DRILL RISER BUOYANCY MODULES FIELD OF INVENTION The invention relates broadly to
the repair and reinforcement of drill riser buoyancy modules. BACKGROUND 10 In offshore
drilling operations, a drill riser provides a conduit dr-the drill string and drilling fluids from the ocean
floor to the rig. The drill riser is made from carbon steel, with a number of ancillary lines attached to the
central drill riser. The drill riser ignificant %I;n ' EE%Q%S weight has to be supported by
the floating 15 drilling vessel. In oréﬁellf"%g}geg uc}%\a@ e‘%v%éet he drilling vessel has to support; the
drill riser string's weight in water is reduced by adding discrete buoyancy units called Drill Riser
Buoyancy Modules (DRBMSs) that are fitted along the length of the riser. The enables drilling at greater
depth than would otherwise be possible. 20DRBMs are generally semi-cylindrical, usually 4 to 5
meters |on5§%%-%&%#%&’ﬁﬁf%@ spherical filler material and foam dispersed in an epoxy resin binder.
The eatire mixture is integrally molded within a durable outer skin. This outer skin is made from glass
reinforced vinylesferlepoxy esing e commanly tefmed.as ieiolass Lupicaityg DREMS, one on
either side/s of the riser pipe, make up the riser pipe 25buoyancy assembly. Out at sea, plastic or
reinforced PYsFEMAEHEISSre unable to withstand repeated impact against hard, unyielding surfaces
such as steel decks or rotating machinery. Generally most damages to a DRBM would occur from
rough han 'ﬂ% %@5&@ 30 who are more accustomed to dealing with heavy steel assemblies and
who do not'make alléwance for the different nature of handling of such modules. The hasty and harsh
conditfons, which are often a part of rig fit-out, also contribute to a DRBM's damage. 35Damages to a

DRBM are usually.claasifieditt@ng operations, g drill riser provides a conduit for the drili string

and drilling fluids from the ocean floor to the rig. The drili riser i made from carbon

steel, with a number of ancillary lines attached to the ceniral drili riser. The drill riser
has significant weight in water and this weight has io be supported by the floafing

15  drilling vessel. in order to reduce the weight that the drilling vessel has 1o support, the
drill riser string’s weight in water is reduced by adding discrete buoyancy uniis called
Drill Riser Buoyancy Modules (DRBMs) that are fitted along the iength of the riser.
The enables drilling at greater depth than would otherwise be possible.

20 DRBMs are generally semi-cylindrical, usually 4 to 5 meters long, comprising hollow
spherical filler material and foam dispersed in an epoxy resin binder. The entire
mixture is integrally molded within a durable outer skin. This outer skin is made from
glass reinforced vinylesier/epoxy resins or commonly termed as ‘fiberglass’
Typically, two DRBMs, one on either side/s of the riser pipe, make up the riser pipe

25  buoyancy assembly.

Out at sea, plasiic or reinforced plastic materials are unabie to withsiand repeated
impact against hard, unyielding surfaces such as steel decks or rotating machinery.
Generally most damages to 2 DRBM would occur from rough handling by workers
30  who are more accusiomed to dealing with heavy steel assemblies and who do not
make allowance for the different nature of handiing of such modules. The hasty and
harsh conditions, which are often a part of rig fit-out, also coniribute to a DRBM’s

damage.
35 Damages to a DRBEM are usually classified into:

1} Leading Edge Cracks and Damages



1) Leading Edge Cracks and Damages - 2 - 2) Surface Degradation 3) Transverse Cracks 4)
Longitudinal Cracks Surface Degradation and Leading Edge Cracks & Damages Damage to leading
edges from repeated impact against hard surfaceand surface degradation from weathering are the
most common forms of damage. Although these damages may initially have very little effect on the
performance ?i.th D BI;%even when held for long periods at their maximum service depth, the overall
integrity 100f the §W§W 2950 Mpromised when exposed to repeated impacts. Transverse &
Longitudinal Céacks=Gerezally;dolRBMs with transverse cracks are first subjected to a 'drop test' to
determine a 'cgpwel&;g;tgglﬁgfr@&&omplete' fracture is where the DRBMs are 15severed into two or
more separate pieces. If a DRBM sustains a ‘complete’ fracture, it will be deemed as unserviceable or
beyond repair. Longitudinal cracks on a DRBM are treated as unserviceable or beyond repair

regardiess<afvethesibeyiare-identifiohas bayingareampleie fracture.
Damage to leading edges from repeated impact against hard surfaces and surface
degradation from weathering are the most common forms of damage. Although
these damages may initially have very littie effect on the performance of the DRBM
even when held for long periods at their maximum service depth, the averall integrity

10 of the DRBM may be comprormised when exposed to repeated impacts.

Transverse & Longitudinal Cracks

Generally, DRBMs with transverse cracks are first subjected to a ‘drop test io

determine a ‘complete’ fracture. A ‘complete’ fraciure is where the DRBMs are
15 severed into two or more separate pieces. If 8 DRBM sustains a ‘complete’ fraciure,

it will be deemed as unserviceable or beyond repair,

Longitudinal cracks on a DRBM are treated as unserviceable or beyond repair
regardiess of whether they are identified as having a ‘complete’ fracture.

20
Furthermore, besides damages, certain structural flaws may arise during the
manufacturing of 2 DRBM. These flaws may weaken the structural integrity of the
DRBM and may cause premature failure. In addition, there may be areas that are
inherently weak due to their profile. These structurally weak areas need fo be

25  reinforced to prolong their service life,

A need therefore exisis o provide a method for repairing or reinforcing DRBMs that

seeks {o address at least one of the above problems.
30  SUMMARY

According to a first aspect of the present invention, there is provided a
method of repairing a cracked drill riser buoyancy module, comprising the steps of
aligning a plurality of cracked pieces of the cracked module, cutting out one or more

35 cavities in the aligned cracked pieces for positioning one or more reinforcement
members across one or more crack-lines, inserting the reinforcement members and a

filler material into the cavities and building a {aminate across the filled cavities.



20 Furthermore, besides damages, certain structural flaws may arise during the manufacturing of a
DRBM. These flaws may weaken the structural integrity of the DRBM and may cause premature
failure. In addition, there may be areas that are inherently weak due to their profile. These structurally
weak areas need to be 25reinforced to prolong theeir service life. A need therefore exists to provide a
method for repairing or reinforcing DRBMs that seeks to address at least one of the above problems.

30 SUMM%Ymodu;@%ggdﬂégstéx,@rgasﬁﬁép@&&gfa@aeo%e@s@ta@%%@tgg?rt;}srﬁn'@ Bﬁ%xiqgﬁta method of

repairing a cracked drill riser buoyancy module, comprising the step igning a plurality of cracked
pieces of ffi&"%cracked module, cutting out one or more 35 cavities in the aligned cracked pieces for
positioning one or more reinforcement members across one or more crack-lines, inserting the

reinforcemgr%i%}%g% er%g&g rﬁe@%@gr ,{g\ﬁaLemri%l into the c:%lvitie&s nd Quildjn_k%a I%n%payg across the filled
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cavities. 3 The module may be severed Into separate cracked pleces priof 1o the 4ligiment step. In

alternate &niGaRASNISEtH®eadities are preferentially cut out up to half-way of a thickness of the

module. In other embodiments, the reinforcement members can be made of fiberglass reinforced

plastic. The filler material preferentially comprises one or more of a group consisting of resin, Aerosil,
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talcum powder,
group conisigtinged aletitpped strandmat layer, a woven roving layer and a surface veil layer.
According to another embodiment of the present invention, there is an apparatus that is repaired by

impIemenIzng ﬁ@/ one of the aforementioned methods. o
er materiai preferentially comprises one or more of a group consisting of resin,

Aerosil, talcum powder, and Microballoons.

in other embodiments, the laminate comprises one or more of a group consisting of a

chopped strandmat layer, a woven roving layer and a surface veit layer.

