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DRILL. RISER BUOYANCY MODULES

FIELD OF iINVENTION

"The invention relates broadly to the replaif and reinforcement of drilt riser
buoyancy modules.

BACKGROUND

in offshore drilling operations, a drill riser provides a'con_d'uit for the drill string
and drilfing fiuids from the ocean floor fo the _rig. The drill riser is made fram carbon. -

‘ '_steei, with a number of ancillary lines attached to the central drill riser. The drill riser

has signiﬁcant weight ln water and this weight "ha_s'to be supported by the floating

" drilling vessel. in order to reduce the weight that the drilling vessel has fo support the

dnii tiser sfring's wetght in water is reduced by adding discrete buoyancy units called
Drtil Riser Buoyancy Modules (DRBMs) that are fi ﬁed aiong the length of the riser.

The enables drilling at greater depth than would othervwse be possible. ‘

DRBMs are generally seh*ai-cyiindrica!, usually 4 to 5 meters &on'g, comprising hollow
spherical ﬁlle'r_ matleria!-énd foam disbersed in ‘an epoxy resin_binder. The entire
mixture is integraﬁy‘ moided within‘a du'i'a'ble outer. skin. This outer skin is made from
glass reinforced vmy!esterlepoxy resins or commoniy termed as ‘fiberglass’

Typlcaiiy, two DRBMs, one on e:ther side/s of the riser p:pe make up the riser pipe .

~ buoyancy assembly.

Out at sea, plastic or reinforced plastic materials are unable to withstand repeated
irhpacit against hard, unyielding surfaces such as steel decks or rotating rnachinery.
Generally most damages io a DRBM would occur from rough handling by workers

‘who are more accustomed to deafing thh 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 contribute to a DRBM's
damage. ‘

‘Damages to a DRBM are usuatly classified into:

1) lLeading Edge Cracks and Dariages
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~ 2) Surface Degradation
3} Transverse Cracks
4) lLongitudinal Cracks

Surface Degradatson and Leading Edge Cracks & Damages-
Damage (o leading edges fromn repeated impact against hard surfaces and surface
degradation from weathermg are the most common forms of damage. Although

‘these damages may mltsaﬂy have very little effect on the performanoe of the DRBM ,

aven when held for long periods at their maximum service depth the overau mtegrsty )
of the DRBM may be compromised when expcsed to repeated impacts.

Transverse & Longitudinal Cracks
Generally, DRBMs Wiih'transverse.cracks are first subjected to a ‘drop test' to

L ‘dete'rmine-a ‘complete’ fracture, A ‘complete’ fracture is where the DRBMs are
15

severed into two or more separate pieces. if a DRBM sustains a ‘complete’ fracture,

it will be deemed as unserviceable or beyond repair.
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~‘Longltudmai cracks on a DRBM are treated as unserviceable or beyond repan'.
regardless of whether they are tdentrf ed as havzng a ‘complete’ fracture.

F-'urthermore besides damages certain structural flaws may arise dunng the .

: manufacturmg of a DRBM. These flaws may weaken the structural integnty of the
DRBM and may cause premature failure. in addition, there may be areas that are

inherently weak due to their profile. These structuratly weak areas need to be
reinforced to prolong their service fife.

A need therefore exists 10 provide a method for repairing or reinforcing DRBMs thét

“seeks to address at least one of the abbve problems.

SUMMARY

According io & first aspect of the present invention, there is prov:ded a

. method of repairing a cracked drill riser buoyancy module, comprising the steps of
-aligning a plurality of cracked pneces of the cracked module, cutting out one or more
cavitiés in the aligned cracked pieces for positioning ofe or more reinforcement

members across one or more crack-iines, inserting the reinforcemant members and a

filler material into the cavities and building a laminate across the filled cavities.
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The module may be se\;ered into separate cracked pieces prior fo the _alignmént

step.

“In alternate embodiments, the cavities are preferantially cut out up to haif;Way of a

thickness of the module:

in other embodiments, the*reinforcémeht_ members can be made of fiberglass
reinforced plastic. A

- The filler material preferentially comprises one or more of a group consisting of r’esin,l

Aerosil, talcum powder, and Microbalioons.

