬂtehﬁﬁvcflﬁr@ﬁ}ﬁgssure

In each case in a plurality of
2 bl sieflésdnad, end s Py e Brdres pheolh e @Hﬂera%%@ Oiepsaels
sit@lenoawRs treated where indicated with peel - pI y tape
to draw out excess resin fromthe sh er to

e
r endehe Renigtipg fcarhdprdsle I‘i"a%l?f’t‘j‘d‘f"?egémcoﬁ;fmg\f% ﬂ’&ggl[
deéRinl:e of the modules, -their dinensions,

confl uratign and nan 0, constructi et
o B e S S B, GBBb 651 AP ss ALt
PCT%. %ﬁ&@s’%@&}é&eﬁ& preEsusatp L2 Folof éasizh bieeuteay Angl e of No.

of II hi.c sFibres in Shelllayers

i nt NﬁgggP ‘?ﬁ%f%ﬁmFE'ﬁp S%'?'51(rm) (m) 1HC15I nner:

+/ - 3 0l randifgon darhiey desiBdPrasyuera re@OOngf thersensey QutpRE @R t@l{cen

10CQut 4 4 .
200 QF]‘ tr or - %or F%g?%?ume% &%2%5%%{6 inﬂ%} BR rere 2ecBdb Mg

a manometer.

b. After 4 minutes at pressure a second recording of the sensor output was
taken for 15 seconds. Volumetric changes of the inner shell were recorded
using a manometer.

¢. After 8 minutes at pressure a second recording of the seusor output was
taken for 15 seconds. Volumetric changes of the inner shell were recorded
uging a manometer.

d. After 12 minutes at pressure a second recording of the sensor output was
taken for 15 seconds. Volumetric changes of the inner shell were recorded
using a manometer.

4. Pressure was increased by 5% of design pressure and the procedure outlined in (3) '

repeated until 50% of the design pressure was achieved.
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15

3HC15I nner: +/- 30l nner: 2lnner: 1.3lnner: 200 Cuter:
+/ - 65Quter: 6CQuter: 3.3 4HCBI nner: +/- 85Il nner:
12l nner: 3.6lnner: 194.2 and +/- 60CQuter: 24Quter: 6.3
Quter: +/- 85 and +1- 70 5HC15I nner: +/- 85I nner:
2lnner: 1.1llnner: 251.1 and +/- 30Quter: 6Cuter: 3 2
Quter: +/- 85 and +/- 50 6CHR15I nner: +/- 85Il nn
MOVARO288% 3| nner: 243 and +l - 15Quter: 40}’1‘35{332‘?3’%"“91
Quter: +/- 85 and +1- 15 7SP20Li ner: +/- 85I nner:
8lnner: 4.42lnner: 201 and %t- 33Quter: 8CQuter:Quter:
250 Quter: +/- 854.42 and +/- 33 8SP20l nner: +/-
851 Anghe pr8c|cﬂ1l&€ bE (3w 2dpomer st 2 30 lin@eknts/of dSptadsure until
8Qut er.: | f{h ?‘ﬁ Quter: +/- 854.42 and +/- 33 9EF
20| nng’i‘“‘mi2 BB S nner - 4. 521 nner: 201 and +/ -
25Quter: 10Cuter:Quter: 250 CQuter: +/- 855.40 and +/ -
*
2oyl T OB S Pl e
SV eicasfadntibondduiusn penl ranidlua Gireymferpnd I%resgﬂ’r@mﬂ agiall stEpgtiy
Ogﬁvah'?&bgﬁim0&@%&1%?1119&/0%1?@' es 1 to 10 was tested

resi st ance ext er nal essure in per bari c
chanb@he Filza dlolums dedcion dgestisngRE of the e wW¥WP%us1ng

CRRMRRLANY B Rid-RR L aDHPEGRE bSRehnt 8 the carbon fibre/epoxy matrix. The
results are indicated in Table 2 for both the inner and outer shells (inner/outer) of each
module tested.

- Failure pressure is indicated for the module as a whole. Each experiment was
repeated, without instrumentation in the module. The results for the failure pressure in

both runs is given (non-instrumented/instrumented).

Example FYF Circumferential | Axial | Circamferential | Axial Failu
{Digestion) ' Modulus Modulus Strength Strength | Presst

(GPa) {(Gpa) (MPa) (MPa) | (bar

1 59/66 10/123 14/7 216/106 279/88 67/6.
2 50/65 12/97 23/8 162/325 249/94 yavel
3 50/59 11/43 4217 173/328 328/111 36/3:
4 57/60 72/66 8/6 283/166 40/80 100/1¢
5 55/57 56'/71 37/7 335/254 266/140 | 28/3.
6 56/55 42/28 54/49 198/171 330/268 64/6:
7 65/65 57/63 29/27 161/261 174/136 | 275/1:
8 61/65 66/60 24/19 196/121 180/159 | 115/1:
9 58/57 73/59 24/14 148/168 207/159 | 229/2

