WO 2012/ 116284PCT/ US2012/ 026526 LASER ASSI STED RI SER DI SCONNECT AND METHOD
OF USE BACKGROUND OF THE | NVENTI ON 5Fi el d of the Invention [0001] The
present iwoentyuams4rel ate to risers that are used for ofPCIhse@202¢ker ati on
and production of hydrocarbons, such as oil and natural gas. Thus, and in
particular, the present inventions relate to novel |aser nodul es for use
wth risers to quickly disconnect the riser fromeither an offshore
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stack"” are to be given their broadest possible nmeaning, and include: (i)
devi ces positioned at or near the borehole surface, e.g. , the seafl oor,
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oyper Wregentef bsbohe” and "of fshore drilling activities" and siml ar such
ternms are used in their broadest sense and would 25include drilling
activities[8002lor Aa USaﬁ)hebﬁﬂyU@ES&/épéﬁlﬂed\A@éthMSG ihedrrmos "Blamoudat er
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subsea BOP stack, which stack could contain, for example, ram shears, pipe rams,
blind rams and annular preventers; and, (v) other such similar combinations and
20 assemblies of flow and pressure management devices to control borehole pressures,
flows or both and, in particular, to control or manage emergency flow or pressure
situations.
[0003] As used herein, unless specified otherwise "offshore" and "offshore
drilling activities" and similar such terms are used in their broadest sense and would
25 include drilling activities on, or in, any body of water, whether fresh or salt water,
whether manmade or naturally occurring, such as for example rivers, lakes, canals,
inland seas, oceans, seas, bays and gulfs, such as the Gulf of Mexico. As used herein,
unless specified otherwise the term "offshore drilling rig" is to be given its broadest
possible meaning and would include fixed towers, tenders, platforms, barges, jack-ups,
30 floating platforms, drill ships, dynamically positioned drill ships, semi-submersibles and
dynamically positioned semi-submersibles. As used herein, unless specified otherwise
the term "seafloor" is to be given its broadest possible meaning and would include any
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WO 2012/ 116284PCT/ US2012/ 026526 surface of the earth that |ies under, or is
at the bottom of, any body of water, whether fresh or salt water, whether
manmade oworratumiedsdy occurring. As used herein, unless gpedistiled2etherw se
the terns "well" and "borehol e"” are to be given their broadest possible
meani ng and include any hole that is bored or otherwi se nade into the
earth's 5 surface, t he seafl oor or sea bed, and would further
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conpl etion. [0004] As used herein the term"drill pipe" is to be given its
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j oi ned_t oget her fdor thle .gur pose of being enployed in a borehole. Thus, a
drill "%tFF 0P &) ocqrﬂBPH & many stands and many hundreds of sections of

drill pipe.[odGHO5] As usegthehgihahd térﬂﬁ?"drﬂlgb’lbé't i8RBILRY gives its Bréfd &bt yeBsibles
br oadest possi bl e neanlngmgnd includes drill pipe, casing, riser, coiled
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include many stands and many hundreds of sections of drill pipe.
[0005] As used herein the term "tubular" is to be given its broadest possible
meaning and includes drill pipe, casing, riser, coiled tube, composite tube, production
25 tubing, vacuum insulated tubing (VIT) and any similar structures having at least one
channel therein that are, or could be used, in the drilling industry. As used herein the
term "joint" is to be given its broadest possible meaning and includes all types of
devices, systems, methods, structures and components used to connect tubulars
together, such as for example, threaded pipe joints and bolted flanges. For drill pipe
30 joints, the joint section typically has a thicker wall than the rest of the drill pipe. As used



nmeans a | aser beam having at |east about 1 kW (kilowatt) of power. As used
herein, 5 unless specified otherw se "great distances" neans at | east
about 500wn2(reet1eas). As used herein the term "substanti &CTIUSeGI20065p0WeT |, "
"substantial power |oss" and simlar such phrases, nmean a | oss of power of
nore than about 3.0 dB/km (decibel/kilometer) for a selected wavel ength. As
used herein the term "substanti al povver transm ssion" neans at | east about
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ft, 20,000 ft, 30, Ooug nd even deeper bel ow the 25seafl oor. As such, the
dri | | iMgARyel BAReTADO @9%’? ”ﬁrr“i'tfq NCSi pe, casing, risers, and the BOP are

syfgj ect to substantial forces and extrene conditions. To address these

forces and conditions drilling equipnment, for exanple, risers, drill pipe
and drill discuspnn afBeldésd fried to be stronger, nore rugged, and in nmay
cases heavi er. diti nalbén the netals that are used to nmake drill pipe
and casi ng have 'BBctile. 30[ 0009] Typi cal ly, and by way of

general ill[pgo d]a“@'ﬂ‘shbr*é Kifdrbtarbenaexpldtateh ¥Rl lprédudtivhtiad bduH glaRlrg) fos made
into the seabed and then subsequent and snaller dianmeter WO
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for drilling in water depths greater than 5,000 ft, and of those rigs over 90 of them are
rated for drilling in water depths of 10,000 ft. When drilling at these deep, very-deep
20 and ultra-deep depths the drilling equipment is subject to the extreme conditions found
in the depths of the ocean, including great pressures and low temperatures at the
seafloor.
[0008] Further, these deep water drilling rigs are capable of advancing
boreholes that can be 10,000 ft, 20,000 ft, 30,000 ft and even deeper below the
25 seafloor. As such, the drilling equipment, such as drill pipe, casing, risers, and the BOP
are subject to substantial forces and extreme conditions. To address these forces and
conditions drilling equipment, for example, risers, drill pipe and drill strings, are
designed to be stronger, more rugged, and in may cases heavier. Additionally, the
metals that are used to make drill pipe and casing have become more ductile.
30 [0009] Typically, and by way of general illustration, in drilling a subsea well an

initial borehole is made into the seabed and then subsequent and smaller diameter



5[ 0010] Thus, by way of exanple, the starting phases of a subsea drill

process may be explained in general as follows. Once the drilling rig is
posi ti onadoanithe2sdur f ace of the water over the area whec&/u$ee2lope5g6i s to
take place, an initial borehole is made by drilling a 36" hole in the earth

to a depth of about 200 - 300 ft. below the seafloor. A 30" casing is
inserted into this initial borehole. This 30" casing may al so be 10 call ed
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as shear rams, blind rams, blind-Shear rans, pipe r , variable rams
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[0011] The BOP, along with other equipment and procedures, is used to
control and manage pressures and flows in a well. In general, a BOP is a stack of
25 several mechanical devices that have a connected inner cavity extending through these
devices. BOP's can have cavities, e.g., bore diameters ranging from about 4 1/6" to 26
3/4." Tubulars are advanced from the offshore drilling rig down the riser, through the
BOP cavity and into the borehole. Returns, e.g., drilling mud and cuttings, are removed
from the borehole and transmitted through the BOP cavity, up the riser, and to the
30 offshore drilling rig. The BOP stack typically has an annular preventer, which is an

expandable packer that functions like a giant sphincter muscle around a tubular. Some
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Cameron. [0012] Thus, the BOP stack typically has a pipe ram preventer and
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di anet er in.the BOP cavity. P ram preventers can be
Vi owed Nyt e g itis Thakdlia he 158s of Gabbie i eeplo pHBe sAVLRNAEEA ChFIF he
annul ysneprerent. t W ehtdrivatedd fls PaekEI Ao ughnsralilibul B ihad i Arhesyent er s
may al so be contained in the BOP stack, theSe rans can seal the cavity 20
when ®avityrederting maggriad &em flwmgsrmqw theranmuiissioraed batweanthe ar

e ¢ e R ERY oY oA orbRE MG TRBIASE AR BIP MR Bisd ency o
si uattyioslly fagram \M‘@mrﬁerskl%usédﬁhsmanles@fslpemﬂeﬁ dilaenwié, thd terod "rahessur e
into t¥|e bor ehol e?{q occurs, or if a ntial blowut situations arises,

| ows PP&VENiem®igy e@dmm@ﬂ erO@d@%@efgﬁt%an@wlcﬂamuq?parﬂmwaanncﬁb i nsi de
of th%e&i&%ﬁtﬁét clértﬁg) ol fclempely Rk VKR LB s L&%&ﬁbuﬁ&@’oﬁ%ﬁ%?eofa ‘?utB{HaF he riser

to the A d| Ignal’l'y, 1’n" energenc plpe ram
and amwithima E;IDE\sd:aamers&cm shetar b@mabtblmd rtmrrﬂsmbhmd sheaomjne,rmpgmameal ar ound
t he tubul Ir reve t flow throu ge annul us between the tub gr .and the
BOP cd '?Se VaE& CR'BE kFMPnEd @&S CH@MiAS PTEMBRETS BT8R

N?Ghaﬁi\@@hlLSbR@sS @@NWL%MFﬁt{)‘FR‘aﬁ?tH)}drPPr@&lﬁ@Cﬁﬂfb‘glLor em?rgency

situations, e. i cks or potential blowouts used unl ess
speci fGQrd/eotIOealva HWIR@&ESW@NM@M&%& hedtt¥bBRilshear rant

woul d 4 i ar s ans, shear seal rans, shear
s sy RE R RO ST BT lers SRABEE RIS B Rlerigits Flear i ng &
t ubul yreverltbnaLE By GheaFor.ams function Iike gi ant gate valves that are
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use. These conponents could include, for exanple, an annular type

pr evers@¥ity. Ripe ram preventers can be viewed as two giant hands that clamp against the
tubular and seal-off the annulus between the tubular and the BOP cavity wall. Blind ram
preventers may also be contained in the BOP stack, these rams can seal the cavity

20 when no tubulars are present.

[0013] Pipe ram preventers and annular preventers typically can only seal the
annulus between a tubular in the BOP and the BOP cavity; they cannot seal-off the
tubular. Thus, in emergency situations, e.g., when a "kick" (a sudden influx of gas, fluid,
or pressure into the borehole) occurs, or if a potential blowout situations arises, flows

25 from high downhole pressures can come back up through the inside of the tubular, the
annulus between the tubular and riser, and up the riser to the drilling rig. Additionally, in
emergency situations, the pipe ram and annular preventers may not be able to form a
strong enough seal around the tubular to prevent flow through the annulus between the
tubular and the BOP cavity. Thus, BOP stacks include a mechanical shear ram

30 assembly. Mechanical shear rams are typically the last line of defense for emergency

situations, e.g., kicks or potential blowouts. (As used herein, unless specified otherwise,



10rotating head, a single rampreventer with one set of ranms (blind or

pi pe), a double ram preventer having two sets of rans, a triple ramtype

pr event erwbavizigeishr ee sets of ranms, and a spool w th siPd&/usae12e26526

connections for choke and kill lines. Exanples of existing configurations

of these conponents could be: a BOP stack having a bore of 7 1/16" and from

bottomto top a single ram a spool, a single ram a si ngle ram and an 15
an@g ha ted wor ki n essur a BOP
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and, a BOP stack having a bore of 18 3/4" and from bottom to top, a single ram, a single
ram, a single ram, a single ram, an annular preventer and an annular preventer and
20 having a rated working pressure of 15,000 psi.
[0015] BOPs need to contain the pressures that could be present in a well,
which pressures could be as great as 15,000 psi or greater. Additionally, there is a
need for shear rams that are capable of quickly and reliably cutting through any tubular,
including drilling collars, pipe joints, and bottom hole assemblies that might be present
25 in the BOP when an emergency situation arises or other situation where it is desirable
to cut tubulars in the BOP and seal the well. With the increasing strength, thickness
and ductility of tubulars, and in particular tubulars of deep, very-deep and ultra-deep
water drilling, there has been an ever increasing need for stronger, more powerful, and
better shear rams. This long standing need for such shear rams, as well as, other
30 information about the physics and engineering principles underlying existing mechanical

shear rams, is set forth in: West Engineering Services, Inc., "Mini Shear Study for U.S.



two annul ar preventers, two shear ranms, and six pipe ranms have been
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offshore drillling rig, a floati ng@sroductl on storage and of fl oadi ng

(" FPsManagsarsent Semiges” {Reauisitign s 334@2%300hndepiembsadi0nd ), (@mc8ernngesssel |

such SoAERodRsIhe., SRR BigkBEL PERerBe FiBhs KAGUMEEREFES 20 Vent fon
ang cospbed iMgus820@] Ri sers, which would include marine risers, subsea

risers, and drilling risers, are essentially |large tubulars that connect an
of f shor e dif916lhg Inan atfempkfo Breep thasenaaing an%wﬁaqsleglyw%tam geeds.i ser

S COTISEL AL BeLhine b DRUR SIS cRFbaRld 10,2 P SO HRRAT | 0or

Ri sers can essent a ver arge Pnner
cavi t ywolamowugdr prbvertets)éwbd sbkear EHIﬂS rmtdeslxmhpm rwesledve Oednlsiuggesmell | are

25sent__ do omthe offshore drill t bor Ie th eaf | oor
e e OB Tah eigh reamL et ShS dhil SBhotieeEEInGr 18k Thack un t o
t hg ofefvahmﬁﬁgg.h il id AigfF BOREOTsRAlS SUARLARNTObIokR, Ho T8t peal cord

connecting t ore rig to the | bore Throug potentlal many
t hous axtdiy drfllirfgergs. oMangitad ithe pRIBIIBY Rifskors ragmdtvaoyhave thezdeck wm:eaﬁﬂiing

f h be th
rave SAPBHRE DAL FsPato e S0 TanIE 4 e Meb TG I8 and can
have waliplichictkBOPSstherdn about 5/ 8" to 7/8" or greater. Risers come WO

2012/ 116284PCT/ US2012/ 026526 in sections that can range in length from
about 49 fd0017lo apsusedhereiatthe dermn trgsirc @ltmbergwermllts OResH PRGSO

appl i i - ar e fromthe
el S g an o8 Bty de sy il o Bat E0itTectt 8 AAMSE Al ok At E R by

t he risyrfand df eveygycbftveatthendedingcear offSHdP0 40 lifgeri rifoainggrobuctiger section
have riser couplings that enable the |arge central tube of the riser

sect | GH¥ape A8 BAARY dd RBger yrseel. RE & Boating gassloRAMPNMGHI0eRED d be
gi ven *F‘ésbr e tBOSSH G B2Bh NG thQ%'eHﬂ&?r f‘é?'EH Pé@)&gg\% %Etnﬁf?é&" I ng

t hat se mscﬁanl cdl “nmeans, such as, Iﬁm’nges,
| ubri catchds ardigs), pk@dnmtlohhmalots/erpsenslcenwlretbisbancemrahesvewftioatami:d:nmpletibnown
' 80t he art [861&]at e{?isers, which would include marine risers, subsea risers, and drilling
risers, are essentially large tubulars that connect an offshore drilling rig, vessel or
platform to a borehole. Typically a riser is connected to the rig above the water level
and to a BOP on the seafloor. Risers can be viewed as essentially a very large pipe,
that has an inner cavity through which the tools and materials needed to drill a well are
25 sentdown from the offshore drilling rig to the borehole in the seafloor and waste
material and tools are brought out of the borehole and back up to the offshore drilling
rig. Thus, the riser functions like an umbilical cord connecting the offshore rig to the
wellbore through potentially many thousands of feet of water.
[0019] Risers can vary in size, type and configuration. All risers have a large
30 central or center tube that can have an outer diameters ranging from about 13 3/8" to

about 24" and can have wall thickness from about 5/8" to 7/8" or greater. Risers come



10 devel oped by the art. Thus, by way of exanple riser couplings would

i ncl ude flange-style couplings, which use flanges and bolts; dog-style
coupl i ngswowhixthe2sse dogs in a box that are driven intoPEmg@o@Enm®pds2ey an
actuating screw, and key-style couplings, which use a key nechani smt hat
rotates into | ocking engagenent. An exanple of a flange-style coupling
woul d be the VétcoC?ay HVF. An exanple of a dog-style coupling 15 woul d be
the Vetco(x a - 10 An e e coupli moul be th

