RISER LIFECYCLE MANAGEMENT SYSTEM, PROGRAM PRODUCT, AND RELATED METHODS
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to
riser management systems. More particularly, the present invention relates to a system, program
product, and related methods for monitoring and managing a plurality of marine riser assets. 2.
Description of RREYER KHFECYC B Af=EMENT} m%@m%%@mmmﬁwwucing
operations conducted from a floating plathId?‘rg@% FIHOP8ed to establish a sealed fluid pathway
between each borehole or well at the ocean floor and the work deck of the vessel at the ocean
surface. This sealed fluid pathway is typically provided by a drilling riser system. Drilling risers, which
are utilized for offshore drilling, extend from the drilling rig to a blowout preventer (BOP). Similarly,
production risers extend from and FRUYRGROUNDCRITHDEWENTIGNbsea wellhead system and the
floating vessel.

1. Field of the Invention

The present invention relates to riser management systems. More particularly, the
present invention relates to a system, program product, and related methods for monitoring

and managing a plurality of marine riser assets.

2. Description of Related Art

A problem presented by offshore hydrocarbon drilling and producing operations
conducted from a floating platform or vessel is the need to establish a sealed fluid pathway
between each borehole or well at the ocean floor and the work deck of the vessel at the ocean
surface. This sealed fluid pathway is typically provided by a drilling riser system. Drilling
risers, which are utilized for offshore drilling, extend from the drilling rig to a blowout
preventer (BOP). Similarly, production risers extend from and provide communication

between a subsea wellhead system and the floating vessel.

A typical marine drilling riser permits passage of drill pipe which is used for pumping
lubricating mud down the well during drilling operations, return of drilling mud that has been
pumped through the drill pipe into the main tube of the riser, and any associated drill cuttings,
and provides a connection of the drilling vessel to the well above the subsea BOP stack. The
drilling riser can be disconnected from the well above the BOP stack, allowing the drilling
vessel to retrieve the riser and temporarily move from the drill site should the need arise (i.e.,
during a hurricane event, or a malfunction). The BOP stack, having remained on the
wellhead, provides for containment of a live well while the vessel is not on location. Upon
return, the vessel can deploy the riser, reconnect to the BOP stack, and reestablish

hydrocarbon communication with the well.

The marine drilling riser also permits control of the well should the BOP stack have to
be functioned. This is typically associated with drilling through a zone with geological fluid
pressure that is substantially higher than that which the drilling mud can contain. During
such events, the BOP is functioned, and well control is re-established by pumping an

appropriate density mud thought the kill line and eventually circulating it back to the surface



- A typical marine drilling riser. permits passage of drill pipe which is used for pumping lubricating mud .
down the well during drilling operations, return of drilling mud that has been pumped through the drill
pipe into the main tube of the riser, and any associated drill cuttings, and provides a connection of the
drilling vesseltg H?géﬂgly all'i)rpve b P stack. The drilling riser can be.disgonnegted from the
well above the BOP stacek, aﬁoﬁ&%’%ﬁé‘ﬁfﬁgﬁ‘ .eggeerl %}?? t?lrg%/lés e F?ggpgﬁﬁ%‘%emlﬁ%rcérrﬁ%%%e from
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location. Upogéeturr],,the vessel can deploy the riser, reconnect to the BOP stack, and reestablish
hydrocarbon E5imIRRARHR the ke UL Apeed. Thee marine drilling risssfurthsmesrmie dshveay stfthe well
should the B@Risidik hayedthbdBhinetiokeonifslisyisdypiGith dosociaigpNedhigolinctheaigha zone
with geologic 19 pr re,that is substantially higher than that which the drilling mud can contain.
During such g’[\}gﬂgl Eﬁ?é%%hlgefunctioned, and well control is re-established by pumping an

appropriate density mudaaiihfokllingiand epraiAh G iang)dack Iilif.ageoyia the

choke line. The marine drilling riser also permits improvement of mud Circulation velocity. When
needed, this FeaPRSTBH AR dBCO\F SRy g MaterarRiSe of it Haings 1s9pasetelaastieinddifig it into
the riser borecairibeiBOR sisgito ThiSibese aahdhe ofOthene6bantid sthes isRioHaPEBngyHIRy eturn

speed. The ngarisnerdég‘lzilgq?r(i“sle{ M’é};]lelroggrrgig%deliv of h}/draulic fltui tott e BOP stack control
system. Such Hid"s supp ied" %roug a dedicated externa h?d%ﬂiﬁ%ffl &P treg Sﬁlﬁﬁw&%r, for

example, is tygfRradt, tinatal lod i ol yoftbervessilil io gv didsing leripthenp taidaromne tloesyeesrhity aonnecting
a series of ri%%@igémp%e%m%g@&w AGHARRNGRIRGOHLE digeiin FJ@&@UQ&S&M figl pn the

seabed, the riser is tensioned by buoyancy cans or deck mounted tensioner systems. The riser is
projected up $HIBBGFsSh S b drdias Befcaiagio arrissbihn drEl vaingantbto pravide égetBment and
connections pathimatagidepes atinaktpoferafifnge ssrls. N strillipgyore ratiRnsinh e slilpiring extends

through a driIIing riser, with.the drilling riser serying to protect the drill string and to provide a return
pathway outdige theodrilt Srh’ rtglﬁ?l? ﬁ&igg%gigﬁi%gﬁfﬁﬂrﬁ?%ﬁ&% #ﬁﬂ%gﬂ %8S L3RS RR¥on riser is
used to providiska pathway for the transmission of oil and gas to the work deck. Basic components
of a riser system typically include, from the mud line and extending to the surface: a hydraulic wellhead
connector which pefftits EoRPRGH 8 & JigssesysistihbairaihB DPludecifrome thformud|| bentod a lower

marine riser paetdeg whish Remls sirsaansstAMhaF RS NEMPinaitisesAbiasBRR: stack;
multiple marin% riser%HIiilrrlqts norénélly in the form of bare and bugyant joints each outfitted with a choke

and kill line, S"BEBsYSH gAY ah P QM sHekuiRerlHor AvRY £omoknadBNSHMEURHITE Rakisarhichr joint
where externeitiisslacertssen analtect amedot ivetiie dntoitieariagiope BOPatiy, enutlisie/essik Fgsrexample,
the kill line i ' n ected.to the mud pump.via a high pressure flexible line. The
componentsI S B e AR Ch e BB RRME SR AN S A e
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together via an elastomel%%rir_narily used is to decouple the mation of the vessel, while permitting the

riser tension&fARE Mokl dipeaih derripaiedspdioaristes indhn Ak rieer. vine duslPASESS also
include a divRekiblasind. fahdivaripogentsthirdinvlanéettgrionrihe whaiNs 6568 fogimbatdematast on the rig

floor used dying,yaing,and 1EliGual of the arine fiser to derpen e pitch motipn,of e yessel,

and a marine driling riser Spraer ustd Jonng e Mating B 2L Fieh e Bidh g eyt loa
resistance while providing a somewhat constant vertical tension; and a telescopic joint
typically made of two sliding pipes sealed together via an elastomer primarily used is to
decouple the motion of the vessel, while permitting the riser tensioner system to apply a near
constant tension on the marine riser. The components also include a diverter used for
diverting of the unwanted gas in the marine riser; a gimbal located on the rig floor used
during running and retrieval of the marine riser to dampen the pitch motion of the vessel, and

a marine drilling riser spider used during the mating of each riser section to the next.



Other more specialized riser equipment includes a fill-up valve designed to prevent collapse of the
riser pipe due to the differential pressure between the inside of the riser pipe and the surrounding
water, an instrument riser joint typically used to monitor the tension and bending due to environmental
conditions which allows for adjustment in top tension and vessel positioning, vortex suppression
equipment which hédthsupysresspeciriisedndses cequitsratibins idsic al K fauminlvecéasigtieh o0tRY§At current
and long risegaRoih oAl ARPMBEARRCY HREHTRIRARRIPRIChR BMHEMARPRSIAI sethiTREF Pipase
system to prevent catastrophic failure typically found in conditions where incorrect vessel posjtioning

or extreme e SHTSHEINEBEIEs 2R A BHEIGRT riseroith y IR R SRS et afine riser
components séadingidas adl\elifieshfrentathenaldiciksnc avhieictsithtos dachdjtenatt the tipaesodeandind run
down. Riser joints, which comprise the major length of the riser string, are fabric in.le S ranging
from 50' to 90° %riﬁ%sﬁ%nlr%n}'r?é% epxro%g’(ﬁ)d?ses,l?ﬂge BBW%ﬁngf%vﬁécasg?ggtnsﬁ that 28%(%@ rﬁ%%%p IS
landed on theitissiospidericaiiie fravdrigercividitienthefi piskeehupnarrnd| i jisst dorgtiharpider,
immediately gy {Be SHEPSRREL BRI IEVERS IVGESERRaciRes ARdReRQiedDYDBRGRS of a
mechanical connector, etc. The most commaon type for a riser joint provides a bolted flange
configurationcatastigriin dailess tupicallnifuad {8 irepditionsaadiee RAPHENERT PRF N8I %88, which
can damage &agie: eleGtoaniesaMarditisisaimpsecalso subjected to environmental loads as well as
vessel-induced loads. The associated environmental parameters include, among other things, wave
height and period, Wariree pipicelifidd inoriiidtiamdiidosring tﬁﬁ@rstmwf.s/#mimﬁhﬁmrbgﬁic'
pressure cang&aGh41500 R0 RTE B ARSI AEHEIRRS spad IR ARaUIH SRR 5070 Riukithin a

few years, and the seawater temperature can be as cold as 30F. The high temperature of the drilling

mud could alsemmiisache mairsirmaPEdhsosdqtipmene, Bariretrd iy bedhsrmesdng farnlattiched
directly to thegise DR (RNBREY plhedirs st porRRdIPafdsHEG yetm theanp Ry apatRNEHoi

necessary to maintain the optimum shape for a.riser string, and those imparted by the maripe riser
string due to W@ﬁ%r%ft Ry, s%%f!grs E]ai&iésﬁ%ﬁteﬁlfgaJt%%éf\%lfe\?viﬂﬁ}(%l%3pc#?eﬁiafz§é¥dilrl\s§ FRe'Most
critical compepider, hardiatziyented thedssisndadaristlysthieg uTitentwoaibetisectignsmeathed mintide riser
string. The ¢ ' ' ensrallysBushsironger near the
surface. g%%%ta o?g}o%g%?gz%xgét%@é%?%?tﬁ?ﬁ%ﬁgb\ﬁggt@g?@e Shetlgnd&s’& arﬁd;lrthe Gulf of
Mexico, offerghfguieesrprarigsationociated with strong currents. In the Gulf of Mexico, for example,
an environmental event establishes %,seasonal "LOO%)C rrent”, which moves ini? (iirc lar Eagern
reaching a diameteM2"HSHAEY ASLbsTRE 'Bwer Séjsc‘ffr%ﬂ{saﬁﬁ‘ﬁg’ﬂ"é%gﬁf Snafy high'©
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of vortices paghp, marlng.Hagt b b Leopled OIAY Bahle e dRmP R AR AGS In
violent motion of a marine riser string, typically in a cross flow direction. This is commonly referred to
as "Vortex Indingsd wityeatioighbrnd|perivie elge depiblitquaest i eane Jilss: dubiingre saRs@vent can
resultin elevaihlaiRas lﬁ/}é%s'tatmepf&@ﬁrétréas,aedam,muPai Fracyiine eepdre sassfatiaue life of
the individual riserf'oin.ts. single fatigue event can potentially result in the catastrophic faiILlre of the
marine riser BEAPRPINVGISE3RA: aSQﬂ‘PSé\‘?@Wﬂ%aﬁ%l@aﬁfa@édiﬂ‘ﬁFﬁﬁng&%Q?Wﬁ&?ﬁBfeésﬁ? fh as
where only aasmgiF pamionigh tegpiaetuséristahpasitibly huddrads aficitietosictheninsed sanface, is
excited and experiences VIV, Recognized by the Applicant js,that,in, s cenarjo.. erver on
the vessel, Ioegﬁllﬁrél%?g\/\?r? a %agﬁ ig?gfgr%%?ti%%ép ot ealcr!tlasé?aé‘re gtﬁﬁ%ﬁ%&ﬁﬁ%&%? %%igéh%%%p his VIV
event. Forturdekeseeltimtnogphloads indusieribe appliss! berefesipnarrgaspryciovaaitain the gpmyseries of
goals for botlydeilling 2nAPrAAHEINHIIRGES impRraBPIRSHETRE o IRATING: 95 indivdslus! diser

sections to provide for fatigue analysis, and thus, allow the operator to formulate an enhanced
inspection, rﬂﬁﬁ%?éﬁ%ﬁdé,S‘E‘HECFFé’eﬁoj(‘)‘fﬁY%Yéﬂér?fbﬁl(fg‘Fé‘?ﬁ ladiag g iths dresshitisrLeARRrRERhetails or
otherwise exsaednmbneResalionapamsifatAt astdinDda direqlyirepamidenithegsiatermaintaaance, an
entire riser strir[}% mﬁ?y 41ave.tol e retrievt%dﬂ?nd rterlﬁw. m q)e%\r/\e/atgﬁecr)@?ratigc sStirtorIpi ht take two or
more days 1S VRTG PR RIR M e W PG VaT: Spappr%xm &' fate ol Weh Gver B%ab per day
for a 5th geneudiien drilling vessel, such a scenario would cost the operator over a million dollars just
to establish communication with the subsea well. This point should illustrate the importance of saving
time during the runfifies decrtienseyriydthpavaddr swebrsdhe éyﬁtiﬁééh%@?ﬂé"ﬁﬁﬁ&fgﬁ:g‘ﬂﬁ Rfst time,
and the assopiaiRe, @I HaRHIEREMEMRA HEQtaRMRaMeidiall vicrenRe R iRy GlIE SN My €r until
now, no effective systems or methods of efficiently tracking riser assets, efficiently tracking cumulative
stress or other loading on each riser asset, or accurately determining or differentiating expected stress
levels between vessels or fields in order to properly fofecast required maintenance.



Recognized by the Applicant, therefore, is the need for a system, program product, and methods of
managing riser assets, especially riser joints, which can provide asset managers a list of all the riser
assets allocated to each specific vessel and provide a further breakdown of those assets that are

currently deployed, are on deck, or gre out for maintenance, along with the expected return date; a list
of upcoming SRl ATARERATEL e & e o At Y e R TS HLE FTTE Befng
expended bycgqswiqn_almmisewb@a diagtlalnr%mu@ebmﬂatotahMOthloumwa@es dmeaitio_nal life
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hurricane event). Also recognized is the need for a system, program product, and methods o
managing ris€p48gean inIRsdding AhiortinsRAT cluBR A E aPinganhish g uRle evitBed by
field anr?l maiﬁgm?mmmm it%,reairﬁ@%mgaﬂlféiswmrﬁiﬂﬁ@a smhﬁﬂ#qrés@i_aﬁ_ﬁg, iyiacaBtian ar;d that
can enhance both youtine maintenance scheduling and the process of identifying. a fequjfement for an
unscheduled M3 8Wacﬁ5%’té% nsl?gk?l LHFEES H&éﬁ%g ?ﬁéon%ge? Pd?%d&ﬁ“ﬁeé&%f?ﬁ ,“btf'oﬁ(iargﬁgrod uct,
and methodsﬂx@ldge:amnﬂiﬁﬂdefdhﬁqibdmdmmiﬁltgarvmavmairatenguicmmbmcbmtssrlﬁeemeIevant
manufacturing {plosmalen a0 Rl i, SARRRIL (P LGRS NI AR5 AFSRLS RA IRk IRY can be
to another'with t

moved from one vesse ) eir history Intact. ~Further recognized Is the negcffor such
a system, prdjfiim Prstngle fatignersersenpntatéaly seevicia theiwpaskomticrér e riribe mspidyment to

permit the de{ssMinRBONWHMNQEE, AVIIVE WalE AP R PISRCH R sSey o eeatgslfananparticular
drilling or production campaign, which can, in turn, provide the user with information to reconstruct a

riser string cORRELARSR pﬁ&?ﬁﬂu?&ﬁ‘&%ﬂﬁ%r#@ﬂ?tc?ﬂﬁ@%‘b?%ﬁieofigg?ﬁé%vﬁg?f&ﬂﬁ‘gnce and
preferred positi€aeit)gis Adscited coghixperisnides VIR fBeeogyiiaimhyptivg reppljpemd ustthandinsathogls which

can allow a yagl te OBLrBAlY RO I?ﬁ‘e%@ﬁ%ﬁ%%ﬁﬁ%dgmt Ade F?f,ﬂa‘: o?&gﬁ%.“oﬁQE§’¥?Qe95%H§éh? rser
string, for exampale, based on an amount of ‘operat hal lifé available (remaining), for exampl&, in order
to match a rigeujdisre paoideachightkinBinevenip Eaatunatallifcatestranbisdailitre s sisensihgs depnhs
expected to eRCAHNIGF BeRighsr Stress. Still further, recognized is the need for a system, program
product, and methods of managing riser assets, especially riser joints, which include provisions for

controlling a riser tengisilingsepsiarndeaRiarbihdiifigadipnabliie wdikBeratiotsniisrpasteiseand to

control riser pegfor ance.such. salf(r){starx%rg}%g henv(?&c%ntt%in vorfeggsinéjn % via l%%ivoﬁi _
SUMMARY %ﬁ %@?ﬁlvﬁﬂ‘?’?ﬁ{l i View ng ﬁ%é’ oregoing, emboaiments’0 tﬁ’espresent ifvention
advantageosplsraeo\in Eormiattean, gptegratinpdtion, ardntarahesd srof risemiminh potition asegitamespecially
riser If a single riser joint in a riser string fails or otherwise exceeds an operational constraint
resulting in a requirement for immediate maintenance, an entire riser string may have to be
retrieved and rerun. In deepwater operations, it might take two or more days to run or
retrieve a marine riser. Given the approximate rate of well over $500,000 per day for a 5™
generation drilling vessel, such a scenario would cost the operator over a million dollars just
to establish communication with the subsea well. This point should illustrate the importance
of saving time during the running and retrieving of the riser. It should also illustrate the
importance of lost time, and the associated cost, resulting from a riser component failure.
There have been, however, until now, no effective systems or methods of efficiently tracking
riser assets, efficiently tracking cumulative stress or other loading on each riser asset, or

accurately determining or differentiating expected stress levels between vessels or fields in

order to properly forecast required maintenance.

