DRI LL RI SER BUOYANCY MODULES FI ELD OF | NVENTI ON The invention rel ates
broadly to the repair and reinforcenent of drill riser buoyancy nodul es.
BACKGROUNRO2010afsBsihore drilling operations, a drill risecTtmcasosessa
conduit for the drill string and drilling fluids fromthe ocean floor to
the rig. The drill riser is made from carbon steel, with a nunber of
ancillary lines attached to the central drill riser. The drill riser has
significant weight in wRRLLISERBUOYANGNMARULES be supported by the
floating drilling vessel. In order to reduce the weight that the drilling
vessel has to support, the drill riser string's weight in water is reduced
by addi ng di screte buoyancy units called Drill Riser Buoyancy Mdul es

( DRBMs) Nl ong the length of the riser. The enables drilling
at great E?ﬁegﬁ' %%ﬁlﬁ\%oul d otherw se be possible. DRBMs are generally
sem -gylindrical, usually 4 to 5 neters long, conprising hollow spheri cal

filler mterig, ﬁﬁ\%nilgﬁ‘ %&e%pﬁlrﬁﬁ@ tbnthérfeﬁzﬂp)ébid Ir&iBioicdmerdest ariimeent ire

m xture is integra in a durable outer skin. This outer skin

i s made buoyangyawmeei nforced vinyl ester/epoxy resins or commonly terned as
"fiberglass'. Typically, two DRBMs, one on either side/s of the riser pipe,
make up the riser pipe buoyancy assenbly. Qut at sea, plastic or reinforced
pl astic PAGKEROUNPe unable to withstand repeated inpact against hard,
unyie di ng surfaces such as steel decks or rotating machinery. Cenerally
nost danmages to a DRBM woul d occur from rough handling by workers who are
nor e accust ombuioffshorrediillingyopgrationse a vl §§%’é?r°‘ﬁ§%seﬁrﬁq"?dé'g %(?'IFBE\QHU)SWBQ not make
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15  drilling vessel. In order to reduce the weight that the drilling vessel has to support the

drlll riser stnng s welght in water is reduced by addlng discrete buoyancy units called»
Dnll Riser Buoyancy Modules (DRBMs) that are fi tted along the length of the riser.
The enables drilling at greater depth than would otherwnse be possible. '

20 DRBMs are generally sefni-cyiihdrical, ueually 4 to 5 meters long, comprieing hollow
spherical ﬁlle'r material.and foam discersed in an epoxy resin binder. The entire
mixture is lntegrally molded W|th|n a durable. outer. skin. This outer skin is made from
glass reinforced vmylester/epoxy resins or commonly termed as fiberglass’.
Typically, two DRBMs, one on elther side/s of the riser pipe, make up the riser pipe

25 bucyancy assembly. '
Out at sea, plastic or reinforced plastic materials are unable fo withstand repeated
|mpact against hard, unyielding surfaces such as steel decks or rotating machinery.
Generally most damages to a DRBM would occur from rough handllng by workers

" 30 . who are more accustomed to dealing wnth heavy steel assemblies and who do not
make allowance for the different nature of handling of such modules. The hasty and
harsh conditions, which are often a part of rig fit-out, also contribute to a DRBM's

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

1) Leading Edge Cracks and Damages



4) Longitudinal Cracks Surface Degradation and Leadi ng Edge Cracks &
Damages Damage to | eadi ng edges from repeated inpact agai nst hard surfaces
and surf awe 2mgrsadati on from weat hering are the nost comrgwsGRawwBo304
damage. Al though these danages may inttially have very little effect on the
performance of the DRBM even when held for long periods at their maximm
service depth, the overall integrity of the DRBM may be conprom sed when
exposed to Qép‘élafa@é Dagrrdation Transverse & Longitudi nal Cracks Generally,
DRBMs with s are first subjected to a "drop test' to
determ ne at35aﬂ§¥ g?%é';aeg%ture A 'conplete’ fracture is where the DRBMs
are sever ed4) rimgrtu@nai@rm separate pieces. If a DRBM sustains a
‘conplete' fracture, it will be deemed as unserviceable or beyond repair.
Longi tudi nal cracks on a DRBM are treated as unservi ceabl e or beyond repair
regar d es%urta‘cemermlonaecﬂaa@ng Bdge Cracka &d3amagasng a ' conpl ete' fracture.

Fur t her mop g, fd g%&g@%{&@%ﬁ?rorﬁ: pbated i rp%b'tcég%eﬁr%lt th% PUGRFEEY afld 'sﬁﬁa%‘r”i ng the

manuf act uri ng” o ese avvs may wea e structural integrity of
t he DRBM @agdadaapndmmservq@thmre thaii hestecommom defimsi ohdamags: e Althgudle ar eas

that are thg%”@eaﬁ,ggé % @3@ ﬁaeetv@ ﬁtﬂé’éﬁ ét'ﬁthlmeﬁsm%¢g%%x{@ §MNeak

areas nee el'r service therefore
exi sts t cevyenovheatehedd fmﬂcmmcperr@ds natatbelrrmm@mbm sesiiee denih.rige DRBAiNtdeaty seeks to

addr egs aéftﬂw@@ﬁtsl\/i)r% Ecbmg,@ggg&wﬂéﬁekﬁ&d M&g&&gﬁ rﬁﬁea%d' ng to a first

aspect -of the resen I nvent ere’is provi od of repairing a
cracked drill rlser buoyancy nodul e, -conprising the steps of aligning a

plurality Y2k %r?&%‘i’_gn@gﬁ Eg oLhe cracked nodul e, cutting out one or nore
cavities In the a i'gned crac oyl pi eces for &OSI'[IOI’II ng one or nore

r ei nf or ce@engraliye MRBMS awitro $eansyassecranks carer etk subieded to ris édrep estt ke
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a | amnate . acros cavitles. e may severe Into
separtt e savatskddotogivecesngseiseparate pigeesal lf__ gm&&M systaips 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 id,entiﬁed as haVing a ‘comple_te"'fracture. '
20 | | | |

Fu’rthermore besides damages, certain structural flaws may arise during the .
- manufactunng 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
25 ' reinforced to prolong their service life.