According to ancther embodiment of the present invention, there is an apparatus that

is repaired by implementing any one of the aforementionad methods.

In other embodiments, the faminate is buill as follows: a first chopped strandmat
layer; a first woven roving layer above the first chopped strandmat layer; a second
chopped strandmat layer over the first woven roving layer; a second woven roving
layer above the second chopped strandmat layer; a third chopped strandmat jayer
over the second woven roving layer; a third woven roving layer above the third
chopped strandmat layer; a fourth chopped strandmat iayer over the third woven
roving fayer; a fourth woven roving layer above the fourth chopped strandmat layer; a
fifth chopped strandmat layer over the fourth woven roving layer; and a surface veil

layer above the fifth chopped strandmat layer.

According to a second aspect of the present invention, there is provided a method of
reinforcing an area on a drill riser buoyancy module, comprising the steps of cutting
out one or more cavities in the module for positioning one or more reinforcement
members, inserting the reinforcement members and a filler material into the cavities

and building a laminate across the filled cavities.

Further, the area may be inherently structurally weak.



In other embodiments, the laminate is built as follows: a first chopped strandmat layer; a first woven
roving layer above the first chopped strandmat layer; a second chopped strandmat layer over the first
woven roving layer; a second woven roving layer above the second chopped strandmat layer; a third
chopped strandmat layer over the second wover goving layer; a third woven roving layer above the
third chopped strandmat layer; a fourth chopped strandmat layer over the third woven roving layer; a
fourth woven roving layer above the fourth chopped strandmat layer; a fifth chopped strandmat layer
over the fourth woven roving layer; and a surface veil layer above the fifth chopped strandmat layer.
According fo 4 €8ebh ¢ HERELT Bt eSbHPIROBIRIG T EfRPETS prOVitedradnethd@etiessforcing an
area on asdiitfaises bugyancy module, comprising the steps of cutting out one or more cavities in the
module for positioning one or more reinforcement members, inserting the reinforcement members and
a filler material into the cavities and building a laminate across the filled cavities. 3a In alternate
embodimentsifiesarfoicement ihcmitibes eam e midderotfibefgiassreinfbicetplastichéen other
embodimentsiuthe cavities are cut out up to half-way of a thickness of the module. The filler material
comprises one or more of a group consisting of resin, Aerosil, talcum powder, and Microballoons. 4 In
further embodiments, the laminate comprises one or more of a group consisting of a chopped
strandmat! EERwWlee Vel ley@pERRE atserfaca el yeromctordingtingnothesiembedisient of the
present inggntiancihese issanvanpattisthat is reinforced according to any one of the aforementioned
reinforcing methods. In other embodiments, the laminate is built as follows: a first chopped strandmat
layer; a first woven roving layer above the first chopped strandmat layer; a second chopped strandmat
layer over the first woven roving layer; a second woven roving layer above the second chopped
strandmat layer; a third chopped strandmat layer over the second woven roving layer; a third woven
roving layer above the third chopped strandmat layer; a fourth chopped strandmat layer over the third
woven roving layer; a fourth woven roving layer above the fourth chopped strandmat layer; a fifth
chopped strandmat layer over the fourth woven roving layer; and a surface veil layer above the fifth
chopped strandmat layer. BRIEF DESCRIPTION OF THE DRAWINGS Example embodiments of
the invention will be better understood and readily apparent to one of ordinary skill in the art from the
following written description, by way of example only, and in conjunction with the drawings, in which:
Fig. la is a perspective view of a DRBM with a damaged surface that has been repaired.



Fig. Ib is a cross-sectional view along the section A-A of Fig la. Fig. Ic shows an empodlme_nt of a
laminate of fiberglass reinforced plastic (FRP) in a DRBM with a damaged sur.face. I_:lg. Zq is a
perspective view of a DRBM having leading edge cracks that have been repal_red. Fig. 2b is a
cross-sectional view along the section B-B of Fig 2a. Fig. 2¢c shows an embodiment of a Iam!nate o_f
FRP. Fig. 3a is a perspective view of a DRBM having a transverse crack that has been repaired. Fig.

[ i ' h tion C-C aof Fig 3a. Fig. 3c is an enlarged view of area 35_0 of
I?;?gl?%l?. CLZ%W%ﬂgﬁ%égr}gﬁpge@%%%ﬁeaﬁ g Iggﬁﬁr@mz%%%ﬁ{beao idfgiualme QR CRASHEE BEen repaired.

Fig. 4b is ah@HiepgeiAeibT sacrerens0viicieydarkig. Siikacredsssectional view of a reinforced
DRBM. Figure 6 is a flow chart illustrating one embodiment of a method of repairing a damaged

: : . . . iring leading
surface of a DRBM. Fig. 7 |s a flow chart illustrating one embodiment of a method ofrreealrlng e
edge crack%"b"ﬁ%ﬁl‘f%ﬁﬁ L?SF EIP RN E R MIEHSRIT G YREEMUGEIM o RaRMEthed o repairing
transverseieratksopd2DRBMg (o any une of the aforementioned reinforcing methods.

in other embodiments, the laminate is buill as follows: a first chopped strandmat
layer; a first woven roving layer above the first chopped strandmat layer: 2 second
chopped strandmat layer over the first woven roving layer; a second woven roving
layer above the second chopped sirandmat layer; a third chopped strandmat layer
over the second woven roving laver; a third woven roving layer above the third
chopped strandmat iayer; a fourth chopped strandmat layer over the third woven
roving layer; a fourth woven roving layer above the fourth chopped strandmat laver; a
fifth chopped strandmat iayer over the fourth woven roving layer; and a surface veil

layer above the fifth chopped strandmat layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by

way of example only, and in conjunction with the drawings, in which:

Fig. 1a is a perspective view of a DRBM with a damaged surface that has been
repaired,

Fig. 1b is a cross-sectional view along the section A-A of Fig 1a.

Fig. 1c shows an embadiment of 2 laminate of fiberglass reinforced plastic (FRP) in a
DRBM with a damaged surface.

Fig. 2a is a perspective view of a DRBM having leading edge cracks that have been
repaired,

Fig. 2b is a cross-sectional view along the section B-B of Fig 2a.

Fig. 2¢ shows an embodiment of a laminate of FRP.

Fig. 3a is a perspective view of a DREM having a transverse crack that has been
repaired.

Fig. 3b is a cross-sectional view along the section C-C of Fig 3a.

Fig. 3¢ is an enlarged view of area 350 of Fig 3b.