* . .
Tensile modnlus given
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10 increasing water pressure, to sinulate the
hydrostatic pressure of underwater |ocations. WO
2004/ 028892 PCT/ GB2003/ 004191 36 The pressuri zation
of the chanber was commenced increnentally from
anbient to 50% design pressure. At each increnent of
pressurization the pressure was held for a nom na
WOA804033381 | ow potential tine dependent reddfiFRY/H11
the nodule to occur and be nonitored. Successful
conpl etion of pressurizatiog to the 50% desi gn
pressure was followed 5 by I ncrenental pressurization

of theychambas ot Tioid AbdithiEnQembhigmomdiiie p?éé@rh' 'h’fv@ﬂmnA
failure of the nodule is herein defined as eit g&m

ciit et o FsEtapY I iaticorestHeat AE °& AR dlYG AeE e (Pba“ﬁ%
OfetpONMProni se of the structural integrity of t he
nodul e | eading to thp of externalgprggsugg earlg
capacﬁ@Qw“§€ﬁ§§V§@%%F€ 9P RFSPEAS ﬁyp%?béﬁ?@““n
Gharbier usaich hies ﬁ@ﬂiﬁcﬁlgtbﬂom at afdetwaer Ioﬂ.ﬂmhgl diestvat dsc
pressure both in.the hgg} gsr c. test. chanber agg t he
Ii‘?feér SFPegraTEfe HrELEar & CagPsFHRT RRHPE AP BT FINT ed
v higmeandrtichledsih maalemm ldchi®ns UTHealete set ofit dbatelvhowhthai thoer
:aggﬁa%a uﬁp:bqt\a/\%flshogso Protcfrrgg lre?s 5131% t[@g{]#lﬁ? nlrgﬁ) g\?\ﬁlﬁsﬁantlal
plepbedure: 15 1. Logglng of sensor output r eadi ngs for
i ni ti %{1& s?;gcpxﬂ! i BBhchi@ grﬁﬂ:x%ﬁ?%lgs%@ 12 8608 ventidn ndvBGEgase
hydr oS ressure eS|gn pressure. 3.
Auclac@d Walbrstw@esptgppsmoeléfs&h@nﬂﬁimscﬂo e engsifie embegimeyidigrein
rearlng a(ﬂs%%hﬁ:?a% cf\?l%ﬁtlﬁeﬁarﬁlgr fﬁaﬁﬂﬁgb ip@k of AEpREAS BV ention.
out put was 15 seconds olunetrlc changes
of the inner shell were recorded using 20 a
manoneter. b. After 4 mnutes at pressure a second
recordi ng of the sensor output was taken for 15
seconds. Vol unetric changes of the inner shell were
recorded wusing a manoneter. c. After 8 mnutes at
pressure a second recording of the sensor output was
25 taken for 15 seconds. Vol unetric changes of the
i nner shell were recorded using a nmanoneter. d. After
12 mnutes at pressure a second recording of the
sensor output was taken for 15 seconds. Volunetric
changes of the inner shell were recorded using a
manonet er .
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30 4. Pressure was increased by 5% of design pressure
and the procedure outlined in (3) repeated until 50%
of the design pressure was achi eved. WO 2004/ 028892
PCT/ GB2003/ 004191 37 5. The procedure of (3) was
repeated at 2.5% i ncrenments of design pressure until
failure of the nodul es occurred. The results of th
MORPHEFHT tests are set out in Table 2 be‘TCJWBZQW/P%m
val ues for the ‘5 FVF, circunferential nodul us, axi al
nodul us, circunferential stsengt h and axi al strength
given for both inner and outer shells (inner/outer).
The Fi bre Vol une Fraction digestion (FVF) of the
shel |l s was determ ned usiggégﬁgid di gestion, to
determ ne the carbon fibr ent of the carbon

fi brel/ epoxy natrix The results are indicated in

Tabl e 2 for he. inner and ou

(fnner PeUtery” %P HEER TUQSﬁ]{)edm qocatfoﬁelg F%Q%E‘II grf)ssm the
paressius @mpsisinpdi cated for the nodul e as a whol e. Each

experi c

tho. s pARe A ERER EpclollBtbe) LRI 2o Le
badh runs is given (non-instrurnented/instrunented).
15 FVE &tgrcﬁH Sﬂg Bz 5B iR BT S1ORE bosif¥ bitbs

Fai | u, est’i on) Modul us dulus Strength
Stqu@hgﬁrﬁs Pr esst ( GPa) ( Gpa) ( MPa) ( MPa) ( bar

159/ 6%%&2&%@16%&1:%&3@5@3 9111 88 Ghe outer housing, the inner and outer

250/ 6512/ 9723/ 8 249/ 9471/ 7+
Fwnsings feliningan angules cayity therepeiygengand

a structural filler within the cavity extending between the outer housing and the

inner housing, the structural filler comprising a plurality of spaced apart structural
members for transferring stress between spaced apart regions of the inner surface of the
outer housing to corresponding spaced apart regions of the outer surface of the inner
housing, the structural members occupying less than 60 % of the volume of the cavity

occupied by the structural filler.

2. Apparatus according to claim 1, wherein the structural members occupy less than

50% of the volume of the cavity occupied by the structural filler.

3. Apparatus according to claim 2, wherein the siructural members occupy less than

25% of the volume of the cavity occupied by the structural filler.

4. Apparatus according to any preceding claim, wherein the structural members

extend circumferentially within the cavity.

5. Apparatus according to any of claims 1 to 3, wherein the structural members

extend at an angle to the longitudinal axis of the apparatus.

