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 vinylesterlenoxy fsing g commaniu ermert s grtolassobupicallo g DiRBMS, 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.classifiedintond beading-EdagiCrasksandidamagesiit 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



- 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
surfaces and surface degradation from weatheringeare the most common forms of damage. Although
these damages may initially have very little effect on the performance of the DRBM even when held for
long periods a thglpénaxigum service depth, the overall integrity 10of the DRBM may be
compromised (Whet'BZpBsEE BRI ated impacts. Transverse & Longitudinal Cracks Generally,
DRBMs with tréinsherseyerscksamie first subjected to a 'drop test' to determine a 'complete’ fracture.A

‘complete’ fracéyr%é%éy@a(ﬁaqk@r%Ms 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 regardless of whether they are identified as

having a 'comfietebtaeiuec 2@ furthermpreiResides damages;certain structural flaws may arise
during the @aarggf%c%r'ng d?f a %RengQTh§eseefl%w ma \4veaken the structural integrity of the DRBM
and may calse premature Hailire: Tn aduiton. therd TRay: & a1 s bt SFeaRRB My WEsK due to their

profile. ThéseGpatnirailyveaeheig needitiebeost 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.



25reinforced to prolong their 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 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 stepszof 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 refiorcemMant MEMRE ACoss-ANe QL mare &%ﬁ%ﬂ'%@aé@sﬁﬁc&?%ht%éeé’ﬂeg%%%e”t members
and a filler material into the cavities and building a laminate across the filled cavities. 3 The module
may be sétePed into separate cracked pieces prior to the alignment step. In alternate embodiments,
the cavities are preferentially cut out up to half-way of a thickness of the module. In other
embodimapts-feIRicementneubers cane made ol fpergiass relforoed piastis: The filer
material preferentially comprises one or more of a group cons?fstlng ot rein; ArogfYt8ictim powder,
and MicrobHess. hibthepewtbodiments, the laminate comprises one or more of a group consisting
of a chopped strandmat layer, a woven roving layer and a surface veil layer. According to another
embodim%,r}]t gtfhthre prese Nt inven iig])n, theée is an apparatus that is repaired by implementing any one
of the afor@mentioned hethods: 1N Bther SHBOde s TRE Farfifiiati®is BEiE a RS ESfirst chopped
strandmatr¢ayiercadipstaiioven 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 ang at layer; a third chopped strandmat layer over the second woven roving layer; a third
woven ro hﬁ [ {7% GV ﬁ{gfﬁj{ﬁ%ﬁéﬁg}ﬁﬁ%’ﬁ?ﬁh‘aﬁ?ﬁﬁﬁwﬁ o R ErH RO A S ahtHAL layer over
the third Wevrenitrduingiayardafeudtivovesiicoving 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 ‘G PEIRTGERRFLRARR Lioh aiRf RS RISR e RbAIE ebmpinsinGPRaiEiapebe cutting out
one or mareog@eties indhenodule fospositomigleeae ornmekeipfasrement members, inserting the
reinforcement members and a filler material into the cavities and building a laminate across the filled

cavities.
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.



3a In alternate embodiments, the reinforcement members can be made of fiberglass reinforced plastic.
In other embodiments, the 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 lagginate comprises one or more of a group consisting
of a chopped strandmat, a woven roving layer and a surface veil layer. According to another
embodiment of the present invention, there is an apparatus that is reinforced according to any one of
the aforementioned reinforcing methods. In other embodiments, the laminate is built as follows: a first
chopped $tr@atea5eR s {Fovbn raliigayen amsetRes fran choppeiestfafitesaekser; a second
chopped striafghaeat gaygicover 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\everbediftglayel a totiithanwover tovingialehabaw theddhith elioppetistrandmat
layer; a fifthoeh@pped 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 fromf'th&liRyl SvsgaviestPtesTripton! Byoiaypbbexamplemsiyiiandinesinjufetiosi with the
drawings,:iicwhighutig: lanis @ibersheetie 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 embodiment
of a 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. 2c shows an embodiment of a
laminate of FRP. Fig. 3a is a perspective view of a DRBM having a tr_ansvers.e cra(_:k that has been_
repaired. Fig. 3b is a cross-sectional view along the section C-C of Flg.3a. Fig. 39 is an enlarged view
of area 350 of Fig 3b. 4a Fig. 4a is a perspective yiew of a DRBM ha\_/lng a longitudinal c_rack th_at has
been repaired. Fig. 4b is an enlarged view of section 450 of Fig. 4a. Fig. 5 is a cross-sectional view of