5 - Fig. 9 is a flow chart illustrating one embodiment of a method of repairing longitudinal cracks on a
DRBM. Fig. 10 is a flow chart illustrating one embodiment of a method of reinforcing a DRBM. Fig. 11
is a flow chart illustrating ibe envidunebt of a method of coat painting DRBM. Fig. 12 is a flow chart
illustrating another embodiment of a method of repairing cracks on a DRBM  Fig. 13 is a flow chart
illustrating another embodiment of a method of reinforcing a 10 DRBM. DETAILED DESCRIPTION
Fig. la is a perspectly \ps'%&-(jg \';?5\:\? algjﬁgﬁ/? nated qgene %IJ. s reference 15 numeral 100, with a
damaged su?fa,ce cav?t@ 102 fhat has %Qeen repal}%t\jﬁ 'ﬁég&’ﬁ‘ ﬂlr’lu %@aﬁ@&ﬁoﬁgﬁw%ssa?ﬁ%e 104. Itis
understoo&%%lf%y number of damaged surface cavities may be present on any part of the DRBM's
101 surfaceigrithlis showsagetbsswectiennbyiess ajopg the section A-A of Fig 1 a, in which the 20
damaged syrface cavity 102 s repaired by ady n{tﬂagng ly filling the cavity up with a layer of filler
material, pre‘?’éreﬁ;i;ﬁ/y%éhtﬁé%k%?gb”t%y ?L‘O’Br‘éﬁ? {ﬁ‘é‘f’eaﬁgfxﬁ a laminate of fiberglass reinforced plastic
(FRP) 106 1&H&00 et o vaan dlpsitging erd egioraiitweighthathypleganag for example,
comprise af-onenet metecefsesinFarosol, talcum powder and Microballoons. The laminate of FRP 106
may, for e le, omprise,of a plurality of ch e(ins rand athCSMg layers, woven roving layers
(VVR) and sur a%egvﬁégiwé:ﬁeai% Fg”ﬁ‘:%?ﬁc?v"v% earﬁ‘?écfﬁﬁ'g%ri' Cgrﬁ 55‘%}?8 APhiRER 865 ¥ ynated generally
as referenE89fuRRHEE 8@ WRIEM may comprise one layer of CSM 111a followed by one layer of

Fig. 8 is a flow chart illustrating one embodiment of a method of repairing transverse
cracks on a2 DRBM.



30 VVR 110 disposed above it, further followed by another layer of CSM 111b that is disposed above
said 2 layers 108a and 110, followed by a surface veil layer 112 disposed above the layer 111b. The
CSM and VVR layers are each approximately 0.8fm thick, while the surface veil layer is
approximately 0.5mm thick. The total thickness of the laminate 106 is thus approximately 2.9mm. 35 -
6 - 204b that have been repaired. It js understopd that any number of cracked surfaces with differing
sizes may %ﬁn%&ﬁ 52; VI“e%%c%nd 88%%{158&%8% 8“%\‘3 @&ymgloq:?gfc : esmg%g) a &ruo%éli%ectional
view alongdtkseotionBB\bf Fig 2a, in which the 5 cracked surfaces 204a, 204b are repaired by
advantagegysly,flliag them wnmithalasicobilles matariab-prefesentialydiaftwaighiduts 208 and
thereafter a laminate of FRP 206 is disposed above the putty layer 208. The lightweight putty 208 may,
for examplé’,%%%prise of one or more of resin, aerosol, talcum powder and Microballoons. The
laminate offiRR 206 eamprises; fortdimple;a pluraltyehiCSM: ToibyerspWRdayerstagdesurface veil
layers. Fig%&éﬁgws an embodiment of the laminate of FRP 206, designated generally as reference
numeral 250, which may comprise a plurality of alternately disposed CSIV1 layers
210a/210b/2g0tRiEcaiPro and AR g erOY B SDLIBIP RO £ Pl et fte sHE1 5 evER ANy disposed
below a sudacervedilayer 214. The CSM and VVR layers are each approximately 0.8mm thick, while
the surface_veil Jayer is approximately 0.5mm thick. frl;% otal _thick laminate. 206 is thus
approximatgeﬁf f‘l.%rlﬁsrr?.sf IL—Cfg %%;@aﬁugée?/%%gcﬁ\r}g ?}%Weo g%ﬁ%’%ﬂEgogﬁfégé&ﬁge%é%ﬁgﬁly%s reference
20 nutderalB88having a transverse crack 302 that has been repaired. The DRBM 301 may be
severed into a plurality of separate pieces. In order to repair the damage caused by the crack 302 and
to additionally reinforc % 1, itis preferred that a plurality of reinforcement members,
advantageolishy FRP &l et pultrusion rods 304a - 304e are inserted into the DRBM 301
across the crack 302.

Fig. 1a is a perspective view of a DRBM 101, designated generally as reference

15  numeral 100, with a damaged surface cavity 102 that has been repaired and an
undamaged original surface 104. It is understood that any number of damaged

surface cavities may be present on any part of the DRBM’s 101 surface.

Fig 1b shows a cross-sectional view along the section A-A of Fig 1a, in which the
20 | damaged surface cavity 102 is repaired by advantageously filling the cavity up with a
iayer of filler material, preferentially lightweight putty 108 and thereafier a laminate of
finerglass reinforced plastic (FRP) 106 is disposed above the putty iayer‘ 108, The
lightweight putty 108 may, for example, comprise of one or more of resin, aerosol,
talcum powder and Microbalicons. The laminate of FRP 106 may, for example,
25  comprise of a plurality of chopped strandmat {CSM) lavers, woven roving layers

(WR) and surface veil layers.

Fig 1¢ shows an embodiment of the laminate 108, designated generally as reference
numetral 150, which may comprise one layer of CSM 111a foliowed by one layer of
30 WR 110 disposed above it, further followed by another layer of CSM 111b that is
disposed above said 2 layers 108a and 110, followed by a surface vell layer 112
disposed above the layer 111b. The CSM and WR layers are each approximately
0.8mm thick, while the surface veil fayer is approximately 0.5mm thick. The total
thickness of ihe taminate 108 is thus approximaiely 2.9mm.
35
Fig. 2a is a perspective view of a DRBM 201, designated generally as reference

numeral 200, with one of its leading edges 202a having two cracked surfaces 204a,



25The reinforcement rods may be of any suitable dimension. Fig 3b shows a cross-sectional view
along the section C-C of Fig 3a, in which the plurality of FRP reinforcement pultrusion rods 304a -
304e are inserted into the DRBM 301 to reinforce the same. 30 Fig 3¢ shows an enlarged view of
section 350 of Fig 3b, in which the remaining gaps in and/or around the crack are filled with a filler
material, preferentially lightweight putty 308, in which the putty 308 is disposed below a laminate of
FRP 310. H& idRaVERT PER r§8§“§%‘§y‘b’r%f8?8%ﬂ9dc3}ﬁfpﬁ% UFBRE" St WG rREIRC e rosil,
35talcum pevilddifferiddicssbakligdost Phealaninraie ot ERZ 1A 2thprises fBBékantple, a plurality of
CSM layers, WR layers and surface veil layers. - 7 - The laminate of ERR 310 is similar to Fig 2c,