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

chopped strandmat iayer, a woven roving layer and a surface veil layer.

Accérding to another embodiment of the ?resent invéntion, there is an apparatus that
is repaired by implementing any one of the aforementioned methods.

According to a second aspect of the present invention, there is provided a method of
reinforcing an area on a dril rl_serbubyancy module, comprising the steps of cutting

out one or more cavities in the module for positioning one or more reinforcement

‘members, ins_ertihg_ the reinforcement members and a filler material into the cavities

and building a laminate across the filled cavities.
Further, the area may be inherently struciurally weak.

in alternate embodiments, the reinforcement members can be made of fiberglass
reinforced plastic. '

in other embodiments, the cavities are cut out up to hat-way of a thickness of the
rﬁoduie.

The filler material comprises one or more of a group consisting of resin, Aerosil,
talcum powder, and Microbatioons.
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in further embodiments, the laminaie cdmprises one or more of a group consisting of
& 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 oné of the aforementioned reinforcing methods.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the invention will be better understood énd readily
apparent to one of ordinary skill in the art from the following writien 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 zlong the saction A-A of Fig 1a.

Fig. 1c 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. 25 iz g cross-sectional view along the section B-B of Fig 2a.

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

Fig. 3a is a perspective view of a DRBM having a fransverse 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. 4a is a perspeciive view of & DRBM ha\éing a longitudinal crack that has been
repaired. '

Fig. 4b is an enlarged view of section 450 of Fig. 4a.

Fig. 5 is a cross-sectional view of a reinforced DRBM. _ _
Figure 6 is a flow chart ilustrating one embodiment of a method of repairing a
damaged surface of a DRBM. ' ‘

Fig. 7 is a flow chart illustrating one embodiment of a method of repairing leading
edge cracks on a DRBM, o

Fig. 8 is a flow chart illustrating one embodiment of a method of repairing t}ansv'erse
cracks on a DRBM,
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Fig. 8 is a flow chart illustrating one embodiment of a method of i"epai'ring longitudinal
cracks on a DRBM. o ‘ o ‘ '
Fig. 10 is a flow chart ilustrating one embodiment of a method of reinforcihg a
DRBM. k ) o
Fig..11 is & flow char‘i"iﬂustrating one embodiment of a method of coat painﬁng a

" 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 |1iustrat|ng ancther embodiment of a method of remforcmg a.
DRBM. ' '

DETAW.ED DESCRIPTION

Fig. 1a is a perspective view of a DRBM 101, desighéted geherafly as reference
numearal 100, with a damaged surfacé"cavity 102 that has been repaired and an
undamaged originat sutface 104. It is understood thét any number of démaged
surface cavities may be present on any part of the DRBM's 101 surface. -

- Fig 1b shows' a croSs«sectiona{ view along the section A-A of Fig 1a, in ‘which the

damaged surface cavrty 102 is repaired by advantageously filling the cavsty up w:th &
layer of filler material, preferent;aiiy !zghhrve%ght puﬁy 108 and thereafier a. lamma'{e of
fiberglass reinforced plasttc (FRP) 108 is dlspcsed above the putty layer 108. The

 fightweight putty 108 :jnay, for example, comprise of one or more of resin, aerosol,

talcum powder and Microballoons. The laminate of FRP 108 may, for example,

~comprise of a plurality of chopped strandmat (CSM) layers, woven roving layers

(WR) and surface veil layers.