A need therefore exists to provide a method for repamng or remforcmg 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 ri’ser bueyahcy moduie, comprising the steps of

aligning a plurality of cracked pieces of the cracked module, cutting out one or more

35 cavitie_e 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 laminate across the filled cavities.



In alternate enbodi nents, the cavities are preferentially cut out up to
hal f-way of a thickness of the nodule. In other enbodinents, the

rei nf or cewenbiomssdaer s can be made of fibergl ass rei nfor eeu/sghemdtonasss The
filler material preferentially conprises one or nore of a group consisting

of resin, Aerosil, talcum powder, and M crobal |l oons. In other enbodi nents,
the | am nate corrprl ses one or nore of a group consisting of a chopped
strandmat |ayer, a woven roving |layer and a surface ve|I | ayer. According

to anot hegy, geﬁ’igaglb 5 befselBRdPhRSS éﬁar?t@vﬁgéﬂae?gbrleéeg rit Jﬁ {ﬁﬁ@@é&t us that

is repaired by I nplementing any one o ement i one _
Accor di ngt@ a second aspect of the present invention, there is provided a
met hod of reinforcing an area on a drill riser buoyancy nodule, conprising
the steps of cutting out one or nore cavities in the nodul e for- positioning
one of min @ltewiate enbedimantsnthepeavisiesiare graferegtialieut evhtpte batbway weaber s and
a filler e cavities and building a | anm nate across the
filled cé@?%ﬁ%gq*gtrtﬁ%fp the area may be inherently structurally weak. In
al ternate enbodi nents, the reinforcenent nmenbers can be nade of fiberglass
reinforc t i up to
hal f - way q'gfagéts%@lgﬂlg{séggopﬁ %hr‘;em?&gﬁrﬁ‘igﬂtt?h dfgﬁ %g¥ %réa'?ﬁar%ﬁf %%r??éjstées one or
nor e of degﬁwﬁﬁﬂd@ﬁ@|stlng of resin, Aerosil, talcum powder, and

M crqpal l oons. I'n further enbodi ments, the |aninate conpri ses one or nore of
a group consisting of a chopped strandnat a woven roving layer and a
surface Véelfilenyaterialpelorattialy eampriresisae oemmmofrmmougfconﬁstmrmm

inventio e is reinforced according to any one of
the af or emr?éélétal f)aﬁcé'g‘s?eu n %'ﬂ%%ﬁ'ﬁ%c?s BRI EF DESCRI PTI ON OF THE DRAW NGS
Exanpl e enbodi nents of the invention will be better understood and readily

apparent |t ethggsm%d.me {snﬁ{eylaﬁ%malté 6rﬂp|1i goﬂétor Hopé%ft%ﬂgmbslch %/gét[ageo\ﬁfgi tten

description y way of exanple on i n conjunc raw ngs,
in wibch chopped strandmat layer, a woven rovnng Iayer and a surface vell layer. '

Acco‘rding to another -embodiment of the p‘r.esent invéntion; there is an apparatus that
is repaired by implementing any one of the aforementioned methods.

20 According to a second aspect of the present invention, there is -provi.ded a method of
reinforcing an area on a drill riser'buoyancy module, ‘compﬁsing the steps of cutting
out one or more cavities in the module for posutlonlng one or more reinforcement
‘members, lnser’ung the reinforcement members and a filler material into the cavities
and building a laminate across the filled cavities.

.25
Further, the area may be inherently st_rUcturally weak.
In alternate embodiments, the reinforcement members can be made of fiberglass
reinforced plastic. B '
30 -

in other embodiments, the cavities are cut out Llp to half-way of a thickness of the

module.

The filler material comprises one or more of a group consisting of resin, Aerosil,

35 talcum powder, and Microballoons.



Fig. la is a perspective view of a DRBMw th a damaged surface that has
been repaired. Fig. 1b is a cross-sectional view along the section A-A of
Fig la. RAwvQ.20fbmssdaows an enbodi ment of a | ami nate of fi lpergiGaem/onesonf or ced
plastic (FRP) in a DRBMwith a danaged surface. Fig. 2a is a perspective
view of a DRBM havi ng | eadi ng 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
enbodi nent fustheaembaodingh®s, tHe IBRMatd-tanpridas iose ar pwres pea hiowp consstingfofa DRBM

havi ng a transverse crack that has been aired, .Fig. 3bis a

cr osS-se@t?hBH%efce?}faé\ﬁ”};ﬁ ,&QOY%roguggthygharé%ggv{aqglvgll@%r.ﬁ g. 3c is an

enl arged view of area 350 of Fig 3b. Fig. 4a is a perspective view of a
DRBM havi,n -l qngi tudi nal crac at has .been repaired. Fig. 4b i.s an
eni ar ged AFrang o SbetieL ApgrERt o1 G bresenffEah 1R8I E Ry abbdtanditidia, “Vi ew
of a bei ¥ rirtededBRENrdiRy By 6né o the foremarttiantd idifforstngatéthgdsone enbodi nent
of a nethod of repairing a damaged surface of a DRBM Fig. 7 is a flow

chart illustrating one enbodi nent of a nmethod of repairing |eading edge
cracks on a DRBM Fig. 8 is a flow chart illustrating one enbodi nent of a