designategfgenerally as reference numeral 250, which may comprise a plurality of alternately disposed
CSM 210a280B729 0210320 & VA R 24001 26106 fayers idhet dfe Hiidvdhtually
disposed belavkadstifaee yveiblayeri2idsrkhe SSihand AWR layessaie ensh approximately 0.8mm
thick, while the surface veil layer is.approximately 0.5mm thick. The total thickness of the |laminate 310
is thus appIr%’ﬁf?rrn%ftgﬂf/a 7! #\emn%/i:ﬁeﬁeap%%mg@&%cﬁ@ V ef”g\;f/tyo? aafﬁglﬁf%f&ajt %%ié%?ea eg%ﬁerally as
reference rurie B0 RaVASE &hongithdinaliorésied62&hathdsbeecidpaited2dhe BRBM 401 10
anfe Ise\wdmargp adhuadity of separate piage shc%i?gétgh,sg_%fl%@ﬁ iva%%fg%d giﬁm&f ?gﬁéionh450 of
ig. 4a. In order to repair the damage c¢ the longitudinal crack 402 and to reinforce the
DR A SRIGHITE ik e AT BN o CoRmANSES bf B o o EHBIRe feeembers,
advaritagedusiyzFRI feyaforsingsplétes d@ilavat04f, surrounded by a filler material, preferentially

lightweight putty 406 and a 15 laminate of FRP 408 that is built up over the respective reinforced
areas, e.g. 409. The reinforcement plates 404a-f may be of any suitable dimension. The lightweight

putty 406 My pretarériidilyeomphe brontSolPMBIE b iesTH, AlFoSiETARBIR pRRIGER SneF
Microballooatergheslaminate pHERRI408eomprigescfar exampler alpiuraldy CSpbiayerssMVR layers

and surface.vejl.! j inAh I?r?{e ' | I tion of the
laminate 01? a@ré% %}é%%?sz iﬁ%@%ﬁ%@ﬁ)@ég?%ﬁeﬁtﬁﬁ he a}%ﬁ%’éﬁ?ﬁ%@’%@é&% I%érg%o% %lgggc,
desighated®yenBralily dsheserehgiow a surface veil layer 214. The CSM and WR layers are

gach approximately 0.8mm thick, while the surface veil layer is approximately 0.5mm

thick. The total thickness of the laminate 206 is thus approximately 7.7mm.

Fig. 3a is a perspective view of a DRBM 301, designated generally as reference
20 numeral 300, having a fransverse crack 302 that has been repaired. The DRBM 301
may be severed into a pluralily of separate pieces. In order to repair the damage
caused by the crack 302 and o additionally reinforce the DRBM 301, it is preferrad
that a plurality of reinforcement members, advantageously FRP reinforcement
pultrusion rods 304a — 304e are inserted into the DRBM 301 across the crack 302.

25  The reinforcement rods may bea of any suitable dimension.

Fig 3b shows a cross-sectional view along the section C-C of Fig 3a, in which the
plurality of FRF reinforcement pulirusion rods 304z — 304e are inserted info the
DRBM 301 to reinforce the same.
30
Fig 3c shows an enlarged view of secticn 350 of Fig 3b, in which the remaining gaps
in and/or around the crack are filled with a filler material, preferentially éightweight
putty 308, in which the putty 308 is disposed beiow a [aminaie of FRP 310. The
lightweight putty 308 may preferentially comprise of one or more of resin, Aerosil,
35  taleum powder and Microbalioons, The laminate of FRP 310 comprises, for example,

a pluraility of CSM layers, WR {ayers and surface veil layers.



numeral 250, which may comprise a plurality of alternately disposed CSM 210a/210b/210c¢/210d/210e
and VVR 212a1212b/212c/212d layers, that are all 25 eventually disposed below a surface veil layer
214. The CSM and WR layers are each approximately 0.8mm thick, while the surface veil layer is
approximately 0.5mm thick. The total thickness of the laminate 408 is thus approximately 7.7mm. In
addition to{@z1 elnfor ed a 409 SEJ qtlergg alr reas, Aéllraqp the 30;16 g,réalﬁzclgned surfaces
of the DRBI rac Illr?esjfa IS grou% sd 610 apec%l [i% eareas, e.g. 411,
are cleaneuuamet I%ﬁna@@ﬂﬁFmYe GMIBiE bailt RIp! a‘{l@xtofhﬁmmmoﬁis@ﬁéﬁ@uﬁﬁj\ﬂcan be
flipped ovey tg.its-pihien side: ang sufficient rapairaress o the iside angdaroundiiheogl line 402 can

be grounded off, followed by built up of laminates of ERR. 35_These areas ar%lnherentlg structurally

weak due B HREPLARRPTERRED 2t BPSHe R préffature failtire SO sty isak areas of
the DRBManay heprasent gd arennotomenticnéd: her&cAdditionallys strpctunaihyayeakareas may also

arise due tg anylactuing Jaws. Mareoxel minbsechareas pesdnal be stiyrturally weak nor suffer

from manufacturing flaws - reinforcement can be carried out wherever strengthening is desired.
Reinforcement members 506a - 506b are placed in the vicinity of the reinforced areas 504a - 504b and
the remainimg spage @rgm@éb@\/@emwmmm&mh@fs inflledwithoaneateriakcostypeising a filler

materia, preferenlial Ihusiolt ot 2088 <508 and alamnate oL ERP§1G554g0 e 10
0 ma

lightweight putFy referentially comprise of one or ore of resin, erosn talcum
powder andafiérobaloeasiiThe Hﬂéiﬁﬁh%ltéf@@i?ﬁﬁ&%me%r@ﬁ ﬁ%?hf@}‘ge@@ﬁfﬁ%%énﬁﬁwsé‘ a plurality of

CSIVI Iayeé%c%/éé%ayem@n@gsqﬂ‘@?@e\/@&l rayersiEnelasginate of F RPHSLQagibHRksissimilar to Fig 2c,
and designated general as 15 re% meral 250, which ma%/zﬁ%%@dds s Cglurallt of alternately
disposed C@R‘/I%ﬁ/ﬁ R 1 55588519 Ay SrSTHSER al

eventually slisposieg b’eriewf"@reemfau‘ememtayer 24k Teee QSN BRE WiRdmyee e edBhapproximately
0.8mm th%%h%%%mg&a% V§"fh?é’@%§@99@%‘é@?%h‘( Qr@m@ﬁms@a%w%@@cgngsg of the

laminate 510a - 510b is thus approximately 7.7mm. 20 Figure 6'is a flow chart |IIustrat|n one

embdd@imetonatmetidet, d¥ighates B%*Héfﬁl@/"ﬁ% ?é?ére’??@@%ﬁﬁ@?gf’é?ﬁ BfF&pafihg T amaged
surface of aH2RBMoTeBIetbRtbeyins-Withygadii g off areasobithe dhonaged: sgtfacewfithe DRBM
602. Thereatfter, rf 5 brushes
04, Next, e D B e e Tt SurPa20¢, Then the

surface, wisies Misiewalerven hs resinaia Wit = AferImmiesng, Srersromials RiH&IBIGhe Yutty 608,
The putty magy-fonexample, eamplise«f 08 ayEnore: of resiss Aesosil, i cermapaudasanct

Micraballoons Th%%jrf%de Vélhr'd%h hﬁfs’[ oyvrgi%%%]er ?PﬁB‘%ﬂ;é issndgfi%n% %{'QP g}ﬁned 610. Next, any
IS HeaRed Wit

dust on the ?&6{ ompressed Aif and brushes. erea ¥he reshaped
surface is cleaned with acetone or any other suitable solvent 614. A laminate is bU|It across the

reshaped spifageasdellowsra-CaM l@yemﬁadiﬁmgweemﬂgm&lwém@ WR layesigdhen
disposed below another subsequent CSM la ‘}/er and ? l.fl%facefvelllt el is dcijggose%at&cg/ﬁ all three
layers 616 "NER Fhe PamilatsTs BRbofifgiprese @ plurality of aliemately dispose

210a/210b/210c/210d/210e and WR 212a/212b/212¢/212d layers, that are all
25 eventually disposed below a surface veil laver 214, The CSM and WR layers are
each approximately 0.8mm thick, while the surface veil layer is approximately 0.5mm

thick. The total thickness of the laminate 408 is thus approximately 7.7mm.