a reinforce i I Q a har |Ilustrat|n one embodiment of a method of repairing a
damaged s%r?ﬁ%%f ng gDHRBM {ilj‘? égg oW & gtpﬁﬁwﬁféﬂ%r%ﬁfﬁafﬁi@n?%%mﬁ%gd of
repairing I@a@ﬁ?@%@féfﬁ%%foﬁ W@Wlﬁwa&&@ﬂmnﬁw’emwﬂaﬁm one embodiment of a
method of repairing transverse cracks on 2 DRBM. 5 - Fig. 9 is a flow chart illustrating one

embodiment of a. method of repai longitudinal cracks on a DRBM. Fig. 10 is a flow chart illustrating
one embodlmen%o Crasthod ﬁ‘%ﬂ‘%&‘ﬁ J A BRER RIS 08 oW ivrrinasrating ibet envidunebt

of a methot Efistetysaining DRBMrFFignd 2fisha floveohardhistratingangtherembodiment of a method
of repairing cracks on a DRBM

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.



Fig. 13 is a flow chart illustrating another embodiment of a method of reinforcing a 10 DRBM.
DETAILED DESCRIPTION Fig. la 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 understoodsthat any number of damaged surface cavities may
be present on any part of the DRBM's 101 surface. Fig Ib shows a cross-sectional view along the
section A-Af Fi | igh.t surface cavity 102 is repaired by advantageously
filling the ci‘?;\%tyE ﬁévﬁphé%%%gp%?%ﬁ%ﬁ%ﬁ%%ﬁl%rae\?g %tfl%rﬁ?/%g [?\%ecibaﬁfg p%)ﬁ é) and thereafter a
laminate of?ﬁ%?@‘?ass reinforced plastic (FRP) 106 is disposed above the putty layer 108. The
lightweightHagitgb 108 mayaiscexam ples egimpase of epe«r more of resin, aerosol, talcum powder and
Mlcroballocpri}_?.ﬁ'l'ig% I&@é@»@&%’ségﬁ%@w%@%ﬂo? £xa é%gz&omp_rlse of a pl_urallty of chopped
strandmat %_CSM)\Iayers, woven roving layers ( and Surface veil layers. Fig Ic shows an
embodiment?f the TafriAgte E06! desiiRatecegunerslly oy mfereatwavfrerali Dz which may comprise
one layer af-GSkkd tladfolewedbyrpne layer of 30 VVR 110 disposed above it, further followed by

another laye that is disposed above. said 2 layers 108a and 110, followed by a surface
veil layer 115'3%%%2%&%%%(% ﬁ%rﬁiyl/re% Tﬁ%mﬁﬁg@ Rt RV TSleRPAFNdAc A iishroximately
0.8mm thi@€dfTadfecs LR fREENEIl layer is approximately 0.5mm thick. The total thickness of the

laminate 18613 tBusrappsRximAlel:a-BaL 3RooimRRl; hathaye heepanaited,|fis understood that
any numb%;ggk%rackegggﬁaces with differing sizes may form on any leading edge 202a/202b of the

DRBM 201~ 91 ®



Fig 2b shows a cross-sectional view along the section B-B of Fig 2a, in which the 5 cracked surfaces
204a, 204b are repaired by advantageously filling them up with a layer of filler material, preferentially
lightweight putty 208 and thereafter a laminate of #RP 206 is disposed above the putty layer 208. The
lightweight putty 208 may, for example, comprise of one or more of resin, aerosol, talcum powder and

Microballogns. The laminate OERP 206 comprises, for. example, a plurality of ESMEl‘t%a rs, WR
layers and s‘@rfgég ?/3??‘1“61%"?%?@.' |§t%‘% SWS %%%Om%%?%{ﬁ(n B%ﬁ?é"?a?ﬁfﬁﬁ%"%‘? RF' i:‘%ﬁsignated

