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Marine vessels such as floating oil and gas production vessels and petroleum
product storage vessels are designed to stay on station in an anchored or moored position for
10 to 30 years. For these types of vessels, dry dock repair and maintenance is completely

25 inconsistent with the intended service lives and economic return for the vessels.

Many large marine vessels, such as sea going ships, FSO’s and FPSO’s and the
like, have openings in the hull below the waterline to allow inflow and outflow of water into
cavities often referred to as sea chests. A sea chest is simply a cavity or chamber behind the
hull of a marine vessel below the waterline that communicates externally with the water. The

30 sea chest is often connected by plumbing such as piping and valves to convey water for
various purposes within the ship. Such openings to the water are used for many purposes
including drawing of water from the ocean for cooling and the like and for expelling water

and other waste material into the ocean. The openings are typically connected by‘conduits
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permanently affixed to a vessel.
U.S. Patent application 2004/0011265 A1l discloses sea chest covers made from
viscoelastic materials that have been exposed to gamma radiation for enhanced strength. The
25 application also discloses that the viscoelastic materials may also contain an anti-bacterial or
anti algae growth additive. The covers disclosed in this patent are designed to be
permanently affixed to a vessel.
U.S. Patent 4,175,510 discloses a cofferdam for closing openings in hulls of vessels
below the waterline. The cofferdam is a wooden structure that is lowered by a crane and
30 guided in place by divers. The cofferdam may be secured to the hull of the vessel through

attachment to a grating in the opening in the hull with a series of J-bolts.




attachnment to a grating in the opening in the hull with a series of
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FIG. 9A provides a depiction of an embodiment of a portable track assembly and

means for securing a track assembly to a vessel hull.
20 FIG. 9B provides a detailed depiction of an embodiment of a means for securing a
track assembly to a vessel hull. .
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
The disclosure relates to systems and processes for closing openings in the hull of a
marine vessel. The process and systems are useful for facilitating repair and maintenance of
25 marine vessels, particularly large ocean going and other vessels, while in the water.
Specifically, the systems and processes described herein relate to facilitating repairs and
maintenance of such marine vessels by closing openings in the hulls of marine vessels to
permit dry access to compartments in communication with the openings.
The processes and systems incorporate a cover constructed from a relatively
30 lightweight material such as fiberglass, or from one or more viscoelastic materials such as
polyethylene or polyurethane. The cover is configured to the size and shape necessary to
cover the opening in the marine vessel hﬁll to be closed. The cover is guided in place to

effectuate closure of the opening by a track assembly that receives at least two of the




pol yet hyl ene or pol yurethane. The cover is configured to the size and shape
necessary to cover the opening in the marine vessel hull to be closed. The
cover is guDceer/§1832p] ace to effectuate closure of the OPERUSRHOIH17380t r ack
assenbly that receives at |least two of-4he WD 2005/ 113327 PCT/ US2005/ 017580
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as fiberglass, or from one or more viscoelastic materials such as polyethylene or
polyurethane, The cover is configured in a size and shape as necessary to completely cover
25 the opening in the marine vessel hull opening to be closed. The cover is guided in place to
effectuate closure of the opening by a track assembly having at least two tracks that receive
at least two peripheral edges of the cover to direct the cover to the proper position to
completely cover the hull opening. The cover may be lowered into place by use of a hoisting
device such as a davit on a dock, the deck of the vessel undergoing repair or maintenance, or

30 . on the deck of another vessel alongside fhe vessel undergoing repair or maintenance.
Because of the track assembly used to guide the cover into position to close the
opening of the marine vessel hull, the need for divers to position or place the cover into

operation is eliminated or at least minimized. Diver placed covers are very functional in
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openi ng te8PasEVELY ersifguredip rpesdvetand ghidea périphpral %dsvef@VQrS@w ded by at least two

tracks 5. In OneTﬁéTPBGB:ﬁEEPqu e 38 gntor-ea&l&he @Eﬁ@z{é@sl % *nSzt h&ﬁ%}n‘égﬁthtemoﬁzltn%ﬁ S 5,

wherei n one track I'sS positioned on each si opening 26 to
be cEbsed. or"theﬂeveumtérdsscmb@ﬂ herein indatermined by tthwlotatiao lof tiE apeyinp® Engbseged i n