6. Apparatus according to claim 5, wherein the strictural members comprise a

honeycomb material.
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45716072/ 668/ 6283/ 16640/ 80100/ 1+
555/ 5756/ 7137/ 7335/ 254266/ 14028/ 3:
65615542/ 2854/ 49198/ 171330/ 2686416:
76516557/ 6329/ 27161/ 261174/ 136275/ 1" .
86116566/ 6024/ 19190/ 121180/ 159115/ 1:
95815773/ 5924/ 14148/ 168207/ 159229/ 2 * Tensi | e nodul us
FVQWHNBI2004/ 028892 PCT/ GB2003/ 004191 38 PITEB2e3/0419%3
set out in Table 2 indicate that enbodi nents of the
present invention are capabje of resisting
hydrostatic pressure at depths of alnost 3,000 netres
(about 9,000 feet). As described and exenplified

ove,, the apparatus of the present invention finds 5
AT B g e by
underwat er | ocati ons. Fbmever noted, the

par at us .al so nds, us closure for. _housi ng
S’fessgP RSt {"“"*“é? E Qb%l‘i‘*?fcﬂ?atsla i,
underwat er | ocations. The data set out above show t hat

the t e of sin nd rotectlng
ﬁﬁessu %ﬂ%%ﬁgéjln TOequ pﬁ%ﬁ?m3€%§ﬂﬁg?§%F|g dept hs.
10 The specific enbodi mrents and exanpl es of the

ALeS eﬂfapa}a@l}éed@éohﬁﬂg[ f @ﬁ%ﬁ 1 tJJ 9% %pe?ndthe g?lcturak rlfll‘gﬁ% erg r?f

purgoses onl tlves to

ﬂWH@Hﬁgﬂﬁ@ﬁeln di scl osed are also envi saged

wi t hout departing fromthe principles of the present

i nvention. WD 20041028892 PCT/ GB2003/ 004191 39 CLAI M5
1 y§@cqoptingdp aviodrlagsdiie dndesiuthestivgiuiaboernliesyrse

afburt. evated pressure, the 5 apparatus conprising: an

i nner housing conprising an inner housing body and two

opposi ng i nner housing ends; an outer housing

annp I‘Aﬁ:laﬁgls artoflitigas clligug| \ﬂ]@re@@ﬂi& steldflrdl WRmORP8nA Belically
%t%ﬂh 0 %ln ends %f the inner housing being

di'sposed ? FP?“%FWW?W %f&""But er housi ng, the inner and
outer housings defining an annul ar cavity

tﬁ] er ez@p%gr\é\‘%g Qécor%ﬂl% to either of claims 11 or 12, wherein the structural members

are circular in cross-section.

14, Apparatus according to claim 13, wherein the structural members are tubular
having a circular cross-section and contain a pressurized fluid in order to pre-stress the

structural member to resist compressive hydrostatic forces.

15.  Apparatus for providing an enclosure in locations of elevated pressure, the
apparatus comprising:

an inner housing comprising an fner housing body and two opposing inner housing
ends;

an outer housing comprising an outer housing body and two opposing outer
housing ends;

the inner housing being disposed fully within the outer housing, the inner and outer

housings defining an apnular cavity therebetween; and
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a structural filler within the cavity extending

bet ween the outer housing and the inner housing, the
structural filler conprising a plurality of spaced
apart structural nmenbers for transferring stress

bet ween spaced apart regions of the inner surface of
the 15 outer housing to corresponding spaced a
VR348t the outer surface of the innerf 8%5?%@"”
the structural nenbers occupying |less than 60 % of the
vol unme of the cavity occupiied by the structura
filler. 2. Apparatus according to ctaim1, wherein the
St r ucd siehraNE b etisin e Camity e}ttaﬁlmgﬂ)hﬁzﬂen tBOoa Yomingtahdthe

R o AL o S LR

s&inoctphissal nenbers occupy | ess than 25% of the vol une
of the cavity occupied by the structural filler. 25 4.
Appar atus according to any preceding claim wherein
ifie sAmraeterabrdmgnbdiis 15exeatthe soueure Bilas aetipispye resin.
wthin the cavity. 5. Apparatus according to any of
clains 1 to 3, wherein the structural nenbers extend
AT arhreegine 2qcerding do (lmdiot whsreinlbe main & agPERE '@lpar at us.
30 6. Apparatus according to claim5, wherein the
structural nenbers conprise a honeyconb material.. WO
2904 YPa8Ys apertmetnanny 16 on o yheremn ﬂw IORFR RS @ sold filler.
according to claim®6, wherein the honeyconb is netal

or a pol yner t s aceor [ to claim7'
Rher oFRattive wisorag o S Mt o S PBeg: PRSP & trbowt
aFsasm tongdueoihe baik trfyg tliRfairdoftiftaeoneyconb is nyl on.
10. Apparatus according to any of clainms 1 to 5,
wherein the structural nmenbers are of an |-beam
e@nf i Appaatus eddordihg ta ditherAyf plaitatl 8isr B¢ wlharelthn goliddillanypnpfises

%I a:}ﬁgr%}‘l‘?’w%ghﬁé stmctmaFﬁ]f‘t ructural nenbers are

tUs accordlng to claim1l, wherein
the structural nenbers extend helically 15 around the

Ef) ngl }g}ﬂgﬂa QL.CCQI?&JIJ% tc}/\éﬂl? 20 &I{K&nﬁﬁé’ éotlﬁf ﬁllgr%om af&h §§ to 60%

accor clains 1 2, erein the
by weightof Bk strishrbfiller. ar e C|rcular |n cross secti on.

22.  Apparatus according to any of claims 18 to 21, wherein the solid filler is a finely
powdered chalk.

23.  Apparatus according to any preceding claim, wherein at least one of the inner
housing or the outer housing comprises a fibre-reinforced matrix comprising one or more

fibres extending helically with respect to the longitudinal axis of the apparatus, each fibre

extending at an angle of from 25° to 85° to the longitudinal axis of the apparatus.