Fig 1c shows én, embodiment of the iaminate 108, designated gené;raily as réference_
numeral 150, which may comprise one layer of CSM 111a foliowed by one layer of
WR 110 dlsposad above it, further fofiowed by another iayer of C5M 'H‘ib that is

- disposed above said 2 layers 10Ba and 110, foliowed by a surface veil layer 112

disposed above the layer 111b. 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 106 is thus approximately 2.9mm. '

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,
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204b that have been repaired. It is understood that any number of cracked surfaces

with d;ffenng sizes may form on any leading edge 202a/202b of the DRBM 201

Fig 2b shows a cross-sectional view along the seéﬁon B-B of Fig 2a, in which the'

cracked surfaces 204a, 204b are repaired by advantageo‘usty filing them up with a |

iayer of filler material, preferennaﬁy lightweight putty 208 and-thereafier a lammate of
FRP 206 is dlsposed above the puﬁy layer 208. The lightweight putty 208 may, for
example, comprise of one or ‘more of resm aerosol, falcum powder and_
Microballoons. The laminate of FRP 206 comprises, for’ exarnp{e a p{urahty of CSM
layers, WR layers and surface veil 1ayers

Fig 2¢ .shows an embodiment of the laminate of FRP 208, designated generally as
reference numeral 250, which may comprise a piufaiity of alterhately dispésed _CSNI
layers 21 03!210b1210q!21 0c/210e and WR Iayers2123!2121:)212(;/2126,' that are all
eventually disposed below a surface veil ta’yé‘r 214. The CSM and WR l‘ayérsrare,

each approxifnately G.Smm'thick_, while the surface veil layer is approximately O.Smm‘

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

Fig. 3a 1s a perspect:ve view of a DRBM 301, desrgnated generaity as reference
numeral 300 having a transverse crack 302 that has bean repasred 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 reinforce the DRBM 301, it is preferred
that a plurality of reinforcement members advantageously FRP reinforcement

| puitrusron rods 304a — 304e are lnserted into the DRBM 301 across the crack 302,

The reinforcement rods may be of any suitable d:mensmn

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.

Fig 3c shows an ehlérged view of section 350 of Fig 3b, in Which the remaiAning gaps
in and/or around the crack are filled with a filler rn‘ateriai preferentialty fightweight
putty 308, in which the putty 308 is disposed below a laminate of FRP 310. The
hgh‘iwelght putty 308 may. preferentially compnse of one or more of resin, Aerosil,
’talcum powder and Microballoons, The laminate of FRP 310 comprises, for example
a plurality of CSM iayers, WR layers and surface vell layers.
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The laminate of FRP 310 is similar to ?ig 2¢, designated ge’neralfy as reference
numeral 250, which aﬁay' comprise a plurality of éﬁernataiy dEsposed C3M
210a/2106/210c/2100/2108 'and WR 2122/2120/2120/212d layers, that are all
eventlally disposed below a surface veil Iayer 214. The CSM and WR fayers are.

. each approx:mate!y 0.8mm thick, whiie the surface vetf layer is appﬂmmateiy 0.5mm

thzck. The total thickness of the faminate 310 is thus approximately 7.7mm.

F-;gl.?}a is a perspective view of a DREM 4(51, designated Qeneraliy'as refekance
numeral 400, i:xaving a longitudinal crack 402 that has been repaired. The DRBM 401
may be severed into a plurality of separate pieces. Fig. 4b shows an eniaéged 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 401 comprises of

. & piurality of reinforcement members, advantageously FRP reinforcing plates 404a —
404f, sumounded by a' filler material, preferentially lightweight puity 406 and a

Iamina'te of FRPF 408 that is built-up over the respective reinforced areas, e.g. 409.

- putty 408 may preferentially cdmprise of one or more of resin, Aerosil, talcum powder
“and Microballoons. The laminate of FRP 408 comprises, for example, a pEUraﬁty CSM

fayers, WR layers and surface veil layers. It is noted that in the enlarged view of
section 450, only a portion of the laminate of FRP 408 is shown for better clarity.

The laminate of FRP 408 is simitar to Fig 2c, designated generally as reference

numeral 250, which may comprise a plu‘raﬁty‘ of alfemately disposed_ CSM

210a/210b/210c/210d/210e and WR 212a/212b/212¢/212d layers, that are all
“eventually disposed below a surface veil layer 214. The CSM and WR layers are

each apprommatety O 8mm thick, while the surface vell layer |s apprcmmate!y 0. 5mm
thlck The total thickness of the Iammate 408 is thus approx:mately 7.7mm.