Vet cod SHoURSHeEERT tR BAEno edtn et ¥ Ted 6 staut b Tfen A el or
associpt£dedp T\Afbtérhé’pél%bﬂén§%?bra®ou¥ #BectlbR§E TRUBED VR Atisachaend Fohhe
outside of the large central tube, run down the Iength of the tube or riser

sect i dhe rigrie anBOP emie seaflloor tmese seetionshare convepmsstogether &y the rig andser

secti Typlcally, t hese pi pes would include a choke I|ine,
Kill ﬁgﬁ§@%3§ é%%ggﬂ e hydraulic line and potentially other types of

l'ipes or cqpb2e) Thee ehdkef ekich Iruseb@@atoeurhawhsmrdfo@ghmgs iHanesabrthbave
i nner dianeters from about 3" (hydraulic lines e_as smal |l as about

2 5") largegeatial Bibs ofdhe wisee sasiprisdrId QWW‘?@%@K&#@TmT&WO@fmlf@erto about
i scoRpng TG Be Yveitts ARRE pe g ipadindBhalRclJBEETAAGYS hibes of
some a@buplieg thatiuseahecenica .ngeang]sucle-asf flardesa bbltsatlipsgbowgn, Iubecateday be
little or no ti roperl di sconng@hat he r ser #n ot hﬁ |tuations,

such £0%e %m#%éﬂatraES@.nﬂﬁ POREANS REALAFRY BTG % to pul
the !idRSeiopbitianange THIS it way oT"éi?ér‘ﬂ le HléHrCHdTPFuh%snY\/oﬁlcﬂHEF&'d@qf%n gehus

forcing a decision to 30pot ént 1 al ecessari e riser. “Thus, and
parti (S¢M|QIbep|fll‘IgS oheregh) useﬂgmg@pndtbdlts wogey Q@ﬂﬂ%@@ﬂﬁhbﬁ%@};&ﬁ% ultra

d h d d b d h
i mioxhakae ERdhRetiodin gt o FAPUATED skl e Rl kel b oG InsBce o
bot h. wm.ghué’@\éa(ey-méerﬁarﬁemmhﬁpmt@né@nﬁt@ 1b8KAgleRgbgemient.t AR &x@ffilé of a

é
br eakt hr oughs of "co-i nventor . Mark Zedi ker ang 5t hose working with him
at Forflangastyj¢ coupting woutd b@tfmmveigoGrﬁy\lvﬂ\AFbAn exaraplernita @I%Styﬂ%n@uwlm on

of, - hi r r r t i | oss of
pftl)éver glv\r/babﬁa)gﬁég%al né\%(?%?/ @Eeﬂytebfa‘g'a ro%a%q?e??twg {bc% SSI @ﬁ% tﬁéhl gh
pover easeGragMdRegH Sd in particul ar energy levels greater than about 5
kW are set forth, in part, in the novel and innovative teachings contained

in US pat edP0ZHpi i EaEh Gﬁemﬁﬂtioé‘aﬁ|$%ﬁ§s £5519) Hbas 88ePERARdWIDINGI 886 and
e G e TR
G eat dowst thedesdth(dfithe duioyrigdr, se2fid0) and havelttssit ownrcesnettiarizetbat afe ee US
20 associated with riser section connections. Typically, these pipes would include a choke
line, kill line, booster line, hydraulic line and potentially other types of lines or cables.
The choke, kill, booster and hydraulic lines can have inner diameters from about 3"
(hydraulic lines may be as small as about 2.5") to about 6.5" or more and wall
thicknesses from about 1/2" to about 1" or more.
25 [0022] Situations arise where it may be necessary to disconnect the riser from
the offshore drilling rig, vessel or platform. In some of these situations, e.g., drive-off of
a floating rig, there may be little or no time, to properly disconnect the riser. In others
situations, such as weather related situations, there may be insufficient time to pull the
riser string once sufficient weather information is obtained; thus forcing a decision to

30 potentially unnecessarily pull the riser. Thus, and particularly for deep, very deep and



patent applications, to the extent that they refer or relate to the

transm ssion of high power |aser energy, and |lasers, fibers and cable

st ruct ur egof20r2/1d628énpl i shi ng such 15t ransm ssi ons, are PATASP@RAREAS her ei n
by reference. It is to be noted that this incorporation by reference herein
does not provide any right to practice or use the inventions of these
applications or any patents that may issue therefrom and does not grant, or

i i i, h der. 00241 Th il i d ..
Som 1 T8 oSy W S BT LS SRS Bt B Bt o) b8 willtpinimal U
pat emd_a;’r‘vgééjé Gi8EbIMe & rigdr fﬁbh'ﬁf’@?rcﬁ‘fshéf@ér"ruiﬁ@ 5igl, aBOPRbr bt .and 13/ 034, 037,

each fi on February 24, 2011, the entire disclosures of each of which
are i ncor por at edligeReiwerdasee BeaancenveyamgaRY [ 0025] I n of fshore drilling

Feer g v AQO2TE° o Ao EeteEaR trBBl e Qi Fo el Brobe¥s AR5 RRP ARG e
drbl | ithgsd woeking with THim axrmerﬁnér?y,elnb.i,q;ﬁttlet@ﬁm, Ry bdllRvegshatstheves this

need by prquding the articles of manufacture, devices and processes taught
her ei AfANSOUSHPTROLIG PR IngeRRR oY Syeharedt didancasewithousubstasniiglioss of

G 1 efor RS GebtainBle, DA BloaifBaRe ! K e Rim SRy TbRERer o,
wi t h @neogslamdenipariicdanénargy |@fels redtedhanfabeat Srk\Wi &re detdenth ringart, il owout

revent er ckage having: a riser section a first end and. a second
D 50105 DoRara e DR ieasnEas Conts et Unrpadel annlicalion AURIGToE: - ot

c [i t upl i ot | ; r abl
2 12 ORIL4108 FRPANA) 6P o IMPaR FERIML S, bBAdInG USPBlorTaliCaRRer 20 Y
be opeeabl yurabsnt2/BHOPD AR titred eptidas Bibes €xnfignrationstfoeTtamsetiedien oihasei n,
when the | aser-riser-bl owout ,Arevent ka i epl oyed,and er abl
e o B OR D er BT DR (R IEN 51, DD Hie ol oRuRL S R AR PR
the | gaesntrappibaticH o tHe extenbthaf8Rly REBraamte e eet-ghdmsdiont diahigh ser

section at a predeterm ned |ocation'on the riser section, thereby releasing
t he ofrostasiaseranergyndgnd lgseisofiberscans ealastipckienfarraccpomignisgisuchf urt her,

tRET € tfhsRIQULAS 4rB iNGR Bbratsd Rbreih BYIHerBA&Y PR 1Sl BERERY that this

incorporation by reference herein does not provide any right to practice or use the
inventions of these applications or any patents that may issue therefrom and does not
grant, or give rise to, any licenses thereunder.
[0024] The utilization and application of high power lasers to BOPs and risers
20 is set forth in US patent application serial numbers 13/034,175, 13/034,183 and
13/034,037, each filed on February 24, 2011, the entire disclosures of each of which are
incorporated herein by reference.
SUMMARY
[0025] In offshore drilling operations it has long been desirable to have the
25 ability disconnect the riser giving the offshore drilling rig the ability to move away from
the drilling location. The present invention, among other things, solves this need by

providing the articles of manufacture, devices and processes taught herein.

[0026] Thus, there is provided herein a laser-riser blowout preventer package
for operably releasably associating an offshore drilling rig, a vessel or a platform on a
30 surface of a body of water with a borehole in a seafloor of the body of water, the laser-

riser blowout preventer package having: a riser sectionhaving a first end and a second

9



10wherein the first coupling is selected fromthe group consisting of: a
dog-style riser coupling, a flange-style riser coupling a key-style riser
coupl i ng,wol2o/laesnect or, a bowen connector, and a thre&d&dScanmeaeer .
wherein the second coupling is selected fromthe group consisting of: a
dog-style riser coupling, a flange-style riser coupling, a key-style riser
coupling, clip connector, a bowen connector, and a threaded connecter.

wherein 15 the secand ¢ ling i,s a bl owo revent er ,gonnector, or wherein
the. bIeDoRheRrR ER AR oot drst Bolnid 40K Ind SEGaRbEMBRE Reant, *fhere ©s
provi @@tpfnd;asRisef hvRilIDbERBly KSRRNEE Withahkager subfiiandt heblodeet nmodul e
has a | aser cutter for emtting a | aser beam defining a beam path in which

t he béagvgEenhcorfigiire@ta be opevalry assecigiedswitic theplisergectipe eadrine herehpier

20rmoduy| I t 1Lt . f1nj th,
wnor eierRE whentigIaeIsEr plbtaf Hrbiae PreRRls BBl E oL O%BRRETT Phe
| a5er axedtibendate offstasrerdritiiig ey withrth€ otdholg iretHeaseflodeahe deddrmodule beam
path in which the beampath is directed toward the first coupling, and/or

wher eiUPonHEINgsRE BserbaaMecameonpleigkcut the iserrsectient einrgdateraied beam
def i ”!I%t%ﬁ%ﬁ&%{?ﬁbﬁti%'tﬁ@réﬁ&ﬁg%&%ﬁﬁgﬁ@bﬂ%oﬁé gﬁﬁigggirgtﬁd}ﬂrtﬂe“o gasecond

coupl i ng. urt’her, provi de -ri1ser bl owout
pr evemreverjjackage in which the |laser nodule is adjacent the first coupling,

the |l aser nodule is adjacent the second coupling, or the |aser nodul e has

at | east t\oo2Eser Safriies, thed 3Qrbiceaveraset-fiseeblowont privédterapdorage-ri ser
bl owout preventer package 30having at |east 10 riser sections, the package

hdQ atwhesaistthedirst cupling is selrstediirrm bR WERHP FRRsIging efagrdagestyfesisersect i ons,

or th - .S t .
2012/ PRSP RB5Y  SRE st R A RS P on Rl st omngeory abavep, o,
bl ommnﬁeetme,rafrw a harekdge c?nnéﬁéf.n?nereiw ﬁrm&rewadtdogplinW?écted Hmnr itts@er
section has a first_neans r .coupling ang a second neans for coupling; a
reans OFOHD BPGYPURGT 4 oabTousAH AUPLD. B 12005 SALR {156 COTRING; 3 4RV SAUP on:
and a r%b%@b‘%lfngf, %Hﬁ’Ebﬁﬁectéi,%‘)@@\l/é(ﬁkoﬁHéc\EAtEErandté‘?r{]réadiéd Ebﬁr;{ééiéﬂ wherein

| aser-riser wout preventer package, erein the nmeans for providing a

| 48er thesecord eolplingris @loeouf preveniartdongeator agrewhéreimihieaviowguhptesentgrat h,
wher ei n thet bea}ﬁrrséé)at 1 is directed toward the second neans for coupling;

wher eifTNPRECHEARECTRYYC provi ding a 1 aser beamis a laser cutter for enmitting

a [0028] Additionally, there is provided a laser-riser blowout preventer package,
wherein the laser module has a laser cutter for emitting a laser beam defining a beam
path in which the beam path is directed toward the first coupling, wherein the laser

20 module has a laser cutter for emitting a laser beam defining a beam path, wherein the
beam path is directed toward the second coupling, wherein the laser module has a laser
cutter for emitting a laser beam defining a beam path in which the beam path is directed
toward the first coupling, and/or wherein the laser module has a laser cutter for emitting
a laser beam defining a beam path in which the beam path is directed toward the

25 second coupling.

[0029]  Still further, there is provided a laser-riser blowout preventer package
in which the laser module is adjacent the first coupling, the laser module is adjacent the
second coupling, or the laser module has at least two laser cutters.

[0030] Moreover, there is provided a laser-riser blowout preventer package

30 having at least 10 riser sections, the package has at least 30 riser sections, the package

has at least 60 riser sections, or the package has at least 100 riser sections.

10



| aser beam having a beam path, wherein the beampath is directed toward the
first 10 nmeans for coupling; or wherein the neans for providing a | aser
beam nay WO 28121a6288 cutter for emtting a | aser beam haecCmgSaribwagseeat h,
wherein the beampath is directed toward a nmeans for connecting.

[ 0033] Additionally, there is provided a | aser-riser blowout preventer
package wherein the neans for providing a | aser beamis a | aser cutter for

emtting a r beam 15hayi ng a beam path,. entheb th is
cirect oo tSUBF « nERRerSihG Sy gRAR BRb st WREL: rfeBtdidhRee,

provi Ghdgdifg! a¥REr BE@MN, WhkréiARE riskF s&dtidnHaLaitdtirhdar®s Iore8lLphepERGAVI N a
beam pat h, V\/nerel n the beampath is directed toward the second neans for

connesecapd M#ANSeTon Cotelings &rveans Qi msovidinga ses SeaThigaeHt CospnPeR_Ntf| aser

o or Pt lee S Endnd & ARpLPERTRIRE P07 Comnetti ng; or wherein the means

fop providi[0g32] | aget fupriem tharedisl @eeitied 4 laser-fiser BOowWbUL p@venterpaickdgam
havi ng a beam path, wherein the beampath is directed toward the second

nmeans wwe@dhﬁée@arg farprevidinges Iasfehbe@mu i ajpee eldterdor evdtingradaser Beamuse
with g4 '\Vﬁ{g é‘Be?fﬁsﬁéth hherdif e bggﬁﬁﬁzﬁn *@lee&eg%?\%fbsih%gséb%%'rﬂeér?éjfciror

associ at | marine riser an i nner area
wher elzpupling;esis¢rem hgpoeans forgfrotidmgnantasee beaenews arlay;ebwtdmrfbaemdng\nat hi n

the inner area; the housi ng having. a first er utter and cond | aser
Lot olSaEter T baViga  CERE T aae A pathis SHRStE] STRTCaBRTST | he

heysi Beesidrdy Q%u%’fgﬂor%\ﬂﬂaréﬁ %éé\%eforg\"é%&hﬁ fl%%@r Béé{r'ng?ag beasRiser

di scharge end beam pat h extendin romthe | aser harge end to
t he i ouger mreeamlttfngtmtasleobearfgha\mg advaam patie wiwreinrie deanh patimisatinegtedt
housi n@‘y of] t he | fnner 30§r ea 1 ncluding an annul ar portionof the housing
and wh@VEi%a (RANIOM fRMSAINS has a WD 2012/ 116284PCT/ US2012/ 026526 cent er

tube, an e>[0@331al Ri@gionang tierel i proi@ed bilBsbr-rdts DIdes & prel &P pALkRTe

housing is configured to acconmpdate the center tube, the external pipes
and t véefeinghergeans for proGdBg| et bearl is Iasﬁrerptéteriorper@mma |aSQbeQﬂm

T2 7 2B s PeRG AR bR She, Balylin AR WS MetisfmbebS i, "Tube:

a | aseouplitd; eﬂher’éﬁﬂthe&nééﬁ@fdmirbwamg%ﬂtbs@ﬂ beaimneenabbeclitesreor Gmﬁttlﬁg aand the
riser section. [0035]Further, there is provided an offshore drilling rig

syst enasaieam hgwaa A bsanaag dwhweﬂm@er%aramtqu@lmzec# KarsdneiseEPn®| ovout
preve’i’ﬁé’éqs%?‘ééﬂ Hgf CKRG erh'i‘ér/ér{?fo ?réx}lélﬁp L129BF bEARAL I RHdEsH [ds¥r Of
Wher plUra 0

ri ser sections, e sectrons
cutter for emitting a laser beam having a beam path, wherein the beam path is directed

20 toward the first means for connecting; or wherein the means for providing a laser beam
is a laser cutter for emitting a laser beam having a beam path, wherein the beam path is
directed toward the second means for connectiStill further, there is provided a laser
module for use with a marine riser, the laser module having: a housing configured for
association with a marine riser, the housing defining an inner area, whereby at least a

