SYSTEM AND METHOD FOR ENVELOPI NG FLOATI NG STRUCTURES | N
DEEP OPEN WATER

Field of |Invention

[ 0001] The present invention addresses to the
devel opnent of a solution for envel oping the hull of a vesse
or stationary floating structure offshore, far from the
support of a pier or dock, reducing the need for diving.

[ 0002] This invention pertains to the field of
envel oping activities for floating mari ne structures, aimng
at the rescue of these structures, which may be in the
process of deconm ssioning, or conpleting an assenbly and
conmi SSi oni ng process.

Description of the State of the Art

[ 0003] Any water surface, fromrocks to boat hulls
or port pillars, is subject to the deposit of materials, the
so-called fouling, which are visibly noticeable when going
to a beach, or on a pier, for exanple. This fouling can be
inorganic, formed mainly by the deposit of salts in marine
environnents, or biological, in which a bacterial filmis
formed that serves as a base for |arger species to settle in
t hese structures.

[ 0004] Even though it is a natural phenomenon, the
presence of fouling causes major disruptions. Firstly, it
causes an econom c problem as the deposits increase the
vessels’ friction with the water, increasing drag when
sailing, making maneuvering difficult and increasing fuel
consunption. Another inportant problem is environnental,
directly related to the contam nation of the seas wth
subst ances harnful to marine and human life, not to nmention

the so-called bioinvasion, which is the insertion of new



species into ecosystens by ships through fouling.

[ 0005] Wth vessels traveling to increasingly
di stant places with different biodiversity, biofouling, in
ot her words, small animals that live in the hulls of vessels
are transported to different places. In these places, these
exogenous species can find a suitable environnent to devel op
and no inpedinent to the wunbridled growth of their
popul ation, putting biodiversity at risk.

[ 0006] Among the environnental problens, there are
al so those caused by antifouling agents, which are nostly
paints that prevent or mnimze fouling, but which in turn
have organi c and i norganic contam nants in their conposition
and whi ch, when rel eased fromthe ships when cleaning their
hull's, contam nate the seas with traces of netallic el enents
and organonetallic conpounds originating from antifouling
pai nts.

[ 0007] As an alternative to surface treatnent
techniques with antifouling paints, sone conpanies present
products for encapsulating small vessels. The Australian
conpany Flexitank offers the Flexidock™ product, which
pronmotes the encapsul ation of vessels from 20 to 45 feet
(6,096 to 13,716 neters) (such as yachts, catamarans). Once
the ship is anchored and encapsulated with a PVC or PU
bl anket, the automatic punping systemis activated and the
rest is controlled by the Fl exi dock™ which allows the boat
to float on a layer of air, remaining at sea |level. Thus,
the vessel becones dry, protecting the vessel's hull from
bi of oul i ng.

[ 0008] Anot her Australian product, Bar nacl e

Barrier™ also pronotes the encapsul ation of sport boats



t hat spend nmuch of their time anchored at piers. It works as
follows: a canvas made of flexible conposite polynmers is
inserted into the water, the boat passes over it and a punp
connected to the systemrenoves all the encapsul ated water,
allowing the hull to becone conpletely dry, causing the death
of bi of oul i ng organi sns.

[ 0009] Docunent BR102016022468- 3A2 discloses a
t echni que for envel oping marine structures to prevent and/or
el i m nate biofouling. The work provides a nmethod and system
for enveloping a floating marine structure, which allows the
envelope to be positioned safely wunder its hull and
elimnates the need for several support vessels. Despite
descri bing the envel opi ng of mari ne structures, the docunent
has a conplex positioning nmethod that depends on the
assi stance of divers.

[ 0010] Docunent AU707725B2 discloses antifouling
devices for boat hulls and, nore particularly, a floating
conpartnment assenbly for protecting against marine growth
fromthe underside of a noored boat. Despite inhibiting the
appearance of fouling, its use is only viable in sheltered
waters and restricted to smaller structures.

[ 0011] Docunent US5279244A di scl oses an antifouling
protector in the formof a flexible envel ope conpl enentary
to the underwat er body of a vessel's hull. Despite inhibiting
the appearance of fouling, its wuse is only viable in
sheltered waters and restricted to smaller structures.