t _he track 2?1 ?szﬁ?d r;éofﬁ{?é cdv?rts ) C@ﬁfeh %9 aWegsl? {ﬁbag‘!l'(d{? S. fov%rcmzood#noer t, ?lﬁ,atrggic

with refer eto nor e are no
posi t i oned agemplrridincludesiwe tragisdnsherdim oné tatk & nsi pmmpn&demmanhl sidobf thia &ull

standard 40p4nr}1g%nf% b%@o%gd TN undersyoog tﬁart ?ncoiﬁzs than %N tr&ks S may M be employed in
the track assembly 3 for interaction with a given cover 2. For example, with reference to
25 FIG. 1, one or more tracks 5 that are not shown may be positioned perpendicular to standards
4 at a lower terminus of the standard 4. In some embodiments, such tracks 5 act as cover
stop mechanisms configured to receive the lower peripheral edges 12 of one or more covers
such as covers 2. In other embodiments, the tracks 5 forming the cover stop mechanism may
not necessarily be perpendicular to any of the standards 4. Any angle sufficient to allow the
30 cover 2 to be positioned over the hull opening is envisioned. Any other means of stopping
the cover 2 at the proper position is also contemplated.
Placement of the upper terminus of the track assembly 3 may vary, In one
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own may be -




stop nechani sns configured to receive the | ower peripheral edges 12 of one
or nore covers such as covers 2. In other enbodi nments, the tracks 5

form ng t EOQARAEN3RT op nechani sm may not necessarily beP@ERU§OMAIEIMar to
any of the standards 4. Any angle suf fibci ent to allow the 30 cover 2 to be
posi tioned over the hull opening is envisioned. Any ot her neans of stopping
t he cover 2cestimetars bglowpide npansl opasetidngl widterting 8 rof drepharinediess]. aBlasemsnt this t he

upper term é]!f'r's%ttﬁfthet Jﬁ?fa{,(er @fglﬁ% ?&ﬁt?ﬁfge’h%(aé% cg?%nsé/ %l:: i:errﬁlﬂra?@ esd ? | "BPLes ot he

upper ends o e tracks S §8né about” 50 WD
2005/ 113327inRCt UsAG05 0T 380k assémiglg 3t witkiue the dssbtawetdfehwosr ngwcyperxatm onal

waterline 9 [HETS{OQE tl'gl?rl'l nlgr&}/ﬁ'éé?JﬁS SEI’L@SIV I aSss rlsgahl S j& ﬁgcfgsgwétlae OgiH(gljl: &t Of

t he wat er faC|I|tates per i phera overs into
t he t facks ®verf2 mtrnaalaqeaQthcsgmdﬂnye&ﬂwtrhmHssdnﬂ:éy assﬂowb‘aarr,oelsdukelglithaetm

However, it nder st ood 1t hat n assi st ance may
be necessarai# ?l %ncléo‘gos’lfo%r e Onl%\ffte?r 'ﬁé‘éf HF Sug?% ﬁ% waﬁf tt c:{fbé’ GiBEHEe by
the track adisemisky 3. However, it is likely that the assistance would be

required only at .or nea he surf ace. of th thereby mnimzin
diver risk. In on2 08?7‘5'85?5{"@ RAE Ay cérilpgﬁ%}hgﬁra\{:'\% tcﬁgldtqsa?gg %to *BePddded
to raise thsartpperof tstack asmnmy 3raso¢ema: Wwitedike agsheting whem e \¢evdr hes waieer' l'ine

9 at he ti en the coyer 2 pl ace over I

oponiho” RGBS SPEabal Sherig hembveil fracks Puman Be DuLheh S yosse ik A st uds

30. Det ai | swigf stads FTODEtNEOL aémbodiherddf a&&a&]hifaaﬁmémmnwm bddgesci@segr i bed
k assenblles pl acenment of

her ei nafter refer nce to tabl.e trac

t he upper tbéFerlﬁaﬁﬁrsW‘ﬂb felqrefiee 1 %f@'l?l;lﬁé@%l?ﬂﬁ a@“’?% Kl "l‘f\‘/’d“?‘l‘fé’fé}l?rqpa?féerﬂ’f‘m{she
wat er, thi sofalesttack absembRIos %ﬁlbwttﬁléi‘sdrfaé’é?ﬂﬁ&heswatfef PR Qlfs@ BEIpYVROREY the BRI gebri s
floatlng in the water, 15 The standards 4 and tracks 5 ?ornrng the track