Recognized by the Applicant, therefore, is the need for a system, program product,
and methods of managing riser assets, especially riser joints, which can provide asset

managers a list of all the riser assets allocated to each specific vessel and provide a further
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joints, which can provide asset managers a list of all the riser assets allocated to each specific vessel
and provide a further breakdown of those assets that are currently deployed, are on deck, or are out
for maintenance, along with the expected return date; a list of upcoming scheduled maintenance
events; an estimate of the amount of operational like being expanded by a particular riser asset; and
an estimate (FEAKIBM hdRRTEorSPErAREnATISIFEUSEt b ePI Rt LT 0 d58se L aBRgWitHFhe details
of the most damiagngeyasywath eheesipiotliréiaan dag/enit bMmipochnenishet thel preisentireention
also provide a system, program product, and methods of managing riser assets, especially.riser joints,
which includ&’¥ %hﬁ%lgg a%?%sog fﬁeataéna{)ﬁl ’ge"?é’gﬁr%ff’ﬁés ‘§%"?ﬁ‘§ﬁ{‘gﬁ%‘%§;" ears%ar&%elf% %ﬁ%?ntain and
communicatesséticaidise estifoatnafithe, ttal dnanosnfanihadvdybotersimablifeaised Marcpasteidauling and

ldenifying 2 pRerhiQlANMIGIEHICRTIRLYRARGS EYERLing o ERDAUIMRIEA iR BIRS SLvention
also provide a system, prog(ram product, and methods w |c}%| can provide detailed information on riser

asset mainteAdicE ischermrecd /e S SRa RIS MGARtb AR dBsthadfo MRrPEIns BRslide the
capability to pseRerbsprraHIyisREARSAES Gaithahtinal easeheaayvedss ahateas beasal ty dltdhadwith their
history intact. Embodiments of the present invention also provide a.system, . ram product, and
methods whié‘?’flﬁﬁ???)%‘?/ﬁfésgnﬂa éog‘%}f‘ﬁﬁ‘& fof ré%(c:?ln?%lérrng%ge rysa) 537?% S Bp@‘?%%{{] ﬂ%% agljéttltta%r%ination
of where, in ttwnwathance|umth, eactinciserasseneasstbedubidgormhytsaniogtss @ﬂlih@l@éﬁﬁp&igh, which
can, in turn, 9@{1&%@ KRS R RARIAHAMGHREL BBHCL APRESIRA LR HEAOR L RAY,

particular deployment to thereby analyze riser asset performance and preferred positioning.

Embodimentaystetie piessanmt niodtioansisasthedsawhicly stanprpyislsr S51a0Rda P rRAtoam & d€That can
allow a user g pRtimally RostomasnraliciEwes iR GiforRrsitoaldprihidaloogptdditiser
string, for example, based on an amount[% oEaeeratio al life afi/?ilable érema'iningl)l, I ! %ﬁ’h Le in order
to match a rid®PIORRUHIRAK G SEhASHES RO TRE BIeY SaP O e TR SRS A Gt e S G e pths
expected to éitotyniteac. higher stress. Embodiments of the present invention also provide a system,
program product, and methods of managing riser assets, especially riser joints, which include
provisions for contr&Niren fesegnizadidhihg agedefor toushienty Hisdo PErSraBh ArHEchT e RERRFAS riser

assets and tQ,gQHrQd SRSV TR TRRNGESY EhrascioFiSaIBpIsy MRe Rochs AN RS Aeiatiaaigit ue ed
vibration. More specifically, embodiments of the presentig&%i n provide a riser ifﬂc cle
arl

management e et ’bﬁﬁﬁnﬁﬂd HAh SR ARt MeHEePHESEH SEEHEh ble at one

or more sepgiriduinaiiognesset|sveivbicgerienalty, pawity ahtoser avitie infiaynatiore trdacptiseretraough, a

local shipboard communication network carried by the i ter |

communication with the fggallg‘slﬁ%g%a?g eomh lljt ﬁ%gatfog%ﬁéﬁ%ﬁ?gr% ?r{}é% UB giﬂégg%%%%?ggo%saead

memory couptatbrmanecpmtpssforred srsitionfatikgonetagaiesdsisbecipcdrins 3ypyaien. 4588 Ahg to an

embodiment g le LS ERLAMRNEA i@ﬂ%%tb%ééﬁé@ﬁﬁm@r jpiniddentfieationssensar aqsitioned
S

at or adjacent the well bay and operably coupled to the shipboard communication network, and a
plurality of riﬁ?ﬁﬁﬁté’ﬁ%‘ﬂﬂ)ﬁhédﬁﬂﬂi‘éeﬂﬂﬂ%a%npl‘ﬁ?ﬁc%ff(‘ﬂ?’dg?ﬂomlﬁohﬁ OB B1P8Ah U riser
string. The sypteaican Bisavankbite(rephinalily, 6 ieenple) ineakurementinstisongittncibgsacach
D A oL PRET L SERAIRIE 316, S Rluaiue! deflausdsgdgipte,and 2
riser joint Ioa]&l LR VePRER N e d o The Vetzel at ora jac the strface of the sea Le.,
positioned inhighanettdsay, or connected to a riser joint adjacent the surface) and operably coupled to
the local shipboard communication network to receive direct or multiplexed load data for each. of the
plurality of deployetilkdriiirnseronnired HuPSIiBFest Fset e st thAd dfes. The
riser joint loag galadeerivelkand epstialynsdplisiatiyvaiitisaiduids predsions g rbinsillingentisandules
establish a communication g{iathwaﬁ théo?ﬁh at.watlelr. fcolymn assocs:ial'gega\éviéps tar}l% iosg(r) nsr%giﬂg.se The
system also FBRRIRES RS PR A0 e ARE RSP8GR hrodu At S e iR the memory of the shipboard
computer to profuitmaarecsnchiasderasiupEtityvbénisaronsteisg Yorevdsdededsabrationt management
program product can include instructions that when executed by the shipboard computer, cause the
shipboard computer to perform variogg/NpareleOINEIas I8 VENEIVION riser joint identification data from
the riser joint identification sensor for each of the plurality of riser joints during deployment from the
vessel to form the riaevistsingf, dred fdetgriminiontmdatatine df phoypatseositiventioatisivantapeouslzh of the
plurality of deployed riser joints within iser stri e | targgram
product can u?’tﬁ?ﬁ inc sé‘iég}h '[PL%&IOFPSEQI la{éfi/v niﬁggggﬁe%%gﬁéﬁ ?&%ﬁ%@%ﬁ%ﬂgaﬁ% the
shipboard computer to perform the operations of receiving the load data for each of the plurality of
deployed riser joints from the riser joint data receiver, monitoring loading of each of the plurality of
deployed riser joints responsive to the load data providse'd by the plurality of riser joint measurement
instrument modules, estimating a riser joint loading condition for each of the plurality of deployed riser
joints responsive to the load data of the one or more of the plurality of deployed riser joints, and
providing an alarm responsive to the estimated loading condition nearing an operating design or
service envelope.




The system can also include at least one computer to remotely manage riser joints for a plurality of
separate vessel locations defining a riser lifecycle management server having a processor and
memory coupled to the processor to store operating instructions therein, a global communication
network prOVngg, WhiKH %H%&%H&Qg@&mﬁ}ég’e%%ﬁp?‘f‘ﬁﬁl?f':p rl?sogrcgs(e: srgitl)}éjcta %13 p(gegéﬁ sré%%lrt{g ecycle
management server to permit transtrer of riser’asset information between the shipboard Computer and

the riser life feRslrABs RRviders Sather baerkdnser plebpsreansets dhemencwrontisdeplatdeatored in the
memory of the:sigesrifRsie fBranARRMERE SR R aRAAS &R ralibh Alatisef ﬁéSGF%P&?HiHQed ata

plurality of se%)%ﬁr\%ﬁ ﬁess,el locations. The riser lifecycle management program product can include
instructions tRAFAUNER BRLIHRE S5V HER PHHBRIR & the Amgurt eb ceerignal dikscbeing sxemdedycle
mhan ellgerpenbger\parttwpgrfiseme}‘dsetmﬂ@ﬁ_@ﬁ@t&@iﬂﬂ@tﬂi@h&iﬁd@@?ﬁmﬁiﬂl ﬁf&hlj_ma?% 2] dlata gor
the plurality S [ recejying riser.joint.Ipad history data for the plurality of deploye
riser joints fr?%ﬁfﬁqiﬁgrﬁgé%é%raé%c%rtrﬁl)g&tg‘ﬁ&[{rgﬂcﬁléfg?%r#ﬁgofoglg ﬁgféréx&ﬁ%\mr%ggﬁ/nea #:efhé‘ t?renrtealaomain
from the shiphBEeanconvpiider Fnbadimenistofytemprrdsenhdnfrentisonalyapravile argysendprggissr load
history data ipr8agckeaueRaHRBEILIadAG AkiPhaard g HistPRIRSIWARANSFAIR 2lsthinglude

those to perfQrm the gperations of determining fatigue of each of the plurality of deployed riser joints
responsive t&THEAEBRSINHEE MRS HPIoHE T At RaiaienapesiRsEANG Sl AIRIPG PATSL e FBYBISB BN Sive to
the received erisimajorisetomdonisidoy,date. gnd caeejinicobigiiabniopentiatentie didliogmgting
maintenance, gygRts{of FAGTl NG RN phaeployed fieepjoints, and scheduling unscheduled
maintenance events responsive {0"a 10ad his ory anomszly I the riser joint load history data resulting in

engagement of a pyesEbAaHEnts HQHEPIRER YRS PRRARIEN, J0% IMAHElons GRR fdher
include those to perform the operations of reconstructing a riser string configuration of any one of the
plurality of riSheftishosAa RPYids driisdiHafpmmaiion o Jassaratet axiplermsa drstonsgsasive to
the riser jointdegibwhenianshideatifingiateransoaiaied wiiththe [aspRIClS sigabsiyne pastiyedicting a
magnitude o{rgcl??geirm Sg)%ggao&l a ubsea vgellhead %/stem assocﬁiﬁ)ted Witlg the, respectiye riser string
responsive to corespending enrioR oty BYSIorup 1888 S St trrhe b Miiitliedt Ml Yoints
forming the ratgséctiebedémentinef the préversyisienticanlstilpfovidenisgiteds prostanvyaodhaysad
assessable ndiBRRER U R 48°F HREY MR ABPYEESHLI MR ABAIORUANY BLisoliane
database storing asset information, such as, for example, riser joint identification a{)a, riser joint
deployment Seiarpiaation ebwdessdnitereiat redemmistarh Hagh aesetireploeatny B nesmakiealereployed

at the pluraliiinhgeaapaignyaaseh QealivRimaHdBadeRsLORHAIRTS AR s kiR PGS PrRFessor of
a shipboard camputer. and stori %gsset,in ormatjon, such as, for example, riser joint identification
I

data, riser joit HepiByRHEHHS ABEHAURE dEPIEVTREL 1QifRSEsRY RRef¥FS HIRSARSFIRELPBRARES plurality
of riser jointambmfﬂcbﬁwi&imgecﬁmmmﬁs of tmpadimeiniceafitheapteprividan siseinclude a
computer progIARERdhich Si8RAAREIANGIRSIERIRNIPL IBMONN BN L QREIARIE o B computer
to manage a pltrality of marine riser assets p05|t|pnallol 6 at Ohe or MBre separae vessal 1ocations. The
computer pragPafRssHaeiRestion itteribie aeneuthtoriserestriage fioe ¢ xponmsabaptd, dyy 2 ausioiod)

computer elegpatisna IfShAsRSICERINRRN! attiaaHiondarkeiadarEd E@séﬁgﬁh@ﬁ&wg&ce

deployment gnd relative Ifcation_ positioning data for a plurality of riser joints to be deployed to form a
marine riser SEhEMAUNE ST QRERiNa) Wis ediaiping Withivis U PRI R SORTINb AR TSI dach of the
plurality of risigh¢isttess/nBmisteliioyredddiiopresb Masineniskgs pronde angstehis praassatfritive
determiner R estimate a condition af each of the. plurality of riser.joints responsive. to the
received ris%%jao}h%%g%é §gt%¢1%aﬁt§%lpogr Hser s é%sea%ﬁgaéé/télr%ri ed from {%elglé:c%aié/éﬁo |§Sé?r]%i load data
for each sepwiitelipg ofishtensialing oF siser tiorutsnd theoptretima it offtthe prdsentiseveststn also
provide varigng Hesbiarst RENIREASHTIRBL A0 ANGMARANRY Il AL ALMA VG HRShARRAS.
According to an embodiment of the present invention, a method of monitoring-and managing a plurality
of marine risdP8Rs can include the steps of receiving riser joint identification data from a riser joint
identification sensqr. positioned within a well bay, and determining a relative deplqyed position location
of each of a pIuraIi%}%? rfggcrlj%:l?l %”d%%%’\é/é‘aeﬁtén? %qelevgrseggﬁd%%ﬁl%n%%ﬂ%er & g‘irft’%?’l‘f!fch of the
riser joints coeragsoedingiptinelfde mdidierims daldlerapagingen jgihtradigntific atiainserisar tesssparately
o can bR PGl SRR Cad UG LMY ChOGL U e
method can also include receiving load data for each of the plurality of riserjoints ftdm a pl%?’rallty of
riser joint measurement instrument modules which can each be connected to a corresponding one of
the plurality of deployed riser joints, and monitoring Igading of each of the plurality of deployed riser
joints responsive to the load data provided by the plurality of riser joint measurement instrument
modules.



According to another embodiment of the present invention, a method of monitoring and managing a
plurality of marine riser assets includes the steps of determining a relative deployed position location of
the each of a plurality of riser joints deployed from a vessel and having indicia readable by a riser joint
identification sensor to separately identify each one of the plurality of riser joints from each other of the

plurality of risBHfERIRE dharriyrauglogriosak shirheast rerEAMGALA AT FRHE Bt the YSRSFLIAD b
deployed risej jgiptsofianecmplueality dhtisehiiérmens uherneal hdphoare niomaninkestionnnestel to at

least a subset of the plurality of deployed riser joints, monitpring, loading of each of the plurality of
deployed rise?'] iﬁ?&?lﬁé@%%i%ofg%ﬁglg% é’é‘?@%%xﬁ%‘é%%@ﬁ%%h&u?&f. ysg?rr?;%rs?&rﬁt r?%éas'ﬂl ment
instrument moditiesicastitwating dltiseyjoént,l@actndjneo tdnioidodiagmiopthbpenesing dfgapidyed riser

Joints responys [R.7%I984 4l QLR PIATRIE-G) 1S AP ALASPIRG SafELPIRiSwen bR ovicing

an alarm responsive to the estimated loading condition nearing an operating design or service

envelope for apbaperpiliccerrisd piksRbiRigEh rovREREimEEWork, Al G BT HY A St A ARt odiment

of the presentiavaition @& mgthadofnaieatsr g RpshR FRAYING acpiel Mitfoah matiee sisey. aghets
positioned at one or mor%seg%[a e vesgﬁ!%llocat%ons can include the stteHlsst(r)f re '
t

AL Instru eﬁg igjn&[éseg%%int
deployment aXF 8L AABAES P ENER PO B & pIiAIH) B BSATSy ey Tiser joins depioyed at one of a
plurality of sepasisitmacsssingcalimdsoposeihgrthcepapeotnedfites phim|ite ofidéntpyiskrijoidoigad history

data for each.8f bRl ltCRh sa' kiR ARRinxechal the NEIRPLERRAIAIR Yeitas! ReRliaas from an

associated shipboard computer, transforming riser joint load history data received in the time domain

into load histékg-daesitirasd frediromell dwsphans, WRcstad iniainigea isie) sliscsHiathe S 8rdne
plurality of degiepsd risipRINtR reRpPabsiyestipBbiedstamariicheofo gk the ressivedirisergeint load
history data or the transformed riser joint lgad histor daé{%.gaRlEé: DESCRIPTIOt OF1 Tlil% of
DRAWINGS multleyed lpad fat, étﬁﬁ?]?lvﬁ?ghetﬁé“fg PSSP SATRREAGRE AL MBI 85 well as

othgrs wh@ch Mbemmeaappmﬁnmmbmt wnsiaieso Shhinrisorpielaid alatorecgiseti cutheabbsefiption of
e o o TR Ees A b e B AGISICHSR R e B mais Hieieghicr

are illustrated in the appende wings, which form a part of this specification. It is to be noted,
however, thapatievdyaiiieish il vaticiteobim ssosised b dhEsrssHitBe invention and are therefore not
to be considered limiting of the invention's scope as it may include other effective embqdiments as

well.  FIG. 1 is annShitFiheeivrlidss Hosyas OrmaeTmating e mBre: BﬁligSté’rﬁaJrlgli “f marine
riser assets agemisingfithariepbbadicuanhnéihe presontainlantags a plurality of riser assets. The

vessel riser asset management program product can include instructions that when executed
by the shipboard computer, cause the shipboard computer to perform various operations
including receiving riser joint identification data from the riser joint identification sensor for
each of the plurality of riser joints during deployment from the vessel to form the riser string,
and determining a relative deployed position location of the each of the plurality of deployed
riser joints within the riser string. The vessel riser asset management program product can
further include instructions that when executed by the shipboard computer, cause the
shipboard computer to perform the operations of receiving the load data for each of the
plurality of deployed riser joints from the riser joint data receiver, monitoring loading of each
of the plurality of deployed riser joints responsive to the load data provided by the plurality of
riser joint measurement instrument modules, estimating a riser joint loading condition for
each of the plurality of deployed riser joints responsive to the load data of the one or more of
the plurality of deployed riser joints, and providing an alarm responsive to the estimated

loading condition nearing an operating design or service envelope.