In addition to the reinforced areas e.g. 4089, sufficient repair areas, e.g. 411, on the
cracked surfaces of the DRBM 401 along the crack line 402 is grounded off to a
taper. Thereafter, the areas, e.g. 411, are cieaned and a iarhinate of FRP e.g. 413 is "
built up. Next, the DRBM 401, after curing, can be fiipped over to its other side and
sufficient repair areas on the inside and around the crock line 402 can be grounded
off, followed by built up of laminates of FRP. ‘ '

Fig. 5 is a cross-sectional view of a DRBM 502, designated generally as reference
numeral 500, having a plurality of aréas 504a — 504b that have been reinforced.
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These areas are inherently structurally weak due to their circufar profile and are
prone to premature failure. Other structurally weak areas of the DRBM may be |

~ present and are not _mehtioned_hefé. Additionally, étructural!y weak éreas_ may aiso

arise due to manufacturing flaws..Moreover, reinforced areas need not be structuirafly
wgak nor suffer from manufaciuring flaws — reinforcement ,éan be carried ot
wherever S’tréhgthening is desired. Reinforcement members 506a - 508b are pfa'cad
in the vicinity of the reinforced areas 504é — 504b and the remaining space around
the reinforcement members' is filled with a material comprising a filler material,
preferentially E'rghtweighf puity 508a — 508b, ‘and a laminaté of FRP 510a ~ 510b. The

~ lightweight putty 508a — 508b may preferenﬁaily comprise of one or more of résin

Aerosil, talcum powder and Microballoons. The laminate of FRP 510a - 510b may,
for example, comprisé a plurafity of CSM iayers WR layers and surface veil |ayers

The laminate of FRP 510a -~_510b is similar to Fig 20,'and designated genéraiiy as
reference numeral 250, which may comprise a plurality of alternately disposed CSM

- 210a/210b/210¢/210d/210e - -and WR 2123/2‘%2b/2120/212d layers, that - are - afl

eventua!ly dlsposad below a surface veil layer 214 The CSM and WR layers are
each approxzmateiy 0.8mm thick, while the surface veil layer is approxzmately .5mm
thick. The to’tal thtckness of the: tamlnate 510a 510b is thus approxrmately 7. 7mm

Figure 6 is a fiow chart iliustr,aﬁng Qné‘ e_mbbdimeht 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 DRBM 602.

Theréaﬁer, the surface that has been grounded is clzaned with compressed air and
brushes 604. Next, acetone or any other suitable solvent is used to chemically clean
the surface 6(}_6; Then, the surface, which is now uneven, is reshaped with a filler
material, preferenﬁa[!y lightweight putty 608. The putty h‘zay, for e)cambie, 'comprise of
one or more of resin, Aerosil, talcum poWder and Microballoons. The surface, which
has now beén reshaped, is sanded and smoothened 610. Next, any dust on the
DREM is cleaned with compressed air and brushes 612, Thereafter, the reshaped
suwrface is cleaned with acetone or any other suitable solvent 614, A 3amina‘£e is built
across the reshaped surface as follows: a CSM_layer is disposed below a WR layer;
the WR tayer is then diéposed below another subsequent CSM fayer and a surface
veil layer is disposed above all three layers 616. Next, the iéminate is smoothly

terminated at ifs 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
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" Jeast 12 hours and coat painting is carried out if no more repair work on the DRBM is
required 620. ' ' ‘

Figure 7 is a flow chart iii‘usf&aﬁhg one embodimeﬁt of a method, designatéd
generally as reference numeral 700, of repairing ieading edgé cracks on a DRBM. -
The method advantageously begins with grinding off any areas with missing foam
and also areas around the leading edge cracks 702. Thereafter, the areas that have
been ‘gro'unded are cleaned with compreséed air and bruéhes_ 704. Next, acetone or
ahy other suitable solvent is used to chemically clean the aréas T08. Then, the areas ,

with mtssmg foam and the areas around the leading edge cracks are ﬁ!ied vmth a filler |

- material, preferably pu‘cty 708. The putty is preferentially hghtwetght and may, for

example, compnse one or more of resin, Aerosil, talcum powder and Microballoons.