met hod of i Ld a DRBMFig. 9 is a flow chart
illust ratqlé{gp%égﬁb%ﬁmﬁ{iﬁE;%m%égof repairing | ongitudinal cracks on
a DRBM Fig. 10 is a flow chart illustrating one enbodi nent of a nethod of
reinforcing a DRBM Fig. .11 is .a flow chart .illustrating gne enbodi nent of
L hetflod of cEXAMIR SRR TENIsrRiNne NG el Se patEh bR ReS BRI | ng

anot her epbadntmeNénebf ardireirnekill arf theegrafromntye dolmekrsy 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:
15  repaired.
Fig. 1b is a cross-sectional view along thé section 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
20 repaired. | :
Fig. 26 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 transverse crack that has been
repaired. - ‘ |
25  Fig. 3b is a cross-sectional view along the section C-C of Fig 3a.
Fig. 3c is-an enlarged view of area 350 of Fig 3b.
Fig. 4a is a perspective view of a DRBM having a longitudinal crack that has been
repaired.
Fig. 4b is an enlarged view of section 450 of Fig. 4a.
30 Fig.5 is a cross-sectional view of a reinfo‘rced DRBM.
Figure 6 is a flow chart illustrating 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. ‘
35 Fig. 8 is a flow chart illustrating one embodiment of a method of repairing tfansv‘erse
cracks on a DRBM.



on a DRBM Fig. 13 is a flow chart illustrating another enbodi nent of a

nmet hod of reinforcing a DRBM DETAI LED DESCRIPTION Fig. la is a perspective
vi ew of awDRBM/oEB44; desi gnated generally as reference negersaodd®d3oni th a
damaged surface cavity 102 that has bgen repaired and an undanaged ori gi nal
surface 104. It is understood that any nunmber of damaged surface cavities
may be present on any part of the DRBMs 10 1 surface. Fig 1b shows a

cr 0ss- sedlig.cniala floiveshiagt liltustyatifgeoreeernbatimantof afmethed etrepaiingdingiiuding danaged
surface cavit repai red by advantageously filling the cavity up wi'th
a layer d&f° ‘t‘ﬁs)épérog'ﬁ%@erl al, preferentially lightweight putty 108 and

t her eaf t efig.a10 dranfidwe clodrt ﬁlldstratglgasse regnboidonent of | aethasd oFReMpfond® ias

di sposed ve the putty layer 108. The |ightweight putty 108 may, for
exanpl e, rise of one or nore of resin, aerosol, talcum powder and

M crobal IRgnst isTadowahanaliestrafing-BRe Edtbatimentfabra methegl of, cogb ppinting aof a
plurality F%Mchopped strandmat (CSM | ayers, woven roving |layers (WR) and
surface V& t ayers. Fig 1c shows an enbodi nent of the | am nate 106, .

desi gnat efig.gie adlolwchas illusfretingrarethar merhodinied of a\mmdmyemmWsekSone | ayer
of CSM 111la é wed by one layer of WR 110 di sposed.above it, further

fol | owed er layer of CSM 111b that is di sposed above said 2 | ayers
108a and Fig.013 fsod Hometatyilustrating amathere¢mhbadipent of pmethod o gginédsoing & he | ayer
111b1 Th@%w and WR | ayers are each approximately -0.8mmthick, while the
surfa@e 't tayer is approximtely 0.5mmthick. The total thi ckness of the
| am nate 106 is thus approximately 2.9mm Fig. 2a is a perspective view of

a DRBM 2 i ally as reference nunmeral 200, with one of its

| eadi ng %6@&%@%&%‘&3@&0 cracked surfaces 204a, 204b that have been
repaired. i s understood that any nunber of cracked surfaces with
differin e[?lglé s h mzm Fig
2b shovvs 5"&% %etf?‘?e&ﬁ]a? Vl‘?l%géy %J onglOIt @d;%%g@%@éé%é@ragl{/é & in which

t he Clrsackmdn@*urﬂmamtlﬂaélmmmdbsmiaeercapw ned thgt mbeﬁna@eewed yanﬂran ing them

h | f fil YA 208
oha "t her cucRtoss | orfingh SlrrBE 904 2l s Rteri60s bk ahy! hitRBeHeb0BmBYLd Y

surface cavmes may be present on any part of the DRBM's 101 surface. -

-~ Fig 1b shoyvs. a c_roSs-sectional view along the section A-A of Fig 1a, in which the
20 damaged .surface cevity 102 is repaired by advantageously filing the cavity up with a
fayer of filler material, preferentlally llghtwelght putty 108 and thereafter a lamrnate of
fiberglass reinforced plastlc (FRP) 106 is dlsposed above the putty layer 108. The
lightweight putty 108 may, for example, comprise of one or more of resin, aerosol,

| talcum poyvder and Microbalioons. The laminate of FRP 106 may, for example,

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

(WR) and surface veil layers.

Fig 1¢c shows ‘anl embodiment of the laminate 106, designated _generally as reference
numeral 150, which may comprise o.n'e layer of CSM 111a followed by one layer of
30 WR 110 dlsposed 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 WR layers are each approximately.
0.8mm thiek, while the surface veil léyer is approximately 0.5mm thick. The total
thickness of the laminate 106 is thus approximately 2.9mm.
35 o | |
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,



FRP 206 is disposed above the putty |ayer 208. The |ightweight putty 208
may, for exanple, conprise of one or nore of resin, aerosol, tal cum powder
and M cr obeal2bmaiss447The | ami nate of FRP 206 conpri ses, fecTscanploeo3oa

plurality of CSM Il ayers, WR |layers and surface veil layers. Fig 2c shows an
enbodi nent of the | am nate of FRP 206, -desi gnated general |y as reference
nunmer al - 250, which may conprise a pluraljty of alternate dIS osed CSM
| ayers 22049 MBPE@LQ@?QW@QG&‘%WWQ%@@?%nyzﬂ%?eiﬁﬁf 38S that are

al | evenwrtﬁ'dkfrérﬂg%m%ytfern@%engrgaafhged erzbzé/amofaworaﬁnmﬁw and VR
| ayers are each approxirmtely O le the surface veil layer is

approxi mately 0.5mm thick. The total thi ckness of the lam nate 206 is thus

appr oxi ”?E?ebb{ show& ™ crobdsed@nhiSviéw rh%n‘gptﬂetge&@nvswophgazmwh%hhe
desi gnat e enerally as reference nuneral 300, having a transverse crack