generally as #eferenceliitBhiral 250, which may comprise a plurality of alternately disposed CSIV1
layers 210g4210p/210¢/84Qd/R20€i1RREMMR IaversiAtdAbR 12cH2AR26k: thatareidd aventually
disposed below a surface veil layer 214. The CSM and VVR layers are each approximately 0.8mm
thick, whiletf&¥urface veil layer is approximately 0.5mm thick. The total thickness of the laminate 206
is thussappraximately:7idmn: &gl 3eisiagperspectivecviewiofa:DRBNM:30Y, desigratéd:generally as
reference Weral 300, having a transverse crack 302 that has been repaired. The DRBM 301 may
be severedinto a plurality of separate pieces. In order to repair the damage caused by the crack 302
and to addftienaflysEifrca e IDRBRNSEIOR R STERIFETINR R PIFART Of IiRoreeTRTtmembers,
advantagegustyFeiRireinforcement pultrusion rods 304a - 304e are inserted into the DRBM 301
across the grack 302, Zoihe elnfprsement odsanay be-phany sulable dimensin, Fig 84 shows a
cross-sectional View along fhe 'section e of ig 3a, In Which the plurality o P reinforcement
pultruEion rgd$804a - 304e are inserted into the DRBM 301 to reinforce the same. 30 Fig 3c 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 fiIIe r%g%@%%ly lightweight putty 308, in which the putty 308 is disposed below
a laminate RP-310. The lightweight putty 308 may preferentially comprise of one or more of resin,
Aerosil, 35talcum powder and Microballoons. The laminate of FRP 310 comprises, for example, a

plurality of s layers, WRJayrEs @Bg surtaceryall layersiesignated 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,



- 7 - The laminate of ERR 310 is similar to Fig 2c, designated generally as reference numeral 250,
which may comprise a plurality of alternately disposed CSM 210a/210b/210¢/210d/210e and VVR
212a/212b/212c/212d layers, that are all eventuallg disposed below a surface velil layer 214. The CSM
and WR layers are each approximately 0.8mm thick, while the surface vell layer is approximately
0.5mm thick, The total thickness of the laminate 310 is thus approximately 7.7mm. Fig, 4a is a

perspective Vi 6T BREVEATEPALE AR S IRHERANG et et dHBIRIArAAGS, HAVASE
longitudinalwitadkf402cthahasdydemrepairedcdtie dORBM2400E/202hay ive Sev@keddnto a plurality of
separate pieces. Fig. 4b shows an enlarged view of section 450 of Fig. 4a. In order to repair the
damage caused by the longitudinal crack 402 and to reinforce the DRBM's 401 structure, the repaired

DRBM 4017 ¢8mpridedista pRAGIGEPraéinfiiteriaii MeniBere aBvantagisoasy ERPIGeiETBrcing plates
404a -#A04Grsukealingestby adillermatesial, prefesentially:lightyveightiputty.406-anda db-laminate of
FRP 408 that is built up over the respective reinforced. areas . 409. The reinforcement plates
404a-f magabyéa rb?g%rllﬁfla fgm?\é rl@'dﬁfﬁ%%%ﬂ% h%gﬁéﬁ?‘ &Bﬁif%?u?tiggga%gn%a@r%aﬁet%r%r%%i@ag%om%rise of one
or more of festh ZA&resistaieermapevrlrandiVicrotialodnsh T iehbmsiohteooitE RPE 408vcdmiprises, for
example, apphwality CaMdayers,\Wenéayers aneksusfacesvell layersaIt ispoied thaldarthg.gnlarged
view of 20s ctiogfééSO, on}%a}portion offt%%g J;%r‘%ate of ERR ?06 is shown fol' better clarity. The
laminate of FRBA08IL sitlifartd B2 igla S YEHERSHY ALHAERNACR RUMRERAP250 Which may
comptise alplaralitléfaltesraiely dispesed @8t 210a/210b/210¢/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 TR THRNIHEKRBES TIRB IShPRIEBEEE Hils ppROXiIRRRERATEARRTSIR R4 ition to the
reinforced aséasre:g MO%rsuffitientiepaitareaspeig: 4kl anithef eratkedssiptaeesdithe DRBIVL

201 2lona thesiakalne A7 RoppenaitinalaeaThoralistolls 3163%8 Gndlderlf cleaned

and a laminate o .g. 413is built up. ter curing, can pped over to its

other Side ANETSUAHiEReRRr kRIS BrF thdtsitd aREarUhd e CRIKaNde WER lesArBetrounded of,
followed by-BuitatpefdampisgtesaiftRRk Sanibese argas-araiinierenthpptaaiwally sveak-due to their

circular pro{n!% ngq‘ag[gtg{%&to pre %tu[e fallﬁrezépp:he{hstructuralI. we: k7au}%aﬂs1 of the DRBM may be

s of the iaming 15 _thus anproxonat ) .
present and are no Mentioned here. Adaai{l%naﬁ/ ucturallyp\;?/ea Aeas may also arise due to

manufacturing flaws. Moreover, reinforced areas need not be structurally weak nor suffer from

manufacturing fiaws -Jseipfgreementisandre-canmiagh ozt Wherayshalendtbening s desied.
Reinforcement Lnemgzﬁr 506a - 506b are placed é%%t: \glgnlt of the reinforced areas 504a - 504b and
the réMainiiySPaca Grolmd tha FARTSREmMERTh IR NiITRFE rRteHAT CORPASRAG a filler
material, preferdntiatlydightinéighat puts)its08aseb08lis anecadaminatenid-RRH1 0& 5d0badhe

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.