' Then, the areas, which are uneven, are reshaped w:th said putty 710. The areas,

whlch have now been reshaped are sandad and smcothened 712, Next any dust on
the DRBM is cleaned wath compressed air and brushes 714. Thereafter, the

‘reshaped areas are cieaned with acetone or any ‘other su:table solvent 716. A '

laminate is built across the reshaped areas as follows: a CSM layer is disposed
heiow a WR layer; and this alfernate iayenng of one CSM dlsposed below one WR

layer is 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 718. Next; the laminate is smoothly 'teminated at its =dges so that any

“abrupt change of the DRBM's leading edge surface is avoided 720. Finally, the
_ DRBM is fully cured for at least 12 hours and coat painting is carried out if ne more

repair work on the DRBM is required 722.

Figure 8 is a flow char illustrating one embediment 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
also sever the DRBM into a plurality of separate pieces. The method advantageously
begins with ahgnmg the plurality of. cracked DRBM pieces together to abut their
corresponding cracked surfaces: 802 Next, all locations where a plurality of
reinforcement membaers, preferably FRP pultrusxon reinforcement bars, are to be .
placed on both pieces of the DRBM are marked out 804. Thereafter, a cuttang disc
may be used {o cut out cavmes for posrtlonmg the reinforcement bars 806 across one

or more crack lines. The cavities are preferentially cut out up to half-way of the

thickness of the DRBM. Next, a filler material, preferentially Iightweight putty, may

- first be inserted into said cavities, followed by placing the reinfdrcement' bars i_htb the
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same, and any rémaining-space in the cavities may be finally filled with said putty

- 808. The putly is preferentially lightweight and may, for example, comprise of ong or
mors of resin, Aerosil, talcum powder and Microballoons. Next, a sufficient repair .
" 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 with

'comprésseq air and brushes 812. Nexi, acefc{)rze or any other suEtabie solvent is 'Llsed

t_d chemically clean the area 814. The laminate is built across a ‘tra;n'sverse joint as

follows: a CSM layer is disposed below a WR layer; this altemate layering of one

“CSM 'disposéd b’eiow one WR layer is further continued thrice. Thereafter, a fi inal

CSM tayer is dssposed above the attematmg CSM and WR layers. Fmal!y, a surface

* veil layer is disposed above all nine fayers 816. Next, the laminate is smoothiy

termmatec! al iis edges so that any abrupt change of the DRBM's transverse joint -

' sun‘ace is avonded 818. Next, the DRBM is fully cured for at least 12 hours and the

DRBM is fhpped over {o its other side and steps 810 to 818 are repeated 820. Finally,
the DRBM is fully cured again for at least 12 hours and coat painting is carried out if

© nomore repaiir work on the DRBM‘ is required 822.° . -

Figure 9 is a flow chart illustrating one e_rhbodimen’t of a method, designated
generally as reference numeral 900, of répairihg longitudinal crécks ona DRBM'.. The
longitudinal cracks may each comprise a cracked surface. The longitudinal cracks
may sever the DRBM into a piura!ity af separate'pieces. The method advantageously -
begins with alig'nin‘g. the plurality of cracked DRBM pieces together to ébut .the
corresponding cracked surfaces 902. Next, all locations where a plurality of .

reinforcement members, preferably F—“RP reinforcement plates, are to be placed on

both pieces of the DRBM are marked out 904. Thereafter, a culting disc is used to

cut out cavities for positioning the reinforcement plates 906, The cavities are
preferentially cu’é out up to half-way of the thickness of the DRBM. Next, a fitler
material, preferenttaily lightweight putty may first be :nserted into said cavities,

foliowed by placing the remforcemeni plates info the same and any remaining space'
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 .