25 portion of the marine riser may be contained within the inner area; the housing having a
first laser cutter and a second laser cutter;the first and second laser cutters, being
positioned within the housing and the first and second laser cutters each having a laser
discharge end; and a beam path extending from the laser discharge end to the inner
area of the housing. Moreover, the housing can be an annular housing with the inner

30 area including an annular portionof the housing and wherein the marine riser has a
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10are configured for being |lowered fromand operably connected to the
offshore drilling rig to a depth at or near a seafloor; a bl owout preventer
conf i gur edof20r2/t1ei8ng operably connected to the riser an®#Craseried2dsg6t he
riser fromthe offshore drilling rig to the seafloor; and, the riser having
a |l aser nodule; the |aser nodule including a |laser cutter for emtting a

| aser beam defining a beam path, wherein the beampath is directed from

o RS B B 5k BB L e LA ER B 1

rig chhf@ur*é@ﬁ@@c@rﬂrﬁbéét@ tREBENRP tubd NRe leRBFhalMEEs Bnd RS chiplindy a | aser
beam can cut at |east a portion of the one of the pl urality of riser

sections at{0834r edddditionalid thereds ipoeyided argstigk ";ﬁ{eﬁﬂ&jﬂw segtion haviggi ek

et hodser gt Mg B2 sl end Buhbd b tin e p SeRHhrEBIEI p RS L
riser o%aphmg)and'fahﬁarﬁ@rtﬂmbd b edardiuttgr; draiverbazgn pat ext@uam@rtﬁetwebarthérom an
of fshore drillin to the seafl oor using a riser including a plurality

of ri é@erwét@raﬁg th@vﬁé‘ﬂeﬁ*??“@ﬁe bl owout preventer includes a bl owout

prevent er C[aU%ﬁe]%'l %ﬂtﬂgrdtr%fet@?r&h@éﬁ)%(())?I‘%ﬁﬁr%n(g@ﬁm%f'g y%fe?r? ndltli;tgrllggﬁs a

ri ser cavity the ri one I'ser
secti @ﬁt‘shbm/dmlgngirlgarejr anpdck ele nsattﬂdwohlepreuenﬂe,r p\abteaa@ rht packager

nodul e includes a | aser cutter for emtting a | aser bea at defjnes a

beam PEH'%a/Ad 'S EPEIRAISHGA Hh»ﬁﬁ%'tkié{fﬁ's%s%l‘r‘tlog@t whereig the Hg}r?'ﬁé‘é’ﬁ SEEHNSY

t@war %réceﬁ 8Mbr sé.n 8RR POMIdIR BheraBly ¢ Etéqht%ethe%%hb@a%ﬁ@ ri ng
| owout Ppreventer a borehole detfining a ore ol e cavity, he

bor ehctd)@ aepih ay or neer alseaﬂmmr praowatiepreyenter gogliguradifbrebeing epecably t y ar e in

fluid and d. .ad h hol &, by |
t ubul &PENETER pARe BrpCAR bvarer it iner et B PR Bk BRERR LR 08 1y W
2012/ kEa884M aht U0k ffintPa tdter Phauueit then 8y theduleand Ldingntflak Bf euttdre

borehol e; whereby, a drilling operation is enhanced by having an ability in
an ené@rg%m&vn@ Bt'@%ﬂf‘ kean gefining aabe@mmatlbeaherfenrbthet b@am@@ém isn@igeated from

ST nah gl Shithl BRI RS SanR oy AR sbrPrRuWhRkuh e P EBReSER e
di scongideplogsed 5@.6 dﬁwalﬂﬁlf&bometm’%lthé Oﬂ@dregjrﬂlrnylﬂlg hﬂh@b@’@hb% in[ta@37] Sti I |

further, there is provided a nethod of erform%& drilling, workover,
i nt er FEATIPY the [3sgr B1qdsHe HPOR Figg @daaet beamnicas ahleaghadorijen Pftlfi‘§2 Qng ng a

| aser d??ﬁé'gﬁﬁré\ft 8%@‘%@%6‘640%%&56%@8 te?r%ﬁ’? IBcgﬁ@? tH?Fe\*,E\)g%rbﬂm

positionin ser WEEen sur ace o ter and a seafloor
t he r iqaeck rieted sedofribe affsherr drilbivg tig fibef tmesdiobyout peevhblrterser wherein the

er is i i d commruni subsea wel | an of fshore rig,
sel or EPQ# rm fsg}%h%c{ ﬁ%rllﬁﬁg éHQ?earTW8ﬁ$ Y Wsing @ elrlr%%i? €wherein the
' aser ﬁ@gébﬁaoc\ﬂﬂﬁ%'r%? s8cliGif &he Phéth6H nﬁ&udlﬁg‘ folWet@ge bRt BRBntdIdrom
defines a beam path and wherein the beam pafh is d| rected fromthe | aser
cutt erant@ﬁmwe dn&logmgwi@rthe@feaﬂh@r w3ing@; rigendnclpe@ng e plurajityot liseéndessions, t he
wel | t\)/yheell*gl\ﬁatﬂglbrI]&NSlStréjr(éQ/lejrrmteé incl ré)eusga b}or\]/veourt'psree\;en(ier ca\y ity defined by the
blowout preventer, the riser includes a riser cavity defined by the riser; one of the
25 plurality of the riser sections having a laser module associated therewith, wherein the
laser module includes a laser cutter for emitting a laser beam that defines a beam path
and wherein the beam path is directed from the laser cutter toward a component of the
one of the plurality of riser sections; securing the blowout preventer to a borehole
defining a borehole cavity, whereby the borehole cavity, the blowout preventer cavity
30 and the riser cavity are in fluid and mechanical communication; and, advancing the

borehole by lowering tubulars from the offshore drilling rig down through the riser cavity,
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15t hereby providing the capability to fire a | aser beamfromthe | aser
nodul e to conpletely cut the riser in the beam path, thereby weakening the
ri ser anawprowidsasg a controll ed di sconnecti on of the riPSEUS2QQBRISES
DESCRI PTI ON OF THE DRAW NGS [0038]FIG 1 is a perspective view of an
enbodi mrent of a laser-riser BOP package of the present invention.
[0O039]FIG 2A is a partial cutaway view of an enbodi nent of a | aser nodul e

S s A AT VAR 4R TR B o o
of thenhaneed BY Havthgead abilifeih éﬁéﬁﬂe@d@w fsitolafon 2d\ird 8 P4r ieem #6n Hhean

enl arged view of section C'of FIG 2A. [0042]FIG 3A is a partial cutaway
vi ew d@ses neddado sappietatyneutdiie gomposen ofnﬂaemr@ @‘rthernllg"ehtys;écrtsebﬁgctmn& he

w0 20 e kSRt sty BERAG i SR alg Rl BreonRR R EBBhntetin. i on

vi Bw fotﬁéleﬁﬁmerdrmm@ﬂ@fr@ﬁdtwel lserenhslect i ons of FIG 3A [0044] FIG 4Ais a
partial cut avvai] Vi ew enbodi ment of a | as ule and riser
sections ofl003d pr S,E!'éﬂ{rth%v@ﬁﬁ erﬁ'dﬁé QJWW %p@mrrmlag é’f Illhngswprlmer

intervention, completion or service activities on a subsea well by using a laser module
associated with a riser section, the method including: positioning a riser between the
surface of a body of water and a seafloor, the riser including a riser cavity defined by the

10 riser, wherein the riser is in fluid communication with a subsea well and an offshore rig,
vessel or platform; associating a laser module with the riser, wherein the laser module
comprises a laser cutter for emitting a laser beam that defines a beam path and wherein
the beam path is directed from the laser cutter toward a component of the riser; and,
performing activities on the well by advancing structures through the riser cavity;

15  thereby providing the capability to fire a laser beam from the laser module to completely
cut the riser in the beam path, thereby weakening the riser and providing a controlled

disconnection of the riser.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0038] FIG. 1 is a perspective view of an embodiment of a laser-riser BOP
package of the present invention.
[0039] FIG. 2A is a partial cutaway view of an embodiment of a laser module
and riser sections of the present invention to be used with the laser-riser BOP package
25 of FIG. 1.
[0040] FIG. 2B is a transverse cross-section view of the laser module and
riser sections of FIG. 2A.
[0041] FIG. 2C is an enlarged view of section C of FIG. 2A.
[0042] FIG. 3A s a partial cutaway view of a second embodiment of a laser
30 module and riser sections of the present invention to be used with the laser-riser BOP

package of FIG. 1.
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5package of FIG 1. [0045]FIG 4B is a transverse cross-section view of the
| aser nodul e and riser sections of FIG 4A [0046]FIG 5A is a partial

cut away Wewonfl1iesiourt h enbodi ment of a | aser nod RCE/Usnel 2/0265e6
sections of the present invention to be used with the |aser-riser BOP
10package of FIG 1. [0047]FIG 5B is a transverse cross-section view of
the | aser nodul e and riser sections of FIG 5A [0048]FIG 6A is a partial

t ' it mbodi t _of I : dul d ri
cections of0RY or Bl g BANFuR oo o Eamiew ares [ases e ARicp
15packpaeseétidnstef FIG. BA049] FIG 6B is a transverse cross-section view of

the | aser nodul e and riser sections of FIG 6A. [O0050]FIG 7A is a
perspect i vd0Q4dw ahl@rifois apattiab cutewayseewraf gethird arabegiment oha [ggassent

201 oS Fy &2 iR SEetts ot B ArBEFl A S Rlen TP PG H Mhe b aber PO
sest i ackhgébGFIGA. [0052] FIGS. 8A, 8B & 80 are transverse cross-sectional

view of a sixth enbodi ment of a | aser nodul e of the present invention
showi ng t hdO®dRIul eF K3. {Fhissa Fapsveree copes-seGlion iewrd the lagenrmaduleand

Iaser-r(sie%%%t%qg &ag@q?\_of FIG 1. 25[0053]FIG 9 is a cross-sectional view
of a seven enbodi ment "of a | aser

[0046] FIG. 5A is a partial cutaway view of a fourth embodiment of a laser
module and riser sections of the present invention to be used with the laser-riser BOP
10 package of FIG. 1.
[0047] FIG. 5B is a transverse cross-section view of the laser module and
riser sections of FIG. 5A.
[0048] FIG. 6A is a partial cutaway view of a fifth embodiment of a laser
module and riser sections of the present invention to be used with the laser-riser BOP
15 package of FIG. 1.
[0049] FIG. 6B is a transverse cross-section view of the laser module and
riser sections of FIG. 6A.
[0050] FIG. 7A is a perspective view an embodiment of a laser riser section of
the present invention to be used with the laser-riser BOP package of FIG. 1.
20 [0051] FIG. 7B is a transverse cross-section view of the laser riser section of
FIG. 7A.
[0052] FIGS. 8A, 8B & 8C are transverse cross-sectional view of a sixth
embodiment of a laser module of the present invention showing the module at phases
of its operation to be used with the laser-riser BOP package of FIG. 1.
25 [0053] FIG. 9is a cross-sectional view of a seventh embodiment of a laser
module of the present invention positioned on a riser section to be used with the laser-
riser BOP package of FIG. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 [0054] In general, the present inventions relate to laser assemblies such as

laser modules for risers having high power laser beam cutters, laser riser sections, and
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nodul e of the present invention positioned on a riser section to be used
with the | aser-riser BOP package of FIG 1. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENVE 280)106284] | n general , the present inventions PEraiSeimRm2dsacer
assenbl i es such as |aser nodules for risers having high power |aser beam
cutters, laser riser sections, and WO 2012/ 116284PCT/ US2012/ 026526

| aser-riser BOP packages utiIizing such nodul es and secti ons. Thus by way

f t f B K h dul
s ccheISeLEGP SRotaeTn B S0 FopheS aboeten: rwer B Pesov ded &
dynaniesahiole PAPEIHEARTEHa HstH s e BOFIORGAN NI dst! hoblR@Iis 101, a
derrick 102 above the drill floor, 5and mpon pool 3 (as seen by the

cut aweghematinellyf shpwe inshwi hglnt thés embedinagntdherens pdevided erdymantodliybel ow t he

devi c895TEne REIREN SREI o0 hanbRph el o B TR ARG A BREHT TR 1BBE g
i’i; 1.532 r _drhldtsrgr@m p@@t 1@310(% seentttyethélc@t@i\@a Thtﬁectrgulré Sﬁb‘:nlgtgsﬂﬂgm@??r t@f the drill

errbodﬁh%ﬂOObngOthherdrtljleer 391 anrdsqtgeredrdhng ranﬁgirltling sup@@gt&qwmfobaa@ form
| .
1 ser Yabesloed R gperition T Sré! koW EREROG IS i 45 WA afe hBP !

fi gur shoin |detlpe cﬁgalda afide dalhskiptinolgdds ial Itaserhhwr]li&l()Pvpietdkage bdnethmugléta t hat
ext end | ow t he se | oor 123. [0055]]n FIG he r-rijser package
s CoMISTIRE SNyl FMRAATiRa3aY Bier IRGOT o Ao B eP R eSS 1 ho

BYR p f f trﬁ&gh | head,
aglj)segﬁé ;d(;f;?ﬂ@gg%% %Ffﬁ’%ﬁé%?ﬁg IIr’?(gwabcet Lﬂ%%ﬁ?ﬁ“?ﬁ% reg]ghl{O%I %lségrélr nodul es,

| aser rtset BER phalsage Wk eitbeilaseraisgr B3 packags 1%&8@\0\@@ irofhis figuner ssent

and. adEPIEOA® SReTERTRnye DT A PPERGR 12k BRten PP P,

wor koy;@[aﬂo@,emg cing, testing, 20intervention and conpleting activities.
They al so have applications to surface BOPs, e.g., where BOP is positioned
above the 409%%kce brFiGhé Ut)@t'éiSerarrtQErt ROR D@@i’ag@ﬂﬁ@ﬁdﬁgtﬂrﬁdrﬁ@m@t a0t he

o o Bty B BOP FagdgR Wbl S8R bosiftifecttror i e sfdftor Beldiun ' £6' or
| at er atiecreonsd Wolincae, astseea%rﬂébfa@ﬂtﬂtben baﬁ@drrnm@actaﬁﬁésaath@@eew has a

riser 105 and a BOP stack 120. The u per portion, i.e. the portion of the
riser W@@@Hﬁ%})éﬁe&%tﬂﬁﬁa%ﬂr@%%‘ QS?H(% I%ﬁﬁrf@@éaésemhﬁe%t@ﬁ Areseniof

i ser i ftviohS 1EOBOREIE R HNHGY § bbe B AsdQ0ribkr BERSLANEIcRs AR ARk ©
? Y ;

attach ensl o rrng pper section o e rieser may have
Thus, they have appllcatlons in relatlon to drilling, workover, serwcmg, testing,

20 intervention and completing activities. They also have applications to surface BOPs,
e.g., where BOP is positioned above the surface of the water and the riser extends from
the BOP to the seafloor, where a BOP is not employed, were drilling is done in the riser,
where the riser is a production riser, and other configurations known to or later
developed by the art.