302 that cragked suigesRi4red04brae 9RBIVPSOY afyantagecysly dlieg them aipavifl aral ity of
separ a_tera%?s ter hﬁté?fa@%’reﬁe%r&r%@aﬁht\ké]@t%t@g%@ﬁ@'%%ﬂeéﬂérhhﬁnfﬁé@cdf 302 and

to additionall reinforce th referre at aEgurallty

of reinf 5REeARMIs gigpased aboye m Puibe Byel @%ﬁlber"éﬁwfeﬂﬂ*ﬁé’h'gh?o M&r (%i on rods
304a = 3@&&11?@6‘ éd?ﬁ&rs%%fl eﬁ@ ban&BBIYF 3&inacserssol h@lc@maghwé&z anahe

rei nforcenment rods any sui tabl e di nensi on sho

Cross- seerr@hailoorzﬁewealamrgat@wé ng%@@r@egffopp@me 3 H'“W‘IFYC‘H QS’M -
plurghi tyalﬁB VIR 1dyetd SiTRAvePldybisUsi on rods 304a - 304e are inserted
into the M'301°to reinforce the same. Fig 3c shows an enlarged view of
section 350 of Fig 3b, in which the remmining gaps in and/or around the
crack ar g;id bt 'sﬁewwahmrﬁoéd.#néﬁrofrmé%mrabte armrerze@tdeetdnﬁtédl @bmygbt putty
308, in which the put t% di sposed bel ow a | amn FRP.310. The
i ght wei geferange nyineod yworcéfre@)eﬁ@mamﬁeya Bl %f@‘tSf“aEﬁhed@P“r?ﬁr(est resin,
Aerosil, réy%#&ymal?@%%m%% oA UQ%H'WRH%SerJ bezé/@mw@rtze/qud RRR &3Q

conpri ses or exanple, ‘a pluralit s and surface

o boy evenivrly Aanbenst tion FRATasVaILIagEn 1T e s WA YR BB o

general | y538 absioﬁrn%r&gg@mrtﬁrbk 2tflie t H@b@r‘ﬂad@%rl%g@pfs' aier@maétuw Brhef OF -
al ternately di sposed M 210a/ 210b/ 210c/ 210d/ 21
212af 2125%@&2’&162@2&*\!0&9@?%0\‘ the lamingte 296 jis t@vsamrar'wtedw Eﬁa%d bel ow a

surface vei | Iayer '214. The CSM and WR | ayers are

. Fig. 3a is a perspectrve view of a DRBM 301, desrgnated generally as reference
20 numeral 300 having a transverse crack 302 that has been repalred 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
'pultrusron rods 304a — 304e are rnserted into the DRBM 301 across the crack 302.

25 The reinforcement rods may be of any suitable dlmensron

Fig 3b shows a cross-sectional'v_iew 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 3c shows an ehlerged view of section 350 of Fig 3b, in \rvhich the remaining gaps
in and/or around the crack are filled with a filler m'ateria'l,V preferentially lightweight
putty 308, in which the putty 308 is disposed below a laminate of FRP 310. The
lightweight pufty 308 may preferentially comprise of one or more of resin, Aerosil,
35 talcum‘powder and Microballoons. The laminate of FRP 310 comprises, for example,
da’ pluralitS? of CSM layers, WR layers and surface veil layers. '



each approximately 0.8mmthick, while the surface veil layer is
approximately 0.5mm thick. The total thickness of the lamnate 310 is thus
appr oxi mawel2g10/os3s¥m Fig. 4a is a perspective view of aPDRBE260D00394

desi gnated generally as reference nuneral 400, having a |ongitudinal crack
402 that has-been repaired. The DRBM 401 may be severed into a plurality of

separate pi eces.  Fi b ows. an-enlarged vi.ew. of sectjon 450 of Fig. 4a.
o der T ERIAS of KEFIaRIGh SRS 50 Fl SEngeTSH aarwaly 8 SRS and to
rlel nf lortcewaaIDBBMf whidhl n?éy Wdkipriee éhﬁlufﬂnﬁldfedlt@ﬁgglg4@3sp6$é@r¢§ﬂs IOfta
pl urali |norce nt_-nmenbe rei nforcing plates
h0an - 1 oaRa2 R e and | W A PR ISHR A JeK Ay P e gh
putty 40Gvamdaly hlamgéat &I@W FEf a0 8/ell h@,terlxmb%btcsm :mdeWR REefsesiect i ve
reinfgrced areas, % ak f orcenment . %‘Xat es 404a-f my_ be of any
sui't aBl e SFFRBRARCKMALSH Q. BI"?'BIW "ﬁﬁ?t a8l IRYG" I5PPPEERAEY 0§ onpri se
of one 0rthIBRJ%eQ&taftﬂﬁ:kﬁessAﬁltﬁéslbhuna&éiiBwmtﬁw\ﬂﬁfmﬁﬂﬁdtdﬂ'ﬁVﬁhﬁﬁ' | oons. The
| ami nate of FRP 408 conprises, for exanple, a plurality CSMIlayers, WR

| ayers and surface veil Iayers It i's noted that in the enlarged view of
section ), 401 ¥ p@rmeﬁueomwfoft@@ﬁmmmt eieggnﬁea’ géa&ausa ashewnedcer better