In addition to the reinforced areas e.g. 409, sufficient repair areas, e.g. 411, on the
30 cracked surfaces of the DRBM 401 aiong the crack iine 402 is grounded off o &
taper. Thereafier, the areas, e.g. 411, are cleaned and a laminate of FRP e.g. 413 i
built up. Next, the DRBM 401, after curing, can be flipped over io its other side and
sufficient repair areas on the inside and around the crock ling 402 can be grounded
off, foliowed by built up of laminates of FRPF.
35
Fig. 5 is a cross-sectional view of a DRBM 502, designated generally as reference

numeral 500, having a plurality of areas 504a — 504b that have been reinforced.



35terminated at its edges complete with the surface veil layer so that any abrupt change on the
DRBM's surface is avoided 618. Finally, the DRBM is fully cured for at - 9 - least 12 hours and coat
painting is carried out if no more repair work on th& DRBM is required 620. Figure 7 is a flow chart
illustrating one embodiment of a method, designated generally as reference numeral 700, of repairing

leading ed% cracks on a DRBM. The rgrethod ?dvanta ousl egins with grinding off any areas with
L do7s) 3

missing foam AR ARES atéad BrOTHY tREHENERTY SR ¢ THER kS e 2RhEThat have
been grouridetkate cleamsdrwithicoempréssediaicandiprustas 7i@4s Ndxthadekitid onanybether suitable

solvent is ysedde chemicallycleaniiieancas 7R8.fbenine.y8as koM missing loam.and the areas

around the leading edge cracks are filled with a filler material, preferably putt)é 708. The putty is
preferentiafty SigAtRERgREAHEP AV 4SPeaMpIE ¥ BMPHLE e Brabreet R&ine ABHSEH 38Ycum powder
and MicrobsadleonsarThefis thecareaszwiich:are uieven, areriesbaped: withsaid putied10./The areas,
which hav . othene 2. t, & ust on 15 the DRBM is
Cloanect il e b 0 TR, R 2 ARea arele 15 e with
acetone or'anfeotHersurabe soRierter 8ickYarmifate 3 buittecios samefdish spedtarsas s follows: a

CSM layertisedispaseehelonnaWiR fayer.-and thig.aiemais-iayesng-afione:GaM dispesed below one
WR layer is further.continued thrice. T aft final CSM layer is. disposed aboye the 20 alternating
CoM and WU oS e A BT o Gt TR A o i 618 . et the
laminate islighiostbly withidded atiiSedyes petrarinivabropt sharigeref therDRBM 'sldading edge

surface is avgidediZ20rFinalysthePRBM s fullycured for-atleast ¥&hours.andegatpainting is
carried out if no more reé)alr work on the DRBM is r%guwed 722. 25 Figure 8 is a flow chart illustrating

h .
one embod &t B8PS rHetHIY LRSI arafafy s referB s M araies60/ 3 FéSiring transverse

cracks on a DRBM. The transverse cracks may each comprise a cracked surface. The transverse

cracks may flso ARAE BeddREMdato 8 RIURILsqRarepiesreullsmethod adippiggeously 30

begins with aligning the pIuraIité of cracked DRBM piecestogether to abut theil corresponding cracked
surfabes 807 ENEXE BHTSEAtIGRS WHkTR BRYUTaN i GimbredimeherissiitelrssraesdtiPiRP
pultrusion reiofprcepiendansicarede amplassd an ket piseesslthe DRBM, atpanaskedput 804.

Thereafter i j ed to cut out cavities.f sitioning th inforcement bars 806
across oneeg%%gégﬂ%r%gg%%iﬁggﬁrﬁegga{%\%%g %{fjaﬁ%fsgrgcatia ? &%@%ﬁf% @%gﬁs-/\?vgy%?the

thickness GafeaDRBIMRER CBiMeT Hisle il plederentiafy /Y ftvasiGhaprieyimess filsbbwinserted into
said cavitiesidelowed:ByiniagiagstbetreinpreamentRarsing theusHhproximately 7.7mm.

20
Figure 6 is a flow chart illustrating one embodiment of a method, designated
generally as reference numeral 600, of repairing a damaged surface of a DRBM. The
method begins with grinding off areas of the damaged surface of the DREM 602.
Thereafter, the surface that has been grounded is cleaned with compressed air and
25 brushes 604. Next, acetone or any other suitable solvent is used io chemically clean
the surface 606. Then, the surface, which is now uneven, i3 reshaped with a filler
material, preferentially lightweight putty 808. The putty may, for example, comprise of
one or more of resin, Aerosil, talcum powder and Microballoons. The surface, which
has now been reshaped, is sanded and smoothened 610. Next, any dust on the
30  DRBM is cleaned with compressed air and brushes 612, Thereafter, the reshaped
surface is cleaned with acetone or any other suitable soivent 614, A laminate is built
across the reshaped surface as follows: a CSM layer is disposed below 2 WR layer;
the WR layer is then disposed below another subseguent CSM layer and a surface
veil layer is disposed above all three layers 616. Next, the laminate is smoothly
35 ferminaled at its edges complete with the surface veil layer so that any abrupt
change on the DRBM's surface is avoided 618. Finally, the DRBM is fully cured for at



same, and any remaining space in the cavities may be finally filled with said putty 808. The putty is
preferentially lightweight and may, for example, comprise of one or more of resin, Aerosil, talcum
powder and Microballoons. Next, a sufficient repai¥ area on the cracked surfaces of the DRBM along a
transverse crack line is grounded off to a taper 810. Thereafter, the area that has been grounded is
cleaned wi}h co Eessed%ar an bru§hes 812. N xt,ta%:etone or an .othe&suit%blﬁig%ynt is used to
chemically Efein the dred E1° THETAMmaiE 35 BUile Acr S5 Branevals Cir i as o ‘8§ CsSM layer
is disposeddsglord £YUR layer; this alternate layering of one CSM disposed below one VVR layer is
further continued thrice. Thereafter, a final 10 CSM layer is disposed above the alternating CSM and
VVR iayers, Finally, a surface veil layer is disposed above all nine layers 816. Next; the laminate is

smoothly térfifatéd 't #s'Edgeded HiHpEPaLAI GRMIEBT the’ DRBIFY RanSRHEE3G L surface is
avoidetl 818:=Mexty the BREBM:s fullycutedforaatieastid? badrssaadithe BRBMris:flipRediover to its

other side and stg oﬁlgdt%%%&!&sy%yﬁg 930. Eivgll, 13 1hs DREM s fullcuied again for at