24, Apparatus for providing an enclosure in locations of elevated pressure, the
apparatus comprising:
an inner housing comprising an inner housing body and two opposing inner housing

ends;
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20 14. Apparatus according to claim13, wherein the
structural nenbers are tubular having a circul ar
cross-section and contain a pressurized fluid in order
to pre-stress the structural nenber to resist
conpressi ve hydrostatic forces. 15. Apparatus for
roviding an enclosure in |ocations of elevat
Y872 t he 25 apparatus conpri sing: ﬁCTﬁW@Pym“w]
housi ng conprising an inner housing body and two
opposi ng i nner housi ng ends42 an outer housing
conprising an outer housing body and two opposi ng
out er an dubdd Bd1RTHg estlfising @n tihe hbuwsirg bodycund ivngordpesinmgputer
g} gose fully wthin the outer housing, the inner and
e o 0u5|ngs defining an annul ar cavity
t her ethe innedoysigyiging@isAREUL P 8RO 2 thPCTACGRROAR @ GuheOand oyter
: [ f] vity extending
@m?&%ﬁﬁ&ﬁ%%anmhﬁ%?zgﬁg%ﬁgﬂmk f g i nner housing, the
st r uct shugluraf fillde mtm@@wpﬁw@leﬁfgmhnmﬁ‘tcﬁmﬂm gefer housing and the

zg@§&ﬁ aIIy voi d-free resinous phase. 5 16.
arat us according to claim15, wherein_the

st r uctiigesions pftheipnes Bensing giie auigr deysie conpisinggfibratetpéoreed

%@rﬁ( QhpBsihPore bR Ebres m&%@ Rellchig, vvﬁﬁbs@:eétfﬁo tﬂe long1tudmal
ol yester resin. 18. )ar at us gfcor n

gt
s ffrﬂw FRERp ﬁa%hrf@rerf‘&GP ing.3 g prieleed frgmg] Mgftr’ |ﬂ}eé?ng““<%bﬂal
1fis oA RP ATpadtS. accordlng to claim 18, wherein the solid
filler i's present in an amount sufficient to reduce
the peak curing tenperature of the resin. 1 20.
Appar A}B}ﬁﬁ&t{ﬁ@aﬁi’cﬁﬁgﬁ@ either @iclab@r230f 24 bk eddh fire ckBnds at an
where, 1 he r.i 15 from 10 to 70% by

i ?ﬁéoﬁg’f‘tsﬁ s%o 131 If”ﬁﬁ‘tﬁTcl f 2 etﬁﬁe PR bar at us
according to claim 20, mhereln the solid filler

nprijses. fr tr U Al
2BTP LRy f%g}dﬁ% (b DB vl Bl E{”G g)f(tegdg % RbpEbi
6" 1@ 80" tovthe lasisitndirybaxisoif the aﬁparalﬂér i s a f i neI y powdered
chal k. 23. Apparatus according to any preceding claim
wherein at |east one of the inner housing or the outer
Rdusi Mepasbwpecosiing taaryiopelaims 8P ipf 28y wesacinrie ot Ir2sbiesf ths inae
B Esin@lor HR Bﬁe%u&ﬁﬁoﬁqﬁn@%‘ﬁ Sl'ﬂﬁh@gaf Qehd Srebkreiiidrfba hREReEte
to the longitudinal axis of the apparatus, each fibre
of a pair of adjacent layers having one or more ﬁbres extending at an’angle of x° to the
longitudinal axis and the second of the pair of adjacent Iayers having one or more fibres

extending at an angle of 360-x° to the longitudinal axis.

28.  Apparatus according to claim 27, wherein x is an angle in the range of from 45° to
65°.

29.  Apparatus according to claim 28, wherein x is an angle of about 55°.

30, Apparatus according to any of claims 23 to 29, wherein both the inner housing and

outer housing comprise a fibre-reinforced matrix.
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extending at an angle of from25 to 85 to the
| ongi tudi nal axis of the apparatus. 24. Apparatus for
provi di ng an enclosure in |ocations of elevated
pressure, the apparatus conprising: 30 an inner
housi ng conprising an inner housing body and two
opposi ng i nner housing ends; WO 2004/ 028892
GﬁW@Q%%ﬁ%/OO4191 42 an outer housi ng comSTeEPHY4R!
out er housing body and two opposing outer housing
ends; the inner housing beiqg disposed fully within
the outer housing, the inner and outer housings
def i NApgr-AR adddRiikead afadfchinsher Boeharee fme fdreckemfodced matrix
structural filler within the cavity extendi ng between

{CRBPEGE 2POWEEEFHY and the inner housing; at |east one
of the inner housing or the outer housing conprising a

f.a.bresreinforce trieX | Si ]

i crATG e e o R P e B ey 6°
dbe fdrofeinfireed apparaat glsss fibms barbdndibecs exndonditng- at  an
angle of from25' to 85 to the longitudinal 10 axis
of the, apparatus. 25. Apparatus according to either
38. c| APmrstB3cagrdinE4o angtregceding e ierdit pralteetn deyerrtends
209'1% dAfor AR FRie du@r BAsind. © the |ongi tudinal axis of
the apparatus. 15 26. Apparatus according to claim 25,
wherein each fibre extends at an angle of from 45" to
60" t Qpdaheisl@Rgiifgusl bimed 330%heciRthe bfb@:c@@ﬂ@feﬂ@d&tﬁ)ﬂse@ashod{

paratus according to any _of clainms 23 to 26, wherein
Qﬁ@r Wlﬁ@%%WEGEQESFwE%ngHﬁgFOmﬁgﬁ%$%@ or the outer

housi ng conprises a plurality of Iayers of
fibre-reinforced natr. one .2 f a,r _of adjacent
By er SEsaERGH AisouE o eirsite s s Sieef alfiey He ShPERGH o
@Fanxdr athendytrenb thaergl.t udi nal axis and the second of the
pai r of adjacent |ayers having one or nore fibres

extending at an angle of 360-xlI to the |ongitudina
asi s. AgBretudppardatzus aryed dridis 33 tot 35, eheadimth Protashierlefen x

i gpg?@]hgl e range of from45' to 25 650. 29.
X%%%ggtu “accor Ing to claim28, wherein x is an angle
of about 55'. 30. Apparatus according to any of clains

33 1 0A QMBS LRIR DAkl F6hend NGt b %%ﬂgye@@(g%@& fu.er
hqu5|gggcqnpr|se a fibre-reinforced matrix.
2gare8sY2oPeElGB2003/ 004191

38.  Apparatus according to claim 37, wherein the outer layer comprises metal, which

metal is in the form of one or more strips wound around the outer surface of the apparatus.