[0012] In general, existing envel oping solutions are
applicable for small vessels in marinas. In this case, the
fabric that nmakes up the envelope is initially extended and

fixed to the bottom of the marina and the boat sails unti



it is positioned on the fabric. Then, wusing different
mechani snms, the fabric is lifted, isolating the boat.

[0013] The envel ope of this invention is nmade up of
a conposite, a nultiphase conpound t hat conbines two or nore
non-sol ubl e constituents, which are materials that contain
rei nforcenent, such as fibers and particles, supported by a
bi nder matri x.

[ 0014] The properties of conposites are controlled
by the properties of their constituent materials, contents,
distributions and geonetries of the reinforcenents. The
ani sotropy characteristics of a conposite are greatly
i nfluenced by the orientation of the reinforcement. These
conposites are characterized by their good thernal
i nsul ation properties, their durability, even in chemcally
aggressive environments, flexibility, mechanical strength,
wat er proofing, and by allow ng the conbination of different
materials, enabling the creation of relatively conplex
conposi t es.

[ 0015] The conposite fabric i s made up of two phases:
the matrix (protective layer), which is continuous and that
i nvol ves the dispersed phase (fibers). The matrix and fibers
work together, but performdifferent structural tasks. The
fibers are responsible for the great tensile strength and
stability of the material, they can be positioned parallel
or twisted, constituting the threads, which are subsequently
woven and form the uniform and fine nesh of the structura
fabric. The polyneric covering or matrix consists of
di fferent superinposed |ayers of polyners, on both sides of
the fabric. These are the chemi cal protection of the fibers

and surface treatment (sealer or painting) against



ultraviolet radiation (UV), abrasion, weather, fungi and
flames, in addition to enabling waterproofing, stability and
hot wel di ng.

[ 0016] Typically, the conposite fabric is forned by
a weave of some extrenely resistant thread (for exanple
pol yester or carbon fiber), which is wapped on both sides
by one or nore polyneric |ayers, which can be the same (for
exanpl e PVC/ PVC) , or di fferent ones (for exanpl e
PCV/ Al crin).

[ 0017] The great technol ogi cal challenge arises from
the great effort that a conposite fabric is subjected to
when bei ng ext ended beneat h t he vessel . All known experinents
resulted in the tearing of the tissue, either by effort or
by the acti on of rebounds on the hull or the foul ed organi sns
t hensel ves. Other chall enges are the draggi ng of an area of
hundreds of square neters under a hull in the water, the
sailing effect caused by the current and, subsequently, the
removal of the flexible conposite fabric.

[ 0018] Gven the difficulties present in the State
of the Art, for enveloping solutions for large floating
structures, there is a need to devel op a technol ogy capabl e
of presenting effective performance and that is i n accordance
with current environnental guidelines. The works nentioned
inthe State of the Art do not have the unique features that
will be presented in detail bel ow.

Brief Description of the Invention

[0019] The main objective of the present invention
is to cover and isolate the hull of stationary floating
structures positioned offshore, with the difference being

the use of a conposite fabric, with all the artifacts and



systems necessary for enveloping arranged in a conpact
package, positioned collapsed beneath the floating
structure. Another difference is the fact that the envel ope
is extended by tel eoperation and is devel oped by inflating
caissons with a cross section that is not necessarily
circular, creating a type of i mersed hull, nade of conposite
fabric. Al so, by using tel eoperation, the envelopeis lifted
until it is fitted into the floating structure, isolating
the sane. The envel ope is renoved by the reverse operation,
bei ng sunk again, deflated and conpacted. Furthernore, the
fact that enveloping is a renotely assisted and tel eoperat ed
operation reduces the need for diving.

Brief Description of the Draw ngs

[ 0020] The present invention will be described in
nore detail below, with reference to the attached figures
that, in a schematic way and not limting the inventive

scope, represent exanpl es of its enbodi nent. I n the draw ngs,

there are:

— Figure 1l illustrates the fol ded and conpacted envel ope
system

— Figure 2 illustrates the expansion of the envel ope
system

— Figure 3 illustrates a front view of the installed
system

— Figure 4 illustrates views of the structure of the

envel ope system

— Figure 5 illustrates a detail of the main structura
el ement of the envel ope system

— Figure 6illustrates the gunmed envel ope in its m ni num

expansi on;



— Figure 7 illustrates the tubular elenents wth
di mensi onal vari ati on;