least 12 hours and coat painting Is carried out if no'more fepair required 822.
Figure 9 is & 'flGiF e IARAN TS Bielin ¢ 8riEasinB ifiRteRtaska féthdekraakfintite dgendraily asseference
numeral 9 enf @ecgmdafg h@@@#@iﬁ@amnﬁ%@wml @aEA&&M aﬁheaa%ﬂ@@gi'wim@wa@lf&}ﬁlwrefach
comprise a cracked surface. The longitudinal cracks may sever the D into a plurality of separate
pieces. ThE e e e e B meg A DI A of okl SR Hecos
together tovdbuttheitoieespendily cracked BuUrtaites ool INesgcalt fobativndwherérapilieality of
reinforcement:mngmbess. prgfesably FRP reinfareementplates: ke {9 hediasethan2,both pieces of

the DRBM are marked out 904. Thereafter, a cuttir%% disc is used to cut out cavities for positioning the

reinforcemEht PiiteS 806" 1hE il K& hietdteABATY ctit GUT I W Raf W4y 61’ fifdkness of the
DRBM. NeXtsa filles mrateriakjreferentiahelilweigsitansty withyshist betingéftedlintasaid cavities,

followed by, placing,thedipfrcenent platss inte 4he SaMe,anQaMremBaiging sRace:30Hh the cavities
is finally filled with said putty 908. The putty is preferentially Ightwelght and may, for example,
c

compitse oRE drRioYe 6f FaEiTeReEN, tAIRRE R8I aftlcdlahgMittbbalfsdRg Riext™a sufficient
repair areargghtpesusiace efthe BRBM wivng@longittdina) osack linetidbgradnded offéo A taper 910.
Thereafter, the hat. een,gro ' ed wj r ir and brushes 912. Next,
35 acetonéggﬁg%@ggt é%ﬁ i?ue%l é%sg éeﬁ%%%lgségd%tg%egh%ié@fﬁ%ﬂaﬁéﬁ%@9194. e ?gr%inate is built

across a loPRJRUdmEY Tolayes fiifolls aleswisappisdishesed batbiietaer hajer aiig dM8rnate

layering of japer GESivheispasembaionrrae VYR daxer dsindilc BNtheysantinted darigssvEngreafter, a final
CSMJayer is disposed apove the alternating CSM and WR layers. Finally, a surface veil layer is
o T A R o St o o iS50 TS v that any
abrupt chahtje dfthes BRBNMefoiggudinakfeirt sorfatehidevolridDaBinesgaheDRBMY fully cured

for at least J2 hausaaRd the MRBMASMPRed avecipdisothresideandsieps9164g,918 are repeated
920. Finall 5%% D'B)B\“’)YI is full cureo’ a%aln f%r at least 12 hours and coat %alntln?éls carried out if no
more repa# on %ﬁﬁ'ﬁﬁ] fsFeitedo32  Torigie 1 638 ol CAZRIIR AR oNE
embodimergigfiavnéthodhdesrifidted gpneEalizas reference numeral 1000, of reinforcing structurally

weak,areas on a DRBM. If the structurally weak area on the DRBM is not reinforced, the DRBM's

structural integrity may be compromised and this may lead to a shortened service life. 15
Figure” 8 is a flow chart illustrating one embodiment of a methed, designated

generally as reference numeral 800, of repairing transverse cracks on a DRBM. The
transverse cracks may each comprise a cracked surface. The transverse cracks may
also sever the DRBM into a plurality of separate pieces. The method advaniageously
30  begins with aligning the piurality of cracked DRBM pieces together to abut their
corresponding cracked surfaces 80Z. Next, all locations where a plurality of
reinforcement members, preferably FRP pultrusion reinforcement bars, are to be
placed on both pieces of the DRBM are marked out 804. Thereafier, a cutling disc
may be used to cut out cavilies for positicning the reinforcement bars 808 across one
35  or more crack lines. The cavities are preferentially cut out up to half-way of the
thickness of the DRBM. Next, a filier material, preferentially lightweight putty, may

first be inserted into said cavities, followed by placing the reinforcement bars into the



The method preferentially begins with marking out the locations where a plurality of reinforcement
members, preferably FRP bars and/or reinforcement plates, are to be placed at the areas to be
reinforced on the DRBM 1002. Reinforced areas h&ed not be structurally weak nor suffer from
manufacturing flaws - reinforcement can be 20 carried out wherever strengthening is desired.

Thereafter, a cutting disc is used to cut out cew%ties for ositiog%r;% thl? rc‘;wgrc%nent members 1004.
The cavitie 2R pTBfe ANHAITALUPS A5 hAIEWAY BFHE i AknBER S e DRBME RIS Y filler
material, p&iférditatiytiightoreightpiadty igiaydigtibaihserte tbimtomaid < avitigsisoldwed by placing the

reinforcement mempers N sgid.cayities.and ADMJaMAg £ SPRESINING fvlliesds fipally filled
with said putty 1006. The putty is preferentiall %‘ﬁgtwelght and may, for example, comprise one or

more of re<iFE4ARRIEH, TAENHA PRIER Shdfr IRIBHE NSRS EaifigisTRYe pair ada4R4Re vicinity of
the reipforegdl area is-grosnuet eftta:a-taper 1081 Ehereaftersihertepaisareactbatdhasdaeen grounded

is cleaned with compressed air and br, 10. Next, acetone or other suitable solvent is
oot 10 o S e B e I T in T e B rea s
follows: a CSMByERIY GHSpHSEE BEBW &V VIre |djeinalhdalemae Py cRing of eReCBM dfsposed

bFIOW one WB\A@y%L MMrﬁa?éﬁ%n&i@%@Qé@r&%@\J hﬁﬁfﬁ‘t%rye%;fi{gﬁé @@ﬁ@%ﬂaﬂﬁeﬁﬁﬁ)%%ﬁ@m? thg
alternating nd WR |ayers. Finally, a surface veil layer is disppsed above all nine Jayers 35 1014.
e e ol e e Al A it ) Gy e
DRBNIs surfabkliyaveidepd@rcaiNest 1thaDRBIWE il cnedoriardeast t2lhoarstafatehe DRBM is
flipped ovey g its, gther side.and steps 190t 1345-1046; arg.repeated 1018, Finally, the, DRBM is

fully cured again for at least 12 hours and coat painting is carried out if no more repair work on the
DRBM is rd§iiHeaien 8. EiGiees £ Halofr e R EiuSHatay ShE emiiodiie FEBFYERBIRIY, designated

5 generallysasfsefereneeiduarisil 1400 fiof mmm_ﬁmg/ @@&der@ thsslota chisteps 6%%),_ 722, 822,
922 and 1G3Q9qve, 13 BEineq pesferagtiallybealns wihsaing A aipasaetempalrs andor

reinforcements have been carried out 1102. Thereatfter, the areas are cleaned with compressed air
and bréishe§a FRBN éduthe eichdsite Jefiriéafiblly CRER WitR HIABREDEAR Gt Silitable

solvent 1106 Akl fiskirubel eoattgRamtinay:thed berapplied on the DRBM's entire surface 1108.
Subsequently, a second run of the paint is advantageously applied immediately after the first run 1100.
Finally, the paint is left for approximately four hours for it to cure 1112. 15Figure 12 is a flow chart

1200 illustraiittjea éghadiefepaifintl s ERicke drillaiderdineyhney enddefiecaccéraigtptetnother
embodimenf £l steRd 2i2rh QlUahiy-af stackee:piacrs RHNR:SHRkedModHle presplionss. At step