39.  Apparatus according to claim 38, wherein the one or more metal strips extend

helically around the outer surface of the apparatus.

40.  Apparatus according to any preceding claim, wherein the apparatus comprises a
third housing, the third housing defining a cavity with the adjacent inner housing or outer

housing.
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43 31. Apparatus according to any of clains 23 to 30,
wherein the fibre-reinforced matrix conprises a

pol yester resin. 32. Apparatus according to any of
claims 23 to 31, wherein the one or nore fibres of 5
the fibre-reinforced matrix are glass fibres, carbon
fibres or nylon fibres. 33. Apparatus accordln
BOFEUEREY claim wherein a protective | aydr e %Qﬂggwl
over the outer surface of the outer housing. 10 34.
Appar atus according to cl aiqp 33, wherein the
protective |ayer conprises a shock absorbent |ayer
agj acgpparahR@cBtililto Siyipleaedngofaitheheaitt Etulitheadsis figpos@Byithin
Appar atus _according to claim34, wherein the shock
AswppRs of e PO pri ses a foam or a honeyconb
material. 15 36. Apparatus accordlng to any of clains

to, 35, wherein . the Ct.i
S'gl dpeﬁftaéur__ a?.« w'hhrr to n rrpt:[l Wi greé% f["\{jg m_an_c éi’%lé%ﬂ&ﬁ%%ﬁé&% WQ 19316‘1‘
$6usmgfpeﬂxansncobﬂmeted b:ga Jdmn lﬂheémlkha!;iexte@@mpllosﬂéhe iieppricaf ﬂ@o

GBI PR il 2l 2% fppar e, accordine

mhlch nmetal is in the formof one or nore strips

MR LRy E]%In Aﬁu‘;vﬁéi‘ﬁﬁ th@fmﬁt et R RAkASUT an ARer

und,.
%g %%ratus accor g to claim38, wherein the one
dpusingread ansttted inesr hcpq@:gg és&yeth@jbuﬂﬁ@ﬁq ke ogrusster g dheg s

QU Jﬁéﬁr hAGR e EvdnlE a%?iﬁ s eiterifhUhe HPRALAE Ufused to enter the

according to any prece ing claim wherein the
appior of heingsdpisingesd.a  third housing, the third
housi ng defining a caV|ty with the adjacent inner

hou5|ng or outer 04102 . .
BET) GBI OTATEE O O LETAG A ¢ (S48 CaP ALY 1 cgmplar
I%&E@.d | Rtk Hfthé/\lﬂﬂ‘lﬂﬁadbeﬁlg luthive dicferestiatiitifros dawaia the n
or 0o e.in housing 42. Appar at us
@Hﬁaﬁﬁgh?wmﬁmgﬁﬁﬁiTﬁg $F&rein the i nner housing
conprlses two inner 5 housing portions connected by a

R a8 QLGRS L ENGhAG, AR LARTORARRG QN i

ou5| ¢oi nct
éﬂﬂakabwamamaundwmgmm@dcIain141 mhereln the JOInt is
at the junction of an inner housing end and the inner

housi ng body, the bul khead being connected to the
i46ner A method of preparing an apparatus for providing an enclosure in locations of

elevated pressure, the method comprising:
forming an inner shell;
applying a filler to the outer surface of the inner shell; and

forming an outer shell around the outer surface of the core material.

47. A method according to claim 46, wherein the inner shell is formed by winding

filaments onto a mandrel.

48. A method according to claim 47, wherein the inner shell is formed by successively

winding a plurality of separate layers of filaments.
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10 housing such that, in the event of a |eak, water

entering the apparatus is caused to enter the

interior of the inner housing end. 44. Apparatus

according to any of clainms 41 to 43, wherein the

bul khead is a conpliant bul khead, the stiffness of

t he bul khead bei ng such that d|fferent|al stiff

B 2he 15 bul khead and the inner houdf ﬁ’&BFﬂgmmm

reduced. 45. Apparatus according to claim44, wherein

the conpliancy of the bul khwad is provided by

apertures in the bul khead. 20 46. A nethod of

@D ePak nfRthod Accadding koadldii 4F or 48pwharéiol iha gnnainshelh ochaSomed,iin

| ocations of elevated pressure, the nethod

EGffprising: forming an inner shell; applying a filler

to the outer surface of the inner shell; and form ng

ou S I r

30, QUL SfuRREblryR QU 5 Bl SELBRS: Pl ipybatsue

mh@w&nﬂmemhécumn@hdbhell is formed by w nding

filaments onto a nmandrel. 48. A nethod according to

claim47, wherein the inner shell is forned

Slic c e siethedl yecordme el avl pFreias H 19 PR Wheppinghe Siles éﬁaatﬂéed as

m%&@5§ﬁm§ngkhgnents WO 2004/ 028892 PCT/ GB20031004191
nmet hod according to claim47 or 48, wherein

the inner shell, once formed, is cured. 50. A nethod

38.COr Aifdfholl Socads @ clbh3i hefthh thofidkd is hoht@hl) chrhi@ated filler
f|IIer is bonded to the 5 outer surface of the inner