clarity. The l.aminate of FRP 40 Is simlar t nat ed general ly
as refer é}&l&@r%ﬁ?@r%ﬁw%@b%ﬁ*% FERK égg‘ﬂ?e}tg\@s ge%n ?ﬁ'pélr?‘?y%@f BMAGat el y

di spaged r@%@é&@le’ﬂhﬁﬁ/ 2p0eig 1A depdte ;ﬁékﬁésV\RgZABa%aﬂsZQﬂ ama@/ea L2l brayers,

that are all eventually d|%posed bel ow a surface v bm}ﬂe 214. The CSM

and WR | S§Ehon 43001 Eig. fa. lnoordende fenali te damage carsad gftH@n%llﬁ’?%ce vei |

| ayer is smppn@th Fawieics the DRBM 40K strddisre! Bleabpdited DREM 100 fcotiphséasi Nat e 408
is thus ap grom teél 7mm In addition to E{Qﬁ%ﬁe' nforced areas e.g. 409,
d

Lot 1o e DR reipbsesmat mempers, sgegiAes s iy T RP=i5 40fi8 SDREM 401

aI ong t he’.Oﬂf agilfrduhB&d 4:@2a| ﬁlegrr@éteﬁfé!d pﬂiférehﬂal@ ﬁ@mﬁétghthﬁﬁyB&bBeénd tshe ar eas,
are cl eaned m nat e of 13 1s Next

the &ijla'amateaeft%% &G .tw_a} is @aw YP0Ner tb%é%ﬁps%\fe feiptpreed éfe}?ér egr 489 ang
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20  section 450, only a portion of the Iamm,ate of FRP 408 is shown for better clarity.

The laminate of FRP 408 is similar to Fig 2c, designated generally as reference
»num_eral 250, which may c"omprise, a plu'ra|ity‘ of alternately . dispbsed CSM |
210a/210b/210c/21o‘d/21o"e and WR 212a/212b/212¢/212d layers, that are all

25  eventually disposed below a surface veil layer 214. The CSM and WR Iayers are
each approximately 0 8mm thick, wh||e the surface veil layer i is approx1mate|y 0.5mm
thlck. T he total thickness of the Iam_mate» 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 along the crack line 402 is grounded off to a

' taper. Thereafter, the areas, e.g. 411, are cleaned and a laminate of FRP e. g.413is"

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.

35 . | o
Fig. 5 is-a cross-sectional view of a DRBM 502, designated generally as reference '
nu'meral 500, having a plurality of areas 504a — 504b that have been reinfolrced.



prone to premature failure. Oher structurally weak areas of the DRBM may
be present and are not nentioned here. Additionally, structurally weak
areas nmaywelwm/msi4se due to manufacturing flaws. Moreovecy/sceomfoosoed areas
need not be structurally weak nor suf8er from manufacturing flaws -

rei nforcenent can be carried out wherever strengthenlng I s desired.

Rei nf orcement nenbers 506a - 506b are placed in the vicinity of the

rei nf or cdthese @zanss@gainhersoty strreturaiy weshedys tegthsis sairsular (Pu@fﬁﬁ ©BRe are
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- thick The total thlckness of the faminate 510a 510b «s thus approxnmately 7. 7mm..

20 .
Flgure 6 is a flow chart illustrating one embodlment of a method, desugnated
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.

‘Thereafter,. _the surface that has been grounded is cleaned with compressed air and

25 ,brushee 604. Next, acetone or any other suitable solvent is used to chemically clean
the surface 606. Then, the surface, which is now uneven, is reshaped with a filler
material, preferentially lightweight putty 608. The putty ‘may, for eXamp]e, 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 compreseed air and brushes 612. Thereafter, the reshaped
surface is cleaned with acetone or any other suitable solvent 614. A Iamina{e is built
across the reshaped surface as follows: a CSM layer is disposed below a WR layer,;
the WR layer is then d‘i'sposed below another shbsequent CSM layer and a surface
veil layer is disposed above all three layers 616. Next, the laminate is smoothly

35 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



the WR |l ayer is then di sposed bel ow anot her subsequent CSM | ayer and a
surface veil layer is disposed above all three |layers 616. Next, the

| am nat e we 281ooiB84ary term nated at its edges conpl et e wech/sGheympuebace vei l
| ayer so that any abrupt change on the DRBMs surface is avoided 618.
Finally, the DRBMis fully cured for atleast 12 hours and coat painting is
carried out if no nore repair work on the DRBMis required 620. Figure 7 is
a flow cheast 12 hburstandtcoatppaintingdsrbarddrent if 0e merereanaivorigen ithmBRBY gener al | y
as referzgcglﬁregté%r al 700, of repairing |eading edge cracks on a DRBM The
nmet hod a geously begins with grinding off any areas with m ssing foam
and al so areas around the |eadi ng edge cracks 702. Thereafter, the areas

that have.heery o uagdedoare BLEAREIOHE [OnGRMERSSES Rt “‘Ee@{gﬁﬁ@s 704.