10 lightweight putty 508a - 508b may preferentially comprise of one or more of resin, Aerosil, talcum
powder and Microballoons. The laminate of FRP 510a - 510b may, for example, comprise a plurality of
CSIVI layers, VVR layers and surface veil layers. The laminate of FRP 510a - 510b is similar to Fig 2c,
and designated generally as 15 reference numeral 250, which may comprise a plurality of alternately
disposed CSM 210a/210b/ S’C/ d/210e and WR 212a/212b/212¢/212d layers, that are all
eventually i?p@@‘& glg\?v %1%{ ur%m:%c%\sleglfma{i;%r%\ll%'%zﬁl% §?\7Pg?% %@ﬁ-’%’?g _saasrgeepg%%ngbproximately
0.8mm thickinmerite tRECsurhid veileiayepispsipproxinvatelit0. SinalthioRishhedistapickR&3S of the
laminate 5308 BEAisADHS RPPIOXIMRIEINVR ML A9 higure 815 fiflouyehartilisteating one

embodiment of a method, designated generally as reference numeral 600, of re@airin a damaged

surface of SBHENY FEIREThOE BE S WA MRAIRY Bfareal BF the GaPadea stiffice™sF the DRBM
602. Thereafter asthesurface/thatrhas: ieengraundes.isacle anié thwithscopppressed igif amd25 brushes

604. Next, acetone or any ather.suitable solvent i ysed o chemically.slean i surface 606. Then, the

surface, which'is now uneven, Is reshaped with a filler material, preferentially lightweight putty 608.
The putty may, for example, comprise of one or more of resin, Aerosil, talcum powder and
Microballogns. Zhessurfreepudiich hias now; lerpiveshapedsissasdestaacdsmaothenet&10. Next, any

dust on the 30 D is cleaned with compressed air,and brushes o d f e,reshaped
surface is a%‘?iﬁé% %v%ﬁaaé\gﬂ%%qu SEILSII (‘)rEﬁECr?gﬁ%ﬁégt%% iggr}\%%% 14! ,&g %r%?r%?ﬁ% %ﬁgcﬁ%s the
reshdfed sugfate as/folews o OBMIiayer sHhspeseddselonsa VR YR Fve W e i$then
fjiSpOSZi éb%%t@ﬁ]%}gf %bﬁ%g waﬁa@t&llw H@%@F gc@edgt@;%@@{at@%a@ébl@qu@wﬁ%?@mfalI thre_le
ayers 616. Next, the laminate is othly 35terminated at its ed plete with the surface vei
ayor so AV AR ST EHAR N TR A VMRS CE AORRIES B W SHhE BRI fully
cured for at pi9ralibast E2rfiweesramd Teatpaintiny doicgringlputifFneimioreing gairtsvofR4eh-the DRBM is
required 620, Fiaure 7 isanflay chafllyztating %@@mﬂﬁnﬁ%m methed, designaied generally as

reference numeral 700, of re alrlng\’_lead!ng edge cracks on a DRBM, The method advantageously
beginPwithagrinainFbiiany afe et HilsEm g B ae FP RRS G &8 6ER PiRESeading Edge cracks
702. Thereaftersthtyaraasithaldieve beshgeyunded ang cleants ditkcoonpresseididivaigtt brushes

704 NeXt SGRIONR L8y HlELAIPRIS Blve ! I ascia s micaibaciean the.aregs,/ad. Then, the

areas 10 with issing foam and the areas around the leading edge cracks are filled with a filler
material, pAsterdisippeltapTos! Thiepinaja S hrétB APl amRjisaveighEaRaRfay, PoH8liimSi¥ comprise
one or mongrfrEesii AgFesi| dadcumipewder andiicrabaltheashihentbesateamawish afe uneven,
are reshaped with said putty 710. The areas, which now. been resh f nded and
smo;?%enesce 13! @Xt?%]ﬁygc?ﬁﬁl%% ?ﬁ e% Bﬁ%ﬁ ?ﬁgﬁgg\/ Wi ﬁ%%ﬁgi@%ﬁ%%i%raﬁd brushes 714.