25 [0056] The laser-riser BOP package 104 has a riser 105 and a BOP stack
120. The upper portion, i.e., the portion of the riser when deployed that is closest to the
surface of the water 125, of riser 105, is connected to the drillship 100 by tensioners
126 that are attached to tension ring 127. The upper section of the riser 105 may have
a diverter 128 and other components (not shown in this figure) that are commonly

30 utilized and employed with risers and are well known to those of skill in the art of

offshore drilling.
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a diverter 128 and ot her conponents (not shown in this figure) that are
comonly 30utilized and enployed with risers and are well known to those of
skill in wbeoeytiezst of fshore drilling. WD 2012/ 116284 PCPCUSB012/00:56626
[ 0057] The riser 105 extends fromthe nmoon pool 103 of drill ship 100 and is
connected to BOP stack 120. The riser 105 is nmade up of riser sections,
e.g. , 107, 109, 111, 113, that are connected together, by riser couplings,

e.g., 106, 11 112 4. . and | owered throu h on. 103 of the
i i1 shi p 148871 Tinle PRRL 107 SuiehdG Rl S incos) 3 Popet B S 280 ahds o

st ri NngonhBEelAWBOPtAdKOTR0.1 TRe risEN 0P W fage W oft ieriskssdnd, k3., Woen109,

depl oyed is closest to the seafloor, of the riser 105 is connected to the

BOP stlddk 1130thiy avagorfeciek iagedlesr, BYPISE0AARIINGS, 16, 10t 08, 480, BGR 114,
to as nenple e R e Bopiae! G f MMl slp 0o TS B LS R F o

acsonmanstabe refevietaotas ofisémstridgl Mhedbiver polioh0f. &.0 theppsitioh@Tshé Fisér ime not
directly above the | aser assisted BOP stack 120; and thus accommobdate the

ri ser WD depipyrd isrtlesesido Hgrseafliq. abipedisear Oargrenng@ed 4y eeBORseacKi ser

ris ! A 70884 frCOk e
105 pagtapual o Cer BOP ol T s R 415 B T acer
nmodul @s_ﬂ;éﬁiatr{mh\;vqlm'rﬂek Ijqint:?t&mahieh indy, ?Ilsy bcdaerieilgereed tm?$1b?bxmwmeclim er bal5t
ner ) e_10r 0 . l.aser eam al on eam pa rrser co nents,
ston b oT S feguat’ 1is i ienoedde mepam o e ephes oL the dRleES B
CopPOTRA BobRoRSHMIrE Bt Hrsly Ao RERILEK Jed QR ERP LIQR 1 RETNIZ0. AS

set forth'in the various exenplary e I ments s specification, |aser
modul escosumdbdads theasieer Hmladbmingidto treevBObhetatkhd@p atantanglet wo | aser cutters

or may hav er | aser cut . _The | cutters can 20rotate, nove, be
otat onary 095800 e dshsSPh R packiins TERnS Auofh aubRly BTALE co ot any
poi nt kediatdd\with tisefiserl 108hé&ea BBARe R (NbPshden Deeblis®bf thehabaulet woul d

be desirable to have a quick disconnect |ike feature in the riser. Thus, it

coul d 1¥8)etbedasaranodueat 40car quisldyices materialobydetivgring higeipewer iesarensi on

<t PP ngh e Maha BAEr BlFoq sk Yty 30PaPLiafhigPReRbonRolPhs Pl Ry be an

i nt egodltspadds, dhe iser s@itral egiveé, @r.otlher $tRRtures WPl dontporents Ry eigblé ttise civer
separate riser section, or it may be an assenbly that is added on to the
ri ser @Peduighsremeeed Fept theBO alZ0. hdsrset dome ét B (B SIREMPIAYs, one,

BB SR R SRR sl T hodybos®l pElBher
30 asdasdrlduéter, tawo lapgrecutteosipomeyt haesseveryl 1446 cutters.h Treylaker cettersroed t o as
05 | OUEle B! 0% L8R RS A8 hARR 12 1r21BEe  ATORE Thaf RS 118
at any point along the riser, from the moon pool to the seafloor, where it would be
desirable to have a quick disconnect like feature in the riser. Thus, it could be
envisioned that laser modules are located just below the tension ring 127, just above
the flex joint 116 and at points along the riser string 105, and combinations of the
25 foregoing. The laser module may be an integral part of a riser section, a riser coupling,
it may be its own separate riser section, or it may be an assembly that is added on to
the riser after the riser sections have been connected together. Thus, one, two, three or
several laser modules may be utilized in a laser-riser BOP package.
[0059] The BOP stack may be characterized as having two component
30 assemblies: an upper component assembly 117, which may be referred to as the lower

marine riser package (LMRP), and a lower component assembly 118, which may be
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WO 2012/ 116284PCT/ US2012/ 026526 referred to as the | ower BOP stack or the
BOP proper. In this enbodi nent, the upper conponent assenbly 117 has a
frame 119wORat2/hieesses an annul ar preventer 130. The | oweCTASRPIQ/02G6526
assenbly 118 has a franme 121 that houses an annul ar preventer 131, a first
ram preventer 132, a second ram preventer 133, and a third ram preventer
134. 5 Although not shown the BOP stack could also contain a shear | aser

dul ck 120 h
o ' detpragoas Be 088 B Slack 2THAE BEF i 15 s gMipeiiRn 198 g oy oy
Wi th %hﬁi&'eﬁt égéem[)@/%’pi] HAE a it 56 1h'9$hétﬁ1du%b§rdFﬁénrﬁﬁé(H piéveRRlr 1300Whd N

FIl G that is in fluid and nechani cal conmuni cation with an internal
cavi t )lOWﬁro@OFQh@Wﬂtl assemily 118 ihastenisamer 2loehbrusemhar anaslagepe\@néer, 13 he

ahi g 2ot Tory Pl B RG Ma  e  PE Rrse PR, 135, 2o LA AT cb st 3, ‘i
st ack Althaugh nbl%howalth@mre@ta&hmlﬁDBLsoaGthxe steer [hddrtoguiantSitMndai ng
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utili i@%ﬁnshegub@‘e@%smbéx PoROthwhi enBRFestRAk AR e st hweliheathsprnesiel 13hg art
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be about 183/4" in dianeter and h cavit ically,
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about rghole, Thr OE Xt kfines "1 124 B b BOR aeg by BEKE DRG W o1 e
type &%dﬁ@%ﬁbﬂu@é@té edntréll HRY Sorfirttiba RodHé eAndlbER QUGN Viess about
133/ 8" to about " Risers may be, for exanple, 25conventional pipe

r i ser sitilizedi suhsesi qreraiicur)ice srpkepve to mféoﬁsmr@tdjrﬂlm arsttaglare Mot enar y

(18T Sy, b PR DR LB B SR v DKo B

devel qoledestfibenesarfaée onald \matean%b & @@bodomrﬁetcﬁést ﬂoStﬁEa%eaOHddre!Q@mt Thigpes
and conf| gurations of rijsers, havi ng smal | er and Iarger d| anet er

cavi t iCa¥ity, afﬁaemmp@r éﬁwdt%égo%nw 2nfn Qlﬁ%‘%t%ﬁ@d opspcsayityavall.
2057 TPLJ0B) 29y 17868185 Al AHEBtaRes 28 chBland AT SR Lo e
ri ser BOPBEPused. The term "21" riser" can be considered as generic and covers risers

20 wherein the large central tube has an outer diameter in the general range of 21" and
would include for example a riser having a 21 1/4" outer diameter. Wall thickness for
the central tube of 21" risers can range from about 5/8" to 7/8" or greater. Risers and
BOPs, however, can vary in size, type and configuration. Risers can have outer
diameters ranging from about 13 3/8" to about 24." Risers may be, for example,

25 conventional pipe risers, flexible pipe risers, composite tube structures, steel cantenary
risers ("SCR"), top tensioned risers, hybrid risers, and other types of risers known to
those skilled in the offshore drilling arts or later developed. The use of smaller and
larger diameter risers, different types and configurations of risers, BOPs having smaller
and larger diameter cavities, and different types and configurations of BOPs, are

30 contemplated; and, the teachings and inventions of this specification are not limited to,

or by, the size, type or configuration of a particular riser or BOP.
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WO 2012/ 116284PCT/ US2012/ 026526 [ 0062] Duri ng depl oynment the BOP stack 120
Is attached to the riser 105, lowered to the seafl oor 123 and secured to a
wel | head ween12ihe2ssel | head 136 is positioned and fixed POTASCEHIODE2€ Not
shown), which has been cenented into a borehole 124. Fromthis point
forward, generally, all the drilling activity in the borehol e takes 5pl ace
through the riser and the BOP. Such drilling activity would include, for

le, | t f odrill ' hav,i d t t d f
CharC 1 6210 BBk dRRIS T BRI 51l e udihed 1O e e sy o O
cavi t Yowérdd® tREReat g6k 2P n@BEcirRbotweMERNP3@ FRE wellhgad 1@66180'“ | |

string would run fromthe drill ship 100 on the surface of the water 125 to
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the drhé hbt@ﬂngg b, igthe 8aGINEY btwEen tHeSorePBR WA ah8ehé bERIr dilfleRIPRf BRckage
are deployed to the seafloor. In general, it being recogni zed that

diffe IHtstrlrzgs\r@nn@umgrw W@Mﬂi@@ﬂ%&u%b@mwB@Pn@@NIWeNmbam@UmOU@E a
uilfer a8 by AR b08g, Bl SobipdiBs BB Pobie R ReEe e e Bierty “are

al so mﬁ@hétaamdwey\nsér clfa%tp%mtl the dutier diaimter dfabé elrill & (?cm\mrthmtlnrsgaamucn of
the riser that attaches to the BOP is noved into the derrick and | owered by

the h@NStGUNgHPE diferied ganesalyehy  dellthousiighnohsheWnH&r iRRYra®&En to t he

situations a diverter 128, to the drill ship 100 for handling or processing. Thus, the
drilling mud is pumped from the drill ship 100 through a drill string in the riser to the

20 bottom of the borehole and returned to the drill ship, in part, by the laser-riser BOP
package 104.

[0063] The sections of the riser are typically stored vertically on the offshore
drilling rig. Once the drilling rig has reached a drilling location the riser and BOP
package are deployed to the seafloor. In general, it being recognized that different,

25 varied and more detailed procedures may be followed, as a first step in deploying the
BOP, the BOP stack is prepared and positioned under the drill floor and under the rotary
table. A spider and gimbal are also positioned with respect to the rotary table. The
lower most section of the riser that attaches to the BOP is moved into the derrick and
lowered by the hoisting apparatus in the derrick through the spider and down to the

30 BOP below the drill floor where it is connected to the BOP. The riser and BOP are then

lowered to a point where the upper coupling of the riser section is at a height above the
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30BOP below the drill floor where it is connected to the BOP. The riser and
BOP are then lowered to a point where the upper coupling of the riser
section iwoantaibsught above the WO 2012/ 116284PCT/ US20Per0BeE262¢06 | |

floor were it can be readily connected to the next section of riser. The
spider holds the riser in this position. Once the connection has been made,
the two sections and the BCP are then | owered, and thi s process I S repeated
unt i | @“fffICI ent sectlons een ad e bI e

the BEPMIQOF YELR LLRG q)eerq &8”8?10@%93%%884 'Pﬂé) Egﬁﬁrl ﬁdptﬁ erhplgs
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riser either below the drill floor, if they are too larger to fit through
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Fncor sPated ns e8I SlRPH e o KT o) be e Sl S ohbe 1 cer
as510 wikeall dtlhiee sbsfidorsecti ons used to | ower the BOP to the seafl oor.
[ 0065] Laser-ri ser BOP packages, may utilize a sing ower |aser, and
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hi gh power | asers for ex |l e may be fiber |asers or j conductor | asers

havi nGEEBRUET BISORRATARS IR BirISRD PECURat IS S IONGRB ecRAdEY RIS NaiS8TaS ¢ h

nayel %@td’fsth@rr@%%é& sl BcRbnE B0 BThé Beafsmt er), or 1083 nmranges.
| es of erre | asers, and 1n particular solid-state |asers, such as

f| ber s | ase{ﬁ@65]ar eLagar-riser BOP ranBaw enay aiifzel & aingtenhigblpavestiasars and

2010/ 004f41 and r%020%{\({)/ 02&1? I n B end ng U patent agrpL cation serial
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drillilagersifr eRBOYE, tsh@oﬁ#mbt@qeugﬁfpd\m g@ﬂaﬂsrtateaaebr@pép)&atdan connected to

| aser nodul es on the riser by way of a hig Bower di stance | aser
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as they are lowered to the seafloor. The |laser, or |lasers, may al so be
cont aiSheiflasgr b@?‘m§§’§'§bW§t’@'@”ﬁIhSrPrefq{éb|l¥@ appatr%te onp ﬂ%\/@aagmeé%n) @abl es
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laser, or lasers, may be located on the offshore drilling rig, above the surface of the
water, and optically connected to laser modules on the riser by way of a high power
long distance laser transmission cable, preferred examples of which are set forth in US
patent application publications 2010/0044106 and 2010/0215326 and in pending US
25 patent application serial number 12/840,978. The laser transmission cable may be
contained on a spool and unwound and attached to the riser sections as they are
lowered to the seafloor. The laser, or lasers, may also be contained in, or associated
with, the BOP frame, and have optical cables running from the BOP frame up the riser
to the laser module located on the riser. Thus, potentially eliminating the need for a
30 long distance of high power optical cable to transmit the laser beam from the surface of

the water down to the seafloor. In view of the extreme conditions in which the laser
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WO 2012/ 116284PCT/ US2012/ 026526 nodul es are required to operate and the
need for high reliability in their operation, one such configuration of a

| aser-ri swo 2BOA1msekage is to have at | east one hi gh powremr/usasiei2dseeat ed on
the offshore drilling rig and connected to the | aser nodul e by a high power
transm ssion cable and to have at | east one laser in, or associated wth,
the BOP frane 5 on the seafl oor and connected to the Iaser nodul e by a high

t 006 Fl B, 5A- d 6A-B
Pher e odER i S utBtarperaiboic Benedst fof Sl relaalites ek odPiaton” Rien =
ri ser giaMicoafiguratisA dfa IﬁQé#pﬂlééF%OPLb‘d%kége o MvecauBhsithe Rightovet 1aser
flanged coupling is shown for illustrative purposes, the teachi ngs and

scope logatgd ondbe ofishpre drilirg riglandtggseectsid toi tseraseraneddetiychbighi prwerdi ng

bol  o. Pl fiESo 5o Hd Ral G Uy B RREDL B aPiaiEeail dBS BB ERER i e
ang otdmethemmswén@bbméme@tto kiolget mdduke By b High bawer traagelisyetcatyet he
art. Thus, Q&ﬁway of _exa ri ser couplings would include flange-style

coupl i ngs, [0P6&h ukeFiGR § SMdBodiB; 98y 286 \FA:B thRTecArad®Wbgs in a box
t hat %rx%nﬂflér&eé"mb(% @an‘?égﬁflt%%g{%&a}ﬁlér‘aés%%@%’@%t %ﬁ%%w@é I5RY ﬁty' €,

whi ch use "a rotates 1n enga exanpl e
gf a fdoaptmg aauljcheascmblll\lclimgowhﬂgj Althdugh ¥dbngsat agu;bilM@ |s,%trno|amafmFI e (sz a I

0g- St oupl i n e the VetcoG a 1 exa e o ey-style
coupt ISTaF BuBLseRe hoieagends a8 anes! et would eiisr gY) Wekh o I8t e abl v
b*?od' ‘Bfheetids, ifttudh§ v OU%W??% bfr‘%% rupgﬁlﬂﬁét'd% W@Eﬁ&wu&é‘l\jﬂéﬁﬁé‘e&}ch%

forces 20were ¢ritica ere was t hi nnest ere | rrportant
st r uctflanges f lealtsy chiss, \oemeraiadiricateds dogsak@&arhinrpadh,, conrsedmbadatploaandf t hese

00671 n the "A" h th
cor | eisnehao! hedeimerumanh B Eart O oo de o bu e AT TR SR FRuL
The " & e&asy@ms@k &@uﬂmg% WoGldtin@uey flshg¥Lstyié bobblﬂwg%eWHuﬂﬂuéélﬁﬁﬁ'gé’d ang

lines AAA 0 "B" figures renmoved fromthe 25view In the " figures,

t her e bo¥sstegwstyse, tW@ﬂhMées‘i@%ri@@sb@@@ﬁt gre dfivamieta Pagegeraaat b)&é@r nmodul e

[ Oboe e g i) AT KE) SRUEURA s B, BRRHah b ropRidiR octivg,
sect | @mgagshment.t Ahex2pfpié it flaagesstyleanuplidd Wwould be hies VatcdGray!HIMET Aemd
Ri ser section_center tube 203 has a fl|ange 202 attached at it upper end.