FIG. 2A-B is an environmental view of a portion of the system for monitoring and managing a plurality
of marine riser assets according to an embodiment of the present invention; FIG. 3is a
perspective view of a riser joint carrying communication and identification hardware according to an

embodiment of the sentinvention: ., EIG, 4 is a schematic pblock diagram of a.riser jain
measurement instrul?rﬁ%é:rsﬁJg r%odﬁ g %?(%grlccill%%et%t %ﬁsé&r‘gé:gfﬁ%&ﬁrﬁ) e{anfc))reeefgenrﬁatnf1 e %r\?llnfs IG.5isa
combination PeMYFAEIE seeoraihvestd doaatiions Wreflnitiagreiser difecyelesinmingpmystenrac beviigg to an

embodiment gloihasbrearNEMeRfiBupled TGS RIS Gk MRY AR RISREILRCYSe

managemen%rogram product stored in the memory of a riser lifecycle management server according

to an embod SPTDYSLion nrbeptioRoyiting 2 pommynicatiopmathuay BrovReai e shirbpadiser
asset managesnpitgpragtanhgrastuctisioreld imihasamoreoa shiphanl heasiRuUET AssOnig to an

embodiment fﬁ%ﬁ%ﬂ&?&’:}%‘%e htei%ﬂipboard computer and the riser life cycle management server, and
riser lifecycle management program product stored in the memory of the riser lifecycle
management server to manage a plurality of riser assets positioned at a plurality of separate
vessel locations. The riser lifecycle management program product can include instructions
that when executed by the riser lifecycle management server, cause the riser lifecycle
management server to perform the operations of receiving riser joint deployment and location
data for the plurality of deployed riser joints, receiving riser joint load history data for the
plurality of deployed riser joints from the shipboard computer, transforming load history data
received in the time domain from the shipboard computer into load history data in the
frequency domain, and sending riser load history data in the frequency domain to the
shipboard computer. The instructions can also include those to perform the operations of
determining fatigue of each of the plurality of deployed riser joints responsive to the received
riser joint load history data, estimating remaining fatigue life responsive to the received riser
Joint load history data and riser joint material properties, scheduling routine maintenance
events for each of the plurality of deployed riser joints, and scheduling unscheduled
maintenance events responsive to a load history anomaly in the riser joint load history data
resulting in engagement of a preset fatigue life trigger level requiring inspection. The
instructions can further include those to perform the operations of reconstructing a riser string
configuration of any one of the plurality of riser joints deployed at any one of the plurality of
separate vessel locations responsive to the riser joint deployment and location data associated
with the respective riser string, and predicting a magnitude of a load imposed on a subsea
wellhead system associated with the respective riser string responsive to corresponding riser
load history data for at least a subset of a plurality of riser joints forming the respective riser

string.

The system can still further include a data warehouse assessable to the processor of
the riser lifecycle management server and including at least one database storing asset
information, such as, for example, riser joint identification data, riser joint deployment and

location data, and riser joint load history data for the plurality of riser joints deployed at the



DETAILED DESCRIPTION The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, which illustrate embodiments of the invention. This invention
may, however, be embodied in many different forms and should not be construed as limited to the
illustrated embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure wiblsealisopEsepruatrivessl drsationndndpilant ers vislahiee sceprsibiEtdhp PERRSSIPI O tRoSe

skilled in the gftnboard™ | Gmpheérilhairaieray eaeodineiiaaba, Risex LdtecslecMaplerifigeBysiam
(RLMS) which provides an integrated tool designed to improve the lifecycle perfor ce of a marine
riser through FRAGHEOR SR PSRBT GRRIMGR ts?'én‘ﬂ?% Qgsiﬂ%ﬁﬂ‘gé%?ﬁé(ﬁﬂt;%@r%%aﬁ essible
riser asset méntankaot ehdjsionyitpofiiepeintstdghogtd framagespemivofveser. assets, with particular
emphasis on riser joints. The riser lifecycle management system includes integrated hardware and

software/program pFaehasiventpefdatereseit Kaish dnebdirrammgroaagrarpiedBisssieredaply
located on shgge;p[his Hplehasent@) MlIRMASSH VR Shalis eV R Yndasse HaurlRy emagament

system equipped riser in the waorld. It also can permit transfer o{ a riser asset from one vessel to
another whildSSEARIFIG BASHISHAIE dhtaner Ak DAL STRAHHULSTE! IR Soan T PR e RIS Fom
sensors placeehdaut exmmipldudn Bahctisas aspeketiedh fiseedegisynbynthe doitisvoan benputer
communicateg betyeen e riselt ARSI SE030"S AN LR SOMRYIET 9 feard, Neship byaags of a
simple radio Frequency identification or "Rl tag or Sther identification Indicia on the fiser asset and
an appropriatepbosieet and sefstintoleastioneositissisiesiih fas afplusslifinplaisendodisiied ridepleprder. As

the riser jointgrrgther ARt iHRPIRETE N HstpHiRVeRbathQ FSGEE! rERERXARAR R P RBIRE[oaRIder,
senses the unique riser asset ID tag stored on_the RFID chip, and communicates that information to

the shipboard&Bapereh afdhg RIHAILRhESSHAINS Phe R gyad e rmhe s T SEREudKeficially
provides for ageu¢isitisv fafipiseddeainiatadyptiaiao StiehrentoatidonsfeiohlufibgpiieliypBesnsor data,

multiplexing that data, and communicating.it throygh t ater,column u vessel i{g %Ilowing
for an accep t]é)bl}tes féa\s/%clmos]g\fg ltJ ttnhﬁ receive % l'%qoacl1 gayz\il N@/Or TISEr Stf fila (Fe?e iﬁ/g'&' ()

€I 101 t%
&rance. The tata acquired depends on fﬁeatype of sensor used on
the riser asseheFencedmigtejding ipddue formadterpazats osedichethmdlibr 96 mrenimnts real time map of
the riser accelerations would be available. Additional processing by either the shipboard or
shore-based compRBPodimeREfidhe pTesenhSREHHER #SCoRR¥tE darirymaelindd hineifRe map of
the riser stregggstofiigmRlNRbAdhSRPRITHFOF jaitineHvatuseis Meastdiagd prarfembdsalinele,of riser
joint, then ris%r joint stress data can Ele Igfﬁl#culat?d.b a (rielativel¥ simple 7 ag%puzljl?ﬂ%r}iggrth%e éalta. The
riser stressed GRTES TR ISAHS AR CHR] tH M BEOR g A A g A 1 e N AR Ihe Condiion of the
riser joint froenminesdetiepeepsionmickifeisgaimp it iSentHickttanptateitteth lbyrisen fsouiidentietithe system

can also allo I u é%’hﬁmfle ' : i iser
tensioning s}éégrér{%&ﬁ?\.ﬁ%%g@g@&fia Ily, F G%‘%ﬁﬁ@%gggﬁgn ysglyo fﬁ%ﬁgzﬁﬁéﬁd/or

production sysebraEanlualiy ofiagr lipietsderaxerhiem thio psebin Bonc MR BRNFhakRge F3shine riser
asstc)etzI positiepfeﬁea,ti@?q&ﬁtmeéﬁ&%aaﬁ{ggq"ﬁaau@lriél}ng{m@famﬂ@mﬁyétﬂmrzlmtiqa@ﬁa?aﬁwé ng Ito ar;I
embodiment of the present invention. T rilling and/or produgctjon system 21 cap inclu eploye
riser pipe or Eﬁﬁ&ﬁ&&ﬁ@ﬁf‘ﬁﬁg’%?ﬂ%’rﬁ? ﬁnffgﬁgr?&fﬁegl%'e E&H éﬁﬂ%%@%’eﬁﬁc LS zr% ©5, such
as, for examplerdig bifisivatéeimsbsHee welthehdamati@ iflolmtiageebdes Jdad deta der fackxdrtiple, a
dynamically positionable vessel ] i 3 Incly i [ ' QIS
connected t 3%@: (?rr 136):(%1'?? §f§: Qf/% a E%ﬂ;{gg{ga%r%%ég?%ﬁ%ﬁ%ggéﬁgﬂaﬁr@ 1%% %ﬁ(@%ﬁlgﬁﬁhe art.
The vessel 2@inetokids sonedrisdyiaa exmemerndinarontyhldropmiiteofdsalaysd risgtigipivaRincludes
a spider 32 pasitiRRRg RAGRERRRIVIMP QIR 3BdEphyealiRay;shiaayprave Barisessting 23

when riser joint connections are being made or broken during running or retrieval of the riser string 23.

Note, thoughPEe i dhrP BrHE SFELShIa SHASHTBEN RS BERS HARY SSd production risers, the
driling riser was selecadiy (URIALLLANARAST 1 BHRIR HiSdRSH (PRI mERIBAREeS
such as, for example, t(he %wer arine Riser Fackage an .
and managing a plurality of marine riser assets includes the steps of determining a relative
deployed position location of the each of a plurality of riser joints deployed from a vessel and
having indicia readable by a riser joint identification sensor to separately identify each one of

the plurality of riser joints from each other of the plurality of riser joints during deployment
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Blowout Preventer shown within the subsea wellhead system 25, which is not generally required in a
production riser. The vessel 27 also includes a tensioning system 35, 35, located on the
operational platform 33 which provides both lateral load resistance and vertical tension, preferably

applied to a glip or.tensioning ring, 37 attached tq the top of the riser string 23. The tensjoning system
35, 35 includ%grgorfl’s%erc ens qr?é‘??:igﬁ r%) &f g@‘ﬁ:ﬂﬁ_@ rﬁ% it?gr%@ﬁf&egorﬁﬁ? ?%%?%?1‘??16 B‘I“fﬁg&ser
string 23 whéﬁﬁ_ mnyj@éplmmr;mewmmmammmammsm ifpbwdedstamybste ofthérpbomtityunication
with a local {yRRRRIL LI MAIRRIRAMBIES A & Al IS AIRRORCLEAMAU AL AT AR include

a processor 45, and'memory 47 coupled to the processor 45. Also in commu on wit

shipboard cdiffRfntikadBiisRme aimnwovided by druplHEiof 2isep dointmgasermratipsgument
satellite-basesbaornestigating Aaisssoriadagiitiesnditinaer each driMe AR ascessiilatadhe

processor 45 oftthe a shipb arg cpm ter 41 is also provided hli:h can be used to store asset

information 57 SacR B the prurdfity %cf#%%lp O?Hf’soﬁgbq%%/%ét o‘?‘%ﬁé%girég??ﬁe LAY Bvided. As
will be descriyedidinghanaldataitidpolmivesutheastietaiciblvaditigraaiitiochedemgsar jpinttidgridipation data,
iser joint degloyRal AV RCAH00,0 9y 3 5. A9 RY SR Tala fghach of the pluraliy ofriser

joints deployed from the vessel 27. According to an’'embodiment of the present invention, the riser

lifecycle managemepitsusipodhitddnbRARIASP IR HGANThPattioN:aheash of thenesas!
locations. The#)ortion of the E%S emoo%o located at an onshare or other centralized location or locations
(1

can include &M eSd 3888 RPUR SRRETS TR ASLS (ROSHQDEd 18R, B iR BB e e ssel
locations defisiaijoasriser ilifdoye thanstwpagf mexitingriesrjdipakiplonedin aadriveusiog dtionfayidachn onshore
local area copmunication; The.ri If I nagement server 51 can include a
processor S%nc_i mesrﬁgél}}[g%g%;éigiontféfég%e%s%g)%g%é%ilgrl?c%&ﬁrlﬁﬂﬁég ion Wi f%t eessg}lshore
communicatiéfrHesyerrgsadhg remeciiiirisetinink regiping tiserg ofot lord histerysiatelfics tsahed

communicatige #hiatyrafitief yenee W eaoRraduskipnifditigs£ach BaYng AdesE irertiansmitter
44. This portion qf thﬁféiy em 30 can also include a global commupnication network 61 providing a

t | ork 61 proy
communicatfSF4tR pi’@ﬁ%%%%hﬁf?ﬂé@f&’%ﬁ‘ﬁ?&é?@wf@f hisfery @%‘ﬁéﬁﬂ@@é%g? 89end the
riser lifecycleomaiaigtoriond hztusr Eilatin pies Héquansfdonbisandasetiifoinalise] REuasndhe
shipboard c uters 4 the.riser life cycle management server 51. te_the memory 45, 55,
can include %%zigtl g%ﬁﬁ (l%anl I%GIEi gﬁnogﬁ?o{'i/éﬁgdgg\l/ﬁ 0 Oggg’%?(?”%tg s hoél%ﬁhlﬁlcg |lﬁ&1?§?gfample,
RAM, ROM regfivaskidgeaiieisrlenstiviatotistasa pnshedransfoonedeaiscrjchlad isotyalaiaderstood that the
preferred onshore server and shipboard computer configuration is given by way of example in FIGS. 1
and 2A-B and that other types e¥%¢: 2 RIB ESHE RENXENEfng to various other
methodologies knqwn to. those skilled in the art can be used, Particularly, the server 51, shown
schematically in, f%e%ghgfe?ﬁ&rinrévélrlgget?rll‘?s&@ftgéer%grr‘%?%%W@eélSEtY P OPSBHRY A3 HEAR is not
limited to angthetivichiel ptillshsabserappai®nt serydesitelersgodein eploydetal a samepdsionlar server
cluster managediiiod Ar¥RGARAIAA BRAJ oG UM RESAS RD 8l A dhsL @i RuR and

configuration may be increased based on usage, demand and capacity requirements for the system

30. At thEnhedinerihibgsenficrhishipre datereddndhs anpanded sliouisgs 3hirhcfoont awiteofelevant

data on everyipigsRidlcrise. lifeCyClR NBaNRI/NaokeYSLe MDA i3S NSHRRNSALS aayyugere in the
world. The data warehous r&‘s is assessable to the processar 55 of the riser lifecycle management
server 51 ang" @8 "Bgnl%r?lg SRV L A arE §E I8, B9t RRLFRAtgRr e elifingnatqtie
warehouse 88edivirishedpeats|dastyoinelodnothdizeffeciive babe Gmannfigwedld to store asset information
for a plurality of riser joints 29 and other riser assets of interest deployed at a plurality of separate
vessel locations. TWéaééé?W@Y#f?m@?ﬂ@éHlm%?Xﬁﬁ@)@%@ﬁ@f@@&ﬂ@@@ﬁ@ﬂ&nhﬂrﬁﬂmber,
relevant mapgiagaine ideressid aconaiptiRn BieReHERoARE SlldRIRRARBRE records (including
detailed information on the nature of the maintenance), just to name a few. This information is
generally keyed inkRiGhe AyBtanarBenairthentingd ofemafulaoitich @f Thaisyeeants. mbseaiabase 65 can
also retain t d.history informatiap, which.is acquired automatically from shjpboard
computers ﬁp@gﬁg{% oﬁﬂgjg@?r?sPe%I%(la)Aceycrl(Saan%sﬁgae%‘?ﬁ?lggggrﬁneaﬁll%)pé %legs%%a%.p Ii‘iﬁc’%néhipboard
computers 49V§ptiRN, can retrieve the data from one or more identification devices 71 (see, e.g., FIG.
3) preferably placed on each riser joint 29 or other riser or other asset to be tracked.
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According to an embodiment of the present invention, the riser identification and deployment data for
each riser joint 29 (or other riser asset of interest) is communicated, for example, to the shipboard
computer 41 by means of a tag such as, for example, an RFID chip or tag 71 (see, e.g., FIG. 3)
positioned on each riser joint 29, and an appropriate riser joint identification sensor, or receiver 73
positioned, for exanipfé, hiscr ReasRetive e Wl IaasFraiP i ey s InriHRicatinr Prdb identifiegtigh g
operably couplggviarohQibiaig$e 4 SapsaikeitaifaRe\ikddhemkipeard computer 41 through the local
shipboard communication network 43. As a riser joint 29, for example, is being run or retrieved, the
sensor/receiver 73 ¢iiGhé¢ spidehSRatsebisek dirganicpfaniiser pdsemnidsstomsdtcnsthenRit|Madee71, and it
communicateg,célap&iHg]%m'}gg&ﬂrhggt%@iﬁgg@ggemmu{gngl along with a time stamp. The shipboard
0

computer 41 then compares ID data with the list of recently recorded tags. If a duplicate asset is

reported, it is disregaydeslisthanisindhenpeing aviomateddrading etsdkprihtotamadisangsset
may be scanned multiple times Whaj!fi’ bein%}lg)?é ed on the S{Bider 32 or during the normal course of

handling. As SUREFAE FAHRE AL PESERANHALAY disregarding duplicate records or
duplicate reads withjpa 85%?%'%%%%%%&%&?&&8&&0&% AHLBOKRR BE IRaRgS{ch P RUE R IRIB

advantages, other acceptable identification means can include Such devices as contact memaory
buttons, barc¥ees, i theraemeadabrerisrsiifse) ele waaagement servpiRieIdHIE 60 ABSMBRHSIRY data for
each deployegdisesdartwaten; aifer riser asset of interest) is far more complex. As will be described
in more detail below, communication of load data for each riser joint 29 can require sensing and
multiplexing load datsGhroigghsidtemeaie bloldingtata pfviitesqperssittingnigeannagregtableredret of fault
tolerance. Various computer program prqd | ciat i 65
and/or the shs||to r%%r‘a [t:%gmr%%r?gfydf Ptﬁesrl?l&%%%g ??é%?ﬁ%iﬁiglg% ?%Agngf}ﬁﬁoﬁd?ﬁ%?ﬁgﬂﬁ% th?ee%r%arine
riser assets, denieike any appropriate recommendations for the timing and the nature of the next
maintenance event.  As indicated abgyer a¢£ei6ing s RIPETGRAIment of the present invention, the
database 65 (and/or database 49) can include, e.g., three, basic categories of data: data keyed-in by
an operator, data aquygifeebérttiaitionl byift ammabeatedesided semsdully inoapiftar withcréfiesdheclata

o the et R SO LR L L R BTRIO RGO TR leRATIC 10

of the databaseée % an acco 0 an embodiment of the present invention, are QSCI’IbGd
below, with respedotectertdisagatedied in\withyrdififentdorayadrshnald, neicba apasiyedss dantedeiude for

each riser aspeln @ AENRL BN MRES4RRH W RSHARCRYISIaME iRbsEanblaRHHRG e pREURIaINtenance

records, and operational service procedures. The serial number provides the unique serial number of
the particulathfdhissdiselophr b‘élﬁ) hetheeugh dnd ierBl s rstial i, comven i oisoRRere theriser
asset is revisadedtioheitadiegratdia. tidatnanufacturing records can provide critical records typically
_required during routine maintenance or condition monitoring. For example, material properties and
weld types used in FbiScdtbillostratzear mptodiden déteRisand igycle Menitoting fsstemsddtS3ubjected

to operationa igad5 v RAVSIERILARIADRRAG ERR AL sRNTRINRNGRS i dbeUral sRgibon.