Next, acet r-any ot st Sui solvent 1s ‘used to chemcally clean the
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Y_Iayer is further continued thrice. Thereafter, a fmal CSM layer is dlsposed above the:
20 alternating CSM and WR layers. Finally, a surface veil layer is c_ilsposed above all
" nine layers 718. Next, the laminate is smoothly terminated at its edges 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 palntlng is camed out if no more
| repair work on the DRBM is required 722. ’
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
also sever the DRBM into a plurality of separate pieces. The method advantageously
30 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 members, preferably FRP pultrus»on reinforcement bars, are to be
placed on both pieces of the DRBM are marked out 804. Thereafter, a cuttmg disc
may be used to cut out cavmes for posmonmg the reinforcement bars 806 across one
35 or movre.crack fines. 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 placing the reinfdrcement' bars ihtb t_he



al so sever the DRBMinto a plurality of separate pieces. The nethod

advant ageously begins with aligning the plurality of cracked DRBM pi eces

t oget her wo 2atwts344hei r correspondi ng cracked surfaces 8@21/sexiv/ooasok

| ocations where a plurality of reinfawcenent menbers, preferably FRP

pul trusion rei nforcenent bars, are to be placed on both pieces of the DRBM
are marked out 804. Thereafter, a cutting disc nmay be used to-cut out
cavi ti es shooe, podiahy mamalglngmpacennnmm caviigst mpybe f@ely Bltedowith saie potty nor e
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Is required 822. Figure | lustrating one embodi nent of a
met hod, d@é?%{ﬁa{?%%lr@%e%al‘@@é‘hs? %d(’:éeﬁnurreral 900, of repairing.

| ongi t_ud| nal cracks on a DRBM The |ongitudinal: cracks may each conprise a

Cracked 161858 o bRk et PR SRR SL o BRREE bR,
al i gni ng deneratil us adfetepcohumest 08d, dRBMiMNEioagitudingetraeks dnoa BRBM. {The
20 longitudinal cracks may each comprise a cracked surface. The longitudinal cracks

may sever the DRBM into a plurality of separate pieces. The method advantageously -

begins with aIighing_ the pIuraIity of cracked DRBM pieces together to .abut .the
corresponding cracked surfaces 902. Next, all locations ‘where a plurality - of
reinforcement members, preferably FRP reinforcement plates, are to be placed on
25 both pieces of the DRBM are marked out 904. Thereafter, a cutting disc is used to

’ vcut out cavities for positioning the reinforcement plates 906. The cavities are |
preferentially cut out up to half-way of the thickness of the DRBM. Next, a filler

material, preferentIaIIy lightweight putty may first be lnserted into saud cavities,
followed by pIacmg the remforcement plates into the same and any remaining space
30  inthe cavities lsAflnaIIy filled with said putty 908. The putty is preferentially lightweight
| and may, for example, co'mprise.one or more of resin, Aerosil, taicum powder and-

cell and Microballoons. Next, a sufficient repair area on the surface of the DRBM .

| along a IongItudinal crack line is grounded off to a taper 910. Thereafter, the»area‘“
that has been grounded is cIean_gd with compressed\ air and brushes 912'. Next,
35 acetone or any other suitabIe_soIvénf is used to chemically clean the area 914. The
laminate is built acroés a Iongitudinél joint as follows: a CSM Iayer is disposed below
a WR layer, this alternate layering of one CSM disposed below one WR layer is



correspondi ng cracked surfaces 902. Next, all locations where a plurality
of reinforcenent nenbers, preferably FRP reinforcenent plates, are to be

pl aced orwbabtv/psaces of the DRBM are marked out 904. Thrersahomropozas cutti ng
disc is used to cut out cavities for positioning the reinforcenment plates
906. The cavities are preferentially cut out up to half-way of the

t hi ckness of the DRBM Next, a filler material, preferentially |ightweight
put-ty mayutherstontirued sleridee dT heméaftes,aidfimd vCEMe ayef o¢ | disprdett yatmiveciheg t he

rei nf or cenent ..pl | nt o t,he sape, . and WAl ce | cavities
o 1 mal PR ST o YRR Talya 3 SHie VAT TRL W o3RI ibyb

| i ght wei giiie mpersreetd, Negt; trex lamphate i< empothlyeteomieated atutseedgks isedhat,anger osi |,

tal cum powder. andcel | ,an r gbal.l S, a sufficig i,[. area on
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a tapér TRBMTharigaitearfor ahiaat ¢2 hbtratandabe DREM gy Oippeld dverstodisertinerd wit h
conpressed, ai r, and . hes, 912. Next.,.~ACe - ther suit e sol vent
o sed ctecehatges piY B i A eeRriey g0 haflE o ol B AT 3 B3 o5

| ongi t udifoabt lpastn2 kksuré aht @oat paintCiMs| cayriad ot ilhs powe defrit warkaon/Rel ayer ;

this alte 'F%ﬁl}tlle 1 a erde of one CSM di sposed bel ow one WR | ayer isfurther.
conti nue _i'%réeg i fter, a final CSMIayer is disposed above the .
alternating CSM and WR | ayers. Finally, a surface veil layer is disposed

above.al l_.nine | ayers 916. it the | ani e i8S ternnated at its
edgegoso Righre i ﬁfygbﬁ tc(?’@ﬁtgﬁﬁgraé' 9t 9e %ﬁ*@#gﬁgﬁﬁgﬁhﬁ (?e{)sl@r??%gurface is
avoi ded QkBeraliies, refénendsRBUfnesal f10D0,y ofc teirdarcingr staucturalys weak ahemsren and t he
DRBM i s flipne ver to its-other sjde a pPs...9 : 2peat ed
920. Fi na#*@ﬂﬁhtge Iﬁ%ﬁ“f%“yf‘ﬁ??lg/grce@r%ndﬁ'éagglﬂﬁm (;Fsr ﬁ?att Pel%efél'gf&@eﬁ%lﬁ?@%and coat
pai nti ng stsiced rintegritp tayi be mompooreised pad thiswmdy leadttbe Bikiidned seaipei red 922.
Figure 1Q.is a flow chart illustrating one enbodi nent of a nethod,

desi gnat |(ge'general |y as reference numeral 1000, of reinforcing structurally
weak 1@reas on a DRBM If the structurally weak.area on the DRBMis not '