(At h(ﬂ%@ﬁ‘%?féﬁ&&'ﬁtvlﬁ qayrling wau @ be doe VeteoGray YR e ARAxamrleofdect i on
oL el 0oL 1 LRRRS UIRPAE, S BolPREronpe 1
preferably be dlrected to the area or areas in the coupling where the connecting forces
20  were critical, where the material was thinnest, where important structural features were
available to a beam path, or combinations of these areas ands.

[0067] In the "A" figures there is shown the riser flanges in solid lines and the
related tubes and the laser module in phantom lines. The "A" figures also have a cut
away view with the section taken along lines A-A of the "B" figures removed from the

25 view. Inthe "B" figures, there is shown a transverse cross-section of the flange and
laser module taken along the transverse connection between the two flanges.

[0068] Thus, turning to FIGS. 2A, 2B, & 2C there is provided a riser section
center tube 200 that has a flange 201 attached at its lower end. Riser section center
tube 203 has a flange 202 attached at it upper end. (Although not shown in this figure,

30 it is recognized that riser section center tube 200 would have a flange attached to its

upper end and that riser section center tube 203 would have a flange attached to its
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WO 2012/ 116284PCT/ US2012/ 026526 | ower end.) Flange 201 is attached to upper
flange 202 by bolts and nuts 204, 205, 206, 207, 208, 209. Also associated
wi t h the woger2/gexsti ons 200, 203 and ext endi ng t hrough wPhe/usk@ngees2201, 202
are a choke line 210, a booster line 211, a kill line 212, a hydraulic line
213 and bl anks (e.g., open unfilled holes in the flange) 214, 215. Flange 5
201 has an outer surface 216, a mating surface 235 and a shoul der surface

236. Fl an out face 2 ti urf 2

shoul RFECERG2 10350 20 et e o iet Wong® A 0ol BngRGsdle 215 °
connegiggd 203 Up A2 3R sb as8pEiaBRAWAE dhd AbeBdEdtidhS 2@@7299%@%&@?(%&36 i's
engaged agai nst surface 238. Laser cutters 220, 22 2, 223, 224, 225

have fthiexgbitee dapges 20t ad02greashokefine 249, amstezésloe 223181@& b@s@éﬂ:&&'el y.
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of the bolts, see, g{ laser cutter 219 and bolt 208, and have beam pat hs
di r ectFaRam203 NAS BAYLE! syrieeso? TlirahMaging SuHpes 233 mng @Eht)H'@ﬁéSWéfa?ﬁ 898ded a
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sér section center tube an € upper
end. (afairsdbggifac@l33 amdrsurface?36 rfsle;t;lglagedletgannst sacfag@238d Liasat cufitersr

That PRS2t entiof 28 RS SNl HRPHLGRD I8 PRANGR A4 2HD0 200, P16

I r t SRR nut s
q)gfle §g§t9e&t3|(\)/§|yagg$e I%%%gbét%%% a@%%ﬁﬂg%@asschae’{%dég\ﬁ%eatﬁgﬁe ri sgb gg\g}' i ons

300, mraﬁdhedasem&egstam oogﬂamdmbwfthuar’tgnslngmg o0@sar magluhdk@ In thes 310, a
booster_|li

e 312.. a ra i ne, 31 bl anks (e. ,
ooon! EmbddiBent fieBset cytins e RaStoRed Saidtént fre AbfSerindRbg, SBE% 65 9
sur f aggser kfitteR 2MBtanabSHIZ (R G I3 ehshrit p%hwhnﬂ@ét toWafRgR fois. Fl ange 303
has an outer surface 317 a nating surface 337 and a shoul der surface 338.

V\hen the 7100068k 2Buming tnGlIGHS3 M%ngeapmmdezd)arwwwctlcsuwrﬁeet@% is

a8cr DOTHE| B8 5B 01 Bl cieh R 51REL a0 K BNEH (BRY A5 MR RERR Mg

a f | exXliabye mmfzardhedaj@htajp(wterﬁhqwnhougﬂﬂaot sisewn ruthiefigurar & i pddogmided
associated wth at |east one hig JagEower | aser. The | aser cutters are
cont ai ﬂ@d'%rtsﬁpwmﬁﬁ'%ﬁeﬁ&@lgo%wqu baveradignge atigched te He siPeRbHBDE ﬁ@ﬁtthatt he

30l as c ; t e.g.,
Do ek EARioffy OB ARSI ATk BRI Ol B M PR, e
t he exXd0drisalttaphee o upper, flange 302 by &olts ahteuts 304 2306, lﬁﬂﬁsB@V 808308 1. The
| aser cutters have aths |re rd, the bolt rnal pes.
| 3370156 erept Edmds e e Seatoropno; HEpd eafencing fudioh B8 Ftbesiie
tube 40 4Baf chd® Ithd éﬁ@%bé@éeﬁﬁﬁ@%‘?da /Al I!nb531'2)‘éer'iyo?9l9’hc Res813 §ﬁ€t i 0”
center tube 403 has a 5flange 402 attached at 1t upper end. (Al though not
shown bilankshiesg.f Oem enfiliad hales gt thynilange) 314, 315. Flange 301 has an outer

surface 316, a mating surface 335 and a shoulder surface 336. Flange 303 has an

outer surface 317 a mating surface 337 and a shoulder surface 338. When the flanges

25 301 and 302 are engaged and connected, surface 335 is engaged against surface 337

and surface 336 is engaged against surface 338. Laser cutters 320, 321, 322, 323,

324, 325, 326, 327, 328, 329 each having a flexible support cable (not shown). The

laser cutters are optically associated with at least one high power laser. The laser

cutters are contained within housing 319 of laser module 318. In this embodiment, the

30 laser cutters are positioned adjacent the heads of the bolts, see, e.g., laser cutter 334
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that riser section center tube 400 would have a flange attached to its
upper end and that riser section center tube 403 would have a fl ange
attached wo 20t2¢11baswer end.) Flange 401 is attached to upp@Uskéiange2602 by
bolts and nuts 404, 405, 406, 407, 408, 409. Al so associated with the riser
sections 400, 403 and extending through the flanges 401, 10402 are a choke
line 410, a booster line 411, a kill line 412, a hydraulic line 413 and

bl ank . g, fill h in the fl 414, 4 Fl 401 h
n- ou a0 el 0B B dfiatenrife StETnt dotS e B bstntunciorza tnd Bigsiess "
Fl anggind 33 1hapheémsekEgtters HaA @I ah pathd@iFdd Sowwaidf e 3 arrnéktarra pifeder
surface 438. Wen the flanges 401 and 402 are engaged and connect ed,
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housi ng 419 of | aser nodule 418. In this enbodinment, the |aser cutters are
posi t itdrldipes geatiencenties tukmhRR wosld Bave Adlange atleghgd do itp upper endhgn@iale t he

t i 4 o
Chi s CRBLaPER, Cefer fibk A BB A S hoa BRacetr o A fouR AR B abR "
beam pl@rlhts attt]l?ahedti ] appercf]!angermzz;gy 02167 ehdorgms;aga,mw,sﬁ)t& ngagﬂs,?p(\)ggth
engagenent of mating surfaces , urning to
Chor S AT s SRaien with st seciians 430403 20 Exmoa Brosa e HarissdChy

i ; } i i i 502

g A 4 o 4 D R Uar 12 Kfaec 12, PRt &1 7ahyance
r ecogihilards (ekgt opern enfillaecholes it e #anga)Bd 45805 whlanpend@thas Bhanger at t ached

toits er,.end and that ri secti,on center t 3 wo have a fl ange
i t ac e3R8 41Bof riind Snde £%aRd BBy S Rulachdit: FRpgRH0B R 502 by
bol t s cutét SiHaePH. a PRiting>ShfaceUB7 H8Ba shRIdefstiffaas 4881 at/Ren thd Rahdes ri ser
sections 500, 503 and extending through the fl anges 501, 30502 are a choke

line 300,and #ddereengagrd and coanested, surfacesA3n isengaged againstisvefase 334nd

bl ank e (o) . fill I fl , F 01 has
o180t fiesbB s Hidaorl Aol SulBot 438" LARPERuRG T 20l Rt h A REE Y o o B as
and a raiviig addexibly S rbddble thatngwa() 3Thasasen cattbey arsusgtraly adsocatedt i ng
surface 537 and a shoul der surface 538. Wen the flanges 501 and 502 are

engagé’tﬁi”‘a@ﬁdeéﬁrﬁf&bigb,poé’!ﬁrﬂﬁ%%r- 388 laserystreareerntagedwiktinfeusing Aot
o i b BN RSB R ok ko AT ileofiile 27
opt i caohyeetswoof thedado flanges, i.e., ring where the outer surfaces 417, 416 and mating
20 surfaces 435, 437 converge. Thus, in this embodiment the laser cutters are directed
into the flange, and have beam paths that intersect, or follow, the annular disc created
by the engagement of mating surfaces 435, 437
[0071] Turning to FIGS. 5A & 5B there is provided a riser section center tube
500 that has a flange 501 attached at its lower end. Riser section center tube 503 has a
25 flange 502 attached at it upper end. (Although not shown in this figure, it is recognized
that riser section center tube 500 would have a flange attached to its upper end and that
riser section center tube 503 would have a flange attached to its lower end.) Flange
501 is attached to upper flange 502 by bolts and nuts 504, 505, 506, 507, 508, 509
Also associated with the riser sections 500, 503 and extending through the flanges 501,
30 502 are a choke line 510, a booster line 511, a kill line 512, a hydraulic line 513 and

blanks (e.g., open unfilled holes in the flange) 514, 515. Flange 501 has an outer
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with at | east one high power |aser. The |laser cutters are contained within
housi ng 519 of |aser nodule 518. In this enbodinent, the |aser cutters are
posi ti onewoadj2aneass t he shoul ders 536, 538. In this wayPCRAS@EIBR65RES a
beam path that is directed fromthe |aser cutter to the area where the
shoul ders 536, 538 engage each other. Additionally, 10 in this enbodi nent
the beampath is directed through the thinnest area of the flange

at or PT80S 5 BB et BB R R A0 o ClasT KBRS G 12PSY SORPts b o
ri ser gfsridpthcedt7es niathg KMhdeBY7 A3¢ adhbLiitgufidée 3BBACGNREN He ﬂéiﬁ%éé)mr

end. Riser section center tube 603 has a 15f| ange 602 attached at upper

end. OV1tanslLigh?2 ata ergrgrd and cansesteguswiade 53 isrengagedAaghingtauriace 37
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603 anvithexlleasti one hishqyrerdagers | Higylasesoutters @ soptained wiHbhQusig 819, a

b t i KiL Lok | i . . . 0.,
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ﬁ ur f achobitérs 536}51538195111711“ way tm&send%aa asb&aﬂ; (ﬂ)eutramatﬁsadieecgaﬁ frolAh ?nege ggg
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638. Laser cutters 620, 621, 622 each having a flexible support cable (not

shown)conmaetidnss anddows preseatethegasentutierasdibichatieastwinouridtof ineatetialoe hi gh
power |aser. The laser cutters are contained wi thin housing 619 of |aser
nodul €°8'P8¥® 1 n this enbodi ment, the laser cutters are posi tioned adj acent

the nuts offo07# boTuminGREFIGS BA & 68 Hiereus bRividedaaRdr ButticHcdratbf tUp8, and
have beam pat hs 30direct toward the nuts. WD 2012/116284PCT/ US2012/ 026526

[ 007316R0rbathayafllenge 604sattached At disdawenend.nRispraectipn wepies tuve 603 heB@nges.

The h in Lt ' i ' WeTo eqr. i &k

{1 3ngddnGaeRibchBd o e daofFT Hoby i REWM tadendrd laciohb el anges
are caonmetgetdeciidve cbotes tutt: 600 waxichavé Bviahge attaghdd jieits upbehehdangenat al
tube, either above or below the flange. 5 When the housing extends inwardly

it mayiSBESeelfn eriHentuts Gk youlsk kaveraflapge eHachrdia alovesanfee F1ange | aser
tt i . i hi

cuLt STogA1d SNSRIt oty LB prauRobhe O s By SBos ang e

i n a rdsmessddiatedwityihdessdraectone 6601803 bed katarslirantthrowd s theaftangels! 6GHs

passage for the exter i pes. The housing. e in asplit ring type of
CaT | FORATEHORNET B0 DBaRIen b2k 61ty e KUie-a1 e Sk ks il oh
sect i i@l @.¢ COPES LIRAIdPLIGEE Rt PiHYE) 1, Bh 8NFesndd 661 hhdanfduagges have
been connected together, or around the 'center tube or riser.

surface 616, a mating surface 635 and a shoulder surface 636. Flange 603 has an

outer surface 617 a mating surface 637 and a shoulder surface 638. When the flanges

601 and 602 are engaged and connected, surface 635 is engaged against surface 637

25 and surface 636 is engaged against surface 638. Laser cutters 620, 621, 622 each

having a flexible support cable (not shown). The laser cutters are optically associated

with at least one high power laser. The laser cutters are contained within housing 619

of laser module 618. In this embodiment, the laser cutters are positioned adjacent the

nuts of the bolts, see, e.g., laser cutter 620 and nut on bolt 608, and have beam paths

30 direct toward the nuts.
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[ 0074] Preferably, upon activation the laser cutters wll propagate (al so
comonly referred to as firing or shooting the |aser to create a | aser
beam) thewo208r63secti ve | aser beans al ong their respecPCYash@amegaé hs. The
cutters will then rotate around the riser causing the beam path to cut
additional material. For exanple in the enbodi nent of FIGS 4A-B the | aser
cutters woul d have to rotate about a little nore than 1/3 of a conplete

! Gl of a c
connecti ond00HBh. rTRERRG PagdetdiinBunE Rl iRl 1iBfradibe BBSEs: cuch
case tTheARARELE b@% 6 9iece§I R0 AR pRRRS Bohg Astegl AbNINAlgd hand thes!

greater nunbers of cutters should be used, such as for exan'gl>_
enbodithe housingmiesesawlipeneites f@gethetﬁ@lsﬂhaélgns% aseconngated.. mﬁélocd@lﬂg/ery of

rmt er 1y BRETO, iy HRREN PEARE bord thos L athth B vel MEHME, 1o
exanpl\®hers &e Revsing Teb(&arhi@ ihwald) eimgy bmohflg@fedftba@@@SNét@g euh@rtheambm

separate or sever 25the two riser sections that were held together by those
bol t s Pafiobetyyean %@d@ﬁerr@{ttegr@@ﬂﬁherﬁn@tﬁéalrhodqﬁ eldt, ethea Pl Seagp dlPaVEeIn t he

teachignad i behrRBRAIdH £aHd ARFBY (L) ekt Wb aLuRoRb i loer

coupling p st ng 'es cou S and rotating
key stnyzhrmerdhaﬂ pmgtdesa‘er aertdssete thélbblisendlmm asouplll Bagpasagerfer theet to be
devel oped nd r| r couplin stens, . which th chi ngs 30herein may

G ve. BEhalpbeleT 56 HEE TS BIKER oS/ BogHa® Of BOTLER S oF RAY bRSHG an
e"FBOd'dF‘i"ﬁtSre%‘en% diRSr srécﬁﬁﬁs qi15ERRBEGINSSet ddthecdd o Eﬁ)érsaréurﬁdi fHeverse
cross-sectional view of | aser riser disconnect s ctlon taken along |ine
B- B offlahrg&s attar t%h@e@we&emwmem%mgﬁémn onamad thkeenierdubgett i on
700 has a center tube 703 that has at its ends an upper coupling 701 and a
5 | owélP® Eoupl I ng 702. These coupling nay be any type of riser coupling

known to tf[oe d]gf Pldfbtably) Updn dbtivhliom thelaber nteraQull @ropir]aié ealso

fl ange-sty -style and rotati ng key-style couplers. e riser section
700 h&@ﬁﬁﬁ@@laurafeé@dnoeasawrtgworr%fmot@@ttéeﬂn@ﬁerﬁwé%ate@ leser beametheds, a choke

708 nds ke B RS aane Si0h8nar Pehe b Bl ool AR 8 wll BB B8R, "
confi guo@sd the Aslgraaasigite agn pabﬁtoewt%rdldﬁronfaomdtéﬁaﬂ Pseexdrpieiinghe Thus,

| aser cutters 710, 711 can be adjacent the center tube 703 of the riser
sect i @nbesimenfaf F@%A%@tﬂﬂ%}%sqﬁgygeﬁ woulghave to rotate about a little more than

1/3 of a complete rotation to cut through the entire circumference of the riser joint
connections. Non-rotating laser cutters may be utilized, however, in such a case to

20 assure the quick, clean and controlled severing of the riser greater numbers of cutters
should be used, such as for example the embodiment of FIG. 3A-B where each bolt has
a laser cutter. The delivery of the high power laser energy beam will cut, or otherwise,
remove the material that is in the beam path. Thus, the high power laser energy, for
example, can sever the bolts holding two riser flanges together; and separate or sever

25 the two riser sections that were held together by those bolts.