Srteriph, S“5?[5POZ’SF“F'\‘%&Wﬁ%}ﬁia'accordlng to any of clains 46 to
50, mhereln t he flller is applied as layers of filler
nater d accordi

@ﬁer @ﬂimFP Pﬁ ﬂgﬂ%y%ﬁﬁgg‘@%??%%%#ﬁﬁl %F%r
naterlal sheet polyner or balsa. 53. A nethod

cor gl éa%cg gry%g ?2361%;'@ Clau}is #0058 AR Qorhltl—ﬁes one o

|II et Rod according to any of
moaamlmasébﬁannalsﬁﬂlbewhfer ein the filler conprises one or
nore tubes, channels or |-beans. 55. A nethod

according to any of clainms 46 to 54, wherein the inner
Shel | Agwipd peserding fp any ﬁﬁé@imh%@ﬁﬁg’vh%%}yth%m%f sl qoppTiseR

A H¥&he 1y sl NBrRADY arfifckr Bohisink BELy ABOuSiig heRfhg end.

56. A method according to anﬁr of claims 46 to 55, wherein the outer shell is formed by

winding filaments onto the outer surface of the filler.

57. A method according to claim 56, wherein the outer shell is formed by successively

winding a plurality of separate layers of filaments.

58. A method according to claim 56 or 57, wherein the outer shell, once formed, is

cured,

59. A method of preparing an apparatus for providing an enclosure in locations of
elevated pressure, the method comprising:

forming an inner shell;
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20 56. A nmethod according to any of clains 46 to 55,
wherein the outer shell is fornmed by w nding
filaments onto the outer surface of the filler. 57. A
nmet hod according to claimb56, wherein the outer shel
is formed by successively 25 winding a plurality of
sgparate | ayers of filanments. 58. A nethod according
PO L1456 or 57, wherein the outer shel [PCTGRE@3/004191
formed, is cured. 30 59. A nethod of preparing an
apparatus for providing an gnclosure in |ocations of
el evated pressure, the nethod conprising: formng an

I nner foshiak b od¥Ds2MO4/ 028892 PCT/ GB2003/ 004191 46
form an_.out er el l: 1|qcat.jng, the inne hel L. .
conceRtrreae et rrepef Pt i AP d ctmine o
defityreingerathe maatiabd/odtethligand he | nner and outer shells;
and f 4] | ' with a filler. 5 60. A nethod
accorg#%%mggaﬁﬁgﬁﬁggg¥'mherein one or both of the

i nner shell an the outer shell is formed by w nding
fdyl @ : - ’ i

Py rds o R e TRERCD: vt (o BERME R S an 8 guter
tsyell ig fprmgedcyegrdingfilgmegsiaiongnadisl ural ity of separate

| ayers of filanents. 62. A nmethod according to claim
60 or 61, wherein the said shell or shells, once

08+ med mefhed agepidipe to daimd0, vberrit e e bbb ERAl it Igraadpy of
GLRbdIFelD Hiddhe 621 bBiephrdtbBydid dfifi@megQNPr i ses a
substantially void-free polyner or a foanmed pol yner.
64. A nethod according to any of clains 59 to 62,

sber el et € adcbiding o EEHNBO oS €IS whereih @rREM sieltoakhel®On®5, A
geth$d acgording to any of clainms 59 to 64, wherein
HEH1S B is cured after being applied in the
cavity. 66. A nethod according to claim®65, wherein
the outer surface of the.in s .

Shner bl Ko e iy Bl ok AR Pl oSl
emtantiadly aviddist potana of afoarndd ppbffer.ci ent

64. A method according to any of claims 59 to 62, wherein the filler comprises a

foamed metal.

65. A method according to any of claims 59 to 64, wherein the filler is cured after

being applied in the cavity.

66. A method according to claim 65, wherein the outer surface of the inner housing and
the inner surface of the outer housing are lined with a heat retardant material of sufficient
thickness to protect the material of the housings from the peak curing temperature of the
filer.

67. A method according to claim 66, wherein the heat retardant material is a ceramic
paper or tape applied in shests or strips to the respective surface, or is a heat retardant

composition applied by spraying.
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thi ckness to protect the material of the housings from
the peak curing tenperature of thv- filler. 67. A

nmet hod according to claim®66, wherein the heat
retardant material is a ceramc 30 paper or tape
applied in sheets or strips to the respective surface,
or is a heat retardant conposition applied b
SO WD 20041028892 47 PCT/ GB2003/ OOFEEEB2E04181
nmet hod of preparing an apparatus for providing an
enclosure in |ocations of 4elevated pressure, the

nmet hod conprising: formng an inner shell; applying a
63.1 1 ex mt:tﬁoct clifépr@hﬁr%ran sppefats éor pfovidhe ah predisurs frelbéationsmf
norgrn% {hﬁpellb heating the outer shell to
EIR\Ficd PR 5 817 6F CPHESB%it er shel | |ocating the inner
shmlﬁmmmgmmmmm@pM|ed filler concentrically within the
out er, sheII to cool so
g b R  { SERPY:
inteﬁﬁem&nm@ukxﬂwHGQ A met hod accordlng to claim6s,
wher @feﬁmﬁ;ﬁl% 09{61 O 13 cRifse Eib%nsﬁdﬁ%?&e%ﬁ@ﬂ dhernd t he OUt er

shel | w nd |n9 | aments_onto a

15 70ocaiingthe e 515%1@@«% e mp lﬁcbﬁlE"F %Hnﬁﬁné“@aﬂwléfﬁ%mﬁ O'etFFe?heﬂ
sal d shell is fornmed by successively wnding a
plurality of separate |ayers of fllanents A et hod
accorpigs the O'étF%ﬁh?H tggod po arde mgphanigally cpgae @ﬁgﬁerérh@ l,
paeereh@rped, is cured. 20 72. A nethod according to
any of clains 68 to 71, wherein the filler is bonded
to the outer surface of the inner shell. 73. A nethod
6% CordinBfiod cdiliylg Dfclaith ﬂ$ ﬂi&lelﬁﬁ oh®orbdth oftteriienstethend the
fille lied.as ers f filler material.