Thereatfter, the reshaped areas are cleaned with acetone or any other suitable solvent 716. A laminate

is built acress.thespshargd-areasmasifolowsi-aCBM layesdsidinnesaskhetow aWRiayerand this
alternate layering of one CSM disposed below one WR layer ég, fugeheré: nti tued théic% 'Imereafter, a
final CSM IBYBFI& dispseti iBovE He S8 MEhafind C&iWard VIHEIRS

fgye%. ﬁgﬁﬁea surface veil layer
is disposedabaize Gt hite/ Piyere TS, AektVilie [ahdinatisXiaoatHly teaytirmtediait isseedgjes so that

any agy Upt&%ﬂ%gf&@sﬁﬁﬁ%ﬁﬁa&dmeg%m% isavoidedcalq. &ripalli the HRBM is fully
cured for at least 12 hours and coat painting is carried out if no more repair work on the DRBM is
required 7pch approximately 0.8mm thick, while the surface veil layer s 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.



25 Figure 8 is a flow chart illustrating one embodiment of a method, 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 alse 8ever the DRBM into a plurality of separate pieces.
The method advantageously 30 begins with aligning the plurality of cracked DRBM pieces together to
abut their Cﬂgrespondin craclﬁed syrfaces 802, Next, all locations where a plurality of reinforcement
members, preterably ERP plil r%@%ﬂyr ?FHS%r emeggréj,ugretcfot%%rp?é{ggﬁ'bﬁ rﬁgt‘f’l B DS the DRBM
are markePouEe8® pTéTepdafte Faducuttibi el semayrbéyused o arat s utfcthatiBR Y positioping the

reinforcemgnidaars:A06,ACIOSS AR GR0r B e.cragk ings. Theicavilies.ale preferantially cut out up to
half-way of the thickness of the DRBM. Next, a filler material, preferentially lightweight putty, may first

be insertePiiitd Sad TIATEETHIEREHY Mecrythe FEIGRRAEAE FERS IR Bie Ut ¥lme, and any
remairiing sgate inthestavitiesmay: be finatydfilledwith saidiptity-808. Ehe puttsisiprefarentially
lightweight YedQr ple, ¢ rise:of .one or f resin, Aerosi cum powder and
Microballoé%gg ﬁ%&xt?ﬁ%t?ﬁ%@ﬁ _rﬁpgagi%@!rga%n'a 20%%%] é%%ﬂﬁ?aésés o?at_he%[gg%ﬂea%%aeg transverse
crack line i§'ghsurieiedvoff toa tapér 8ad arensrSafterthedretithiienas sssogrbaeriéfids tleaned with
compresse@airandrosnshes BindNexisagriangi any-eikensuitablasolventisusaditoghemically
clean the area 814. The laminate is built acro transverse joint a . a CSM layer is disposed
potow a WH TS LS AR A B o B G B e ot Bhe Rt 12, P Hhther
contifiied iletidecTheredite?Ca#inabl®CSM kipée ndisposedrisovef thesaltematingG8dhand VVR

iayers. Finallyogsusface veiliavesis dispesef-ahoveall ping.layers G16. Next: the jaminate is _
smoothly terminated at its edges so that any abgu t change of the DRBM's transverse joint surface is
avoided 818" RSk Hfie SRBMTLAIN e for ar RYASH 19 ROTHE ARG TRBIFISAIEFed over to its
other side and steps 810 tq 8_18 are repeated 5_320. Finally, 15 . the DRBM is fully cur.ed agqin for at
ieast 12 Motis A cagtRaining fpcariadiout §apdnare: ghalr woark e RN IR fequired 822

Figure 9 is a flow chart illustrating one embodiment of a method, designate qugenera y as reference
numélral 908/ 5P TERAIHMG TIngtldifke e ragK BBl BRBI-THE 20 Risgntigiial eraers majleach
comprise a2¢racketbatriare! ddiglongindinalrcracksmaysevet/the ODRBM-intarapluralitglof separate
pieces. Th vV [ : with alignin urality, of cr %Epl DRBM pieces
together to%gguﬁtbrtﬁg ?%P%%%%%%ﬁ?%é%%ﬁ? %%r%@%\’ga%%@ %?ﬁ%/%gt%‘r% Wheiraé] %rsplﬁgglity of

reinforcem@athfsmisEisiaraferapIy R rafhfertensenepranad lavens o plasedsy 2530t pieces of

the DRBM sarexnauked 0 uhi8de sEnareaiianiaLutingzdiseistisad 1o syrauheayities fafmpositioning the
reinfarcement plates 906. The cavities are preferentially cut out up to half-way of the thickness of the