along with any revision date details, can be of great value during routine maintenance procedures
where repairgiwa@wg}bggsgapypqtm of remote diagnostics, online asset management, and readily

accessible riser asset maintenance history, and to permit remote management of riser assets,
with particular emphasis on riser joints. The riser lifecycle management system includes
integrated hardware and software/program product components which can be combined in a
central database preferably located on shore. This database can store asset information on
every riser lifecycle management system equipped riser in the world. It also can permit
transfer of a riser asset from one vessel to another while retaining all historic data. The vessel
computers, in turn, can retrieve the data from sensors placed, for example, on each riser asset.
Such riser deployment records can be communicated between the riser asset sensors and the
computer on board the ship by means of a simple radio frequency identification or "RFID"

tag or other identification indicia on the riser asset and an appropriate receiver on a portion of
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maintenance records provide a number of records that are documented during routine or during
one-time maintenance of the riser asset. The structure of the maintenance records optimally include
references to the reason for maintenance, where, when, and who carried out the work, and any special
instructions "L MRINIE" /Gl OREBHANR SEMBRRIoSRACS I Jogineniaton of
manufacturer's recommended operati nél procedutes. The operational protedures are preferably
stored as a seqiegdtn lotEitavasdhie ke isth@peramplamioarthe aiseraspidartisensgsatisnunisigagisser, to
enhance appligatinn phupsatesPihRIMRRHBCHIR ommuW i CRRE Gl AR AAOMALIER!I ARAMIEd data,

the database 65 can include for each riser asset, deployment records, and one or more |oad history
tables, along® VRSO B ¢ diafos B VehesBseraliecprle depesament sueisrudeasfipalide data
identifying wharedesdfovequisieipacictiser liser isoe) das. usach Asgslsaioracde piryiae phikgarg would
reference a particular field, the time, st when the riser was. and the time stamp when it was
retrieved. Adscﬁ?%gﬁé% (tjaéﬁ?g;l/t : gar)ffrllﬁfg?rar?g]?%hag \?é’fﬂ‘é“,“é’b"c l%liﬁgf?gggtl%ﬁ vgf%lrecﬁ%&%a%%g? felative to
the water lin&etsgh aibidesdlerdnaderanaoreettblslle b filictlbased (thehdatiesipyiraédepatisence and
the length of GAgk #RTiPIBASP uaRF HHRT:LR-AR:EM PROLRRRIOT R SRRN-HYERIAR. IREdgPloyment

records are transmitted to the database 65 via an RFID tag, which is’encapsulated within the riser
asset at a ph§cilist ISR IBRN ALerhiine m%&@gé}é‘drfﬁéé‘aﬁ?%m&&ﬂ%Rﬁ/\i‘,"ﬁﬂ@b@mé\ﬁdﬁf%@ RFID tag
71 past an RirdoctsigesyseitaiisSsapbiact prshxrmbmed 0onbeatés EsrspisiapRcanbdpdriogredhe RFID
tag 71 to seqd 9Osigptatlhgoit%r}g se sort/receivletr 73. tgﬁ laad histogy taples can pra ide a complete
picture of the 1634 Impose on the risef S el 73?3?{/ TURIEE AN FRRTTIE B SELRE time
domain and fis¢héoiné quiyatyredismaasuifideto diok kistopetabtiss g ndntdbenimiskre) dintestdmssnddta cam provide
real tme risajeloaginadeby amiaHoe defipRdisngi Lt et SREAKPLLARE Histomtain older

than the defined length of time, or alternatively, a combination of such older data along with the newly
data, howeve&f, ti8s 5a1 thisa brcfuthenymanipwairddorestimate dhrereBditiom afrthe Firek ipistFrospan all
av?ilallble risaedaftfb?aiefw Hfﬂsm@&ﬁlﬁatsti@l r&wﬂgg%@&%xﬂméb%@m&&m%&%ﬁuéﬁ%ﬂ% "y
calculating riser loads in the frequency domain. In addition, the time domain records can be used for
extracting ex%fgme%rﬁgﬁqﬁ?a%ﬂéis %ﬁigéc?beéﬁggegﬁﬁam@rﬁﬁfﬁcﬁﬁgi {}ecr‘?PfF%)/’\?/éPeaﬁ% dftith, and
can be usedtéosimitmgsisiatidation of the results derived from the frequency domain data. The
measured time-domain based data can depend on the type of sensor used on the riser asset. For

example, if only acMa&othradieative HEE8: ohr2Briskusiaain 20 pbrabitiffindivheral didingoisndeading,

then a real tipgpiRaphemisel 26aelaratiansgLld Rempuidedsydditionab racssingdmapid then be
employed to convert the information to a real time map of the riser stresses. For example, a models
database (nQERSWHFEATEE RSB SethPloRILisiRaLlE ek ar iagiorpdncton: J6#R™9 based
on the map ddditnisesrontilgy aivons, anblddinteieonited seseatLiie anidior dFRetidfliaioaadsrmore of

the deployed riser.ioi 9. Alternatively, if strain is measured on the riser.jaint 29, either through
direct or ind%g(%:ﬁt‘sé{@gﬂgjsf?s%?}o?ﬁ% F(f%%é & a(feaP %’gﬁ %S?:%?é%ﬁfaotlé%ogélugt% fgctfl-élé?)g 8 iHﬁS es%%?é ulation of
the strain dagstendingnbitreeronsuhisaativee breadotrstmolfietigh af, doeaxamplee thedHugteeedarbserters,

such as, for G¥ARARIE aH B! HBIfESHRSS AT Rlicaton FaGIRpId SAThiREIRYoR LRithsissEdqad sensor

(measurement instrument) location. Regarqlless.of the type of measurement instrument sensor or
module placEhCofisieHig: mointsdss Jiutiple chissesieetions Qruicinte & tFrnaeaisd dogetieeafohrovide
sufficient flexiamiyldobyul bidted lags e itan o pgr aaenaf i these sillme fHd AR UIReRESRNSPr or

module equipment to that of a different.type. Note, a disginction been made between time
domain basé%c?rf g#asf?egéqérlggy é%%’éfﬁ’ %‘a'y%%%r%ua%%.aﬁr?érﬁ?c Fats5s lggﬁe ‘ﬁfx"?é%ﬂjl‘éé%&é‘ G %he time
domain. Forseiempepoaitipagshostmviperatienhlapdrtforandsl i d eyedif ly\3ly & asppduiribéiciseofsting for two
years is a sigaple, imeBistary égmtway%reepepﬁgqﬂsag & H9&AAmAIR Taitﬂﬁlgémﬂm ;c;?'ihé'so be

represented in the frgrauency domain, generallyin a far more compact, but at the cost of loosing some

detail. For eXsFhpiangrhNAsdhenchsabnsimeatsishiriessat dnveatnnpamdy Hebpth grifliagwade as a

function of tigasiuetienGasel el liabBseithag RURHEHFGINEHEASH SRPIBRAINY RN ER atwave

heights (or more preferably the RMS of the wave heights), and also a period and a probability
associated %?{ha&?OWZV% RPN I’%’d%&l’ﬁﬁafﬂ%ﬂl%nth? 0%&%69& 5 F@B%,gﬂﬁé"ﬁiner the

range of the wave height, and thus, the better the resolution. As can be expected, two years worth of
wave height data if represented in time domain at a sampling rate of once a second could result in
over 60 million data points, while the same information if represented in frequency domain could result
in a table with as few a hundred data points. The frequency domain table, however, generally looses
the information associated with wave-to-wave transients. Further, numerical operations on frequency
domain data sets are usually significantly more efficient, but at the cost of loosing clarity during
transients (in this case, in between two waves) and often requires spot checks with analytical results
from the




time domain data to ensure accuracy. Frequency domain analyses are, however, accurate and
adequate in most cases, and in particular for evaluation of fatigue, according to an embodiment of the
present invention. The tensioner log can provide storage of various parameters such as, for
example, tension setting, applied tension, and tensioner stroke, which can be used alone or in
conjunction wWHEWeEt sy soiat RhewRistishindtiea tebatersiibad e sttindichetscrasneradijust riser
joint loading sagiiR fermplatR@Mialesignals to perform real-time adjustments, described in more detail
later. With respect to computed data, the database 65 can include for each riser asset, a riser
asset Stress Amplifiiadioesseh @D [SAR) tdbies theslosidghistoem takle 3 iheafed qretheyogoratiinala
maximum ampiiks S8 AP dETMAteh ARNS 154 SRANG. SE JERLASRRLGE AR
provide a cornpact table that lists the critical locations (positions) on the riser asset wﬂere the fatigue
computationgeplisd deakesliage tensigning ding e foetaiedentedan ity fissystingné3sABitble can

?ISO provide E%@ﬁg%@?ﬂéﬂoﬁﬁﬂ fﬁe%m?é‘stiue{ir%agéaﬁoaé@raﬂawi&ine;hegﬁeﬁalefsar@r?méﬁwﬁation
e.g., hominal pipe and wall thickness). e frequepcy do -base istory table, as
noted previo&gﬁg ARSI RO PSR tERif y%ﬁ?rf%?@h@?i%&%i@%? ?ﬁ@lgfa%sﬁﬁﬁéggtﬁs 8n each
specif_ic riser :jhiplb«%d_ aodpultémalt éhycdeaniinagiosedtba lbealadﬁpba&sécmuingnmﬁm ecireqrielicy
domain-baseddoachton GNB.SAN BmiSRA 19 Sxpala. PhExaRlashadaiRhialions dagape

imparted on & riger asset. This in ormation can be computed by the transformation of a large volume
of time domainthaseatesser46ad hisinspomuerairationeith cemshibomid RonHBIsAEgN BRBYOHBATdM. A

computer progracg; Rlemehaas r@@r{%mm@, tignsiarpatianiane KAt RIAMIAR JabIEO DRGHMAT
intervals (e.g., once a darl)é, or on the fly in response to a query, etc. I§

NG : 3 g‘ardlzsio%%ﬂe %Ee of data
gathered by fReSSEirfd Fresk SnFetriaRtsn &t arceTtle M IS RIS eSS g % RCBIRPRREOTLRMT,
curvature, etq.) Rlfiepicadasselictheafi dguseat yoomoraissabidocaathn forriuhl afatidplocrdiginfonly

certain duaniles ol e R BRI Bl USLEPb 8.8, AL ALESSEOM I RINRCABLISH Wre
transformations may take prace at the same time in order tb prepare the final table in frequency
domain, the detzilcbelowrsioeh(esseuiafermationsdaliingluds prsstueint idertifiiegtioni dedre siseirigiat data

conversion ff@éﬁn&@&éﬁ%ﬁ@m’&le&g&&?éﬁsqg@wn@mmﬁvstory dhbersR YL PRIEE X can

provide maximum amplitude values of one or more parameters of interest. As the volume of data
stored is relatfiidepiavedrieom 86 vReRs! Amplitude figures can be retained for each riser asset for each

drilling/completion %%E)? ﬁg’téegﬁ "eem”t?éﬁ%g‘n QP ﬁrl]ee p(r)écstek}l? %%L%t?cpnq f%LcS%stgr i%gyéle management

system 30 includes portions onshore and portions at each of the vessel locations. The portion
of the system 30 located at an onshore or other centralized location or locations can include at
least one computer to remotely manage riser assets for a plurality of separate vessel locations
defining a riser lifecycle management server 51 positioned in communication with an onshore
local area communication network 53. The riser lifecycle management server 51 can include
a processor 55 and memory 57 coupled to the processor 55. Also in communication with the
onshore communication network 53 is a receiver/transmitter 54 providing, for example,
satellite-based communication to a plurality of vessels/drilling/production facilities each
having a receiver/transmitter 44. This portion of the system 30 can also include a global
communication network 61 providing a communication pathway between the shipboard
computers 41 of each respective vessel 27 and the riser lifecycle management server 51 to
permit transfer of riser asset information between the shipboard computers 41 and the riser

life cycle management server 51.

Note, the memory 45, 55, can include volatile and nonvolatile memory known to

those skilled in the art including, for example, RAM, ROM, and magnetic or optical disks,
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The riser lifecycle management system 30 also includes various shipboard and riser carried
components. For example, shipboard computer 41, along with shipboard communication network 43,
database 49, RFID tags 71, and riser joint identification sensor or receiver 73, have already been
denified. e Y Y30 Rl e S e Lol ARy e AL ST madhgs 91
each positioned to sense a load represented by strain, riser pipe curve, or acce SIonieter fits, etc.
imposed on ahippeathcauist tealiguatiomis f9efobmivaythberismpltiimyIas, & sisk? foBtdehthdata
receiver 93 nagtBAQ" OFMBIVIREF AUAGRIRES leoIGNRISH o faffOlPHRBEE LG SHERGE.laE sea and

operably coupled to the local shilpboard communication network 43 to receive load data for each of the
¥

deployed ris sfo kst tkilsthdpjdhi At £atrdisatiethstbrriswansathes S1veanila s¥Rrface

communicatisshengditaydb, itiséxatesl FIGOYidpeowata Sa5ies of RV duaserkizveiraiasafiata
telemetry stallsior(lj? Hm{ggi{%g a ci%gim(limi aflion thwar\y t}ﬁtween each of t@e{éoi?t measurement
instrument modules 91 and the Heer chl)allnP REt] gévreebeiv%rs‘%e{h%ﬁaﬁyaﬁ/ fRreSfuftt 3856tiated
with the riserfsmng ZerAsqiimﬂqap@Md bh(a/\mri&ritﬁ‘l @:Stiligmdyﬂdega&hmsmuh&enf seockrkeadd (e.g.,
data telemetgy Hation caRIAGH I ARIARET AL 0L IR CAUDMBMILANP D MIN ALIEASLARG SEIRQF element
103, cache memory 105 to store collected load data, a power source 1 preferabiiy including a battery
or other enef§HuiBgt fResE i tata transmitter/multiplexer 109 for providing both collected and
received loading da the riser joint load data receiver, 93, either directly, or via another one or more
of the other instrum‘é%ftl?ﬁ"lg?ﬁﬁe@rgf.s RO%‘8Pe°gé$§iFé’at%é§s}§i6 aﬁ&ll‘é’wgﬁ% & th %&?}Hé@rﬁ
discus_sion of&iﬂwntctmf_igmmunsiece offi mm&&uremmgumrm nystehqulpm fitecannaiginentsne the
magnitude obigNaRER HP AR OPI0SHPSLAINAL S'R SHEAR BT BRINIP & arliRgp &
various locations on the riser joint 29 or other riser asset. There are a number of methods under which
the riser stred&SydanmyBagBeii Servar préfand Fabthsn imriereanted rimdsrdverscofivarstrainat the

sensor 103, siekitRioMansieBOfIHEAIRLHAMDHESTOM imEAIHY stiaigiieviard Rd gagvas@sne via a
ram element. Alter

relatively sim Iefcom uter pro nﬁ}tively, he riser dynamics can pe obtained via
accelerometé%g, Wﬂﬁ:‘ﬂtﬁ%&? iﬁFéng"m%?Fé"Eé?ﬁ&B AL PHHSTRIRIS f3rRdaRsEIssasHLSHial stress
from which theengerdtidopdd eat 3 foltigplity |66 sparthevdasetdicativied. Tirensseedafvmatod eations are,
however, within,{he seoRsaf Hie RIESEO IRYRLeNJRPilNEnease. e oad datasens (o e iser
lifecycle management server's5T can be in eithef raw data or converte {0 10cal stregses y%he
shipboard cdpfatienalipropeshviss itnd riflcarinicnones ifesorde (nelbdingrisiailad doforistierd dyy thee
instrument magiiesrWe maintsRALINALPERLRRROAN TR R, IRGRIBSEN BMERIGNANG SROSAL 103 is

carried by a thin clamp-on composite mat (not shown), which can be used to accurately determine the
deflection in FiAsEP Ginths oHims QfcHABHTHI 06 MBsHARCEs plbferainbasd 80t Prerlstoftidihd covers

approximatediefldghoiag regislodd tesargintienaaim ontienriselcipint uicackioalpt oniainpkyiigal fibers
connected to.an eltggstrzpmccsa?er&sgrrl %gc trr}?griﬁ%cne 1 tr(r)lamaeasur? the Wavelen%'EP of the %h in the
fibers. As the StiiNess of the composite mat'is sﬁ%stanﬂaﬁ/nfgevesy ?Fweél?ﬁ HEgtetal Forming the riser
joint 29, the shipbass warputess<Hprin tumyeanmrsteisvihitheidata i 29etorwivichideni foativecdedictisus
changing the[e8alfq) (PRI pARIGHN BREITGPEART GRS ANHISIPBRLRI NANSIPHEIN. As
noted above, varigus other methodologies of positioning or carrying sensor 103 as known to those
skilled in the@fk8e within the scope of the present invention. In a preferred configuration, the
instrument readingiéalﬁn byt each n\%a%surertne Einstrum%nt module 91 are trgnsmitted from one riser
joint 29 or other asSSETS S et SIROHCRt QL ithCHREIF dMYSRECP 1RR TS HEFAL RGN

forwarded udtpioymzohdasaifer\eashelsargoimcl receither 83:r hlkistreimiesssO3s toturmngands fve full data
stream to th ipkho. ) el ' Q%Lrggmi ti eRﬁ*%ﬁl r lifecycle
managemengtx?ejdrf\?/feé’r%rl@ll gr?d onshgﬁﬁg%z%ggﬁég %V%\%Igef%%t mu &glé%?n%%&fgvéﬂ un erclshi1 od
concept, cofinthitafse theudhGnd)pasiicnsh aearhdinge deiniifedchmpppgEE AW difsTIdoBtions for

data telemefgémifidaabaWHisoreP St GSeCIBCHAMBBNETES cRANAPRSE! LRISINRIM- the WARIENYIIS!,
transmission media is probably the mgst straightforward method for communication of a large amount
of data. Theﬂﬁ%fgaéﬁwgp%sr??@sw&;éﬁ%si PSR Pﬁsamla‘?ostmaﬁbﬁgwmaﬁan&m&%%
damaged wivethethpesbiptiyand aortipatto@ bitthmglsthe dteabsRipboand domsilhicativtahtossrki4datafrom a
significant mgajqri the Wser joi r.other ass Also, a hardwire option would tynically require
watertight gt% %Egoglzgtc s’ri%%re:%m t&%?ix?ﬁ%g %Jnn(r%r%%%vg afettl}leeﬁrrllsgmirrl%c?fsgrrgsgtr?ﬁlg&fgs,at/’ﬁgrsaé’!ztabs are
subject to a somewhat hazardous environment in terms "abuse" and contaminants, which are ever
present in riser operations. The hardwire option mig[11t4t_)e more practical as a jumper between two

adjacent riser joints 29, but ideally only as a short-term solution when the primary riser data telemetry
has failed. Such an option would, nevertheless, typically require some level of ROY intervention.