— Figure 8 illustrates a detail of the main elenent of
t he gumred envel ope system

— Figure 9 illustrates the gunmed envel ope extended at
its maxi mum expansi on;

— Figure 10 illustrates the extended dinensional
vari ation tubul ar el enents;

— Figure 11 illustrates the main el ement of the extended
gummed envel ope system

Det ai | ed Description of the |Invention

[ 0021] The present invention provides a systemand a
met hod for enveloping floating structures anchored in open
and deep waters, far from the support of any pier or dock,
usi ng an envel ope conposed of flexible conposite fabric that
can subsequently be renpved, perform ng such operations with
reduced need for diving.

[ 0022] The target appl i cations are fl oating
structures in the process of decomm ssioning, or that are
conpleting the assenbly and commissioning process in
| ocations subject to fouling by undesirable sessile bio-
organisnms. In addition to these applications, this solution
can be useful in enmergency, naintenance, or other equival ent
si tuations.

[ 0023] The conposite fabric and all artifacts and
systens necessary for enveloping used in this invention are
in a conpact package, which is positioned coll apsed beneath
the floating structure. The -envelope is extended by
tel eoperation and devel ops by inflating caissons, creating

a kind of inmrersed hull, nade of conposite fabric. Al so using



tel eoperation, the envelope is lifted until it is fitted
into the floating structure, isolating the sane, and is then
removed using a reverse operation. Wth this procedure, the
conposite fabric is not subjected to stresses exceeding
specification limts, nor does it touch the hull, as it is
unfol ded and extended a few neters below the keel. The
envel ope, when lifted to involve the hull, has fenders that
prevent the conposite fabric from dragging on the hull, or
bei ng punctured or cut by a protrusion. To renove the sane,
it is then sunk again, deflated and conpact ed.

[ 0024] The devel opment of the envelope system
di scl osed herein was due to the search for better performance
in conbating and helping to mtigate bio-invasion and
bi of ouling events, providing a nore environnmentally
effective systemin relation to other products avail able on
the market, such as TBT paints, Teflon-based paints and
bi om netic surfaces. The application of this new solution to
fight against fouling organisms is inline wth environnental
standards, which avoids paying fines, preserving the native
ecosystem (originating in the location) and avoiding the
reduction of biodiversity.

[ 0025] This invention was initially devel oped with a
focus on elimnating biofouling organisnms. However, the
proposed system has several other applications, allow ng
renot e/ t el eoperated robotic devices to be mani pulated in the
space between the hull and the envel ope. These devices are
used in inspection, scraping, repair or painting operations.
The envel ope of this invention can also be used to contain
| eaks that need to be conpletely isolated, preventing them

from spreadi ng beneath conventional barriers. The invention



allows an FPSO that is enveloped to be noved with the help
of tugboats, without the need for a heavy lift. The invention
al so presents a solution for the construction of an envel ope
wi th vari abl e di nensions, as well as for the construction of
an envel ope that can be assenbled in sessions. The shape of
t he envel ope described in this invention, when unfol ded and
inflated, takes on the shape of a hull; however, with the
possibilities of dinensional variation, its application in
a sem -subnersible unit is possible.

[ 0026] There foll ows bel ow a detail ed description of
a preferred enbodi nent of the present invention, which is
exenplary and in no way limting. Nevertheless, it will be
clear to a technician skilled on the subject, from reading
this description, possible additional enbodinents of the
present invention, still conprised by the essential and
optional features.

[ 0027] In Figure 1, the system |aunched under the
vessel to be enveloped, floating structure (1), 1is
represented, with the envelope (2) folded and conpacted.
This systemis fixed by using positioning cables (10) to the
moorings (11) of the floating structure (1). Wen the
conpressors | ocated on the support vessel (3) are activat ed,
the flexible conposite fabric caissons are infl ated.

[ 0028] In the method of this invention, according to
Figure 1, the entire conpacted enveloping system (2) is
transported to the |l ocation where the floating structure (1)
is |ocated by a support vessel (3), or other neans transport
prepared for the service.