assenbly 3 ff%%ﬁtr‘?rb’éﬁfeﬁé‘?%fk’r?“ﬁg?at% inthgstefr om a variety of materials,

i ncl ygli ng et al s ;Thpkasdak&s anti'tﬁ@fs@ﬁl ﬁﬁﬁmg ’tﬂe%@@!ﬁﬁ%b@ 3%§§$b@ht§em ﬂﬁ? bet her
synthetic rraterlals A variety of lightweight materials are found

sui t abl e f dradeftony 3 yarighy of gnasesiabs rneﬂé@lns Aetaisn plagtics.dfibietiass. arirgoalgstie arateunls An
exenmpl ary ngj %fhbﬁéynih%tlé mBRARAL 28 Satidly o f hénttwé htlr térﬁarlsoaﬂg cﬁlﬂﬁi td £ du u}(})eand

corrosion resistant. The track assenb rlas may al so 20 1 nc
addi tives desdlitaingrongructon instablation, hlildwp@eatlgnov&nrﬁxcmphar mﬂrerlairtgﬁbnrslm ion t he

tracks 5. tl:mﬁ i mo‘ﬁg QEPR iQpact Erﬁi &3&23&{ Fé's@ K e L fs?«?ﬁl}l% Hl%{el'lglg Ay a

track assenb vary Speci e TReFa require Ps and
t he 2pecif |1@1mtaé¢ltleﬁssleu3@d to tetard promimithioel gnowtit of marine ordanision es thedfacks 5.

fibergl assmaﬁ&m@&%?hqm Hati @gg&@%mfro U%Pgrbgftﬂf%a&(n%s}sm?lﬁg%ut% gu5 C'Ig AU

anot her enbodi nent ergrass 1's
about 1.2 ¢ spesific installation requirements and the specific materials used. In one embodiment,

the thickness of fiberglass track assembly 3 ranges from about 0.3 cm to about 1.5 ¢cm. In
another embodiment, the thickness of the fiberglass is from about 0.6 cm to about 1.2 cm. In
25 a third embodiment, the fiberglass thickness is from about 0.9 cm to about 1.5 cm. In a
fourth embodiment, the fiberglass thickness is from about 0.3 cm to about 0.6 cm. One
skilled in the art will readily recognize that the thickness should be chosen according to the
material selected and the forces the track assembly 3 should withstand for proper operation.
' The standards 4 of the track assembly 3 may be attached to the hull 1 by any
30 suitable means such as waterproof adhesives, stainless steel weld studs, and drilled and
tapped doublers.
In other embod-iments, the track assembly 3 may include at least one portable

standard 4 including the track 5 that may be attached to the marine vessel on location when it




25 a third enbodi nent, the fiberglass thickness is fromabout 0.9 cmto
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rel ative tdelefe toethy mgdhodyf oft the standardidr whigh isplvieahoi substantisdly lwear. As is

over por 1/ TBOEH i e EROCR ABRY ket EARENT Br 48 skhifr i indi0s s 07
recei ve t hdracloiids cordieistde adceive e lowver preipbarvlerdge of thelvolet 2 tochdldtherlowsur f ace
o L1 0"ty 9748613 RSB o o 1, SRSy, S
posi 20on alponvidisde stepsskéld khel dovér 2 @ theeprepar eexticaipositoroilotdithe opseli tud). 1 17 t h
;:(r)lgt I nui ng eksjfree&gsre]gceofttge onle%ng.l, FIG 3 is a side view of t he. enbodi nent of
With continuing reference to FIG. 1, FIG. 3 is a side view of the embodiment of the
systems for closing the opening in the hull 1 of a marine vessel depicted in FIG 1. The lower
peripheral edge of the cover 2 while in use may be at any location along the vessel hull 1 as
25 required by placement of the opening 26 to be closed. However, as may be appreciated, the
curvature of the hull 1 is a factor in maintaining contact between the surface of the cover 2
and the hull 1. In this depiction, the lower peripheral edge of the cover 2 as indicated by the
lower terminus of the track 5 is located approximately 200 mm above the bilge radius tangent
as indicated by the dimension labeled A. This dimension should be selected so that the cover
30 2 and seal (shown in FIG. 5) are in contact with a flat portion of the hull | to assure a proper
seal. Positioning the lower peripheral edge of the cover 2 at a position at least 200 mm above
' the bilge radius tangent ensures maximum functional contact between the cover 2 and the