Acoustics is probably the most established form of communication for underwater data telemetry.
Acoustics offers a number of advantages and some disadvantages, both of which are well-understood.
At very short ranges (about 200 feet), a data rate of 500 kbps is achievable while operating at a carrier
frequency of -1 MHz. This bandwidth is in excess of that required for telemetry over a range that spans
two riser joinESBESOISHBIgISeFisEsatect ALt stofft 8 dhee et of e by BmURRSTEMERing
acoustics, eagioiisatiassetis gaptppactyiiputiansicalyendhatieceiuep.dair, saipboas] tbarpattnot
addressed to jt, multiplexes the incoming data, with its own sensoy readings, codes. it with its .
identification,‘f;n![g egr? Iﬂ‘%aﬁg?nﬁ)s ﬂ%&a co t|E’11‘a’ea(]:1's(§a(fa rﬁﬁ%‘fgg {Sct?]ré{erﬁizg F‘l‘se?rfaascsgé?, W t?c “lises the
same routinertpatid niGsaltbatgastued. pAbat itsowhécotiiting sotenmrefereedinsdigonationsaachiseser asset
is initially programmen (. ORl-GHMMpIGRIS Wil dBefPRhasssiniRCAIad BBmadialeiviehieMsAnd

below it having a measurement instrument module 91; ignoring the data intended for any other riser

asset This setUEHchighRneiRgedAsusustirithy msetered ByrAERE, Wogsdwse Attrac Hdsatisteterigy system

on a riser assRpMA RLANSoAdsitaldTRAISNARI 2 pResE BN IS R NINGLO] Chticaishr RESTR

instrument module e(EJrI\P ed riser assets and cgﬁfries out&re(—gg encin g;gg%gﬁa%gs& 'é/ershso that

the malfunctiBi§hd riBE S GFTa P UYL AR AT E 35S SR AT AT LR MRS M &Ht B JUfE 91
above the malkuivetianugtavs tremeryt imtbchseh St pfies, exarhptacadablnoiedersdmademstructions such that
after failing to detect any signal from its adjacent instrument module 91, such module begins listening

to the next nearest FRIBMGEiAROf FissyUrad history Aatifer sachrdsaloyes - avardaing Rn@inPBptions,

when implemeRfingd_E Qe stifeseRPIE Bl feoraaRRmenhis kay be aBsibeg m Subieiasiiy leswwperating
time. In order to be robust, sufficient battery life, e,%i, f(%)at least six monthsigan F,e readiIY allocated
Fhétias ot “

on each riser*SESRIHFHIOR PP rtn Lot PR 615 O VEHBITS S eS8 HPSORD B the
drilling/complédisrtiicenghathe. wher usduaiselawatehiiatterieiitiag for altemratpebboumeksadréaylcan help
compensate for such lignitation. Additionally, the | I 0 provide
periodic trané‘%%@sr}g% c?%é%lés, or ?(%ﬁp ) eg¥%%lc%$§\§g(r%%%£gn § %tr(? %ﬁg&?fﬁ%ﬂgﬁl%g%éceivers

ple;
109 are in thédistskontbeshimbeard sjorippisr tHethignaise thendseriradnistonidpmapiiondiededinde
provided suffigiept MeMREY 1Q8sNAPHN SPH sl tBeRasiadigibanfMiasianinp uhtpiatore data

for a preselected period of time_in the event data communication is disrupted while remedial action is
being carried"8eRELT A TR RHBANSE EXiBodiment of the present invention, the acoustics system

provides multiband fransmission .to both compensate for single band signal disruption.. wh
occurring, and to in‘cl}rseé%%“‘t?génsr%%‘é?bna Cgﬁ%\'/%drﬁﬂ. an eﬂg%%ﬁwna{gﬂinﬁégoprg%ﬁgzr%\fg (l:é({)%rhﬁ%nications
can be impledatabesd 64l(andighddtalase 4 Doaniddldesee forem desivarteseppt cddeas datalarinental
problem with;f-il 1 Ahe, dilfiGUlligs g&f{iﬁ%@[ﬁ&lﬁ’éﬂl@aﬁ@%%ﬂ@@b@@ "HRIAOB NG NARe

[

conductive seawater, which has traditionally required relatively long antennas and high power. EM

communicatifededata dsgnrdisectin Br R SR RIGSE T SIFRIENL oM BLAPIRYAHCD pE Sokeds

providing a relaliveldiiniBsianeds botiexaimplae & sande o ki Sitéertitignitsah entssdimenicdtina baud

rate to double dégits, and.broadbéemdiiﬁogk unicat#'gn IS %P{.C%”}’ E%P%g in transmission range to a few

inches at bedF &SR BY LM% 78]?{ cantadvan aé%s o u%lnaga , however, is its ability to provide a

practical alternativeyg 0 ardite, 1 ST GA5E 1RATRDER T4 EMEINSIHAEH A O3 gacontain a
ce

sealed EM transceiver a%}% nt each riser joint connector, preferably located so that they are in close

proximity of @4erbeheartravEbenaAdREs RSt fRastHng KaoHle B IERH AAMESp A9 dband

communicatigibril i PeWRE priselneaNeatose Rl aasb& peleidisemioinidR ikiaeneaverumigated via
hardwire. The sensor 103 and re,rgr]éainin har%ware can ,advalgta eousI&/ %e located .somewhere (as
C SFOF

desired) alor§ & BREIGFTE ritks 2Bt R HRRR L TR RS ARASRR s

- o)

SeAtioned hatdwire line.
Additionally, sseatugsh isarvisedidatigniseomal diy. cZhdoaaudreritedrevithliaser moeideustical
communications, {0.provi n rall.more rabust.data telemetrv.scheme.. o Lagsk el /iry (optical
wave) techné?gag/&%}a(er? %Jarftﬂfér%ug %%@”elgé ,{‘ﬁﬁ‘o%ﬁ faser telemetry requiresjr%grrlg pointinl‘ﬁ%}recision

than acoustiseatiisd prepenties-prid veddiiypatHredap|Ebeispiiengan b sMmeprdAskapingHatigiatively
straight riserjj@ints 4. {RetiGHWRVEDj QM paiRi s DY SEmIRSHNg. certain manufacturing

non-conformances, and their disposition, along with any revision date details, can be of great

value during routine maintenance procedures where repairs may be necessary. The
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Regardless of which communication medium or media 95 are utilized, a preselected level of fault
tolerance must be achieved. It should be assumed that components of the measurement instrument
modules 91 on each riser asset may malfunction from time to time. This malfunctioning, however, may
not be a diregf Gaugeaf %%o?!%cﬁrggiﬁé’gjﬁhg@% 08 ARsoRigial withiihe Nateh givironmeny/handiing
that the equipment Is subjected to during operation or deployment. mbodiments of the subsurface
communicatiir e eRemiBe siteomenafchn siegsassstist Bisevarstwhead the eiioteomnes mswde or more

riser assets jQiRRIYiANBERISR IS RUlld MataN FRREARR SRISS Rl v iMNGHPRIRS dhgighyionment,
the type of riser system, and the desjred operational performance. A few example of fault tolerance

data telemefRf ofBBh<2 Al M SRsPIRL dpsiictions_dery Hg2 IS aridbfe PR5HEPrak s Rardwired
jumpers, usepabdedies gpiaddabiednéatidiemdtiyaatdiane andosaaehanhapaetonabaoddondl.  As
noted previowgly e [isen3nselds ey saaing, pption presciibes  fault talerancs metfipdolooy
whereby data Is transmitted to cover a span of more than one hser asee , and whereby eath
measuremeritumdei itle At fadetctanspatend richibed asarinte rabantsr iprlivdtignoréapdateedty [thethe case
of a fault in afisRdeiN29 Or other riser asset of the riser string 23 carrying a measurement instrument
module 91, a signal from the surface can be provided to re-sequence the transceivers 109 to bypass
the malfunctioning W@xﬂu&;ﬁit foﬂﬁtdﬁnaﬁsaiblacb_ﬁeau&ad,hﬁdaﬂgsaﬁa‘ &sgaigﬁahaé tbedmmﬂaent _
modules 91 can bﬁ]e%lven to.caver two qr more riser ?ossdeﬁ%to _ %Rlee vailablemgﬁwetr osptlon rescribes a

asset 1 ent records, an Nne Or MmMor: S, alon a _tensioncr
fault tolerance mé dpc}llrggy Where y, In the context of acoustics, for’exa S e Tl eM module

91 would tur@ndier wihescesisset d@19.sd’ hiaarteie wsouddtrreentdsly iy aidn et ddae ifyithethdatation directly
above or belgyelf. it thé s Afser Al dRUREe AIRAYYQUERS ALY REE NG VR g thuct each

measurement instrument module 91 to broadcast at higher power, reporting at least the two nearest

stations. SudRESHAR Rl M8 HaRY shendhgddtetvabmmang the GugisemT Weeraliitvand
instruct the funfiiosinAddELioRBERpIOselR SHPdrinticrasva B al awitha Jailbn bstipmepksadule 91 to

te at hi turning the remaining modules 91 to the normal power, consumption mode.
The herawird oAl RTAES Rt e B AL AN, PR AERE Bire ROV
interve nti_on . _dcplhjsn@oe ﬁfalil@n%? maifthwd&ogﬂh gﬁn@sﬂsmﬂmint R9strAccentimgao ule Gdbodimbet afcessed
oy harwire HepetsR R0 AR RO RR A Gl ARONS AR A Mpbasc R BT RpRACCaDIe

data telemetry station option prescribes’a fault tolerance methodology similar to I rdwire
option, exceft@nehithiteensaamlatedonithinghe vseraspobasapartiaiaolotDand b badispussed
delivery/installafipniepMi RSN hifoRASHYVERNACRE HiFGFAD BEOYt past an RFID reader/sensor 73

located, for example, on the riser spider 32, would trigger the RFID tag 71 to send a signal to

the sensor/receiver 73.

The load history tables can provide a complete picture of the load imposed on the
riser asset. The load history tables can include those in the time domain and in the frequency
domain. The load history tables provided in the time domain can provide real time riser
loading for some user-defined length of time (e.g., 3 months). Load history data older than
the defined length of time, or alternatively, a combination of such older data along with the
newly data, however, can be, and preferably is retained in the frequency domain, which
would span all available riser load history. It is noted that the riser load history in the time
domain is used for calculating riser loads in the frequency domain. In addition, the time
domain records can be used for extracting extreme magnitudes of riser loads and the
particular event they were associated with, and can be used for internal validation of the

results derived from the frequency domain data.
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The on-board RAM option prescribes a fault methodology whereby some amount of excess on-board
RAM or other memory 105 would be provided in order to store data in the event the data telemetry
portion of the instrument module 91 is not functioning, while the sensor 103 continues to gather data.
The amount of memory 105 is a linear function of the amount of time expected for remedial action. A
very robust system WSUICTSETEH & BFEamait Arsrddaty cinrdererrbry hrohmssodserintdiseher BE well as
several days gigenser data amphe ifseilnsaetdiwatiydaelaustiiscleaiyrdepr s onidestiggmount
and volume Qg#i n;?tlon the opler%tor Vil shes t%fg veeqathere tlb1¥ the Sensors 03 and }51

1 Ser oaame, gl’l ar r*ser acceicrations wou

f info
packaging co OFEHE SSH AP SRS hile s f&l (5)pt|ons Of fault toferance Wer:baescribed

above, it shoptdwidedotédditiatalgriocsssinb eofiddi thtol besmeplaysidns e thinmdepoatitadtoraatial

subsystems. [Hlp 3 dpeidRaNResh e daiifllediho I atmARARLARIRIA ARG YRRl o 2

redundant data center. Regardless of the subsurface communication medium or media, according

to an embodifedf dhenlogsiee dBpRse SRtieashienipyEB Ik dofatptReiadad ardte & AalsUdseensor

data, sorts it, ;aesls-asisitionql snfesmationd(bervdietd name divedtionrobete drdrotBasTTele d8ployed
information), and forwards it to the s orﬁ-based data Waéehoylse.63 via m unflcatiqln ({network such
erl eitner 1 t

as, for exampR dRUBSI o HITMARLEOh Bt eRY e A I YRl S gar Compurer 4% maintains
the entire historipdoethme@asicistajoislsoesrdataichnthe ailitlitgtd diy p et gdsosionplio marppeédtion, etc. is
taking place. , ﬂfé%%%mi@%%gﬂ%%&ﬁ%ﬁ%mmww HESEIR s i LHRRQR HsePpLter 41 on

regular intervals, recelves atest riser asset load history for each of its riser assets in the frequency
domain from PREBElIswEdhauder s3ample. disphioirt Stiens ambificaden Fagtorm 6SatileralsioRoring of

the conditiongf e N@HioaPSeRis (feaxaeNa: SRMAMLHINasa NN URegardiEfie shipbanpd egmputer
41 can advantageously provide a primary alar hen ejther

system for n anomaly is detected directly
from an instrOHEHT GBI SO e AER ReY Fel?s&%eéi fati é‘?xeéﬁﬁ’é@g%soﬁ?é%%fé%r BS%hPes of an
anomaly in thesgmsedfdhtadanbidebeSexae ppinddstradfermnt €Radiibtys facteleeatephms;eatentBandt-in
routines provided uter pro S Cli i j geel e source
or the anomal R ST e e
vibration ("W¥PFcaused by shedding of vortices VX may be reported on a 300" section of the riser
some 500' below the water Jine if it is experiencing high frequency alternating, stresses in a cross flow
motion. In such an P& HEHEFH9R s PEShIBRAe PARRRINE FORAIR FANE A8 HEMBITH SIUPER excited
riser joint 29 wisee dtiei), Pyihiptedits ibgaeeruijioepadstaedise thotih2 donsrcilion seweil dgymhveeks, or
months in adyance, hisnolEd dataseniing da.an embadiment ol e Resent uenin, iig onshore
riser lifecycle ' man ementsenve rctudes computer program elements'to perform a more
comprehensivistowyadfitheoraveregyesented in time domain. This information can also be represented in

the frequency domain, generally in a far more compact, but at the cost of loosing some detail.
For example, in the instance described above, instead of tracing the height of the wave as a
function of time, one can create a table with a hundred rows, each representing a range of
wave heights (or more preferably the RMS of the wave heights), and also a period and a
probability associated with each wave height and period combination. The more rows in the
table, the finer the range of the wave height, and thus, the better the resolution. As can be
expected, two years worth of wave height data if represented in time domain at a sampling
rate of once a second could result in over 60 million data points, while the same information
if represented in frequency domain could result in a table with as few a hundred data points.
The frequency domain table, however, generally looses the information associated with
wave-to-wave transients. Further, numerical operations on frequency domain data sets are
usually significantly more efficient, but at the cost of loosing clarity during transients (in this

case, in between two waves) and often requires spot checks with analytical results from the
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checks, but at the expense of a time lag in reporting the results. Further, having detected such an
event, the shipboard computer 41, through the shipboard communication network 43 can provide
commands to a tensioner controller 39 (FIG. 5) to provide control of the tensioning system 35, 35, to
reduce or MRl RRE! Of it atourac: SREIARS RESLANAMIIN BICRaRAN] Lamosments of
the present invention include riseruﬁ?ecycre ianagement program Broduct NstoreFInRé memory
57 of the risetd¢fuaieldnmmnsigensesat vy Bartisulioniesr evaliiahianagl ftiguealiagcofdisgrtassets

including riseiRliRAReF R &k FRUlTy of separate vessel locations (e.g., on or deployed by
each vessel 27). Similarly, embodiments of the present invention include riser asset management

program product 12[hetensibiprtieg reamstyidé sbihge stfipatiaid paampettes $dchoad)dvitekanpslgnanage a

plurality of riser assets including riser joint 29 assigned to the specific vessel 27. As most of the
computer pré&?g%n e?éﬁﬁ%tsa%g(geeéu%ésg)y the. ‘s?htlfo oard csgr%ﬁmgﬁslcjfl %‘HOSI& eu?Fsdera ff{a‘%y% e
managementeapnstion with vheyrisamjkinirdacbiitery thatmistemmipeoguionseiettirgstsesdisprintarily be
described W'Qahmwﬁe; §0iRR ISR MENGLISQ ebHRURNINLESESIIRE BY RAIRETIEaRIGnRRRGRMeN
server 51. ote, the riser lifecycle management program product 120 and the risér asset
managemenfpiSihehingresrde@Bdtan be in the form of microcode, programs, routines, and symbolic
languages that proyjde a specific set or sets of prdered operations that control the functionjng of the
hardware and direﬁ%éﬁgfg |(I)%?%r§ urtlegj\'/aér?%ht eudr?léazb?%st%g%jrw fﬁ%lgé%s TIEHPIH 58 BRPEINIGEES Iso,
neither the rigeselifdrsss|dmmiiingtondiacm@iAl) ahdejult k20 histotivdatibeindbs dteqenagdonei,program
product 120", aeearding i Aarnadie '%ﬁ‘& g&éﬁﬁt&{ St NYERRY ?nigg.e‘}ﬁé’ RS G4 gmﬁ%g{gty_ n

volatile memory, but can be selectively loaded, as necéssary, according to various methodologies as
known and Uiidtsida Homped abledtahlisie therctitigahlocafinnsiqusitiers) s Wharisgasseivisgram
product 120 giedifee 266RuMBORAMNN BN HINOBIAR) RIGHACHLRO' 1660 uiecyaniRuadunalienal
elements as,Wfill Eglg?s%(iribed E} detail, eIEW WE;Ch ??\%e been %%ou ed and nhamed for ,ci}ar'ty only.
One skilled in the Akt RO RS SILNIFeHRE ks drats Rl FAGD APSTAYR et 1088 Bt ically
implementedSFarferiacaiichypiatipon de henoeadil/ pippinentedhthmépesgte objects or macros. Various
other conventions can be utilized as well, as would be known and understood by one skilled in the art.