[ 0029] The support vessel (3) is provided with an

el ectrical power unit (4), nonitoring and control equi pnent,
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conpressed air, and water punping. The envel ope system (2)
contains, in addition to the envel ope itself nade of flexible
wat er proof conposite fabric, positioning and attitude
sensors (6), traction and pressure sensors (7), a set of
hydraulic and pneumatic connections and valves (8),
tensioning straps (9), which ensure balanced lifting during
water and air filling, and positioning cables (10). There is
also an unbilical (5) that connects the envelope to the
equi pnent |ocated on the support boat (3), to conmand and
control the unfolding of the package into the envel ope.

[ 0030] In Figure 2, the expansion of the envel ope
system (2) is denonstrated, exenplifying the beginning of
t he openi ng process and devel opnent of the envel ope structure
to be applied to the floating structure (1), initially
connected to the support vessel (3).

[ 0031] Figure 3 presents a front perspective view of
the arrangenent, representing the enveloped floating
structure (1), the envelope system (2), and the support
vessel (3). In this view, the floating structure (1) is
al ready envel oped and the envel ope (2) is already structured
and install ed.

[ 0032] Figure 4 represents views of the structure of
t he nodel of the sinple envel ope system (2), forned by the
uni on of the caissons (12), thus constituting a channel (13).
Al so shown are the front closure (14) and rear closure (15)
of the structure, which are made with waterproof flexible
conposite fabric curtains.

[ 0033] A single caisson (12) is represented in Figure
5 in perspective of a single U shaped structural elenent,

with floating fenders (16) at the top of each of the two
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legs (17) of the caisson. Item (19) corresponds to the
hori zontal section of the caisson.

[ 0034] The floating fenders (16) prevent the
conposite fabric fromcomng into contact with the hull. The
channel (13) forned by the union of the caissons (12) is
exactly the space where the envel ope will contain the vesse
or floating structure (1). The floating structure (1),
fenders (16), and cai ssons (12) assenbly forns an integrated
whol e, capabl e of resisting waves and ti des.

[ 0035] Figure 6 and the foll ow ng present, in detail,
the gunmed envel ope system which allows a variation in
| ongi tudi nal and transverse di nensions. The gunmed envel ope
is made up of internal closing menbranes, which correspond
to sections of another type of fabric that closes the space
bet ween the cai ssons, since the caissons can be noved apart
by inflating spacer tubes.

[ 0036] Figure 6 presents the «configuration at
m ni rum expansi on of the gumred envelope (20). Elenents
called flexible tubular units with spacer tubes (18) are
united to formthe gunmed envel ope. Al so shown are the front
closure (14) and rear closure (15) of the structure.

[ 0037] Figure 7 illustrates the detail of the
elenents called flexible tubular units with spacer tubes
(18), also representing the gunmed envelope wth mnimal
expansion (20) and the front closure curtains (14).

[ 0038] Figure 8 shows the detail of the U shaped
caisson with the two legs (17), the fenders (16) at the top
of each of the two | egs (17), spacer tubes (18), |ongitudina
spacer tubes (21), and transverse spacer tubes (22). Item

(19) corresponds to the horizontal section of the caisson,
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and item (23) corresponds to the vertical section of the
gumed cai sson.

[ 0039] Figure 9 illustrates the nmaxi numexpansi on of
t he gummed envel ope (24), with the front closure (14) and
the rear closure (15) of the structure and the spacer tubes
(18).

[ 0040] In the detail of Figure 10, the flexible
tubul ar units with the spacer tubes (18) are united in order
to constitute the gunmed envel ope at its maxi mum expansi on
(24). The front closure (14) of the structure and the
i nternal closing nenbranes (25) are al so represented.

[ 0041] Figure 11 represents the two |l egs (17) of the
U shaped cai sson, the fenders (16) at the top of each of the
two legs (17), spacer tubes (18), |ongitudinal spacer tubes
(21), and transverse spacer tubes (22). Item(19) corresponds
to the horizontal section of the caisson and item (23)
corresponds to the vertical section of the gunmed cai sson

[0042] The cai ssons (12) are inflated with seawater.
The fenders (16) with air, punps and conpressors are on the
support boat (3) and, therefore, there are pipelines (5) and
valves (8) that transfer the fluids to the respective
cai ssons (12) and the respective fenders (16), controlled by
conput er - sequenced val ves.