e ol PR SR TDLSA Sk AP bk PRodB R TRERL) SEfATe s
mar Ki ng aenfdrteméreadrines, pletarablp FRPUbars iahg/oofeinfoicefrent platast arectotier s,
pref er abl ;}faelfaggt tt)ﬁjler gre%? % 8{3 ré{%to%é’cf &% %%Rgl&ﬂaﬁfﬁi R@tn?or_&@d Qn%as need not
| be structurally weak nor suffer from manufacturing flaws — reinforcement can be
20 carried out wnerever strengthening is desjréd. Thereafter, a cutting' disc is used to cut
out cavities for Apo_'sitioning the reinforcement ‘members 1004. The cay_ities 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 placing the reinforcement members into said cavities, and any remaining -
25 - space in the cavities is finally filled with said putty'1006. The putty is preferentially
lightweight end may, for example, comprise one or more of resin, Aerosil, talcum
powder and Microballoons. Next, sufficient repair area in the vicinity of the reinforced
area is grounded off to a tape'r 1008. Thereafter, tne repair area that has been
grounded is cleaned with compressed air and brushes 1010. Next, acetone or any
30 otner suitable splvent is used to c'he'm_ically clean the repair area 1012. Thereatfter, a
laminate is built across the repair area as follows: a -CSM_:layer is disposed below a
WR Iayer;» this alternate Iéy_ering of one CSM disposed 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 disposect above all nine layers-
35 _1014,.Next, the laminate is smoothly terminated at its edges so that there is any v
_ébrupt 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 {o its other,s_ide-end steps 1008 to -



pl aced at the areas to be reinforced on the DRBM 1002. Reinforced areas
need not be structurally weak nor suffer from manufacturing flaws -

rei nf or cewenbiooEssdbe carri ed out wherever strengtheni ngprrs/sdesireasys
Thereafter, a cutting disc is used tol2cut out cavities for positioning the
rei nforcenent nenbers 1004. The cavities are preferentially cut out up to
hal f -way of the thickness of the DRBM- Next, a filler material,

pr ef er ent 1&18 gre| repeated 1918, Finallyythe RBBMiis S1lly loaredregaint fedat least athalireavi ti es,
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for at | €dd8 12 hours and coat painting is carried out if no nore repair
work on the DRBMis required 1020. Figure 11 is a flow chart illustrating
one enbodi nent of a nethod, designated generally as reference - nuneral 1100,
of - cdat FaeuieilRgs @ mBRhar 1208 dlusisatingi o methmuisof6BEainnR a créikad daf zisend 1020
above. T 0 f g ' ' apdi ng areas where
repairs g%gy%ﬁ&r@iqgl?lgr%%é%kiﬁogﬁ%t%ﬁqb\ggb‘%nzdﬂgﬁt[eg,l%é: aTR'éFaé'yP{e'r , the
areas ar €ragked piageqof thesoaghed seamtileadne aligueddistep 204, bhe dNendre chliesar eas: ar e

pref er entgr@lcly ol ig 308 diigMeidNeraGes r Holll: uitable sal vent 1106. A
first run of c%at'ﬁng pg”rﬁd ey {dﬁne%cebefogg%?'?%@%g%% ﬁ%m%ﬁ"ﬁqrgﬁ?‘ﬁ% surface
1108. SulFRYBRASAECHESS PN anereranarkdines hat gap 1206, shacbinforcagenumkmbagpl | ed
i mredpat gy éﬁ‘ﬁl}e@ rm_ateri_al are inserted into said cavities. At step 1208, a laminate is built

' across the filled cavities. = I

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 reinforcement

' members and a filler material are inserted into said cavities. At step 1306, a laminate
-is built across the filled cavities.

It will be appregiated by a 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 aé broadly described. The
embodimenis are, therefore, to be considered in all respects to be iliustrative and not
restrictive. | | |



the first run 1100. Finally, the paint is left for approximately four hours
for it to cure 1112. Figure 12 is a flow chart 1200 illustrating a nmethod
of repai rwogom/sBacked drill riser buoyancy nodul e accordirsg200/0a6804 her
enbodi ment. At step 1202, a pluralityi3of cracked pieces of the cracked
nodul e are aligned. At step 1204, one or nore cavities are cut out in the
al i gned cracked .pi eces for positioning one or nore reinforcenent nenbers
across- ol AIMSTore crack-lines. At step 1206, the reinforcenent nenbers and
a filler material are inserted into said cavities. At step 1208, a | am nate
is built across the filled cavities. Figure 13 is a flow chart 1300

i |1 ustratti Agneteddofdrepbiring ardrackei ryill ainercbusyanny raoditd, Idomprisisg thristpasicy

nodul e. A step: 1302, -one or nore cavities are. cut out in the nodule for
posi ti on® g one or rmr'e rei nforcenent nenbers. At step 1304, the

r ei nf or cenent aligidxea piuaality of dradkdedpiatas of thalcragked medelet ed i nto sai d

t At 13 t. i t | t
o1 beappr e EiERe B0 gre, S PR ARSI uf e FaRE blaed i ey L o5 (L
and/ or nodebr gate mirﬁomamebenemderstamrasla@npuoemrﬁcrackfms:on as shown in the

enbodi nents wit h ﬁg%ﬁﬁ%@ﬁ%’ﬁ%fﬁb&g'% Hta ﬁl‘[erﬁﬁélgﬁalq totélfr‘d cg\ﬁﬁ&tl on as

broadly descrfrl?g mg ts are ererore € considered in all
respect s ahg be |IIustrat|ve and not restrictive. CLAIMS 1. A nethod of

repairing a cra riser dul e, conprising the steps of:
al i gﬂ{lng a pl 8?@4(”‘-19 %?'“%tF£8k°sat %@Zegs%@ "he cracked nodul e; cutting out

one or nore-cavities in the allgned cracked pieces for positioning one or

nore reinfo. ceme nenbers acr o] r i o1 ing the
el nf or cenolte eSS ERa et FRnDA Wipehn R oddd fledyeifind dasiik ]

bui | di ng ceadkedrpieatEprartote dligerent $tepl cavities. 2. The method according to
claim1, wherein the nodule is severed |nto separate cracked pieces prior
to the alignnent step.