Further note, althoUds firstssnexndemsimbassdaloatbhidery dablesiptioated arevieaslyreamapligviderider joint 29,
one skilled in,fapi@Et WRHICCERGRSRIZSHE At HeNENCAIRNRI Y caR LOAAIPRTAOIEN jUsRMISsRIS Of

interest. Acc%l%nggto an embaqdiment of the present invention, the riser lifecycle management

program prollit® Ak ERRRSY RBCHhS SO USEEHER Zind 188 diReRsxIdaman-baspd dpadsset load
history mandgstori23bk taebnaaieoanakaeafingeaipk, dndiaddsRigarseiogd daparrdgusion
manager 127, th en.execuHted hy the riser lifecycle. management server 51 cause the segver 51 to
perform variglaér%i%gtiglﬁg 1 gl%rcr:?l %{3 be olt\?ve. he lril%éﬁrbgs%lgt%%g 8§/nr}1aelrc1’P and' Ié)a(gg?igﬁ}flrrggk%%r 121 can
function to résepdomaiisheredaisredhagrhistaraieiael selodvide stowaso tititenim thel fiteq fisney glomaliny of riser
joints 23 adaptesipups PrinediimiRreeHG U B RHISRIARRE AP Sasapiatednyitipgplurality of

vessels 27. The riser load history manager 123 manages and manipulates the load history.
According to'SVBRBEAYAE £F-85 SRl O HtfoflY HHd51RENIS L1 hABIRY %ha&égﬁé@ﬁ%ﬂdes a
riser asset lahel tyipéosy Reeiyahdrdd 1y riieriasdiag laadisioair anoigesnt 3Rnsbrinabagsetioad history
time to frequaecnc?]/ dgr’r;laintdata transtformetrr}BS,t nd.a riser ?S?}?t oad hist(f)jr transmitter 137. The
riser asset IG&4" e|¥sato?ysf‘escfaall\]}ltizrcﬂ'gja. 5 FIREE8E PeEefeth fgf]t%lﬁ?%ya ST R RN f RS tiser joints
29 or other risanipglotad feorantainonkyseathy quudtitiestths the dbadtistaryinterestdtapastaschras, for
example, 20836 59n LR INBIASHFL AATIAIAROILSRIPSRLAA AR theUaRd oI BnakPigre 2

time-domain based load history table which, as described previously, can provide real-time riser
ﬂ\}@!ié

loading impd¥eRptsiihsatirabiable insequrney dompin:ts dataernversiondsaledating prapedplinghiities for a
preselected {eo@ibedf imetignd faerdiNeHen HatesavaIssHITreh ABAIHOESSh P therrepishearameters
of interest for each of the riser joints 29 or other riser assets, for example, in the form of a maximum

amplitudes AN as described previously. The riser asset load history time to frequency domain data

transformer 135 cap fupction, (g Q@gggaggiﬁ%ggg%@m@é%@@r# igﬁ?@ﬁ&'@% s3I saMSRCY

domain and to provide a frequenc ad history table, as'described previously, to
thereby proviesharaigetery aluiBtuestiaty Hiedvawas efse sired durelatiely sorbabr wevi@uRer joints
29 or other riser assets, in order to reduce storage requirements and to reduce an amount of
computing time necessary to analyze the data. The riser asset load history transmitter 137 can
function to send the frequency-domain based riser jo_ilrkt_load history for a subset of the riser joints 29 or
other riser assets forming an associated deployed riser string 23, to a shipboard computer 41 carried
by the vessel 27 deploying the subset of the plurality of riser joints 29 or other riser assets. This can be
accomplished over a communication network, such as, for example, global communication network 61.



The riser maintenance manager 125 manages determining and scheduling maintenance requirements.
The riser maintenance manager 125 can include a riser asset fatigue determiner 141, a riser asset
fatigue life estimator 143, a subsea wellhead system analyzer 145, riser asset maintenance scheduler

147, and a riser asset maintenance event notifier 149. The riser asset fatigue determiner 141 can
function to estnieds fignersicATOremREHNSHtRS erady Tispitasse fngasthdriligglcanyded O ARREAESPfrom the
riser joint loaq.@atadaeehsath o ar the fiirhrardcaaweiers 41 or riser stress data (as a function of
time) either received from the shipboard computers 41 or determined from the received riser joint load
data by the server Stheotigctifebitiatinantiperaoft fosteaciorider jochide® wartineshijsienatsed ofsanterest
across the spectrum of vessels and.facilities in. communigati ith. the risgr. lifecycle ent
server 51. Th%arr?seé!:1 é:gglé)toféet?gsije life es |’ﬁ%§t%%’lf§lga%a?%né%% L{égegﬁl ma?%géém%%nggﬂ%ﬂfg%%{ﬂfe for
each of the risemjoimisapioroneserask A8 edasehase 4PiMEMRIagsomh, g risceiva idenditieationssenser Wad
history data, and;pesififfeelRaasHRARIAREAPa tisRHakR (O5ERCTITEAPRSHVRIRR ARSI @
combination thereof, and to issue an alert when the fatigue life of a respective riser asset drops below
a preset fatigH’é%ﬂE@tWﬁﬁkF‘M?ébm?m’d%gbééﬂBﬁ?ﬁ*ﬂ%ﬁﬁgeﬁmﬁh@% EPLISTRtSHh BY, S8 545 can
fitnction to pregietpipeagndusienaidrashicapaier ap. dnsplisdanelbpaaksyateos (6 Hasgdinpa@9 riser

load history daia 1ot AEHRSTNORNS MPRLIOES FALALIOLIRNTING N BRRA SRS MAINS IRRLL1ng 23.
The riser assel Mamtenance schre l’JI%r iﬂ can function to generate a schegu e of routine
maintenancetevibatsdecleaéatiserdirsnp thersotfase rifcthe ssatandirmestebly beeseded gorihti dadteived
load data, theSeileahRsRMiRNHIGIRE 98V R NSELIAS 361G R RIQIRESHRRe AepGRARIRAION

thereof, and to generate unscheduled maintenance events responsive to a load data anomaly when
occurring detdRit 39 tHeTe dbsy & daiRfatacas SRS MG PG agertss: 8Fa P Lerihiyiechre trigger
level requiringdnsneséition thedlise vassatrarRiisNzocRIeV et e FA800AReflneibIR Wiiskye an
online alert providtinlg a reminctier to a user of a forthcomiQ nsch%l%gedb%ierétnenegc eo?vtt}algt (;:}Qd can
function to isgﬂtél 2R GRFRE 51'1%%??%?53%@" nPuReheaUEY Mt an e event requirement when
existing. Tilesrisareas setioadnt atadabey A$itioh theanrey @it d3ac detagessnd Y tewsghthevgtealities of
the acquired Ul ASRELIRAA AR R FRLALAAD A AR HOR Ui PRSRISYSIAN: tBRAIser

asset load data acquisition manager 127 includes a riser asset sensor fault manager 151, a riser asset

sensor anomiafraeionadte s isstrieltiondatasHiembicrn 58cldesdr RuaErENB} ifegrity

checker 157, 3RthadiSRioaSsRh $2Neat datasERDP YRIMBANER cASR. MbRdiseroaserisresilchet
manager 151 can function to identify @zg?ﬁ#%n%iionirﬁ iser jgint measurement instrumeﬁt module 91

associated WA ROYE SPHTE ) P IS RS PE Y Fo PR S IR Vi PRBE S8 String 23,
and to si_gnqlandg dat.mmesaﬂjmmltip@jmim9 rfoe pson Eling riothstollavértt mmq@sﬁﬂqmsz the
malfunctioning flaer, (Nt eaRHIRALIDSSATARLIMAHUIE O 08 BIE s MRl opR.or more

of the previously fault tolerance methodologies des previously, to thereby provide substantially
continuous |dbgitmentbogdesdt fot awep deseiiodtissmsipuieinendatstiinarinsiises s yssistioned
below the maffypctiQuibhiagbiRint measurement instrument module 91. Note, as will be understand
by one skilled in the art, the type of fault methodology implemented is dependent upon the type of
communication meQgig uhitizatertiattypeahesneoduias Sdciatedeteithitietho stramismtenoddbdeloLit, and the
spacing of the modules 91 which may,or m t be positioned iSer.ioi ing, the riser
string 23. ! %S?f(l&;%? fag’sré esresgé%gra%ng)rﬁg%u?fg%e%teor ?[%g?léha%no u%lg?ct)?r? St%gggfﬁ%i%%?{%?a%anomaly
when occurrithg risspimsiv29 tor wibetetisiyasstbadhorrisionmberofmetpsisruadserdécistiediset predictor

155 can funcipndq ganealrRadictedl pRISRESBRINZS %ﬁ@%&@i@&&?@ﬁéﬁ%ﬂ}ﬁ_ﬁ& igsdryimemE module

91 associated with one or more deployed riser joints 29 or other riser assets of interest, should report
based on recEAtIHAN IS tBRYREIPEspRavE AR denrRSTRDAUIRIEY Sripb el ARbitAYSy other
adjacent instggrrevih Meekitbe §lsipployeamitctharaame ¢cispestrinulRhalinelyjshe aissetgrnains integrity
checker 157 can fu %tion dto.comcp?re Sensor v&ﬁ%ﬂi” S %f %i{isaemgrigtcgnrg surement Qg{{gﬂ@?&t module
91 associatetf With B1ie of r%lgreécdse% %ye(f riser jOIanS Y& a1 Ol Nser Assets ?ormerg a same deployed
riser string 28olvemsivsotoranatiripd firest ot wihichoisceneritiondbifeg 2 Fatiguehdifeigen dbsetbdorming
the riser string 23 JRdhe G, IRISIHORAR BPRGRDAAS tEWISRE IAiHRCARUR b NSl UmRaRhmodule

91, and to flag sensor readings emanating from the respective instrument module 91 when the
integrity is détsERiARd ¥ Ghejumsaothsrad e seuh tg dleriseh Hbicuclemensevarmt SFRGkr 15% can
function to remove flagged data associated with a faulty sensor from active record data, and to
optionally replace the removed data with corresponding predicted data generated by the riser sensor
data predictor 155. -19-



Beneficially the functionality provided by the riser lifecycle management program products 120
provides asset managers real-time and stored database information to maintain the various riser
assets of interest. As an example, according to an embodiment of the present invention, when a user
logs into the ﬁé’Ste”}hthe ussrtwould see t etvzrio S vessels t7 e ui?ge% according to embodiment of
the present iRVEhTER A8 RSB EPURTFIHS (R], SHEsE g SRRAT L SePRitSFi Ade Hetd%uhich
allow the usentemediaedooh datenbyressehgrisecarsaistediisldthelinstuerst htpdetgs@dn beneficially
provide the user a list all the riser assets allocated to the vessel and provide a further breakdown of
those riser assets tH&EHENg iPrahaipbrdiraguPidhe preyatinvsnties. dhe sspsefalfteisaisededdhy with the
expected retiyin drigp i cyigHktiRdaia cAswEONECHSRE K IRAEatacaulsksf BheaRMRaIscheduled
maintenance eyenis. The riser asset uelr can beﬁeficiall provide the se[H\glvit an eietimate of the
operational 116 SR DBARTEANIT Ader SUEP, SBHEMTRA S oL IS BF IRE G RS Hg vents
(i.e., a certaimduwicas epprexithatehisl G dogrean &l tiee priovindedaisil efl thefoisargivin 29 riBechnm@ntenance
nistory and cligiceipyant R (RgHNG Wiamatanoduidel Seerassainanihaplaliiglipbe moved

from one vessel 27 to"another with their history intact. T query can provide the user with
information tyaedength aitthcriight dirithg Ebafrgufetibn Sitineseltheiromhosivyms s, sphetaniialiability of

the time stampi@rRachéiaREGRP RYMBR IR R §ARieoMIRAaNCluRS ife I ReWRIREE AWM, each
riser asset was located for any, particular drillig(?[)campaign., This informa{)i}g;n can also he used to

automaticallPSFed i it fGor HHs U 1S FonRsetto s Phanging s depeih e thi d10RIsQRIIFI W ess set
managemen¢mbeddeadn iarahkiaimil 206d ctiie grartady iwaketigiuchAf thedd ntibonaipripiavisther by the
riser lifecy ol miARAGEMEN AIOGFRMYBacsteid2 QR REA'SIARMAL A ISel vemagicyeh Jather than a
an operational prograi, fleet, or entetprise vel. z\ccor ingly, the Vessel riser managemenat program
product 120vetinikessens Asthesessntimyrmierent and location tracker 121", a riser asset load history
manager 123, a riser maintenance manager 125', and a riser asset load data acquisition manager

127, that when exdRARFHSTRL Foufigwuation Hhm mrrastipirasding, REER OYherth Misaturaeth perform
various operalgusete acstide Peloe transthiedisenasset deplinast andteeaiisa taakemtre' can

function to receﬁv sugsur{ﬁ\%g deplo {nent and relative lgcation t'sitionineqjdaii for a uraé'té/ of riser
.. m (l)p (<] 3’1 (] a‘L?rrefY riser instrument rea 1nﬁs ?ﬁo Orwar un?h 1311'621 cS }}
joints 23 adapted 10 be deployed to form a marine riser striftg’ 23 associated wi e respective vessel

27.  The nNesselondunistbrgosizera@br 18s meaciagre83aria memipendsetheh@ilodatanttenm for the riser
joint 29 or olfeRR3REIS HhitErest A8RORAEd AL HAC ISRRRAIAIVE SRAZ (o AMhauEh MU RS the

functionality is preferably implemented by the riser lifecycle management server 51, according to an
embodiment RS BFEL KV etidRd tRBshrs: dairbaiet6ry miiisefats amyitipdeiingeds & pidlided and
correspondinglicisiebiiesneepsebannatitanehhissos) tReaiMer dddma Higotassapleatt Risgnedacorder

133, ari t load histoyy ti to f in data t f 135', and t load
oty transH BT 9790 o e B AR T BelTor PR RS e or RO By R Ry BT
managemerickervey.51.

Hardwire transmission media is probably the most straightforward method for
communication of a large amount of data. The hardwire option, however, has some
significant disadvantages. Among others, a damaged wire, especially near the top of the riser
string 23, could result is total loss of data from a significant majority of the riser joint 29 or
other assets. Also, a hardwire option would typically require watertight stabs at each riser
joint 29. When running and retrieving the riser string 23, these stabs are subject to a
somewhat hazardous environment in terms “abuse” and contaminants, which are ever present
in riser operations. The hardwire option might be more practical as a jumper between two
adjacent riser joints 29, but ideally only as a short-term solution when the primary riser data
telemetry has failed. Such an option would, nevertheless, typically require some level of

ROV intervention.
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According to an embodiment of the present invention, the riser asset load history receiver 131' can
function to receive load history data for each of the of riser joints 29 or other riser assets from the riser
lifecycle management server 51 and to store the load history in a database such as, for example,
database 49. Such data is typically frequency-domain based data. According to an embodiment of the
present invention, aAisBisiesét abpbistthy mose estdhdighech é9raoph aierineaisaionfdemerdeBBatsan
function to a'%ﬁt@fe?é%ﬁé{}?.tw&%um?%%%Q%M@&S&@rm\&mglgé’sogﬁﬁ'Qoh}ﬂsﬁﬁd&’@a%%g%@%%@ Into a

frequency domain and to provide a frequency-domain based load history table, as described
previously, toYREtRAS Srelirdessirade %rV%%mF&W§I(%R%W§Q%fﬁ%ﬁ&ﬁPI@éﬂ%éﬁ%‘f‘ﬂ% Bach of
the riser jointach®:eitiéhelifisapeanant afivierestirgaonatec-wiliHhe Tap baehidsk issitiageess far the
respective vegegl 21, order fofedice storade redlitements. and ta,reduge an amaunt of comuting
time necessary to a%aﬁ/ze hé aﬁettr.yT%e riser et loRd his ory recorder 133" AN fUh&iSh 6 form and
store a time-dieentingasediost tidimept i hwHipticms idwdonpaihprasiosiily, ezah pissridesatalstime
riser loading ippeses AL ahiBGVISCHIR MR AVO" QeTiBRReLs i $aRNNRSaRkRLAN Qihe facilities

for a preselected length of time, and can function to store maximum amplitudes for one or more
parameters ofHIEVEXES P B 3R 1R LD Sespidratingsasedes ifoV ik midrntifictio®orm of a
maximum amjplitypas aasiitsohelesaibird AEeyipatit tbhddisetassatdord Maienubanga giael37' can
function to send either [ data, time-domain bas%d data, or the fr%%)edﬂcg-gomain based riser joint