e Skb?urﬁef%gdqbé’é’%@&ﬁ fH@meing. 08?6 G5 wherein the filler

|s honeyconb, corrugated flller materi al, sheet

ARl YIRL e84 Bl e Wind Ro. e B LOAGREGU %&@%a%u&%v%

Whererm th s a
wmdmg a plurality of separate layers of ﬁlaments

71 A method according to claim 69 or 70, wherein the said shell, once formed, is

cured.

72. A method according to any of claims 68 to 71, wherein the filler is bonded to the

outer surface of the inner shell.

73. A method according to any of claims 68 tb 72, wherein the filler is applied as

layers of filler material.

74. A method according to claim 73, wherein the filler is honeycomb, corrugated filler

material, sheet polymer or balsa.

75. A method according to any of claims 68 to 72, wherein the filler is a foam.



10

15

20

25

30

WD 20041028892 PCT/ GB20031004191 48 76. A nethod
according to any of clains 68 to 72, wherein the
filler conprises one or nore tubes, channels or

| -beans. 77, A nethod according~to any of clains 68 to
76, t t outer ianeter o the Wlier II! he out d 5
filler is adjusted after application to the outer
SXPHOESY the i nner housing to correspondCr@Bihe191

i nner di aneter of the outer shell. 78. A method
according to any of clains to 77, wherein the outer
shell is bonded to the filler. 10 79. A nethod

ecor dinfthol Qecbhabiam £3:or WARE Bk B bNOLAMDES RHE ohSpfll G or
80. nmet hod according to any of clai s to ,

WS Bpgs el5or beemsof the inner shell and the outer
shell conprise a housing body, the nethod further

nprising.applying 15 a housing end to each end of
Ufie. of TEREh SHOULEAY B8 ES o Ao ot e Eerisminyr pihe
diflyr ioddjusted :a:lfm‘ aﬁ}gicﬁtﬁmf@the m@rsﬁ'faﬂla? OMR: iBfier B&Isnlgﬁcf cdkB§ond to
) . nd .t uter shell conprise a housing
E%&%k%%%ggﬂﬁéﬁgfﬁﬁ”ﬁﬁg, the nethod further conprising
appl yi ng a second housing end to the open end of the
e 1.0G: .82, A hod accordj to_ an
o Craronn 0By edhudlen o PR fES e Tehnil
#6/Pe ses a housi ng body portion and a housing end,
the nethod conprising preparing two such inner shells
and joining the two inner shells at their open ends.
%5 83 m%h?ﬁgacm;@na@@&m 7% gyherein dlrpyadiedsive fsaured. 46 to 82,
further conprising applying a protective layer to the
gyter surface of the outer shell. 84. A nmethod
e c o PTG ACET a8 1haBBof claiiesr46itn 7% " eroialenadrdotitnd fie itray er
shsll afanhd @ekr biRiItoBEprise Wh&sing Ys A8 EmOod ARG u&&%ﬂsﬁgﬁbﬂlmg
er

nd.a ri,gid outer layer is applied to the ou
%ﬁ?}‘?}%e@d ¢ caehand offeoheselkhougapbEnt 1 ayer. WO

2004/ 028892 PCT/ GB2003/ 004191 49 85. A nethod
ccordi to cl.aim 84, wherein the shock absorbent
ay ef* FEIOF aGORHR 12 BT Gl 4g Faftt ¥agein pnersbRB@f the inner
Sii@b@ﬂ dhierpgtet ghek kdriygise obousiigibiay atile I0siBbend\MReMeIEd fuhBer
cﬁhgﬁﬁingoaﬂ)l%g la@éégﬂd ﬂoﬁsing end to the open end of the or each housing body.

82. A method according to any of claims 46 to 79, wherein at least the inner shell
comprises a housing body portion and a housing end, the method comprising preparing

two such inner shells and joining the two inner shelis at their open ends.

83. A method according to any of claims 46 to 82, further comprising applying a

protective layer to the outer surface of the outer shell.

84. A method according to claim 83, wherein a shock absorbent layer is applied to the
outer surface of the outer shell and a rigid outer layer is applied to the outer surface of the