[0075] Although not shown in the figures, the laser modules and the teachings
of this specification may be utilized with any type of riser coupling presently existing,
including dog styles couplings and rotating key style couplings, as well as, future riser
coupling systems, yet to be developed, and riser coupling systems, which the teachings

30 herein may give rise to.
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support cables 712, 713 that are feed through feed through assenbly 714 and
into conduit 715 for connection to a source of high power |aser energy and
ot her matwoi2a12611638at may be utilized in the operati on oPCRAISR1Q/026¢5g6 of t he
| aser cutters. The flexible 15support cabl es have extra slack or length to
accomodate the rotation of the |aser cutters 710, 711 around the
circunference of the center tube 703. In the enbodi ment of FIGS. 7A & 7B

the cutter | d e about 1/2 of ot on to,sever the center
Lobul ar - 50308067 PRHE HR8 B SBRH embPalhel S BaethseTusioTsti e 1 or
at t ackgefidn.t OFfi NTRlis 298RETERR PbsRsébtifial V|feW oftPEease1Tideh )liddoRfbct N @
section renoved fromthe riser couplings. Thus, in FIG 9 there is shown a
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as-an Illustration erstood at the ot her aser
cut t erasljatient tus eentantlibede &3 obihe riweentwm?OﬂavEe;laser autterﬁd“ra@dfeamblens

Th ' i d f i f FIG
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foll ow, extends between |aser di scharge end 250 and the conponent of the
ri ser tealonppbetuiised duthe eperation ar manitoring ¢ thextasen cuiternsd Tth@ firyible208. The

housi n t adapt ed
tggco%%géeﬂ,% c%@?egggao\)& %ﬁeda\?ﬁ?ﬁ? g&:nga Q&%rﬁm&gg%{h%qﬁ é’tlo%f&fthé‘ %eeser t hat
are t eutter<?i0,b¥1 1t deuhdsee cw&lhkﬂfélehee ogthléeritbr ube 7503 ol eHe @meadidentt hat
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be cl &&ESES §Atc&BrthgsuttgRIWORHK Wﬁﬂ?sﬁodﬁoﬁ%@épuh?/gapf\ﬂ TotatigsT IO RQveESRe f r om

the ri ﬁ[ert[lgl%ﬁ];b& is desirable to have quick disconnect valves or
asserrb I es on e external pipes to facilitate their disconnecting, and
cl osi ng of 11007715 hutrt iy Dfhere ehenovided d Esentiser toleleofor titeclimeet to a hed-
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the material they are carrying if the Taser nodule is activated and severs
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center tube 903 and kill and coke lines, e.g, 904, 906. The riser section 900 has a laser
module 909 that has laser cutters, e.g., 911, 912, and 913. The module and the laser
25 cutters are positioned in a manner that the laser cutters will cut the choke and kill lines,
and preferably all of the lines on the outside of the central tube, as well as, the central
tube. The cutters in this module may rotate, be moved in a fan motion. More or less
cutters may be employed. The module may be fixed to the riser section, attached to
riser section during deployment, or after deployment by an ROV (“Remote Operated
30 Vehicle”), or it may be integral or detachable.
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20[ 0080] The | aser nodul es may contain a shield to provide protection to the
| aser cutters, to a lesser or greater extent, fromthe water, pressure or
ot her subseaoeNbI8ennent al conditions in which the risePCrasd@pioossee. The
shield may be part of the housing or it nmay be a separate conponent. It may
assi st in the managenent of pressure, or contribute to pressure managenent,
for the | aser nodule. The shi eld may 25be nade of a material, such as steel
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nmodul es neggo?d be|t@a@suracb@wr]a\t/@qarcktor@:dwn@&’mwés bhaésdmbﬂ.es)@mrfe at
depths where the BOP is located, thus for exanple at depths of 1,000 ft,
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laser cutters, to a lesser or greater extent, from the water, pressure or other subsea
environmental conditions in which the riser is deployed. The shield may be part of the
housing or it may be a separate component. It may assist in the management of
pressure, or contribute to pressure management, for the laser module. The shield may

25 be made of a material, such as steel or other type of metal or other material, that is both
strong enough to protect the laser cutters and yet be quickly cut by the laser beam
when it is fired. The shield could also be removable from the beam path of the laser
beam. In this configuration upon activation of the laser module the shield would be
moved away from the beam path. In the removable shield configuration, the shield

30 would not have to be easily cut by the laser beam.
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| aser beamfromthe | aser source into the housing and to the |aser cutter,
as well as, 25other cables that relate to the operation or nonitoring of

t he | aserwoOebivmgsas4assenbly and its cutting operation. [POCIBBRHREGHS268A to 80
show cross-sectional views of an enbodi nent of a |aser nodule. These
figures also show the sequences of operation of the |aser nodule 800, in
cutting, for exanple, a riser coupling 812. In this enbodi nent the |aser
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811, and ar the riser coupling 10812. [0084]FIGS. 8A to 80 show the
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requirements for the body's intended use. The housing of the laser module may also be
two or more separate components or parts, e.g., one component for the upper half and
one for the lower half, or one more components for the section of a ring that is

20 connected around the riser. These components could be attached to each other by, for
example, bolted flanges, or other suitable attachment means known to one of skill in the
offshore drilling arts. The laser module or the housing may have a passage, passages,
channels, or other such structures, to convey fiber optic cables for transmission of the
laser beam from the laser source into the housing and to the laser cutter, as well as,

25 other cables that relate to the operation or monitoring of the laser delivery assembly and
its cutting operation.

[0083] FIGS. 8A to 8C show cross-sectional views of an embodiment of a

laser module. These figures also show the sequences of operation of the laser module
800, in cutting, for example, a riser coupling 812. In this embodiment the laser module

30 800 has four laser cutters 826, 827, 828, and 829. Flexible support cables are

associated with each of the laser cutters. Thus, flexible support cable 831 is associated
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[0085]1f the riser coupling 812 is viewed as the face of a clock, the |aser
cutters 826, 827, 828 and 829 could be viewed as being initially positioned
at 12 o' cwocki2/B6184cl ock, 6 o' clock and 3 o' cl ock, resp@CTitsed1/02d3peOn
activation, the laser cutters and 25 their respective |aser beans, begin
to orbit around the center axis 811, and the riser coupling 812. (In this
configuration the |laser cutters would also rotate about their own axi s as
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figures; however, a 30 clockw se rotation may al so be used
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scanned, e.g., noved in fan |ike pattern. In thrs manner the beam path
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opt i c4OWaFt Bierfanten Hs §1t1t?é‘dc,¢ht1§é?tefsﬁ‘f&¥ hecrdsfy qaveling 8t pdithe, beargs arey | aser
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mul ti-Taceted mrror or prim 1S Tro e utl |2e as a scanner.
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coupling 812 and begin cutting, i.e., removing material from, the riser coupling 812.

[0085] If the riser coupling 812 is viewed as the face of a clock, the laser

cutters 826, 827, 828 and 829 could be viewed as being initially positioned at 12 o'clock,
9 o'clock, 6 o'clock and 3 o'clock, respectively. Upon activation, the laser cutters and

25 their respective laser beams, begin to orbit around the center axis 811, and the riser
coupling 812. (In this configuration the laser cutters would also rotate about their own
axis as they orbit, and thus, if they moved through one complete orbit they would also
have moved through one complete rotation.) In the present example the cutters and
beams orbit in a counter clockwise direction, as viewed in the figures; however, a

30 clockwise rotation may also be used.
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25t his specification. Additional scanning patterns for the beam path and

| aser beam many al so be enpl oyed to acconplished or address a specific
cutting awpl2ovatibzsa or tubul ar configuration in a BOP c®¢Ttus201R02638¢ The
orbital or other novenent of the |laser cutters can be acconpl i shed by
mechani cal , hydraulic and el ectro-nechanical systens known to the 30 art.
For exanple, the cutters can be nounted to step notors that are powered by

batteries, .} he BOP, electrical cables fromthe surface,-0r bpth. The
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example, by moving the cutter back and forth about a fixed point, e.g, like the

20 movement of an oscillating fan. It may also be accomplished by having optics
contained within the cutter that scans the beam path, e.g., a laser scanner, and thus the
laser beam in the fan like pattern. For example a multi-faceted mirror or prim that is
rotated may be utilized as a scanner. It should be noted, however, that scanning
processes in general might be less efficient the other cutting approaches provided in

25 this specification. Additional scanning patterns for the beam path and laser beam many
also be employed to accomplished or address a specific cutting application or tubular
configuration in a BOP cavity.

[0088] The orbital or other movement of the laser cutters can be

accomplished by mechanical, hydraulic and electro-mechanical systems known to the

30 art. For example, the cutters can be mounted to step motors that are powered by

batteries, in the BOP, electrical cables from the surface, or both. The step motors may
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25t hrough the wall of the riser; a nunber of slits going conpletely through
the wall of the riser; the material renoved by the configurations disclosed
in this swechfyers4on; cutting the neans used to connecPCIMBS2012826526eCt | ons
t oget her; weakeni ng the neans used to connect two riser sections together,
using any of the forgoing types of material renoval; or, other patterns of
mat eri al renoval and conbi nations of the foregoing. It is preferred 30 t hat
| ete cut i.s made in m nute, and plethat

the CHMNE T forlsioIRR Esdqbiargd SultRRer arhifh 681 Fogs Cal BeedtiigLed
2012/ Jebﬁ%F‘tﬂ@été@m&sot%%’@ﬁ)rhpg&é&%“mo%ﬁ@n@g o BSBHERNRY (OSodHREELIEHGL €T S

in arotating | aser nodule, the slower the rate of orbital notion can be to
conpl steps Cam operates sysiemamambe emMployed tormovadhe cutierisdhEiugh @ Rettingmber

navi ng 2] Wit PR BB el e den By ERERIETRE Prconfi e acer

Sbgamhydrdulicgiietbhs, mom@maﬂorté bhihedbrdoityll tarppeferdtsly tohordd@fdrayadkags er rat es

of orbiting, fewer |aser cutters, shorter time to conplete a cut, or
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o T hovBlgtT Gz ot Eegrel ot el G Fatigameant SUCHER Sa1ER BRoNGATEP exter nal
tagth r{nﬁql? r line or
039 cg:r?tlm ebrﬁﬁ%tb e 0 Wbeﬁa??rf tﬁ@g%?tygéruacﬁl ﬁ%ﬁpg:&g fﬁ @énfg)ltggtﬁe r?%radlﬁ”rfﬂg' i ne,

t hat rayytelmeohdbatB@Pvwrtrhmytbteorbe”mrrrgamrtcdmbimé@ns abthe forgairg. and t he

riser, cou ter pi.pe ext,ernal . nut _or 150t her structure
Lo e’ cu - ThoRs, Sffe Hoe B 1 SoBRip Bl Rt abe Pl afhubraanbl Eesant or
seawatselerisgtie M8érahto tid S&stiofs! 1 &.1 BEultht il (HRORAY thidRgh tB@svallErRse!
m st, foam or hydrocarbons. There can also |ikely be present in these
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material. These riser fluids can interfere wth the ability of the |aser
beam tReRAMINhEPeR G BRMtICFE gopfigiradonand ide riseaRSIR packagessyinknded

s Ul Tl o B ag o BB Col M MBI TAER g Locere (e
25t hesecfions; ®verieg the)mselmerﬁnat tutfd oo tvey séparabe sectinnise aseerirgethe riser
n88 ' rc%rrlr rarq tu e ande atsleast one or more of the the external tubes into separate sections;
the removal of a ring of material around the outer portion of the riser, from about 10% to
about 90% of the wall thickness; a number of perforations created in the wall, but not
extending through the wall of the riser; a number of perforations going completely
through the wall of the riser; a number of slits created in the wall, but not extending
25 through the wall of the riser; a number of slits going completely through the wall of the
riser; the material removed by the configurations disclosed in this specification; cutting
the means used to connect two riser sections together; weakening the means used to
connect two riser sections together, using any of the forgoing types of material removal;
or, other patterns of material removal and combinations of the foregoing. It is preferred
30 that the complete cut is made in less than one minute, and more preferable that the

complete cut be made in 30 seconds or less.
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The non-transm ssiveness and partial -transm ssiveness of these fluids can
result fromseveral phenonena, including without limtation, absorption,
refracti omoantt/g62set eri ng. Further, the non-transm ssi veoeas2@n026526
partial -transm ssiveness can be, and likely will be, dependent upon the
wavel ength of the |aser beam 30[0093]In a 21" riser depending upon the
configuration of the laser cutters and the size of the riser coupling, the

| aser beam d be re to ss throu over 8" WO

20151 11623400901 516 BB BeufRBEgef et At o Totgtblases modpotier
sur f acgwér tAB rb!@:oﬁdrﬁﬂgle}nbﬁo@Héﬁ'bescércbﬂ%et‘éfa EheinaResamd aBurf oRtirhéser
section). In other configurations the |aser cutters nmay be positioned in

cl ose Fusinerdngreaistgethepiusber afyaser quilers decrenges thetime towompleter el n a

The. airst S BthOyEhRing & R bk Rtk s B ercahe B4, < *ona
thg styeaeidwvil drabie qaickeraytting ol aisnadd thudaliove kestér iates bRS®ItiNgan about
2", less than about 1" and | ess than about 1/2 and nmai ntained within the

range§e‘ﬂf3r 18685 Ce IR, BRI (6 (& CPEEIPLE Regh!aPoRRMRBNONSIPreGES ¢ han about
- to | essr;eb??"g abopg '?yne% c%[e% Hd 7 tHére&bgr’[Hafél {i‘ﬂfulsErBﬂé i?mf' gurations

and enbodi wher e aser has a r on ance to
t r avelemtsodimenty efatherpresent iabentions"'may ba' arwamthblegdeulm ﬁ)rdheﬁehwy(nﬁul d be