DRBM. Next, a filler material, preferentially lightweight putty may first be inserted into said cavities,
followed by islaiging tise #efitforcarment! priteidintonhe sanwslimndtanly semeathivd) spester@ein the cavities

is finally fillgshwish,said-autty-908, Fhe Dty isnreferenialylightweight and map-fas example,

comprise one,or nEre_ of resin, Aerosil, talcum powder and-cell and Microballoons. Next, a sufficient

repair ared'SH the SEPAE O i BREM ABEGS forigRUATRF RIIRE s rBlntEtP b %54 taper 910.
Thereaftertieecanea that hasdoechagroan dednsscteanied witticcompressedaprasskbraghagi912. Next,

35 agglonaRIALY eiereMiabie:sALERLI uard o Aleicli eandhe areacild, fhadaminate is buil

I U5
across a longitudinal joint as follows: a C@f\/l layer is disposed below a VVR layer: this alternate

layering of BRe* 8 disosdtP BelBf BHER/ R TgRrisnow uneven, is 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



-11- further continued thrice. Thereafter, a final CSM layer is disposed above the alternating CSM and
WR layers. Finally, a surface veil layer is disposed above all nine layers 916. Next, the laminate is
smoothly terminated at its edges so that any abrut-change of the DRBM's longitudinal joint surface is
avoided 918. Next, the DRBM is fully cured for at least 12 hours and the DRBM is flipped over to its
other side and steps 910 to 918 are repeated 920, Finally, the DRBM is fully c recb in for at least 12
ours and B551 pAITEHE @ Carted LI AG B LS a e S e BREN 8 T ot bs 10Figure 10
is a flow chrariliastiatthg one embodiment of a method, designated generaliy as 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” B Fhé netholPPrefreh i LR Begh LRREMaPKFES it the | JBaHSHSs WhRERE Blurality of
reinforcemeatimeimbersepreferably-FRE Fars andipsidmforeementcplatescatedto beplaged at the

areas to beyieiniorge o 1e DB 1902, Rejpiareadaigasnesd foLbe syueially wegk nor sufer

from manufacturing flaws - reinforcement’can be 20 carried out wherever strengthening is desired.
Thereafter ZACEERAFHSE BULELTS RRVUE ERGRSETBI pIkioMBEFIE reifortEhdhthiditbers 1004.
The cavitieszasie greaferentiatyceiraut wpHehalirameefdhe taieknsssof therRRB MsNed, & filler
material, preferaptially fightueiont puthe may fistbe isered into sald oyities, follawed by placing the
reinforcemént members mto said cavi Ies, and any rer%alnlng 5 Space Inthe cavities'is finally filled
with $&id pwity 10e6nT Frepuateisprefererfalydightviesigincesrb mais dor exdifplevidombilise one or
more of resip:Aglositetaleum powdenandMicroballoonsrNextssufficient repaiarea:in the vicinity of

the reinforced anza Is grounded off to a ta%gr 1008 The{eafter the repair area that has been grounded
S

is cleaned With BomMBPERLRT 4iFad BIUShes 010 R 4eEtSReaI ARy 4 e PLaNEBIS solvent is
used to chéimcaltheleariherepairareasi@h? sThersafipedatdmirate gsthuiltl Across treagpair area as

follows: a GaMJayeEisdisposebalowa VYR Iayer éH!?ﬁ#&éﬂ?é.ﬁé@%%ﬂ%&&?Qﬁy%%M gisposed

below one WR Ia%er is further continued thrice. Thereatfter, a final CSM layer is diSposed above the
alterniating CS NP RRYWR R FEIy A SURERRV Al IRt iSURpTsed AbdVEBPHfTe [AFers 35 1014.
Next, the |lassinateds swwothly teuniratediat isedge sososthatdinere dgignyeabsiyeirchange of the

DRBM' face | ided . BIVLis.ful f hour d the DRBM i
fipped over (3 12 ikor S AN tcpe TOOHES 121018 A repba IDL8" Fidly (REDREM 8

fully cured 2RJaW Fol\At laxst B Adhis alifinedar parntaPiscearfiedbdeirtrembriovepar Wtk on the

DRBM is resysred f026r bigrirRidd isradlommshantdiustraing one gpabadirent&f amnethed, designated
5 gerﬁ%rally s refere num rQ\I[R],]fOO of %oatl aigtgr@fg QF\{leB}Moaas disc(I:PSsed irg~J stgg&;%@, 722, 822,
; : !