12_04 ne or more cgvities are cut out in the aligned cr cged leces qusitioni,n one or more
reinfgHbom BRAHBL & S e o7 TP APch M At 1 208 e TRINfOR A embers
20and a filler=matesaliar RS ot intoisaidtcalities A stepda 08 cantathipdlisbatcacss the filled
cavities. begins with aligning the piuraiity of cracked DRBM pieces together fo abut 'the
corresponding cracked surfaces 8902 Next, all locations where a piurality of
reinforcement members, preferably FRP reinforcement plates, are 1o be placed on
25 bath pisces of the DRBM are marksd out 804. Thersafter, a cutling disc is used to
cut out cavilies for positioning the reinforcement plates 906, The cavilies are
preferentiaily cut out up fo haif-way of the thickness of the DRBM. Next, a filler
material, preferentially lightweight putty may first be inserted infc said cavilies,
foliowed by placing the reinforcement plates inio the same, and any remaining space
30 in the cavities is finally filled with said putty 908, The putty is preferentially lightweight
and may, for example, comprise one or more of resin, Aerosil, talcum powder and-
cell and Microballoons. Next, a sufficient repair area on the surface of the DRBM
aiong a longitudinal crack line is grounded off to a taper 81C. Thereafier, the area
that has been grounded is cleanad with compressed air and brushes 912, Nex,
35  acetone or any other suitable solvent is used to chemically clean the arsa 914. The
taminaie is built across a longitudinal joint as follows: a CSM laver is disposed beiow

a WR layer; this alternate layering of one CSM disposed below one WR layer is



Figure 13 is a flow chart 1300 illustrating method of reinforcing an area on a drill riser buoyancy
module. At step 1302, one or more cavities are cut out in the module for 25 positioning one or more
reinforcement members. At step 1304, the reinferéément members and a filler material are inserted
into said cavities. At step 1306, a laminate is built across the filled cavities. It will be appreciated by a

person skilled in the art that numeraqus variations nd/or odificatio d th t
invention a%'2RBWIIRHEEniBEEmnE Satoutt Fﬂtlﬁ?ﬁ({n %I\elgpl?llt Slé‘é%%%cﬁ%#n ﬂ?& ? \(/)%mtlaogr::en

broadly destsbedingheSnbodikvéntsyare, thieedifore, sormeomdideyed im Gl pespectisaecbd!illustrative
and not resyigliye, 3, BTIROZIARA0030ABaRSer SRRIETIBETZOLE CLAMS . Amethod

of repairing a cracked drill riser uo%anc y module, comprisin the steps at 5aligning a plurality of
cracked p@(%@’éﬁf’%’%a%f{éi&en%% s longdiing dbirbRE TR dre DRREEs M tha'SKgres cracked
piecessfor positigning:ene.esdorestainforcement menbees AREISS o peanore crack-litres; inserting

the reinforcement members And. filer materialinta saissay ies 3nEARYIHjng Alrmigate across
for at least 12 hours and coal painting is carried out if no more repair work on the
DREBM is reguired 822

10 Figure 10 is a flow chart iltustrating one embodiment of a method, designated
generally as reference numeral 1000, of rainforcing structurally weak areas on a
DRBM. If the structurally weak area on the DRBM is not reinforced, the DRBM's
structural integrity may be compromised and this may iead to & shoriened service
life,

15
The meathod preferentially begins with marking out the ilocations where a piurality of
reinforcement members, preferably FRP bars and/or reinforcement plaies, are 1o be
placed at the areas 1o be reinforced on the DRBM 1002. Reinforced areas need not
be structurally weak nor suffer from manufacturing flaws — reinforcement can be

20  carried out wherever strengthening is desired. Thereafter, a cutling disc is used to cut
out cavities for posifioning the reinforcement members 1004, The cavities are
preferentially cut out up to half-way of the thickness of the DRBM. Mext, a filler
material, preferentially fightweight putty, may first be inserted into said cavities,
followed by piacing the reinforcement members into said cavities, and any remaining

25  space in the cavities is finally filled with said putty 1008. The putty is preferentially
lightweight and may, for example, comprise one or more of resin, Aerosil, talcum
powder and Microbalioons. Next, sufficient repair area in the vicinity of the reinforced
area is grounded off to a taper 1008. Thereafter, the repair area that has been
grounded is cieaned with compressed air and brushes 1010. Next, acetone or any

30 other suitable solvent is used to chemically clean the repair area 1012, Thereafter, a
laminate is buill across the repair area as foliows: 2 CSM layer is disposad below a
WR layer; this alternate layering of one CSM disposed beiow one WR layer is further
continued thrice. Thereafter, a final CSM layer is disposed above the alternating
CSM and WR layers. Finally, a surface vell layer is disposed above all nine layers

35  1014. Next, the laminate is smoothly terminated at its edges so that there is any
abrupt change of the DRBM's surface is avoided 1016. Next, the DRBM is fully cured
for at least 12 hours and the DRBM is flipped over io its other side and steps 1008 to



2. The method according to claim 1, wherein the module is severed into separate cracked pieces prior
to the alignment step. 15 3. The method according to claim 1 wherein the reinforcement members are
made of fiberglass reinforced !mastic. 4. The meth®d according to claim 1, wherein the cavities are
cut out up to half-way of a thickness of the module. 20 5. The method according to claim 1, wherein

the filler material comprises one or more of a.group consisting of resin, Aerosil, talcum powder, and
Microballo§}18$1.ga’ﬁ?%@%@%&%@cﬁ?ﬁlﬁg q}?g%ﬁ%pnf,‘WQVeW%El‘ﬁﬁ‘l’fh?treaéd?ﬁﬁFigéé“BHésor more of
25 a group awhsistingg otiacsoppedostranidmat tayer miwveven vo irg I REN andaswda@2oeil layer. 9.

The method according to claim 1, wherein the laminate is built as follows: a first chopped strandmat
layer-, 30a first woven roving layer above the first chopped strancimat layer; a second chostrandmat

layer over th&'fifst Wover? réifigIas/er i deribisg Sisveiiaigaal & abgisting seesisthetsspped
slrandiat layeeralithird rehopped strandimat dayer over thesrgend myven rovingsiayer; adhird woven

roving laye the-third,cho trancimat layer, 35a fourth chopped shandmat la er over the
third Wovené?(;p\’/ci)zg ’a%%} a?j%guﬁﬁpy(\fg\%n&ﬁg\yiengﬁg‘yeﬁ]%ﬁg\geptrﬁée GUr l%gf% bnédv‘gFPaﬁadnrr%é%ayer; a fifth
chopped stPaNdATEEFay&Feer tieifeuBRWISY ERITBVIRIIEYST: Bans ApsendedrSiketiP EAMRU

Thereafter, the areas are cleaned with compressed air and brushes 1104, Next, the
arsas are preferentislly cleaned with acetone or any other suitable solvent 1108, A

10 first run of coating paint may then be applied on the DRBWM's entire surface 1108,
Subsequently, a second run of the paint is advantageously applied immediaiely after
the first run 1100, Finally, the paint is left for approximately four hours for i 1o cure
1112,

15 Figure 12 is a flow chart 1200 illustrating a method of repairing a cracked drili riser
buoyancy module according fo another embodiment. At step 1202, a piuraiity of
cracked pieces of the cracked module are aligned. At step 1204, one or more cavities
are cut out in the aiigned cracked pieces for positioning one or more reinforcement
members across one or more crack-lines. At step 1208, the reinforcement members

20 and a filler material are inserted into said cavities. Al step 1208, a iaminate is built

across the Tilled cavities.