1 i o Mgt P! BRar ot - F LR of ) CoOLEA A/ RRGBDBS I idT GHIDI ot
depr i %@t%buﬁﬁgch f IFBEH@*‘C&H §@rerﬁdl V&t @Ufﬁﬂﬁ‘ér%&ﬂﬁ&ﬁ@%ﬂoﬁl héfw@(?ét“rsei?eor

ensure, that s not | nte ere wt he transm &sion of
| aser rbazagennenttdidine opfitalcffects dfaisar fluiige e.g.sses waterorivgater exicona tartiye

| osses. t hat fromtransm tting.the r bea t hr.ou hfImds.
To’t i sebud B efset bt prak Bl o Byt &7 Bhe BRI hyRb T o't o

r educ eisef gHHYldESuIR! flLid RShRACLRhdraglic Thaahat f§ &S foestedakithinenébebhi ng

fI uids on the | aser beam [0095]For exarrpl e, nmechani cal devices may be used

o i sclath betwrendlesar oatatancetherrisear asaupliogt ceniet pipge esiernalmipel kol nther ri ser

id S thig area of isolation, by way of exanple, through the
er %Ds\{ﬁgtwj’eqﬁ]e J:ugs;[as or an opti caIIy transm ssive fluid, such as an

0| I or di ege092juel Sudiheisestuias cauld inclddenby Way of@xbtpie avaten, stmvdtéue added
advantage that i1t is essentially inconpressible. Mreover, a nechani cal
snor kSR Wwaer dsinee drilligg npudhanitro@ebAnes 9as) diggelmist, B??VBFW fgirpgarbons.
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bl aced TEae ERD 130 kB8 cibsdt n Hi¥SertilTRy 1085 BEHARIEEURPEETER. el °F )
t hi s mwariceard belngaemovleda‘mm sortcraated by, elde tahwamnﬁmemteofsthelbbeéhoie ot obreert o
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be air, oxygen, or other type of gas that accel érates the |l aser cutting.
The r dluigs cas! Wterfarelwithihenability obktye)asenbededto cutdhe fubulanD Such fluids may

2012/ 116284PCT/ US2012/ 265 rate at ich it d _be con ned y
the bUPRIAoCH: PREAY el aaeHy BB Bar Boft ahd S dnerrierat o
shoul detigde tHee5@ér &¥, tHe IBsBRBEAMA \WHier tHEklaber béemds bhbsddtHroggh e a¢fe
eg prent, personnel, or subsea conponents.
these ﬂUIdS are rowmg such flow may further increase their non-transmissiveness.
The non-transmissiveness and partial-transmissiveness of these fluids can result from
several phenomena, including without limitation, absorption, refraction and scattering.
Further, the non-transmissiveness and partial-transmissiveness can be, and likely will
be, dependent upon the wavelength of the laser beam.
30 [0093] In a 21" riser depending upon the configuration of the laser cutters and

the size of the riser coupling, the laser beam could be required to pass through over 8"
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[ 0097] The use of oxygen, air, or the use of very high power |aser beans,

5e.g. , greater than about 1 kW could create and maintain a plasm bubble
or a gas WOkbi2#116284t he cutting area, which coul d parti alPCy/useorcongEet el y
di splace the drilling fluid in the path of the | aser beam [0098] A

hi gh-pressure laser liquid jet, having a single liquid stream may be used
with the | aser cutter and | aser beam The |liquid used for the jet should be

10t . b tially.t 1.SSi to thel b

It nicd respbdige (o YisieBRS olheRlsh ot s bhobAIF 1220t ia afera e tiinr
Wi th tdaptdratibe BRhFisePBELIEBH)AlN @fhertdnRYBFatioRdshd R efichAEsanbage and probl em
that the fluid jet does not act as a wave-guide. A further disadvantage and
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be5us der i lasrasedm toltraeel betveenanp @msed clitteisdandethehstrucire torsy cganey pet
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has a lesy thapetbouTBI' $o [essehaetboat @' r ounded by a first annular jet. This

first annul [.et can also be surrounded by a second annular jet; and the
Second anndPOOAE o FeiaiTdB v B e ag 2 tbRs AR PER AT WHeH 16 can be
syproynge e . olhe y " HEN to
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annul ffelctf ofSdiichaised fIn@ist A1 @Osflﬁ)sﬂéﬂﬂidlla@héufﬁ, dr&nsaed, iteat ffchtitfdd doindt

maki ng up the core shoul d be greater than the index of refraction of the
f1ui dimekergwilh thegraaamission pethe laser beamiaiythat aeffigient senpewenis uracEs of

30refr i r ! ihd. i i as a
wddeg i E e PR endintal BeulMEnrPATRHNS bt tedf nrdDah'sik
t r ansHiuids. Mo tHie ehdseiechanital, prédsere and jet\/t@a@%a/emagwmtmsaala/ 026526
jet. Further, in this configuration the | aser beam does not aPpr eciably, if
at al Iredyeayainimige &5 sebpiantighyelininate thesetier afdre detling floiteo®) thenleser essur e
and the_speed of the various jets that make up the conmpound fluid jet can
vary dependi ng upon the applications and use environnent.

[0095] For example, mechanical devices may be used to isolate the area

20 where the laser cut is to be performed and the riser fluid removed from this area of
isolation, by way of example, through the insertion of an inert gas, or an optically
transmissive fluid, such as an oil or diesel fuel. The use of a fluid in this configuration
has the added advantage that it is essentially incompressible. Moreover, a mechanical
snorkel like device, or tube, which is filled with an optically transmissive fluid (gas or

25 liquid) may be extended between or otherwise placed in the area between the laser
cutter and the structure to be cut. In this manner the laser beam is transmitted through
the snorkel or tube to the structure.

[0096] A jet of high-pressure gas may be used with the laser cutter and laser
beam. The high-pressure gas jet may be used to clear a path, or partial path for the

30 laser beam. The gas may be inert, or it may be air, oxygen, or other type of gas that

accelerates the laser cutting. The relatively small amount of oxygen needed, and the
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5 Thus, by way of exanple the pressure can range from about 3000 psi, to
about 4000 psi to about 30,000 psi, to preferably about 70,000 psi, to
greater pvexewwEe284The core jet and the annul ar jet(s) may/useomiogsssane
pressure, or different pressures, the core jet may be higher pressure or
the annular jets may be higher pressure. Preferably the core jet is higher
pressure than the annular jet. By way of exarrple in a rrultl-jet

10conf i gur he .core j.et coul d 00 . nuI

(o oo Bls AEwhiRB 4 Ghclsi eSitsiited Py e BOmiES brinedSREE REPUBBIe Bserd be
60, 00neai- o%ﬁ ineerbBiidr shieulcehot M@s&ﬁtéﬁreolﬁléiéru%‘?@k@@lﬂ@ééﬂﬂm h@ second
annul arQJ et and is in contact with the work environment nediu annul ar j et
coul d sbEfase e(qg(pr@gnt PETSEONSpk O SUbse@meoMepserten be the same or different.
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the sane. The speeds of the core jet and the annul ar can be sel ect ed,
such tw&ple Iﬁéh@&uglqge@reao%I%wﬂ%@paftr?@ymncpmm@em @salacgrth%dewneélmch@t is

m ni mtﬁ@ﬂath {}ﬁ §q$ mthe jet can range fromrelatively slowto very
fast and prefer y range fromabout 1 ns (neters/second) to 20 about 50
ms, to abq009&00 Alrsgh-peessuoeitaszdlquiigeahdvipgemnsiagleliridstteam, mayhbeh t he
jets arefl formed .can be the core_jet. fi oII b he annul ar
 hgs USERav i el PTG e Tpporhearr s St e Sronolibeor e | et and
Uhe anplsatisdil @1%roAl 08t s MhhanRal $ thEAaBEABEARE: In i ¥¢ejngftw,%§§

the interaction of core wt e drilling flurd, eannu
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| ot o SOy i g e e idac S R itnbl e Sfla iy Rise it 2%l 48 8 WS 1 And
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for exanple for a high power |aser beam having a wavel ength in the 1080 nm

( nanoneitrapst pravige ttqﬂ@ th@f@cp@ keep thredritiae fitidoaway frem thedasergbeamiangex of
r%ra% gr\a\%qg% aV| n ﬂrnt?ﬁg?t?é)?ggﬁ annul ar jet can be nade froma m xture

of “oi l refraction fromabout 1.33 to about

1.525. Thu5[0099]e CArgdnmpunidoffuid ser jen2Y ba/ukta284d(EEersdldn/ 0he526
configuration would have an NA (nunerical aperture) fromabout 0.95 to
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t herefrom and does not grant, or give rlse to, any licenses thereunder.
[ 00103}Jrr0uedad@ryea seconitl amulaget; anertheeseeoodmnactas jetroanshe agtrourdecdbype cut

1Qbe,det erm ned b tics hin the | aser cutter—or it ma e
ot er AsATDa I Shgheabros Sur ot B BrtiRaePaTluatbls o7 ollarPRRul ous
angl e§et%haﬁctwrﬁoa&bﬁeu FeePIner toredjet ﬁa&e&hetmmrﬂm@ﬁrm& iMtheddnuef the
riser, external pipe, coupling or conbinations thereof may be utilized.

[ Béloéqetvm%n thengser eatteranst th@lﬁt[L@tlg,reJmhq cdd Tihe coredeffansLiingtfirshamyiulame
pr esenét should be made from fluids that have different indices of refraction. In the situation
where the compound jet has only a core and an annular jet surrounding the core the
index of refraction of the fluid making up the core should be greater than the index of
refraction of the fluid making up the annular jet. In this way, the difference in indices of
30 refraction enable the core of the compound fluid jet to function as a waveguide, keeping

the laser beam contained within the core jet and transmitting the laser beam in the core
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15i nventions can be a single cutter, tw cutters, three cutters, and up to
and including 12 or nore cutters. As discussed above, the nunber of cutters
depends wwonopenesal factors and the optiml nunber of eaTiusSee2f0652@Nny
particul ar configuration and end use nmay be determ ned based upon the end
use requirenents and the disclosures and teachings provided in this
specification. The cutters nay further be positioned such that 20their

respect aser peam ath | east . n ec

it iet R B ARG ol Red8et ocar oBhe Mot pPREatiea! Sief b Boer

fl uen%r@[yi gtédt@,gthreaérema,q%ed upon publ i shed data, are set forth in

Tabl e | 0010 Table | type thrcknesspg s | aser power (vvatts? spot size
%

(m crons) II@Q‘HP I | lee pecgsvig eod)the speed ariqus jevd thiehnaelup Geeel
compound fluid jet can vary depending upon the applications and use environment.

5 Thus, by way of example the pressure can range from about 3000 psi, to about 4000 psi
to about 30,000 psi, to preferably about 70,000 psi, to greater pressures. The core jet
and the annular jet(s) may be the same pressure, or different pressures, the core jet
may be higher pressure or the annular jets may be higher pressure. Preferably the core
jet is higher pressure than the annular jet. By way of example, in a multi-jet

10  configuration the core jet could be 70,000 psi, the second annular jet (which is
positioned adjacent the core and the third annular jet) could be 60,000 psi and the third
(outer, which is positioned adjacent the second annular jet and is in contact with the
work environment medium) annular jet could be 50,000 psi. The speed of the jets can
be the same or different. Thus, the speed of the core jet can be greater than the speed

15  of the annular jet, the speed of the annular jet can be greater than the speed of the core
jet and the speeds of multiple annular jets can be different or the same. The speeds of
the core jet and the annular jet can be selected, such that the core jet does contact the
drilling fluid, or such contact is minimized. The speeds of the jet can range from
relatively slow to very fast and preferably range from about 1 ms (meters/second) to

20 about 50 m/s, to about 200 m/s, to about 300 m/s and greater The order in which the
jets are first formed can be the core jet first, followed by the annular rings, the annular
ring jet first followed by the core, or the core jet and the annular ring being formed
simultaneously. To minimize, or eliminate, the interaction of the core with the drilling
fluid, the annular jet is created first followed by the core jet.

25 [00101] In selecting the fluids for forming the jets and in determining the
amount of the difference in the indices of refraction for the fluids the wavelength of the
laser beam and the power of the laser beam are factors that should be considered.
Thus, for example for a high power laser beam having a wavelength in the 1080 nm
(nanometer) range the core jet can be made from an oil having an index of refraction of

30 about 1.53 and the annular jet can be made from a mixture of oil and water having an

index of refraction from about 1.33 to about 1.525. Thus, the core jet for this
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15 5,000 300 7.1 02 1.8 stainless steel 15 5,000 300 7.1 N2 1.6 25[00106]
The fl exible support cables for the laser cutters provide the | aser energy
and ot herwomebeyiledss t hat are needed to performthe cutt iPOT/USRERARISOR.

Al t hough shown as a single cable for each laser cutter, nultiple cables
could be used. Thus, for exanple, in the case of a |laser cutter enploying a
conpound fluid Iaser jet the flexible WO 2012/116284PCT/ US2012/ 026526
support ab

d hi h f b f f
® hoP sbafiBdietiof gt kv HA (AlmerBRT SRR iinAbatt 0,98 abdit d2ee M nes
coul d regpearBiyn eclirtir detaifs) G@b@n;ﬂ@h‘seaﬁd ek BRI ST %h‘@ﬁp&ﬂﬂﬁﬁ@&l@aser

Addi tionally, "for exanple, if a | aser cutter enpl oy yi ng an _oxygen jet is

util i fel8 areisontainecdin Zediker elesl P&ows@lmabtjﬁel?af@pt Apglicatiope5edabNsan oxygen
line. glhesLoh b NikdRAVEg0Ee (HERE D6FAd MetRodd 80U FREY RuBlst FYo0TRY ths kept

5 entire disclosure of which is incorporated herein by reference. It is to be noted that said
incorporation by reference herein does not provide any right to practice or use the
inventions of said application or any patents that may issue therefrom and does not
grant, or give rise to, any licenses thereunder.

[00102] The angle at which the laser beam contacts the structure to be cut may
10 Dbe determined by the optics within the laser cutter or it may be determined by the angle
or positioning of the laser cutter itself. Various angles that are advantageous to or
based upon the configuration of the riser, external pipe, coupling or combinations
thereof may be utilized.
[00103] The number of laser cutters utilized in a configuration of the present
15 inventions can be a single cutter, two cutters, three cutters, and up to and including 12
or more cutters. As discussed above, the number of cutters depends upon several
factors and the optimal number of cutters for any particular configuration and end use
may be determined based upon the end use requirements and the disclosures and
teachings provided in this specification. The cutters may further be positioned such that
20 their respective laser beam paths are parallel, or at least non-intersecting within the
center axis of the riser
[00104] Examples of laser power, fluence and cutting rates, based upon
published data, are set forth in Table I.
[00105] Table |

type thickness | laser power | spot size Laser fluence | gas | cutting rate
(mm) (watts) (microns) (MW/cc?) (m/min)
mild steel 15 5,000 300 7.1 0O, 1.8
stainless steel 15 5,000 300 7.1 N, 1.6
25 [00106] The flexible support cables for the laser cutters provide the laser

energy and other materials that are needed to perform the cutting operation. Although
shown as a single cable for each laser cutter, multiple cables could be used. Thus, for
example, in the case of a laser cutter employing a compound fluid laser jet the flexible

35



separate as nultiple cables. The lines and optical fibers should be covered
in flexible protective coverings or outer sheaths to protect them from
riser fluwop12he2ssubsea environnment, and the novement ®CTIUSR0IRASER6
cutters, while at the sane tinme renmaining flexible enough to accommodat e
the orbital novenent of the |aser cutters. As the 10support cables near the
f eed-t hr ough assenbly there to for flexibility decreases and nore rigid
means to
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riser, handling of the riser or module, deployment of the riser, and from the subsea

15  environmental conditions.

[00107] It is preferable that the feed-through assemblies, the conduits, the
support cables, the laser cutters and other subsea components associated with the
operation of the laser cutters, should be constructed to meet the pressure requirements
for the intended use. The laser cutter related components, if they do not meet the

20 pressure requirements for a particular use, or if redundant protection is desired, may be
contained in or enclosed by a structure that does meet the requirements. For deep and
ultra-deep water uses the laser cutter related components should preferably be capable
of operating under pressures of 2,000 psi, 4,500 psi, 5,000 psi or greater. The
materials, fittings, assemblies, useful to meet these pressure requirements are known to

25 those of ordinary skill in the offshore drilling arts, related sub-sea Remote Operated
Vehicle ("ROV") art, and in the high power laser art.