along a longitudinal crack line is grounded off to a taper §10. Thereafter, the_area'"
that has been grounded is cieahgd‘with compressed‘ alr and brushes 912'. Next,
aceione or any other suitabie.soiv'ént is used to chemically clean the area 914. The
laminate is built ac:rolss a longitudin'al joint as follows: a C_SM léyer is dispcsed beiow
a WR layer; this altemate layering of one CSM disposed below one WR layer is
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further continued thrice. Thereafter, -a final CSM-layér is disposed above the
aitei’nating CSM and WR I'ayers. Finally, a surface veil layer is disposed above all

 nine layers 818. Next, the laminate is smoothly terminated at its edges so that any |
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“abrupt change of the DRBM's longitudinal jeint surface is avoided 918. Next, the

DRBM is fully cured for at feast 12 hours and the DRBM is flipped over to its other -
side and steps'910 o 818 afe repéated 920. 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 required 922.

; Figjure 10 is a fiow chart iﬁustréting one embodiment of a method, désignated','-
" generally as reference numeral 1000, of reinforcing structuraliy 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
ife. | R ' -

The method preferentially begins \Mﬁh marking out tha locations wﬁere a plurality of
reinforcement members, preferably FRP bars andfor reinforcement plates, are fo be
placed af the areas to be reinforcad on the DRBM 1002. Reinforced areas need not
be structurally weak nor suffer from manufacturing flaws — reinforcament can be
carried out w'herever strengthening is desiréd. Thereafter, a cutting" disc is used to cut
out cavities for ‘p.ositicning the reinforcement members 1004. The ‘cav‘i'ties are
preferentially cut out u;j to half»way of the thickness of the DRBM. Next, a filler

A'materia!, preferentialiy lightweight putty, may first be inserted into said cavities,

followed bjy,piacing the reinforcement members into said cavities, and any remaining
space in the cavities is finally filled with said putty"tOOﬁ. The puﬁy is preferentially
lightweight énd may, for example, comprise one or more of resin, Aerosil, talcum
powder and Microbatioons. Next, sufficient repaif area in the vicinity of the reinforced
area is grounded off to a taper 1008. Thereaftér, the repair area that has beén
grounded is cleaned with compressed air and brushes 1010, Next, acetone or any
other suitable solvent is used o 6he}nically ciean the repair‘-area 1012. Thereafier, a

laminate is built across the repair area as follows: a-.CSM layer is disposed below a

WR layer; this aternate téy_ering of one CSM disposed below one WR layer is further .
continued thrice. Thereafier, a final CSM layer is disposed.above the alternating
CSM and WR layers. Finally, a surface veil layer is disposed above all nine layers

,1014_..Ne'xt. the taminate is smoothly terminated at its edges so that there is any |

abrupt change of the DRBM's surface is avolded 1016. Next, the DRBM is fully cured
for at least 12 hours and the DRBM is flipped over 1o ifs other side and steps 1008 to .
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1016 are 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 recfuirj@d 1020.

Figure 11 is a flow chart illustrating one embodiment of a method, desugnated‘:
generally as reference numeral 1100, of coat painting a DRBM as disciosed in ‘steps
620, 722, 822, 922 and 1020 above ‘The msathod prefarenhaiiy begins with sandmg
any areas where repairs andior reinforcements -have been carried out 1102,

Thereafter, the areas are cleansd with compressed air and brushes 1104, Next, the
areas are preferenhatfy cleanad with acetone or any other su;table sotvent 1106. A
first run of coatmg paint may then be appiied on the DRBM’s entire surface 1108.

Subsequently, a sec:onci run of the paint is advantageous!y applied tmmedrately after
the first run 1100. Fmalty, the paint is left for approx;mate!y four hours for it to cure
1112, '

Figrure' 12 is 2 flow chart -1 200 illustrating a-method of repairing a cracked dritl ris-er
buoyancy moduie ‘according to another embodament At step 1202, a plurallty of
cracked pieces of the cracked module are ahgned Al step 1204 one or more cavities
are cut out in the aitgnecf cracked pxeces for posatuon;ng one or more remforcement

~members across one or more crack-lines. At step 1208, the reinforcement members

and a filler material are inserted into said cawtles At step 1208, a laminate is bmlt
3CTOSS the filled cavities.