Figure 13 is a flow chart 1300 ilfustrating method of reinforcing an area on a drill riser
buoyancy module. At step 1302, one or more cavities are cut out in the module for
25 positioning one or more reinforcement members. At step 1304, the reinforcement
members and a filier material are inserted inic said cavities. At step 1308, a laminate

is built across the filied cavities.

It will be appreciated by a2 person skilled in the art that numerous variations and/or
30  modifications may be made to the present invention as shown in the embodiments
without departing from a spirit or scope of the invention as broadly described. The
embodiments are, therefore, to be considered in all respecis to be iliustrative and not

restrictive,



-14- PCT/S020091000394 Received 6 September 2010 a surface vell layer above the fifth
‘chopped strandmat layer. 8. A method of reinforcing an area on a &lll riser buoyancy module,
comprising the 5steps oft cutting out one or more cavities in the module for positioning one or
more reinforcement members; inserting the reinforcement members and a fillepaptegabitiocaids
cavities and buildin9 a laminate across the filled ¢avities. 9. The methRecakadle Saelaibe8 pyierein

the area is inharagiy structurally weak. 10. The method according to claim 8, wherein the
reinforcement members are made 150f flrr ass reinforced plastic. 11. The method according to claim

5, whereln th% c‘gwt&g_aware cut out up to half- Way of a thickness of the module.
of repaining & cracked dnill iser bucyancy module, comprising the steps

ot
& gligning & plurality of mﬁmm piecss of the m@m poduls;
culing out ocne sr more cavities i the aligned cracked pieces for pmsaﬁammﬁg
one or more reinforcement members scross ohe or more crack-lines,
insoriing the reirforcement members end & tller maters! ino said cavifies;
7 and . ‘
10  buliding & laminate across the filed cavities,

Z  The methed according to claim 1, wherein the module iz severad into saperale
crackad pieces prior to the alighment sﬁegﬁ,

5 3 The m@t&md amaﬁts’@ o claim 1, whemm the r@mﬂm&mem members are mad@ . |
of ﬁbergtass s*emfmmd m&astaa:

4. The method amﬁiang o clzim 4, wherain the mvétxm are out out up to half-way of
& thickness of the mnduée

20
5. The maﬁhad acoording to cleim 1, wherein the Slier material comprses onse or
more of & greup consisting of resin, Aerosk, talcum powder, and Misrobalioons.

8. The meilhod according fo céaim 1, wherein the laminate COMprises one or more of
2% @ group consising of a chopped strandmas layer, 8 woven mwng fayer. and & suriace
vl faysr

7. The mathod aamrdmg to claim 1, whersin the lamingte is built as follows:
& first chopped strandmet layer
30 @ first woven roving layer above the first ch@pp&d stmndma% taver;
'@ second chopped strandmat layer pver the first woven roving layer,
£ szcond woven mvmg layer above the second chopped strandmar iaver,
@ third chopped strandmat layer over the second woven roving laver;
& third woven roving fmyer above the third chopped strandmat tayer;
' 35 a fourth chopped strandmat leyer over the third woven roving layer;
) 8 fourth woven mving layer above the fourth chopped strandmat luyer,
& fifth chopped sirandmat layer over the fourth woven roving layer; and

Amended Sheet
IPEASAL



2012. The method according to claim 8, wherein the filler material comprises one or more of a group
consisting of resin, Aerosil, talcum powder, and Microballoons.  13. The method according to claim
8, wherein the laminate comprises one or more of a group consisting of a chopped strandmat, a woven
_roving layer and a surface veil 25layer. 14. The @{;hod according to claim 8, \PiEr& G Biedacinate is
built as follows: a first chopped strandmet layer a first woven roving layeRabuvedthes fipstmhaiiad
strandmat layer, 30ass@aonciRappasheirprdmaiays egdilglewoven roving layer a second
woven roving layer above the second chopped strandmat layer a third chopped strandrnat layer over
the second woven roving layer; a third woven roving layer above the third chopped strandmat layer; a
fourth chopped str ndmat Iayer over the third woven roving layer, 35a fourth woven roving layer above
the fourth chBppdtEdE §8 21 iR hgh Pl ek R TeR Bke Fee TR woven roving layer
and . a surfag@Riefiflayer above the fifth chopped strancimat layer. Amended Sheet IPEA/AU

cuiing ot one or mare cavitiss in the moduis for positioning one or more

reinforosment members;
~ Inseriing the reinforcement members and @ filler materisl into said cavities:
ang
10 building & laminate across the filled cavities,

. The meth

ot according to ciaim B, whsrein the ersa is nherently struciuraily weak:,

- 10, The method sccording fo claim B, wherein the reinforcament members are made
15 @fﬁ@exgiass reiforoed @éaﬁii‘@. : . ‘ U

11. The method m:mmﬁmg m claim 8, whamﬁn the caviles are ot o up o haiﬁ-w&y
of g fhickness of the moduls, :

20 12, The meﬂ'md acgording to claim 8, whersin the filier mater%éi COMPTisas one or
more of & group consisting of resin, Aerosil, talcum powder, ang Microbaloons.

13. The method according to claim 8, wherein the laminate compriess one or more of
& group congisting of & chopped strandmet, & woven roving lever and & surface vell
25 laver

$4. The method eccording fo cldim 8, wherein the laminate is bullt es foliows:
& first chopped strandmat layer;
& first wovan roving layar abuove the first chopped mmmat iaver;
30 a sacond chopped standmat laver over the first woven roving layer
& secontd woven roving iayer above the second chopped strandmat %éyer;
& third chopped sirandmat iayer over the second woven roving faver,
& third woven roving lever above the third chopped stran&mat taver;
. a fourth chopped strandmat layer over the third woven roving aner‘ -
a5 & fourth woven roving iayer above the fourth chopped strandmat layer:
& itk choppsd atrandmeat E&yer over the fourth woven roving layer; and
. &.surface vell layer above the fifth chopped strandmat layer. |
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15 DRILL RISER BUOYANCY MODULES ABSTRACT A method of repairing a cracked drill riser
buoyancy module and a method of reinforcing an area on a drill riser buoyancy module. The method of
repairing a cracked drill riser buoyancy module comprises the steps of aligning a plurality of cracked
pieces of the cracked module, cutting out (]5 e or more cavities in the aligned cracked pieces for
positioning one or more reinforcement members across one or 10more crack-lines, inserting the

reinforcement members and a Y nalter & i REANGY M @RY bESding a laminate across the filled

cavities. Figure 12
ABSTRACT

&

A rmethod of repatring & cracked drill riser buoyancy moduie and a method of
reinforcing an area on a drill riser buoyancy module. The method of repairing a
cracked drill riser bucyancy module comprises the steps of aligning a piurality of
cracked pieces of the cracked module, cutting out one or more cavities in the aligned
cracked pieces for positioning one or more reinforcement members across crne or
10 more crack-iines, inserting the reinforcement members and a filler material into the

cavities and building a laminate across the filied cavifies

Figure 12