hull 1. For this reason, in one embodiment, the systems and processes described herein
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facilitate handling a | ong service nplary sui tabl e cover
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of marine dpwyhilitsasswellTirethe serstanditivhomdndzpibs anwsichitiee dovers Cowidlrts wBed. Of
manuf act ur %gurgc{ Y covers 2 must be of appropriate thicknesses to allow proper interaction between
the cover 2 and the track assembly 3 receiving the peripheral edges 12 of the cover 2. In one
25 embodiment, the covers 2 have a thickness of about 5.0 cm to about 20.0 cm. In one
embodiment, the covers 2 are in the form of a fiberglass sheet having a thickness of about 5.0
cm to about 20.0 cm. In a second embodiment, the covers 2 are a fiberglass sheet having a
thickness of about 10.0 cm to about 15.0 ¢cm. In still another embodiment, the covers 2 are a
fiberglass sheet having a thickness of about 15.0 ¢m to about 20.0 cm. In a fourth
30 embodiment, the covers 2 are a fiberglass sheet having a thickness of about 5.0 cm to about
10.0 cm.

The covers 2 may incorporate a number of features to facilitate their proper

placement and sealing function. For example, the covers 2 may be provided with a buoyancy




these materials may be a variety of thicknesses, depending on the desired
wei ght and durability as well as the sea conditions and depths at which
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hull T to facilitate closure of the marine vessel hull opening 26. The seal 22 may be made

from any suitable material including, but not limited to, natural and synthetic rubber, other
synthetic sealing materials, and blends thereof. In one embodiment, the seal 22 is made from

25 synthetic rubber, such as neoprene.
The seal 22 may be configured as a sheet or annulus of seal material to be
positioned around the perimeter of the marine vessel hull opening 26 as depicted in FIG. 6.
The scal 22 may have a variety of thickness as may be suitable for a particular use
application. In one embodiment, the seal material has a thickness of about 0.3 cm to about
30 1.8 cm. In another embodiment, the thickness is from about 0.6 cm to about 1.2 cm. In a
third embodiment, the thickness is from about 1.2 ¢cm to about 1.8 cm. In a fourth
embodiment, the thickness is from about 0.3 cm to about 0.6 cm. The seal 22 may be of flat

materials forming a layer, or may be of a round or donut shaped cross section to facilitate a




buoyancy chanber 14 may incorporate a drain 18 and vent 20 to facilitate
entry and exit of 20 water or other ballast fromthe chanber 14 to
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the form of an I-shaped beam is employed and depicts the cooperative relationship of a cover
2 and a track assembly 3 of such embodiments in accordance with the systems and processes
described herein. FIG. 8 also depicts a cooperative relationship of a seal 22 for a cover 2 and
25 a vessel hull 1 in accordance with an embodiment of the systems and processes described
herein. A peripheral edge 12 of a cover 2 fits within and is guided into place and held in
place by an I-shaped standard 4 that provides one of the tracks 5 of the track assembly 3.
The cover 2 is provided with a seal 22 that, when the cover 2 is held in its functional position
by track 5, is in contact with the vessel hull 1. The contact between the seal 22 and the
30 vessel hull 1 facilitates a water-tight closure of the hull opening 26 using sea chest cover 2.
FIG. 9A and FIG. 9B depict embodiments of a portable track assembly 3 and means
for securing track assemblies 3 to a vessel hull 1. The embodiments depicted are useful for

securing portable track assemblies 3 and portions of portable track assemblies 3, such as
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embodiments of the invention. No single embodlment is representative of all aspects of the

inventions, Moreover, variations and modifications therefrom exist. For example, the track
assemblies described herein may lack any feature not specifically enumerated. Some
25 embodiments of the track assemblies described herein consist of or consist essentially of the
enumerated components. In addition, some embodiments of the systems and processes
described herein consist of or consist essentially of the enumerated steps. The appended
claims intend to cover all such variations and modifications as falling within the scope of the

invention.