[00108] The invention may be embodied in other forms than those specifically
disclosed herein without departing from its spirit or essential characteristics. The
described embodiments are to be considered in all respects only as illustrative and not

30 restrictive.
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What is clainmed: 1. A laser-riser blowout preventer package for operably
rel easably associating an offshore drilling rig, a vessel or a platform on
a surfacewof2om/ieady the water with a borehol e in a seaf lPecdUSed1200R6S2600dy Of
water, the | aser-riser bl owut 5preventer package conprising: a. a riser
section conprising a first and a second end, wherein the first end has a
first coupling and the second end has a second coupling; b. a |aser nodul e
operaQ&M ass ciated with the riser section; and, 10 15 2. 20 3. 4,
25 5 at’is claimed:

1. Alaser-riser blowout preventer package for operably releasably associating
an offshore drilling rig, a vessel or a platform on a surface of a body the water
with a borehole in a seafloor of the body of water, the laser-riser blowout

) preventer package comprising:

a. ariser section comprising a first and a second end, wherein the first

end has a first coupling and the second end has a second coupling;
b. a laser module operably associated with the riser section; and,

c. and a blowout preventer configured to be operably associated with
10 the riser section and the borehole;

d. wherein, when the laser-riser blowout preventer package is
deployed and operably associating the offshore drilling rig with the
borehole in the seafloor, the laser module upon firing a laser beam
can completely cut the riser section at a predetermined location on

15 the riser section, thereby releasing the offshore drilling rig from the

blowout preventer.

2. The laser-riser blowout preventer package of claim 1, wherein the first
coupling is selected from the group consisting of: a dog connector, a flange-
connector, a key connector, a clip connector, a bowen connector, and a

20 threaded connecter.

3. The laser-riser blowout preventer package of claim 1, wherein the second

coupling is a blowout preventer connector.

4. The laser-riser blowout preventer package of claim 3, wherein the blowout

preventer connector is hydraulic.

25 5. The laser-riser blowout preventer package of claim 1, wherein the laser
module comprises a laser cutter for emitting a laser beam defining a beam

path, wherein the beam path is directed toward the first coupling.
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WD 2012/ 116284PCT/ US2012/ 026526 6. The | aser-riser bl owout preventer
package of claim1, wherein the |aser nodule conprises a laser cutter for
em tti ng Wolaereiseam defi ni ng a beam pat h, wherei n t he POZAISR@aI0ROSRE
directed toward the second coupli ng. 7. The | aser-riser bl owout
preventer package of claim1l, further conprising 29 5additional riser
sections. 8. A laser-riser blowut preventer package conprising: a riser

section conprising a fir means for _coupling _ and a second ns for
coupl i ng: & mbAREREDTSEE BN G e e PRI Rl S T SV QIS8 ¢ he
riser sectionmoaf @orﬁ‘)ﬁy@yé |8 caftbefor eiftingTA RiseRBBANT d&HInd h Wi
preventer package of claim8, wherein the first means for coupling is a

dog-styl e ri seathcwihigreinghe beanmmprihliadiecieddeward sosacondesneimlieg. package of
claim8, wherein the neans for providing a | aser beam conprises a | aser
cutter for 7enThe iasgraiseabowdg pneveniémnpackageanaeiirh], fultbeecomphignge®m pat h
is_directed toward the first nmeans 15for coupling. 11 .The |laser-riser

bl Bwout preveﬂ%@f'o%%{cf?&ééeﬁtl’orﬁ'ai m 8, wherein the first means for coupling
is a flange-style riser coupling. 12. The |aser-riser blowout preventer

package of &l éi'%qur,sﬁm"é?'-ﬁ RrR¥enignRackage FRBRTI-NAg? HSeH8GI0heam conpri ses
a | aser C”tteéoﬁgr‘isiﬁg‘éﬁr’s{‘& nh%@éo%ﬁ%ﬁ%#é%&n@%ﬁ@f@?ﬁ@pli}?{ﬁgée' n the

beam path is directed toward the fir ans tor coupling.

| aser-riser bhmeaoatfopprevisinga |gserikesgen td cul aacomPonahteofdhea riskesécticst; amdans
for coupling i i a kety-sté/l e riser coupling. 14.The | aser-riser bl owout
preventer pacRRWVHUREPWEHEL3, wherein the neans for 25 providing a | aser
beam conprises a laser cutter for emtting a | aser beam havi ng a beam pat h,

wWhBr ei n t h@- hEBSIGRAHISES DI PERV &IQRPICKATE & SEIRHO niReIS R e UsLimeany.
15. A | aser ”Dﬂ)‘r”c%uf)ﬁﬁg fé%d&{;-tslfylé‘ri%F j:&gpﬁnigser, t he | aser nodul e conpri sing:

10.The laser-riser blowout preventer package of claim 8, wherein the means for
providing a laser beam comprises a laser cutter for emitting a laser beam
having a beam path, wherein the beam path is directed toward the first means
15 for coupling.

11.The laser-riser blowout preventer package of claim 8, wherein the first means
for coupling is a flange-style riser coupling.

12.The laser-riser blowout preventer package of claim 11, wherein the means for
providing a laser beam comprises a laser cutter for emitting a laser beam
20 having a beam path, wherein the beam path is directed toward the first means
for coupling.

13.The laser-riser blowout preventer package of claim 8, wherein the first means

for coupling is a key-style riser coupling.

14.The laser-riser blowout preventer package of claim 13, wherein the means for
25 providing a laser beam comprises a laser cutter for emitting a laser beam
having a beam path, wherein the beam path is directed toward the second

means for coupling.

15.A laser module for use with a marine riser, the laser module comprising:
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WO 2012/ 116284PCT/ US2012/ 026526 a. a housi ng configured for association
with a marine riser, the housing defining an inner area, whereby at |east a
portion ovothe/measine riser may be contai ned wthin thePChASR01R02E26 b. t he
housing having a first |laser cutter and a second | aser cutter; 5c. the
first and second | aser cutters, being positioned wthin the housing and the
first and second | aser cutters each having a | aser discharge end; d. a
first beam path exteng g@ aser sch the first |aser

Lt rer tam pat o ooy Db T SsatiaialDuth S DEnSh 5EE b6 babaid

extending fromthe I@@rﬁrngitaﬁqmér%egn\%@ifebty@ |88KQNFortiB A F tedl hifinelrser he
i nner area of the housing; 16. The | aser nddule of claim15, wherein the

housi ng conpri ses anmaMrh@I@ﬂthlﬁaélvﬁtjﬂm\ih%lnnﬁéar&mer area conprising an
annul us of the housing and wherein the marine riser conprises a center

t ube, an external bpithe  hausihgahd\Bog adirsnigsenadtaranded necdred @sputattehousi ng
is configured to accommbdate the center tube, the external pipe and the

cofpling. 17.The lcastee firsicandsedord lasen ditterghiesing moshientdvathimeem path is
directed to a portlon of the inner area, which portion is configured for

pl acement adj acent & Q‘é?'l'ﬂ%?‘n@ e Tiestt apASecaRd hesericyliers eaalhayag Iad%‘?r nmodul e
of claim15, whereinyitAg, bletd: beam path is directed to a portion of the
inner area, which portion |s configured for placenent adjacent an external

pi pe of the marin qpﬂeu r t he
first beampath is % d‘%rﬁg‘%tbggn{ 8&@ e@{f);@@@ﬁ% ellalgﬁfr)\é'rsg*é&l %l%gp@% ion
is configured for pllasemwtteradjtmmraré{pof)ww hawgsird; dnide marine riser. 20.
The | aser nodul e of clainms 15, wherein the first and second | aser cutters

ang configured wi tehlélsba@w&@ééﬂnr&th@xt@mgwrbm thetlBSe@isgidige enldestahy t he
first and second laser cutters have the ability to at |east partially orbit

around the marine r|wnméwnmtaﬁ@@mm@nesa%@f:hhgtfwsmg,h t he marine
riser. WD 2012/116284PCT/ US2012/ 026526 21. A quick rel ease riser section
conpri si ng:16. The laser module of claim 15, wherein the housing comprises an annular

housing with the inner area comprising an annulus of the housing and
wherein the marine riser comprises a center tube, an external pipe, and a

15 coupling, and wherein the annular housing is configured to accommodate the
center tube, the external pipe and the coupling.

17.The laser module of claim 15, wherein the first beam path is directed to a
portion of the inner area, which portion is configured for placement adjacent a

center tube of the marine riser.

20 18.The laser module of claim 15, wherein the first beam path is directed to a
portion of the inner area, which portion is configured for placement adjacent

an external pipe of the marine riser.

19.The laser module of claim 15, wherein the first beam path is directed to a
portion of the inner area, which portion is configured for placement adjacent a
25 coupling of the marine riser.

20.The laser module of claims 15, wherein the first and second laser cutters are
configured within the housing to move within the housing, whereby the first
and second laser cutters have the ability to at least partially orbit around the

marine riser when the housing is associated with the marine riser.
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a. ariser section, conprising a first end having a first coupling, a
second end having a second coupling and a center tube; b. a laser cutter;
and, 5c. wokemmipmsth ext endi ng between the | aser cutter PamdseéIe/oedszer
section. 22.The quick release riser section of claim2l, wherein the first
coupling conprises a key and the beampath is directed toward the key.

23. An offshore drilling rig system conprising: 10an offshore drilling rig;
and a qui 051rﬁl ease riser bl OV\Dﬁt Er event er package, the package

conpri si ng:21a’ WGk ElGaSESISH i SECHYN LOBIIPNG ty of riser sections, wherein
the plurality of riser sections are configured for being |owered from and
oper abl y connect e@-t%”ﬁﬁ'és‘?ﬁt\o@hﬁ?’é‘pﬂﬁinglqﬁ@t eng heying %Bg?tIQOHP“Qﬂ’ fhear a

seaf| oor; 15b. a bl ayoup s RVRAViRY 2CRRbhE\ORRIRGEYY EehaPRipgP! v connect ed

to the riser and |owered by the rTser fromt shore drilling rig to the

seafl oor; and, c. ,th I jsing a |laser nodul e; d. the
| aser nodul e corrprbi's%nléé%ecfuéfs\eg’%dmter for emtting a | aser beam 20defi ni ng

a peam path, wherein_the be th.is . directed fromthe | r cutter toward
o8 of Lhe bl ur al £ty? Bam GaR Setiad pBMES i ah BT BB sikage | <

depl oyed and oper abl gegigpoci ating the offshore drilling rig with a borehol e
in the seafloor, the | aser nodul e upon firing a | aser beam can cut at | east

a portion ob {he ARk réRRfselrii@r BEEiGH b Mafh 271 WBEr&IS #id ARE cBlipihg

predeterm ned | ocation, thereby providing for the quick release of the
of f shor e dri | tomprisésyakeyrandHbe lleawo pathpis slirestest toward the key.

23.An offshore drilling rig system comprising:
10 an offshore drilling rig; and
a quick release riser blowout preventer package, the package comprising:

a. ariser comprising a plurality of riser sections, wherein the plurality of
riser sections are configured for being lowered from and operably

connected to the offshore drilling rig to a depth at or near a seafloor;

15 b. a blowout preventer configured for being operably connected to the
riser and lowered by the riser from the offshore drilling rig to the
seafloor; and,

c. the riser comprising a laser module;

d. the laser module comprising a laser cutter for emitting a laser beam
20 defining a beam path, wherein the beam path is directed from the

laser cutter toward one of the plurality of riser sections;

e. wherein, when the package is deployed and operably associating
the offshore drilling rig with a borehole in the seafloor, the laser
module upon firing a laser beam can cut at least a portion of the one

25 of the plurality of riser sections at a predetermined location, thereby
providing for the quick release of the offshore drilling rig from the

blowout preventer.
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WO 2012/ 116284PCT/ US2012/ 026526 24. A nethod of drilling subsea wells by
using a |l aser nodule associated with a riser section, the nethod

conpri si NyO 2a12/116288r i ng a bl owout preventer from an of f PhdAS2@i2I0RdSROg ri g
to a seafloor using a riser conprising a plurality of riser sections,
wherei n 5t he bl owout preventer conprises a bl owut preventer cavity defined
by the bl owout preventer, the riser conprises a riser cavity defined by the

riser; b. e of, th urality of riser, secti.ons having . a |aser. nodul
hs50c at ed Pher dvmA AL Belinb, SHosha esTGuT 86 2rse DBute FRBERIEORI, o
for emtting garisagsecthpamd RrthsteEbmpaisingbeam path and wherein the beam
path is directed fromthe |laser cutter toward a conponent of the one of the

plural |t O oy | SCl. SBEHARS blowout provefiterSREHEIHBFo BlA1GYIy Brevent er 1o

a borehol e defining a bor&hole cavlty, ore avity, the

bl owout preventer caseaflpotbaimg a risenrdseprisiag iatplukality ofriddrsiedtiams] wherhini cal
co ni cation; and, d. advanci ng tthe bor ehol e @6 I oyveri nﬂ t ubul ards fromthe
of Pshore drilling rigeddMMOYHREYGRIE FRMIATSER aIQWPYL PraYEMIRT SRY (Y dFfacTnt er

cavity and into the pofRGbRouepraVeftdihe Mseidondrit@saPasar dRity idefiradanced

by having an ability 1n an 20energency situation to fire a |aser beamfrom
the laser nodul e to Rwthse 8&sl y cut the conponent of the one of the

plurality of riser sections in the beam path, thereby weakening the riser.
25. A met hod of peibf come aftheérplutalitygof nemriseebons havieg\aelaseomodaotenpl et i on or

service 25activities on a.suhsea Il by.using a |laser nodul.e associ ated
Wih o riser secti oresRrpttantBrprRei e Bl ptRile ARgrses f i het vieen
aqgurface of a body &Ittéfﬁéﬁémﬁﬂﬁ’gﬁlé%fdé%?ﬁ thdtRRAhES & bSRARAISEAG & riser
cavity defined by the riser,

wherein the beam path is directed from the laser cutter toward a

component of the one of the plurality of riser sections;

c. securing the blowout preventer to a borehole defining a borehole
cavity, whereby the borehole cavity, the blowout preventer cavity

15 and the riser cavity are in fluid and mechanical communication; and,

d. advancing the borehole by lowering tubulars from the offshore
drilling rig down through the riser cavity, the blowout preventer cavity

and into the borehole;

e. whereby, a drilling operation is enhanced by having an ability in an
20 emergency situation to fire a laser beam from the laser module to
completely cut the component of the one of the plurality of riser
sections in the beam path, thereby weakening the riser.

25.A method of performing drilling, workover, intervention, completion or service
25 activities on a subsea well by using a laser module associated with a riser

section, the method comprising:

a. positioning a riser between a surface of a body of water and a
seafloor, the riser comprising a riser cavity defined by the riser,
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wherein the riser is in fluid communication with a subsea well and an

of fshore rig, vessel or platform b. associating a | aser nodule with the
ri ser, whwoebre/tias4l aser nodul e conprises a | aser cuttelPCiras2@nioedseaig a

| aser beam that defines a 5beam path and wherein the beampath is directed
fromthe |aser cutter toward a conponent of the riser; and, c. performng
activities on the well by advancing structures through the riser cavity

d. providing the capa to fi

aser beam.fromthe | aser dyl e
Toconpl etely cut & navppis e fedrdd By aRmOR gl oh fh RundtieRant e
and providing a contg@dHsre ridi s695EIeF biRfor@f the riser.
b. associating a laser module with the riser, wherein the laser module
comprises a laser cutter for emitting a laser beam that defines a
5 beam path and wherein the beam path is directed from the laser

cutter toward a component of the riser; and,

c. performing activities on the well by advancing structures through the
riser cavity;

d. providing the capability to fire a laser beam from the laser module to
10 completely cut the riser in the beam path, thereby weakening the

riser and providing a controlled disconnection of the riser.
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