922 and 1 %g\r}% Tg Method praé/f%rr‘céntigl?y egins With £3h Hg{a{%y SfeES Where repairs and/or

reinforcemein lBaeEbEdn baiethousmiGRe Thereaftbl tikenziradedart ideeduss withivgnpsessed air
and brusheg4iR4-Mext theareasane prefsientialbycleanedvith acstere-gnanyRiner $iitable
solvent 11%%%}9 Erﬁ%r’gn of 1(%oatin% a@ngarg\gg tha%ngge apgli?d_ on the DRBM's entire surface 1108.
Subsequently-& s&d5hE FF D thE pET id RS0ty BPPHEE MmPRURSRI 4+t A8 st run 1100.
Finally, therpadtisiefofoheappréimatetyfae Tidurs for it to cure 1112.
25
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 plurality 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



15Figure 12 is a flow chart 1200 illustrating a method of repairing a cracked drill riser buoyancy

module according to another embodiment. At step 1202, a plurality of cracked pieces of the cracked

module are aligned. At step 1204, one or more eahities are cut out in the aligned cracked pieces for

positioning one or more reinforcement members across one or more crack-lines. At step 1206, the

reinforcement members 20and a filler materigl1 are inserted into s idga{@ies. At step 1208, a laminate
[

is built acr6@ e IR AVAIHRA Y HRETS 18 A EHaiH T30 RIERLYHY Tt o381t éiHfrcing an
area on a dilBriser pudyasgyieothilelWigtepelB02oneay. orexeaptiescangocat atittinetlve module for

25 positioning, ong QLIROTESSUOICRMENS HRILERS: (HSIRRIAG e feinfugemeant members and a

filler material are inserted into said cavities. At step 1306, a laminate is built across the filled cavities. It
will be appRéEmRfEULBY A FEROAUEIaNER T e ARtNhBRIMBERRSVARRRIGIRS A HBYOP S6PHHifications may
be mage to;thecpeesemi-inventitieas:8bown:nsthe embodiments:withoutide partng feamyadspirit or

scope of the invention as broadly described. The odiments are, therefore, to be considered in all
rosmects to B MASHE0E 0 Hor e e S 8 b RS Weptomber
2010 CLAIMShemisathetier oheep@finy 4 craeket GalEriser bl GFapesy Mmbdues Esnipiisiag the steps at

5aligning aspligiadity: of shackest piesegrbthegmckedwmagite; this HtiHRBOLYBAROEMME cavities in
the aligned qrapled pleces oL POSIIONING.ONE ' ADGNE "ELiproEm e eSS Reross pap or more

10 CSM layer is disposed above the alternating CSM and WR lavers, Finally, a surface

veil laver is disposed above all ning layers 8168, MNex!, the laminate is smoothly

terminated at its edges so that any abrupt change of the DRBM's transvarse joint

surface is avoided 818. Next, the DRBM is fully cured for at least 12 hours and the

DRBM is flipped over o its other side and sieps 810 to B18 are repeated 820. Finally,

15 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 required 822.

Figure 9 is a flow chart illustrating one embodiment of a method, designated
generally as reference numeral 900, of repairing longitudinal cracks on a DRBM. The
20  longitudinal cracks may each comprise a cracked surface. The jongitudinal cracks
may sever the DRBM into a plurality of separate pieces. The method advantageousiy
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



inserting the reinforcement members and a filler material into said cavities; and 10building a laminate
across 2. The method according to claim 1, wherein the module is severed into separate cracked
pieces prior to the alignment step. 15 3. The methidd-according to claim 1 wherein the reinforcement
members are made of fiberglass reinforced !mastic. 4. The method according to claim 1, wherein the

cavities are cut out up to half-way of a thickness of th le. 20 5. The method according to claim
1, wherein WEﬂeF?ﬁB?gﬁﬁl E’Hr‘ﬁﬁristr BHST nfo }éﬂg? ;a 5&3 §a¥8ﬁs;%tiﬂ’8 poqslee{li ﬁ%ﬂ\é‘?ogi‘ﬁ talcum
powder, aratdticritaltRiisandSWVFhéemethdthadcordmgfeselaii Bywheraisphesthminate @bmprises