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

posifioning one or more reinforcement members, At step 1304, the reinforcement
members and a filler material are inserted into sald cavities, At step. 1308, a laminate

: gs built across the filled cavities.

It will be appreciated by a person skilled in the art that numerous variations and/or
modifications méy be made 1o the present invertion as shown in the embodiments
without departing from a &pirit or,_'scope of the invention as broadly described. The
embodimenfs are, therefore, to be considered in all respects to be illustrative and not.
restrictive. . | ’
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CLAIMS

1. A method of repairing a cracked drill riser buoyanc}f module, comprising the steps

‘ of

aligning a plurality of cr;acked pieces of the cracked module;

‘cutfing out ane or more cavities in the aligned cracked pieces for posatuonmg
one or more reinforcement members across one or more crack-lines;

mserttng the reinforcement members and a filler material into said cavities;
and ' R , © '

bullding a laminaie across the filled cavities.

2. The method accordmg to claim 1, wherein the module Is severed inic separate o

cracked f:!eces prior {o the ai:gnment step

3 'i’he method accordmg to claim 1, wherem the :‘emfamement membefs are made,
of fi berglass remforced plast:c ’

4. The method according to claim 1, wherein the cavities are cut out up to half-way of

‘& thickness of the module,

5. The method according to claim 1, wherein the. filer material comprises one or

 more of g‘group consisting of resin, Aerosil, talcum powder, and Microbalioons.

8. The method according to claim 1, wherein the laminate comprises ene or more of
& group consgising of a chopped s‘zrandmat iayer a woven rovmg layer. and & surface

el {ayer

7. The method aooordmg to claim 1 wherein the Iammate is built as follows:

a first chopped strandmiat layer;

afi 'F rst woven roving layer above the first chopped strandmat aner

“a second chopped strandmat fayer 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 fayer:
a third woven roving layer above the third chopped strandmat layer;

a fourth chopped strandmat layer over the third woven roving layer,

& fourth woven rovlng layer above the fourth chopped strandmat tayer;
a fifth chopped strandmat layer over the fourlh woven roving aner and
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a surface vell layer above the fifth chopped strandmat layer.

B. A rﬁethod'of reinforcing an area on a drill riser buoyancy module, comprising the
steps of: , -
cuiting out one or more cavities in the modula for posmomng one or more
reinforcement members;
" inserting the reinforcement members and a ﬂiier material into sald cavities;
and
o building a laminate across the filled cavities,

8. ﬁe me{lj\od éccording to clalm 8, wherein thé ares Es iﬁherentiy stmcturally waak..

10. The method according to claim 8, wherean the remforcement mambars are made
of fi berglass reinforced plastlc ' o ‘

11. The method aocorrjmg fo elaim 8, wherein the cavities are cut out up to half-way '

of a thickness of the motule.

i2. The meﬂaod according o déim 8, wherein the filler maten‘él comprises ohe or

‘more of a group cdnsisﬁng of resin, Aerosil, talcum powder, and Microballoons.

13. The method according to claim 8, wherein the iaminate comprises.one or more of
8 group consisting-of a chopped strandmat, a woven roving layer and a surface veil
layer. | ‘

14, The mathed according fo cldim 8, wherein the laminate is bullt as follows:

a first chopped strandmat layer; '_ | |

a first woven roving Iayar above the first chopped sirandmat layer;

a second chopped strandmat layer over the first woven roving layer;

& second woven roving layer above the sscond ;:hn;iped strandmat téyer;
- @ third chopped strandmat layer over the secbﬁfi woven roving layer, o

a third woven roving layer above the third chopped strandmat layer;

a fourth chopped str;andmat fayer over the third woven roving layer; -

‘a fourth woven roving tayer abovs the fourth chopped strandmat tayer;

a fifth choppad strandmat I'ayér over the fourth woven roving layer; and
. asurface veil layer above the fifth chopped strandmat iayer. -
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