[ 0043] The cai ssons (12) and the tubul ar structures
responsible for the dinmensional variation (longitudina
spacer tubes (21) and transverse spacer tubes (22)) are
inflated with seawater. In this way, the assenbly has a
density slightly greater than that of seawater. The fenders
(16) are inflated with conpressed air, creating a “float” at

the top. In this way, the assenbly rises and floats, wth
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t he fenders above the water surface.

[ 0044] The envelope nodels represented in their
m nimum (20) and maximum (24) expanded configurations
conprise a flexible tubular structure (12), nmade of
wat er proof and resi stant conposite fabric, coating nenbranes
(25) and front (14) and rear (15) closure nmenbranes, fluid
pi pelines (5), valves and connections (8), and their control
actuator systenms (6 and 7). This watertight tubul ar structure
is inflated with water and the fenders (16) with conpressed
air, inacontrolled volunme and pressure nmanner, to guarantee
its buoyancy and stability.

[ 0045] The developnent of this new technol ogy
i ncreases the operational safety of the various vessels that
support the operation and support oi | producti on
Furthernore, the fact that enveloping is a renotely assisted
and tel eoperated operation elimnates the need for diving.
It also ends wup introducing a new dinmension in the
reliability of floating oil production systenms, providing
alternatives for solving biofouling and other risk

si tuati ons.
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CLAI M5

1. A SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS, characterized in that it conprises
sinpl e envel opes (2) and gumed envel opes (20 and 24), at
| east one caisson (12), fornmed by a single structural
element, with a front closure (14) and a rear closure (15).

2. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim1, characterized in
t hat the caisson (12) has at |east one floating fender (16)
at the top of each of the vertical sections (23).

3. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claiml1 or 2, characteri zed
inthat the caisson (12) conprises a pipeline with a circular
cross section, not being restricted to this nodel.

4. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS accordi ng to any of the previous cl ai s,
characterized in that the union of the caissons (12) is
carried out together in the sinple envelope (2) and by
flexible tubular units with spacer tubes (18, 21 and 22) in
t he gumred envel ope (20 and 24).

5. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim4, characterized in
t hat the union of the caissons (12) is carried out by coating
menbranes (25) and by front (14) and rear (15) closures,
wi th wat er proof conposite fabric curtains.

6. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim4, characterized in
that the union of the caissons (12) forns a channel (13).

7. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim1, characterized in
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that the sinple (2) and gumed (20 and 24) envel opes are
made of conposite fabric.

8. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim?7, characterized in
that the conposite fabric of the sinple (2) and gumred (20
and 24) envelopes is conposed of at |east two phases, a
conti nuous polymeric matri x phase with special additives and
a braided fiber phase.

9. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claims 7 and 8,
characterized in that the conposite fabric of the sinple (2)
and gunmed (20 and 24) envel opes enabl es chem cal protection
wat er proofing, heat stability, and repair.

10. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim1, characterized in
that sinple (2) and gumed (20 and 24) envel opes can be
enptied, fol ded and conpact ed.

11. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim1, characterized in
that the envelope is instrumented, provided with control
val ves (8), tensioning straps (9) and floating fenders (16).

12. THE SYSTEM FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim1, characterized in
that the envel ope is assenbled in sessions.

13. A METHOD FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS, using the system as defined in claim
1, characterized in that it conprises the foll ow ng steps:

a) transporting the entire envel ope system (2) to the
| ocation where the floating structure (1) is located by a

support vessel (3);
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b) positioning the envelope in its conpacted and enpty
node (2) beneath the floating structure (1);

c) fixing the envelope in its conpacted and enpty node
(2) to the nmoorings (11) of the floating structure (1);

d) activating the conpressors to inflate the caissons
(12) and the flexible tubular units in the first sinple
envel ope nodel (2), or in the second gunmed envel ope nodel
(20 and 24).

14. THE METHOD FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim13, characterized in
that, in step d), through the use of punps, the injection of
seawater occurs in a controlled manner in volume and
pressure.

15. THE METHOD FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim13, characterized in
that the activation of the envelope (2) is carried out in a
renotely assisted and tel eoperated nanner.

16. THE METHOD FOR ENVELOPI NG FLOATI NG STRUCTURES I N
OPEN AND DEEP WATERS according to claim13, characterized in
that it uses, but is not restricted to, a support vessel (3)
provided with a dedicated unit (4) of electrical energy,

nmoni toring and control, conpressed air, and water punping.