15 3. The method according to clalm 1, wherein the relnforcement members are made

of fiberglass reinforced plastic.

4. The method 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 Microballoons. -

v6. The method according tb_ claim 1, wherein the Iaminate_ comprises one or more of
25  a group consisting of a chopped strandmat layer, a woven roving layer and a surface

veil layer.

7. The method accofding to claim 1, wherein the laminate is built as fo_llews:
a first chopped strandfnat layer,
30 a first weven 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;
~ athird chopped strandmat layer over the second woven roving layer; .
| a third woven roving layer above the third chdpped strandmat layer;
35 | 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 roying layer; and



3. The method according to claim1, wherein the reinforcenent nenbers are
made of fiberglass reinforced plastic. 4. The nethod according to claiml,
wher ei n twe 208misB44@s are cut out up to half-way of a thipchrsesmombozdvhe

modul e. 5. The nmethod according to claim1l, wherein the filler materi al
conprises one or nore of a group.consisting of resin, Aerosil, talcum
powder, and M crobal |l oons. 6. The nethod according to claim1l, wherein the
| ani nat e conprei sgcov Ieyerrabpweetbwef@h@howdc%mp@@?ﬁagefof a chopped strandmat
| ayer, a woven roving |layer and a surface veil layer. 7. The nethod
according to claim1, wherein the laninate is built as follows: a first
chopped & Padriivister bagysncy anddules repaied eEavingdol aajrethogdias @aied injanyt chopped
st randmat ng%yagmsa,' l%ef:ond chopped strandmat |ayer over the first woven
roving Iayer a second woven roving |ayer above the second chopped
stranfimat Fayer; a third chopped strandnat |ayer over the second woven

roving | %y?\rm?ﬁod R FQn%ﬁYﬁ‘gﬁl g?@an&] EQiYIf?rnsétbﬂ)@aﬁaﬁm bAliE deshrtinet r andmat

| ayer; a‘four cho ayer over the third woven roving |ayer;
a fourth stepserfi roving | ayer above the fourth chopped strandmat |ayer; a

fifth ch d I d
I kL i)

surface veil l|aye layer. 8. Adrill
riser buoelafmcgennmﬁimember%pal red according to a nethod as clained in any one

of clgim 1t ?nsertm% the. rgﬂfd}a?n@dt rﬁ&‘nﬂér@raﬁ'ldng ﬁﬁ& RERAaCRIR sl idalitigd. Ser

buoyancy nodul e step cutting out one or nore cavities
in the nwdl e for p03|t|on|ng one or nore rei nforcement nmenbers; inserting

the reinforcenent: n;?ﬁlﬁt aé%o ftf“% f“l fcaVREgrial into said cavities; and

bui I di ng -a | am nat’ across .cavities. 10. The nethod accor di ng to
claim9, wherein the aréa is inherently structurally

-10. The: method accordlng to clalm 9, wherein the area is mherently structurally

15 weak

1. The method according to claim 9, whereiri the reinforcement members are made

of fiberglass reinforced plastic.

20 12. The method accordmg to clalm 9, wherein the cavntles are cut out. up to half-way

ofa thlckness of the module.

13. The method. according to claim '9, wherein the filler material comprises one or
more of a group consisting of resin, Aerosil, talcum powder, and Microballoons.
25 | | | .
| 14. The method according to claim 9, wherein the laminate comprises one or more of~
a group consisting of a chopped strandmat, a woven roving layer and a 5urface veil

layer.

30 15 The method according to claim 9, wherem the iamlnate is built as follows:
' a first chopped strandmat layer, _
a first woven roving layer above the first chopped strandmat layer,
a second chopped strendmat layer over fhe first woven roving layer;
a second woven roving layer above the second chopped strandmat layer; -
35 | 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 Iéyer over the third woven roving' layer,



weak. 11. The nethod according to claim9, wherein the reinforcenent
nmenbers are nade of fiberglass reinforced plastic. 12. The nethod accordi ng
to cl ai mW®o 2otvarseisn the cavities are cut out up to hal f peapscabosmoddas ckness
of the nodule. 13. The nethod accordiMg to claim9, wherein the filler
material conprises one or nore of a group consisting of resin, Aerosil,

tal cum powder, and M crobal | oons. 14. - The nethod according to-claim?9,
wherein the | arfoodti Wanrpmnge@/eoahomrthemwth@hoapegirsma\pdmehlsi/@ti ng of a .

chopped strand woven r.o I yer. 15. The
net hod accor di® EE‘HWBM %@d%gggcﬁ%ﬂhﬁﬁam na é”lggﬁ H a(lgg follows: a
first chopped aﬁuﬁaﬁﬁmtlayayafowmefﬁfhhsihommpbstramdmahlgyérayer above the first
chopped strandmat |ayer; a second chopped strandmat |ayer over the first
woven roving |layer; a second woven roving | ayer above the second chopped
st r angmatisl Ayﬁn risé ﬁda,ymbthoqmedemtarmmbrdir@yea rostbod adelapearbindnyoven
rovi ng I a. thi ven roving | ayer above the third chopped strandmat
| ayer; 8[9 F'ﬁ""&%%i?pb%ost randmat | ayer over the third woven roving |ayer;
fourth woven roving | ayer above the fourth chopped strandmat |ayer; a fi fth
chopped strandmat | ayer over the fourth woven roving |ayer; and a surface
veil |ayer above the fifth chopped strandmat |layer. 16. A drill riser
buoyancy nodul e, reinforced according to a nethod as clainmed in any one of
claims 9 to 15.