shock absorbent layer.
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5 one or nore netal strips, which strips are wound
around the outer surface of the absorbent |ayer. 87.
A net hod according to claim86, wherein the strips are
wound helically about the outer surface. 10 88. A
nmet hod of depl oyi ng a buoyancy apparatus at an
underwat er | ocation where buoyancy is required, which
FPAMALRE? has a fluid-tight cavity capabl ecafcB2003/004191
accommodating a liquid, the nethod conprising:
bal | asting the apparatus byufilling the fluid-cavity
wth aliquidto an extent 15 necessary to provide
tdve apphamydiasdoniihey ehinds, RHOUARE YL bisk QM he
qgggratuséﬂ$ theiféid Iocation?£§%ﬁp9§#%hﬁg%§ﬁﬁ% t he
IO PGP e f1uid-tight cavity. 89. A method
according to claim88, wherein the liquid is wthdrawn
me of, a_ 20 reciprocating piston noved within a
ck:h;\él i ngg%thos&‘o’&%ﬁét Fioh o clatns p’ﬁ@£¢= FheFgtn el o yeiin
toneon mageiingtal sripaj whictr iR ale yobRPLANE the 00RES AU The AbsollS:
qsgﬁprocating pi ston through a cycle conprising:
novenent of the piston in a first direction to draw
liquid fromthe fluid-tight cavity 25 into the
gylin i : . ston . i.n a sec .
dir ecl:;i iﬁ%ﬁ? Jirgc\répos %Oecq%ﬁtgg‘s?ﬁr%geﬁ tg? Sompé‘jabec‘?oulngg%ic@lﬁap%the
CHE ¥fi%nder to a location other than the fluid-tight
cavity. 91. A nethod according to any of clains 88 to
g@, p@er in the liquid is water. 30 92. A nethod
cor'tfiged of derlaving Tppoyappiappiraiug 4 en welbmrter Besjoe ohed
buvlymncy Ree@ivd, HARABIParat¥¥is %%ﬂf—t%gégﬁy égg‘;gle Qc%%n%gﬁl 9%
uoyancy apparatu

EO'%ﬁi A s¥sten1for debal | asting a nc ;
WHIE e AiPR S8R HEs a fluid-tight cavity containing a

| i quibeljastidpaheappirern RGBS MEA-cRitF¥ln DRGEG todn sz &k on

rranged for reciprocal noverment within the cylinder;
ol BPS brov e BeRprRRT GRS Of POREREA i -t ght cavity of
t he apyamagus;apperdtisras the BiotAbiyland val ve al | owi ng t he
11 0wl He i RAGENG: SRV e L0 the cylinder and

89. A method according to claim 88, wherein the liquid is withdrawn by means of a

reciprocating piston moved within a cylinder.

90. A method according to claim 89, wherein the liquid is withdrawn by repeated
operations of the reciprocating piston through a cycle comprising:

movement of the piston in a first direction to draw liquid from the fluid-tight cavity
into the cylinder;

movement of the piston in a second direction, opposite the first, to gject liquid from
the cylinder to a location other than the fluid-tight cavity.

91. A method according to any of claims 88 to 90, wherein the liguid is water,

92. A method according to claim 91, wherein the water is ejected into the.environment.
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a second non-return valve allowing the flow of fluid
fromthe cylinder. 10 94. A system according to claim
93, wherein the cylinder, piston, drive and first and
second non return valves are housed together on a
nobi | e support structure for use in the vicinity of

WhSndeREQYed buoyancy apparatus. 95. A sY$EREB2003/004191
according to either of clains 93 or 94, wherein the

piston is operable 15 hydraulically. 96. A system
according to any of clains ¥3 to 95, wherein the

stem furthe onprises a drive far the piston. B 20
3% Ay Ge P a A PP R neY PPt P A i et
lcadi@tcopsising oligiid, Siengsiem @agrighig:nore shells encl osing a
buoyaycin&gvity; an integrity nonitoring system
conpriSing’one or nore gyroscopes arranged to detect
not i crpigén drhaeged fpaedires! m@pme8 withjppler atinds:r; f or
provi Qﬁdé%r%ﬂﬁafbﬁ o fit ﬂﬁ&@iﬁﬁt‘é@&i&%ﬂh@’% YRS conmpri sing:
one or nore shells enclosfng a”buoyaricy cavity; one or
mor e dlprstineadretirh prlesallowing tigifley offlui ifieont theecagitiainto;theanytindan
L4 erface for retrieving data fromthe optical fibres
indicating the level of strain wthin the one or nore
shel | &second nopretunpyrdieatlorsngthe 8pwohidpid ore itheiciigie:
wherein the interface is conpatible with a ROV. WO
20041028892 PCT/ GB2003/ 004191 51 100.. An underwat er
af-ch & BRI 2STHEREA chippah Fhersn decridrnpisien dng g dest axd
§dcaidTion Tetdr® valhR afiholkéd toRetR? of @ mBhIRWLAIRHRHANBD &Y useiPthe
An.unqgﬁm%%er qgch according to claim100, wherein the
Zeehy pidheierloyed WaTADARPAR S, 5 an articul ated truss
arch, a distributed buoyancy arch, a |lay-over arch or

tied-in arch,. 102.. An. underwater .arch accordin 0
5 ¢ het P2 ing Gt PR IR e R AR Pl
bpleatiedlys i s a structural nenber of the arch.

96. A system according to any of claims 93 to 95, wherein the system further

comprises a drive for the piston.

97.  Apparatus for providing buoyancy at underwater locations comprising:
one or more shells enclosing a buoyancy cavity;
an integrity monitoring system comprising one or more gyroscopes arranged to detect

motion of the apparatus.

98.  Apparatus for providing buoyancy at underwater locations comprising:
one or more shells enclosing a buoyancy cavity,
one or more optical fibres extending within the shell; and
an interface for retrieving data from the optical fibres indicating the level of strain

within the one or more shells.

99.  Apparatus according to claim 98, wherein the interface is compatible with a ROV.
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100.  Anunderwater arch comprising an apparatus according to any one of claims 1 to

45 or 97 to 99 to provide buoyancy.

101.  Anunderwater arch according fo claim 100, wherein the arch is an articulated arch,

an articulated truss arch, a distributed broyancy arch, a lay-over arch or a tied-in arch.

102.  An underwater arch according to either of claims 100 or 101, wherein the said

apparatus is a sfructural member of the arch.