. routtrl]ne to add m rezgata ant gass it on. COr nr1§ 1o a pfre erred contiguration, eac rlfer .
load history for the riser joints 29 or other riser assets of irtereStTorming an associated deployed riser
string 23, to tissetisemlifediycheogramaperive ntlyervmmbihioate rvatb sheriser easttn loetied ikysedhtels, for
examle, 910bgl oM LSRR O P remer R SHMARIENEPE: MBRAD ot Mg o that
for the riser lifecycle management [:%rqgram products 120, can manage determining and scheduling
maintenancelPégni Sterisantssrie ribints Pons gttt e shwdngriste dsployasibulanepyad

associated wikatthedsReaifigRivesseledy of NEHISE B NtANaRaRMRARAGS 1 2Rk aRdnelale, amsiser asset
fatigue determiner 141', a risitg sset fatigjgiﬂfe estimator 143', a subsea WeIIheaa %/S?Iem analyzer

145", riser asSAMRLnte Rl SRR STESS AN SIS 1 Q9IS TR EIReT 358 ffigPUiAo The
riser asset fategsequbatang vfathd 4bheaiviusn sticiatahestnalfitectiaongl itisn afseachahdhedrisen|diats 29

and other risgh R @lictR2 MM Rsh A PG alane Hudlnchalie AR e fliction of
tlme) either recelved from the measurement instrument modules 91 or determined from the data
received frond khEohrsasurentanticdedensionedrineftnedons syebrdantiaberafadingdadlefeorpdaignand riser

asset materigHopeHigscal thompinationuihereahdenfaririrgidoinieSy RINRE Hear Aseedof
interest generally for the specific vessel 27 or facility. The riser asset fatigue life estimator 143’ is
similarly adapteti {5 ¥ ing fatigue life for each of the riser joints 29 or other riser asset of
interest from the regeived load data, stored Joad history data, and specgific riser asset mateyial
properties cata for oo onEs HIPREREETRCHLEY RS ARG RBELIE AT SSISITREY e
the fatigue liféfomaneggreenhie ksctossnsuringcps fdiontly freg epézatingtinme. thygeddetebeagbithg
inspection. ThegrRihseanualiead sy3ieR RAR¥REMIARSITIMTREERITY AN A02BIPCh LA REeista

magnitude of load impgsed on a subsea wellhead system 25 based upon the received load data
and/or storedoStPFistRY datlPadeeitiathel WRmARS debidfeavAuaYoifHEssgGsoitP o b stists of
interest formirgiihg d@aprREDMS MERe.1TBE HENG shwater Dateiee) Assehlfemifnienposersehestler 147
can function to generate a schedule of rautine. maintenance, events for each riser joints 29 ar other
oot assot of T B CH B 3 R G o R e T 0 B 2 e riser
asset materipfqgrepungd o preyidepdinditortisaviesibnaefcitagtmerarepin suolte duteyl 0 atvmmdance events
responsive I agaddile AR ARRN B ARCRUTINRARIERRAIE M RERMACLIGAE dala aNfesuing in

engagement of a preset fatigue life trigger level requiring inspection. The riser asset maintenance

event notifiefE49sEameHRRERIEs 978 bn RiAKidehiuflipienimpg et d ATt opbateskr o fatFdpthcoming
scheduled mayyeriadicaraihissasid, tan seHOfate 55 PrREcROtIIEpRIRI bTisRlingia evaachasiuled
maintenance event requirement when existing.,. . The riser asset logd data acquisition manager 127
manages antP TR HRA B e dplcetiishariep SEePe e e Acserigcareiodiment
of the presertbedintemt offthe ipesagSevéotiond Hie acyuiBitisysteramagaddPmuiltibadcsamsesiasset
sensor fault manager 151', a riser asset sensor anomaly detector 153, a riser asset sensor data

predictor 155', a riser asset sensor integrity checker 157', a riser asset sensor data removal manager
159', and a riser asset load sensor data receiver 161.

21-



The riser asset load sensor data receiver 161 can function to receive load data collected from the
measurement instrument modules 91 when the riser joints 29 or other riser assets of interest are
deployed in place to form the riser string 23 and/or during deployment. The riser asset sensor fault
manager 151' can function to identify a malfupctioning.riser.joint measurement instrument module 91
associated RSHE SPRRETEPS e RSS! LAy LI HRHPToMEsRo ASGHG B AR iRe PUS Sring 23,
and to signatransmissinn temdyjadibnt riser joint measurement instrument modules 91 to bypass the
malfunctioning riser joint measurement instrument module 91 or to otherwise implement one or more

of the previously falleerpagedinetHdddiadies wavaypisations\seudy iterlpaeatsd prbnuehsthsstantially
continuous |gad Rt REFUHRHIL RofOliRRFRatR APRIARBRAS W SRRHARHIUPASHE M Qe ERL pasgioned

below the malfunctioning riser joint measurement instrument module 91, The riser asset sensor

anomaly detSffisPities SOSRURIRISONIE RIgYAUng faiarommunicaHen Ianeh BeAaRIHEINESSBRENE to the
received loae/kiata. Hade tisditiosdt seqaired atalpiedictdonkb Hmammasnatdn bighepevate prdivtted

sensor data that each riser j@int me ent instrument I ja ith.0 rmore
deployed risg?rjr(l)rlnnutgl%aéf)l%lr g%ésr ?@ﬁ%’gﬁg%ﬁﬁ%%gﬁ%ﬁ%ﬁ qrg)p%&ﬁ%ﬁgggé’(ﬁg rg*,c{eﬁr?t%%eg’%istory for
the respectivad ingrigineneniolgtikely 1 lamithdrrengse previgeammeothapngstfmiss: faefdlimisotheleployed

on the same gathiidadchbalifASE BRPH SRASCLIA GBS ARG Ehiméatanfupsiianianaspare

sensor readings of a_riser joint measurement instrument module 91 associated with one, or, more
deployed ris&t fEHRISHASTBRGE AR 47 s il fithg s AhvicaBpTbSeniHeat atvAgiass 18 eiigor
readings for BMehok e, dejacebilitiser ppovide?d maaitntisenasseihipdwirg theuidecst;iegR3 to
thereby deteymine ap ' Garituol IS iSR! doint meastement st mentmodule o and ta.lpg sensor
readings emana%mgn%rom e respec?lve instrament modute 91 when the in egrr'ty is determined to be
questionablgoifhecoiactassatrefsratly datatednsovitiansrexgere1 59 dese fpnetiovtyo 9E eavhe dthgiged data

associated W QR AENEY FRF RIS aethAaiRa 2L ABHRE Bl HBRIRCS MR dREaYRd data
with correspondlr:ﬁ%B{{Sdlcted data generated ;J%,dthe,rlser sensor data predictor 155'..  The riser

lifecycle mam¥e BRofssimepraaciers P5rariu gl dissedainh aaleheh cprygrairrid ditt 120°
beneficially ¢ariiniefacehwitieastisergengian waaaagewitgram podbekddlivhieh kaasécord and

manage riser tens'&(l)n, or alterna 'v%%hcatﬂ i cllrég? VF%%”%%?@)@?@SP@%%S tgogt(legé ) tgr ﬁQ function.

. S ewngere (as Sir (1]
Accordingly, e odfmen 0] epregSen corventioncanp a'riser tensioner recorder 171, a

riser tension@mM@hﬁMtbw%nd&dxﬁmmﬂwlaEM mmgeicaﬁhgsrtsdrrwngjom be_corder
171 can f“”%ﬂgﬂléﬁt@%{fﬂ GO SRS cARRURE IS GBS iR Sl RIS FEFBIQr Adiser

tensioner systém connected to a marine riser string 23. The riser tensioner manager 173 can function
to provide dé‘%&’%ﬁbl@%-controller 39 of a riser tensioner system 35, 35', to adjust a tensioner

setting to continually apply optimum riser tension responsive to riser stress data determined from the
received load data.¥ifé f%?f&?%(ﬁﬁ%té@ ?B?&?’oﬁ%g?FWaﬁ%qufﬁ B&?ﬁﬁ‘ﬁ%@odﬂg}‘ag@aﬁ?{
:mpetﬂdi??hotemmgmqmt@ imﬁmedoﬁibhgi_qmcdxhditimgmbamﬁmximasfe hewmim_‘yry ttlsene@diatontg a
ength of the maring, riser res 0 , to
siggal an en?gglgevﬁggh% tg ‘tgt{%‘}%o r%;ﬁ)hgﬁg}%%gdée%%%i\éﬁga \)grgttjé%( nt&lglgee@ §/| lt\ré%%n %ﬁ(‘%{ﬁ)n and

to determinerancachowers ke effastah hingseiteniagietected vortex induced vibration. If implemented in
the riser lifecycle management program product 120, such program element provides a bacgup for the

vessel 27. albeit pBF@ﬁﬁgﬂV \R,ﬁﬂvlal quﬁqn medium or media 95 are utilized, a preselecte

level of fault tolerance must be achieved. It should be assumed that components of the
measurement instrument modules 91 on each riser asset may malfunction from time to time.
This malfunctioning, however, may not be a direct cause of the electronics, but may be
associated with the harsh environment/handling that the equipment is subjected to during
operation or deployment. Embodiments of the subsurface communication medium or media
95, nevertheless, must operate when the electronics on one or more riser assets are not in
operation. The fault tolerant options selected are a function of the environment, the type of

riser system, and the desired operational performance. A few example of fault tolerance data
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Embodiments of the present invention also include various methods relating to monitoring and
managing a plurality of marine riser assets. According to an embodiment of the present invention, a
method of monitoring and managing a plurality of marine riser assets can include the steps of
receiving riser joint identification data from a riser joint identification sensor 73 positioned within a well
bay 31 for eatstenfetrylaptibns ofreisasoirfising (assethsrsageangingetyssf HiteiihlgurmtcEepidyphent from
the respective (85521 iBIAMK RRER TeplElinE AnoRiHelsrmining arlalivestenlayesiposition
location of the each of the riser joints 29 deployed from the vessel 27 to form the marine riser string
23. Each of tlﬁ’étﬁ‘é‘é‘?%ﬁf& 29 correspondingly include indicia (e.g., RFID tag 71) readable by a riser

joint identification sensor 73 to separately identify each one of the riser joints 29 ft ther of the
riser joints 29. The ﬁ‘%géﬁ%e JAR'A gg}}llhtf:‘?l‘g&g er%%selvt?ﬁeg 1050 dats ?8?%%1 ée%%rﬁaés r?llsfeg?}]to?(r?tgs 9C$f1rom a
plurality of riseecfoidtlvgasheschy daiader trasntitied daleever 2 apeh rabniesei Heploeriiis ot asaeth atithe
deployed risey jojats 29 e SRORGNA (R RN ARIARINVIgEd.OY e disaldinhiirRaUISMEN@Strument

modules 91. ~ The method can also include estimating, a riser joint loading condition for each of the
deployed risdEfshsestborRstrel bR sastood NGy AESEt I &7 AROTResTises HSFhol s fiser SBiRgs 29, and
providing an alémriines paseréméneipstimaiadioadingl conribnsfiopatie gufhaperato paerlgh or
service envelope one or more of the depf%y(%dbriser;'%ijnt%1 %?.HT engpletliﬁgguﬁ:eag al 1O altseri %tively,
include estim%?tfﬁgs?%ﬂ[fg 5%%§8etlgetﬁe eﬁoygasriseerjom 7Ly sponse %()t e’loa data of the
one or more béthese tployegt vehdaiigs] afdhsr ovidimeeainnzddwiasif esp digsgitentie eestniae@fatigue
damage exceeding a presglected operational limit. The method can also, or alternatively, include
detecting an anomaly in the load data of one or more of the deployed riser joints 29, when existing,
and providing an algm {adesBeseiepisdpiactBesaf thaasRmaly. methddsiopengaanialge, or

It tively, includ iving lgad data f h of the riser joints 29 lurality of riser joint
easnemer TS ARSI S {25 1 AT ST B TS R el e

Ploved TiSEF i
response to tiethaadt datzdrowinaly oylheorseunjoati wigather statemt m@nﬂmuhmlvm@dbﬁm1 dmonitoring
tension settigs: ARRIGH HSRRLIENTI AN FARPRRRY e BlHIRASVRID SR ARuID AT

providing data to a tensioner controller 39 to tontrol adjusting the tensioning system tension settings to

continually apsigseistierinnsiseneahsiofis Msisobreadesthel ligheaaeyer reretBigmdeeshitstig

embodiment Qf the REARRIL ISVENEQEhR) HReRLASHRANILaAIBE @ied HABRAKBAR Uk bMBgne riser
assets includes the steps of determining.a relative deploye ition location of the egch of a plurality
of riser jointsfiké)‘t(cﬁ“gtllf&t%%?hﬁs@a@ﬁ‘?‘ﬂﬁéf@gﬁ"&féﬁIBVéiﬂfgﬁ'{igrf d‘\?&ggg]’%ﬂé)% }?ﬁvaﬁr“ﬁ af?‘l‘rl*u@ riser
string 23, recaitingiéaachethile fireaghrafdhehigpiopedeaisetjoints e feormimnygumadtlesOrigertheint
measurement instrument modulef% 91 c%nnected to at least a subset of the deployed riser joints 29,

monitoring Io%%&lgf)‘évg{:ﬁogﬁﬁlg (lfélp%%/gd riser joints 29 in response to the load data provided by the

riser joint measuremROLRSIHRM ORI Mrastimatinadbis Prisipbleasinnmesadisiandongach of
the deployed riser joints 29 in response to the load data of one or more of the _pluralitly of deployed
riser joints 29V TsRsRIRG VaintaeyaRtionreth i ietaa: A rHURSHIBAEIMG SR Oh A an
operating degigaul¥ seRdsdEavRISRE 9 lonewaremarpat evaeplyed tisesfaints df8ectly ddwwenethod
can also include,a shipboard computer 41 sending riser joint deployment location data and relative
deployed pogfflonel@gation and loading data for the deployed riser joints 29 to a central database

warehouse (.. daip WesRP USROS hERIelS TRMJN YRS ShedcABS: aaniadindgngive such

data from a plur%c’f such vessels 27 each deploying riser joints 2 form.ln%one or more riser strings
23. The methptihosalagosiniare i dhaeRr e redidre QRiPRneiHRIE B GG O NG ARER S duced
vibration conglitigm,aeg aRpednats lacatisndhese dtMengissigngion aiipniisry isteundly? fpladdadjusting

tensioning of the riseéé{;ing 23 to reduce or mitigate the detected vortex induced vibration condition.
using an .

The on-board RAM option prescribes a fault methodology whereby some amount of
excess on-board RAM or other memory 105 would be provided in order to store data in the
event the data telemetry portion of the instrument module 91 is not functioning, while the

sensor 103 continues to gather data. The amount of memory 105 is a linear function of the
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According to another embodiment of the present invention, a method of monitoring and managing a
plurality of marine riser assets, e.g., positioned at one or more separate vessel locations, can include
the steps of receiving riser joint deployment and location data for each one of a plurality of deployed

riser joints 29 (or other riser assets of interest) deployed at one of a plurality gf separate vessel
locations carafg/‘il r?bmt%% rHAS SEReE ehgsg)rr jﬁeiﬁlte%? F&%ﬁin@ hicetina eihugs%ﬁg.’té‘go ‘é(,irﬂii p’)‘b% ‘Eﬁ %Iberﬁ%ﬁter 41,
riser joint Ioa@hhiktcfr_yydﬂ_tmefgcmhmﬁﬂ_le mi‘smnpoindatzgasle@byaedeqzbthbdpysrgﬂl?prmbsdparﬁmn/essel _
ocations, UARAKNAALI AN AR RIS OIcRIABERIN 1R Ue A8 RIS IRASHIRGLY deta in
the frequency domain, and determining a level 6f damage of each ot t?1e eployed riser joints 29 in
response to the RPEERRIGVYigksSjdmbRySdEAtBesRY butthe senseind Barrdohnadesinpiresoal Wtory
data. ThemBeiR@eheabrlsgs. or alternatively, include estimating remaining riser joint serviceable life
in response to riser joint material properties for each respective riser joint 29 and the received riser
joint load history datéhdad/fewheptianssforfael uqmmmmammq aiﬂim,lsckhmhldilbg rotednbat
maintenance e itk A R SpIRELPRL IRlaaeAY AU ln e aecie e 0-

immediate action or emergency) mainténance event in fesponse to a load history anom
unexpected fHiRinihoreda dresiby dhseksomvrdias Aatnbrge axeilabidittaig radundenidatepeniera preset

operational life trigger level requiring inspection. The method can also, or alternatively, further include

reconstructing a risBFEAFRE TS T SERHEICE N PEHRIBIAHLR JBF BB I8 3o PN (Pof of the
plurality of sepdrataneessétiogatiens itramtitie theashjpbohribpimpment hnetédestihe daieuassagiated with
the respective ris r , J icting a magnitu f a load imposed on a subsea wellhead
system 25 aé%éééigégé i/%%&t%&%‘g&%ﬁb@(}%@?gﬁiﬁﬁ'ﬁ%gﬁ ‘887%%%#8’.%%‘&‘5@ #laeé els(?t‘ﬁarnyl data for
at least a sulidermtiop e famasdy jblietsheoshermhaseethdate sparetiveseidsr variacomnNoieationch riser

joint 29 need,WdJpRYECR 48 IBEEIURIRS BioBYE CbMAahaRh AUARIRG there ekl UHb &l pethod

can also, or alternatively, include sending riser |gad history data in the frequency domain for each one
of the plurali§PBPHERIdYe FHUAIBIn{RS FHiitR e SR  fRfe tfipBRRI RO nite vl 10¥IRY Hiehe
associated omélirigleenplsadiypesdeedsaldpaationeralsyikingsiaespective deployed riser joint 29. It
is important to note that while embodiments of the present invention have been described in the
context of a fully fuActionénsiestherlltiststedkitibodiment of the iy stppr ¢tastberrtheompobiadism of at

least portiong,phitheRERRNIYRRLR ARHIPHASPRCLE IRY RREANEGARAN S O ORIRE LiiUby1gd in the

form of a computer readable medium of instructions in a variety of forms for execution on a processor,

processors, SFAHENGReItHn b, Aati aralens I3 apPircdhitbeard, semavinedd alstaesRrmsular type

of signal beagngneedidtbisee dptrctoalitioa sy thevaiieudistsii tonebxpRPiesri ¢RepHiaiHradable
media include but are not limited to: nonvolatile, hard-coded type media such as read only memories