15 hull 1 thereby sealing the sea chest and permtting it to be punped or
drai ned conpletely and formng a dry work area wthin the sea chest. The
systens and processes describe herein permt the ready and rapid repair of
marine vessels without the necessity of interrupting their surface as
required for dry dock repair and nmai Menance. 20 Wiile the invention has
been described with respect to a limted nunber of enbodinents, the
specific features of one enbodi ment should not be attributed to other
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2. The marine vessel of claim 1 wherein the cover is comprised of a material
selected from the group consisting of fiberglass, polyethylene, polyurethane, and blends
thereof having a thickness of about 5.0 cm to about 20.0 cm.

3. The marine vessel of claim 2 wherein the seal is comprised of a material

selected from the group consisting of natural rubber, synthetic rubber, and blends thereof.

4, The marine vessel of claim 3 wherein the cover is provided with a

buoyancy chamber capable of controlling the buoyancy of the cover underwater.




a thickness of about 0.3 cmto about 1.5 cm 2. The marine vessel of claim
| wherein the cover is conprised of a material selected fromthe group
consi sting of fiberglass, polyethylene, polyurethane, and bl ends thereof
havi ng a thickness of about 5.0 cmto about 20.0 cm 3. The narine vessel
of claim2 wherein the seal is conprisegd of a material selected fromthe
group consisting of natural rubber, synthetic rubber, and bl ends thereof

4. The marine vessel of claim3 wherein the cover is provided with a
buoyancy chanbér cafablgarok cosd rodldldiimg4 twigerdn ayiaroyerok drbddabweath an
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i s conpri sedtradks Aavilg @tapaded portion positioned on the marine vessel hull on opposite sides
of the opening of the marine vessel hull and wherein. the tracks are configured to receive
at least two of the peripheral edges of the cover to remotely position the cover so that the
first surface of the cover covers the underwater opening of the marine vessel hull; and
wherein the tapered portion is positioned on an interior surface of the tracks; and wherein
 the tracks are configured in the shape of a groove capable of receiving a peripheral edge
of the cover; and wherein the tracks are comprised of a material selected from the group
consisting of fiberglass, a viscoelastic material, and blends thereof having a thickness of

about 0.3 cm to about 1.5 cm.

9. The marine vessel of claim 8 wherein the cover is comprised of a material
selected from the group consisting of fiberglass, polyethylene, polyurethane, and blends
~ thereof having a thickness of about 5.0 cm to about 20.0 cm.




selected fromthe group consisting of fiberglass, polyethylene,

pol yur et hane, and bl ends thereof having a thickness of about 5.0 cmto
about 20.0 cm 14 10. The nmarine vessel of claim9 wherein the seal
conprises natural rubber, synthetic sealing materials, and bl ends thereof.
11. A process for releasably covering g underwater opening in a marine
vessel hull conprising: providing an opening below the waterline in the
marine vessel hull, wherein the opening conprises a sea chest; from above
the waterline, l0enoflbk ynarjpe sitstlonl dg’rra9 cdestin Hewdealgeomplriséssiatanidrubbapnd
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wherein the cover i1s conprised a material selected omt group
consi st ngnmﬁiebep@hm@ thpmaylet hydsarhuﬂ phEngir e hradede\awdmdhé&sobs leasther eof

havi ng a \tﬂg S 2.0 cmto .about. .20. 0 The process of
claim12 %ﬁ}éﬂ;ﬁs ??ﬁngsgn nq%%oréaﬁﬁr I E°f8°‘épﬁ%{ 1%1? a?n g}eel nél%rlné Ves?eﬁ)ck‘r’fﬁt%e group
consi st ngpmfsnaaideﬁ al theudpeging of Y haiihe vaeél| HullgandBre@idiig) S presdige bh @Rds
t her eof . T ro%ess of claim 13 wherein the cover is vertically
| onered b 1rs§ aqeq of the cover sufficient to engage and releasably seal the cover against the

hull; and wherein the tracks are configured in the shape of a groove capable of receiving

a peripheral edge of the cover; and wherein the tracks are comprised of a material

selected from the group comnsisting of fiberglass, a viscoelastic material, and blends

thereof having a thickness of about 0.3 c¢m to about 1.5 cm.

12.  The process of claim 11 wherein the cover is comprised of a material
selected from the group consisting of fiberglass, polyethylene, polyurethane, and blends
thereof having a thickness of about 5.0 cm to about 20.0 cm.

13.  The process of claim 12 wherein the seal is comprised a material selected
from the group consisting of natural rubber, synihetic sealing materials, and blends

thereof.

14. The process of claim 13 wherein the cover is vertically lowered by a davit.