one or morg of 25 8 group GaDsifingofia-chqpRed-siapdmallauey. & wougpdownglayshand a

surface veil layer” 9. The method according to claim 1, wherein the laminate is built as follows: a first
chopped sitafth&bpREr-OB3EE &t iEve el By Bt fird aitshadSsuiipdintat 1ayer; a
second chgstrapdmaiilayeraves:the et wovenroving lagelirEsgcorichyayensaoving layer above the

second chopped s|randm er;.a third ch a layer the. roving layer;
a third Wovgé%?eroa\ﬁngg% er zﬁlﬁygebt%e% e.ré“Eﬁ%%@S%géﬂgg{c% aﬁ}/aeyg%/ gé[ia oﬁ&ﬁ%&%ggéé %handmat
layer over fhe #hileREiolehPBiEng Fayert LU Woverirevig faysr En6vEehafodTh ehdpped

strandmat laperiadifthehopped strandmat layer over the fourth woven roving layer; and

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



Amended Sheet IPEA/AU -14-  PCT/S020091000394 Received 6 September 2010 a surface veill
layer above the fifth chopped strandmat layer. 8. A method of reinforcing an area on a &lll riser
buoyancy module, comprising the 5steps oft - d@ting out one or more cavities in the module for
positioning one or more reinforcement members; inserting the reinforcement members and a filler

material intg said cavities and buildin9 a laminate across the filled cavities. 9. The method axordir to
claim 8, whi% %F?ergpeegt%&rﬁgiéerﬁﬂ}ai}%u Er@ﬁiﬁ\%‘iﬁu“y CYEPCrRgA Y SashremiPtslaim 8,
wherein therginfericesndimgnrecabirs ankimmadeddotfirags teinfiredtiabtictaquired 1020,

Figure 11 is a2 flow chart iliustrating one embodiment of a method, designated
generally as reference numeral 1100, of coal painting a2 DRBM as disclosed in steps
620, 722, 822, 822 and 1020 above. The method preferentialiy begins with sanding

any areas where repairs and/or reinforcements have been camied out 1102,

83}

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,



11. The method according to claim 5, whereln the cavities are cut out up to half-way of a thickness of
‘the module. 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 giarebhappssigisaogmat,
a woven roving layer and a surface veil 25layer’ 1% The method accordingdehalainBpwhexreinghe
laminate is buglt assfellows: a first chopped strandmet layer a first woven roving layer above the first
chopped strandmat layer, 30a second chopped strandmat layer over the first woven roving layer a
second woven r}gw @% %yer above theecond chopped strandmat layer a third chopped strandrnat
layer over the secon 3V§WW§ PR Fa s SYevarsvit feceibpverth 8whepehopped
strandmat lay®; a fourth chopped strandmat layer over the third woven roving layer, 35a fourth woven
roving layer above thigfoprthrichopped:stiantmaaiday e a: apRed stranmmat layer over the fourth
woven roving layer aiffing 2:8UHace w}é%&%@b@\@é%&{g& :.:.":;'..;':, %xer Amended Sheet
IPEA/AU ong oF more reinforcement membars scoss one of more crack-lines,
inssriing the reinforcement members and & lier material into said eavifies:

7 &g .
10 © buliding & laminate across the filled 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 sccording to claim 1, wherein the cavifies are cut ot up to half-way of
& thickness of the moduie,

20 , '
5. The method according o claim 1, whersin the Sller material comprses onse or
more of g'gmup cansisting of resin, Asrosk, talcurn powder, and Microbalioons,

8. The meilhod according fo eéaim 1, wherein the laminate COMprises one or more of
2% @ group consising of a chopped strandmas iaver, 8 woven Toving layer and & surfacs
vl faysr

7. The mathod aamrdmg to claim 1, whersin the lamingte is built as follows:
" afirst chopped strandmet laver
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



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 one or. ;more cavities in the aligned cPACKSEETESIN04
positioning one or more reinforcement members across one or 10more Grackilmbs Sasertitg Hid 0
reinforcement membeissanded fifer atetal Iia-thpmavitiesdand RWding a laminate across the filled
cavities. Figure 12

wd of reinforcing en eres on @ ol riser buoyency module, comprising the

g
cuiting oul one of more cay in the module 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,
8. The method according to ciaim 8, wharsin the ama is inherertly structurally wesk,

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

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 layer over the second woven roving laver,
& 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 izyer 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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