(ROMs), CDROMsdehEW@;RWmumr éhsabh;lve@dmﬂ]y pmgdammmemﬂmrsgpmmries
(EEPROMOEGAIRN VAR MAYR el as (Reny dRiR RRRHBHANER I RB R the RAMS,

DVD-R/RWSs, DVD+R/RWs, flash drives, and other’newer types of memories, and transmission type

media such aeiRjrEdatizn sunags ismindiciadh nbrseles ehamammelinibrsrassdtlapeamihg

instructions gadxepayialianssies!idiiiensne'aieddatha riser BigeYEIRMARASRMES ByRapapFoducts
120, the riser asset ré]gna %rt ent pro prodllsc)t 120, the riser tension or management program
€

ra
product 170 PERA PER R LS A staP < HRB Al 5BYGE of the anomaly, and

alarm the operator as to the possible root cause. For example, vortex induced vibration
("VIV") caused by shedding of vortices VX may be reported on a 300° section of the riser
some 500 below the water line if it is experiencing high frequency alternating stresses in a
cross flow motion. In such an event, the shipboard computer 41 may perform additional
monitoring of the excited riser joint 29 or section, and predict the condition of the riser joint
29 or section several days, weeks, or months in advance. It is noted that, according to an
embodiment of the present invention, the onshore riser lifecycle management server 51

includes computer program elements to perform a more comprehensive health monitoring
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Embodiments of the present invention provide several advantages. For example, embodiments of the
present invention provide a system including a central database that can be used by field and
maintenance personnel to maintain and communicate critical riser information. Such central database
also advantageously can provide early visibility of upcoming maintenance event and plan them
accordingly. Thecksabshantbaexpinseoiivetiisclag inaepartiag teategydiou sy thes aiing deiesisdrsotibther

opportunities for. g MANGHFHBE b MANENAREEPIHD PSR L ARMRIRMER aRRGIS 45 @ gxample,

the riser load history information can be used to improve riser joint design, which is linked to having

better knowldIg¥idF eRmmandsde [ enpirieryoreRlln A ARG the Mo REdeierss) AR isRiAniBE a given

drilling or proskgdian BeratiasdibsQu glitixteadpe et sty veparate riser analysis program, can be
used to predict the magnitude of the loads imposed on the subsea wellhead system. This information,
in turn, can then be Asgdrtapptiesizehtva donfilfiFatioandf 1 poobodignents sefatheetissianthégentiengeneral

area (.e., Same fild: deVRlRREIE R EMROHRERLS A ATPRE BLiBY SRR AlSR VAN aRsgusly allow

for substantial fault tolerance in the subsystemthat is deemed to be most vulnerable, namely the data
telemetry equifisisit, BABAFRAN STURIoHalTARMNitaEPRA dBdasR AeRlurality pR{iSHRMSHdSTUBDHresent

invention alsgigfojine S iftcirhbeHbliprinegromispicaie asrep foliationd Y. AspeIS dérbRiarple, the
ysterms nteGPloHESRT 4] it AP eOMER TR e A o ERrEb: TSRS g
tensioning smmgeénhmmm@apepfodmd@@’am%ﬂm thenlifey af7risih¢oihiphoard cénpbedididnts of the

t matical ify.t i | ' A
system can ayiomaueH %&%@%é@mﬁ% gf: ﬁé%gg&y IR ABRYRSENRTHIY %kg%%%%ﬁff@ HUERLS

routine maintenance event Is on ed sometime in advance, but may have been aided by
load history ikgstehafior maest @4thp sempaisTRTearEy elemshtaisHes et Byeiis shipboae! 4e8uTEtad with an

unexpected IREIgENhE BkEXRRRI G Fh AV AE SHRRE [PINtFeIRedySHRTa AL AiasHiachSebiRsied to a
direct hit by a hurricane may reach a preset fatigu I(isgre tr{iﬁﬁer level, rﬁquirin an igejgectiog‘ﬁ?f the riser
joint at the vy a8 CiFmen Vé‘%d’éﬁ’&ﬁ}?’th‘é%ﬁ& £ WELIGWET'S 1ol Sg%efeéo Shil@&hde that the
remaining risexcassdibyate sisticlbiecjolemaragaem ostveerit .reducing the down time associated with

inspection of the entire riser string. Embodiments of the system can also automatically notify the user
of both routine and NeseHbe utiser nifhsistaieenegament programispagsiitalidh rdefitediser adtdetlaims

priority to U.§,RagemtARRisatiopriifcl 2202 2ah/Rs #iiGE (SHReS hilsfotelte MAASRS RIMRYS BB,
Program Product, and Related Methods," filed qn February 11, 2008, and is related to U.S. Patent

Application NB™DOfissEngaase gt erpkide rpeeiliisifiPR 5 RSt el RSP s PRt sALie L2004,
now U.S. Patantthdaing, 328héd hardaakeinaarpheateic peeatidty mfdievae andtaekisend by thisdhe
drawings and,spegcification, there have heen disclosed a typical preferred embodimen he invention,
and althoughsglggé*Pct?Sr#S ar%tee?nsﬁ)forileé%l,e{ﬁ%etgrsﬁwrs?%er%’%fge in %?Iggggﬂrﬁ) es rrcl’g‘(?alcér?%/délr?a not for
purposes of imitégoassThmanagamint tragrimamodeschiBoecedingde rattmbledimiontivf isauihentference

to these illusfiied GMRQAIMERLid iNvil RA RRRAFENIBRVAYROAN By BAIPYS SectiVef/iRagaandschanges

can be made within the spirit and scope of the invention as described in the foregoing specification.

For exampleNggssigrreserdigdnpisioprmethndalogirsess Saoaphaed tedestacting hrsaskiedifd drilling
risers, embogimants EifieRraseMsivaniooieghalhsangaly iokkdmapeb&RARDrasdiatien asset
platformS/riS(reggﬁagement program product 120° each include various functional elements as will be

described in detail below, which have been grouped and named for clarity only. One skilled

in the art would understand that the various functional elements need not be physically

implemented in any hierarchy, but can be readily implemented as separate objects or macros.

Various other conventions can be utilized as well, as would be known and understood by one

skilled in the art. Further note, although the following functional element description is

directed primarily to riser joint 29, one skilled in the art would recognize that such

functionality can encompass other riser assets of interest.
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CLAIMS What is claimed is: 1. A riser lifecycle management system for monitoring and managing a
plurality of marine riser assets positionable at one or more separate floating vessels each having a
floor, a well bay extending therethrough, a local shipboard communication network carried by the

vessel, and a shipboard ¢computer in comnmunication with the local shipboayd communication network
Km0 GRS RIbRG S

and including a pro P2na & RIFSCRF RSP RS HREr R ReETREEhs

therein, the gystramcproghresih20 can incisde j@iritcr estifidaplopmentsoddosationachekteor] Atljacasirthe well
bay and operaply oy B&E{%&éﬁﬁa QYRAINIGRAURN, BENNONS maa\% ALty of 5'(?%&%@%% %%8'8&’&*3'9 from
the vessel to form a riser string, each riser joint including an identification indicator; an riser asset

managemenégstaigiien praager d&hethah Wemezasagdontiibestiishdideey elsnirngacrecpi GRIGY and

manage a plggality tﬁéris%@{}é%_?t%“ﬁ@rﬂfrﬁ{ %ﬁ@ﬁ@éﬁ@%ﬂ@O&M%%W.Ucmlﬁgé?gaﬁﬁ&wdions
that when executed by the shipboard computer, cause the shipboard computer (}o Perform thg
fleployment and location tracker 121 can function to receive subsurface deployment an

operations of.
relative location positioning data for a plurality of riser joints 23 adapted to be deployed to

form various marine riser strings 23 associated with the plurality of vessels 27.

The riser load history manager 123 manages and manipulates the load history.
According to an embodiment of the present invention, the riser load history manager 123
includes a riser asset load history receiver 131, a riser asset load history recorder 133, a riser
asset load history time to frequency domain data transformer 135, and a riser asset load
history transmitter 137. The riser asset load history receiver 131 can function to receive load
history data for each of the riser joints 29 or other riser assets from each vessel 27 and to
store the load history in a database such as, for example, database 65. The riser asset load
history recorder 133 can function to form and store a time-domain based load history table
which, as described previously, can provide real-time riser loading imposed on each of the
riser joints 29 or other assets for each vessel 27 or other facilities for a preselected length of
time, and can function to store maximum amplitudes for one or more parameters of interest
for each of the riser joints 29 or other riser assets, for example, in the form of a maximum
amplitudes matrix, as described previously. The riser asset load history time to frequency
domain data transformer 135 can function to transform time-domain based load history data
into a frequency domain and to provide a frequency-domain based load history table, as
described previously, to thereby provide storage for substantially all available riser joint load
history for each of the riser joints 29 or other riser assets, in order to reduce storage
requirements and to reduce an amount of computing time necessary to analyze the data. The
riser asset load history transmitter 137 can function to send the frequency-domain based riser
joint load history for a subset of the riser joints 29 or other riser assets forming an associated
deployed riser string 23, to a shipboard computer 41 carried by the vessel 27 deploying the
subset of the plurality of riser joints 29 or other riser assets. This can be accomplished over a

communication network, such as, for example, global communication network 61.

The riser maintenance manager 125 manages determining and scheduling

maintenance requirements. The riser maintenance manager 125 can include a riser asset

26~



receiving riser joint identification data from the riser joint identification sensor for each of the plurality of
riser joints during deployment from the vessel to form the riser string, and determining a relative
deployed position location of the each of the plurality of deployed riser joints within the riser string
responsive to the received riser joint identification data. 2. The system as defined in claim 1, further

comprising: TatgusIdesstpBeriddljsinissieasthdatiant &etimatmbtaseen pElRIe 1 %8ense a
load imposedpatyaepasaisanaRt theipkialty efideplayed7risad jpinker assa finaitiautctoadetata

receiver connected t e vessel at or acent the surface of the sea and operably coupled ta the
local shipboarrlat%:%%r%lgpli% ?orﬁsﬁre%ﬁgtrkat{égklgcéﬁi/eg%% aézzﬁac 3@3@%? ?hees%ﬂjarglgyc%?%ﬁé%?og?ed riser
joints from theaplurdlityeofisis gpjuinth ead wtbenaiseinstsemehinteocht | Gomatie wibargwnt loagaaiser asset

management oQAg IOANCH MG SRS IACHO0S IRl Whe ke reRHIBPY e atieerd

computer, cause the shipboard computer to perform the operations of: o
received from the shipboard computers 41 or determined from the received riser joint load

data by the server 51, or a combination thereof, for each riser joint 29 or other riser asset of
interest across the spectrum of vessels and facilities in communication with the riser lifecycle
management server 51. The riser asset fatigue life estimator 143 can function to estimate
remaining fatigue life for each of the riser joints 29 or other riser asset of interest from the
received load data, stored load history data, and specific riser asset material properties data
for each respective riser asset, or a combination thereof, and to issue an alert when the fatigue
life of a respective riser asset drops below a preset fatigue life trigger level requiring
inspection. The subsea wellhead system analyzer 145 can function to predict a magnitude of
load imposed on a subsea wellhead system 25 based upon riser load history data for a subset
of the riser joints 29 and/or forming an associated marine riser string 23. The riser asset
maintenance scheduler 147 can function to generate a schedule of routine maintenance events
for each riser joints 29 or other riser asset of interest, based upon the received load data, the
stored load history, and respective riser asset material properties, or a combination thereof,
and to generate unscheduled maintenance events responsive to a load data anomaly when
occurring detected in the received load data and resulting in engagement of a preset fatigue
life trigger level requiring inspection. The riser asset maintenance event notifier 149 can
function to issue an online alert providing a reminder to a user of a forthcoming scheduled
maintenance event, and can function to issue an online alert indicating an unscheduled

maintenance event requirement when existing.

The riser asset load data acquisition manager 127 manages and reviews the qualities
of the acquired riser asset load data. According to an embodiment of the present invention,
the riser asset load data acquisition manager 127 includes a riser asset sensor fault manager
151, a riser asset sensor anomaly detector 153, a riser asset sensor data predictor 155, a riser
asset sensor integrity checker 157, and a riser asset sensor data removal manager 159. The
riser asset sensor fault manager 151 can function to identify a malfunctioning riser joint
measurement instrument module 91 associated with one or more of the plurality of deployed

riser joints forming the marine riser string 23, and to signal one or more adjacent riser joint
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receiving the load data for each of the plurality of deployed riser joints from the riser joint data receiver,
monitoring loading of each of the plurality of deployed riser joints responsive to the load data provided
by the plurality of riser joint measurement instrument modules, estimating a riser joint loading

condition for gagh, ol RIWAINA eI I3 IRin e spanale L6 he Jaod data gling gfje or more
“of the plurality o Hep oyed riser joints, an pro |8|ng an alarm resp neveto the astimated loading
condition nednstraenspansidey Yk siyricotwyise dmpddosat InT e speremiatheafmeigusll&mt2, further

comprising: oleRidGasisasRahageasarsitRdaie P @ B ife sinhaail commigiand

storing asset information for each of the, plurality of riser joints deployed from the vessel, the asset
information cOBbTRARF SRS {bT FaPRiTiESRIS M bIERS HSBI PSS HUpRIy e S d RskiRmrdbRlovand riser
joint load histaey dlalfufiotiedsh efsthe;pintratisioksinedt]diRtrsrptoxRdilon the Nesselsandwherein
the riser asse} qiagageMentRIAIAT Brodychiuiiher elyrlss ingiiictions ihaluhen sxscyicd by the
shipboard computser, catise the sﬁlp oar&lcbmp r to perform the o%lera loNs of:
upon the type of communication media utilized, the type of sensors associated with the
instrument modules 91, and the spacing of the modules 91 which may or may not be

positioned on each riser joint 29 forming the riser string 23.

The riser asset sensor anomaly detector 153 can function to detect a load data
anomaly when occurring responsive to the received load/load history data. The riser asset
sensor data predictor 155 can function to generate predicted sensor data that a riser joint
measurement instrument module 91 associated with one or more deployed riser joints 29 or
other riser assets of interest, should report based on recent load history for the respective
instrument module 91 and/or those provided by other adjacent instrument modules 91
deployed on the same riser string 23. The riser asset sensor integrity checker 157 can
function to compare sensor readings of a riser joint measurement instrument module 91
associated with one or more deployed riser joints 29 or other riser assets forming a same
deployed riser string 23 to sensor readings for at least two adjacent riser joints 29 or other
riser assets forming the riser string 23 to thereby determine an integrity of the riser joint
measurement instrument module 91, and to flag sensor readings emanating from the
respective instrument module 91 when the integrity is determined to be questionable. The
riser asset sensor data removal manager 159 can function to remove flagged data associated
with a faulty sensor from active record data, and to optionally replace the removed data with

corresponding predicted data generated by the riser sensor data predictor 155.

Beneficially the functionality provided by the riser lifecycle management program
products 120 provides asset managers real-time and stored database information to maintain
the various riser assets of interest. As an example, according to an embodiment of the present
invention, when a user logs into the system, the user would see the various vessels 27
equipped according to embodiment of the present invention and associated with the user,
along with graphical user interface fields which allow the user to query such data by vessel,
riser asset, or field. The vessel query can beneficially provide the user a list all the riser

assets allocated to the vessel and provide a further breakdown of those riser assets that are
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detecting an anomaly in the load data of one or more of the plurality of deployed riser joints when
existing, estimating damage to the plurality of deployed riser joints responsive to the load data of the
one or more of the plurality of deployed riser joints, and providing an alarm responsive to the detection
of the anomaly or the estimated damage exceeding a limit. 4. The system as defined in claim 2,
wherein the vassaitindenlexcd, wasioriedksys eseoicionling veraetercthengneitie Srrotrecisd Jribed to

control tensiogjpg offheviseroitind wherflyssariQed tdNinerate a list of upcoming scheduled
maintenance events. The riser asset query can beneficially provide the user with an estimate
of the operational life used by a particular riser asset, along with the details of the most
damaging events (i.e., a certain hurricane event). This query can also provide detailed
information on riser maintenance history and critical/relevant manufacturing information.
Individual riser assets can potentially be moved from one vessel 27 to another with their
history intact. The field query can provide the user with information to reconstruct a riser
string configuration of any particular deployment. The availability of the time stamp for each
riser deployment permits determination of where, in the water column, each riser asset was
located for any particular drilling campaign. This information can also be used to

automatically create input for a riser analysis program.

As noted above, the vessel riser asset management program products 120’ can
generally include much of the functionality provided by the riser lifecycle management
program products 120, but preferably at a local vessel level, rather than at an operational
program, fleet, or enterprise level. Accordingly, the vessel riser management program
product 120' can include a riser asset deployment and location tracker 121°, a riser asset load
history manager 123°, a riser maintenance manager 125°, and a riser asset load data
acquisition manager 127°, that when executed by the respective shipboard computer 41, cause

the computer 41 to perform various operations, described below.

The riser asset deployment and location tracker 121° can function to receive
subsurface deployment and relative location positioning data for a plurality of riser joints 23
adapted to be deployed to form a marine riser string 23 associated with the respective vessel

27.

The riser load history manager 123 manages and manipulates the load history for the
riser joint 29 or other assets of interest associated with the respective vessel 27. Although
much of the functionality is preferably implemented by the riser lifecycle management server
51, according to an embodiment of the present invention, the riser load history manager 123’
nevertheless is provided and correspondingly includes a riser asset load history receiver 131°,
a riser asset load history recorder 133°, a riser asset load history time to frequency domain
data transformer 135°, and a riser asset load history transmitter 137°, to at least partially

perform functions performed by the riser lifecycle management server S1.
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wherein the system further comprises riser tension management program product stored in the
memory of the shipboard computer to manage the plurality of riser joints deployed from the vessel, the
riser tension managing program product including instructions that when executed by the shipboard
computer, cause th sh (foard com %(tgf{ FEJterf rm the operations of; monitoring {ensioning

g5, BEIF@daﬁs HPF RETSSHL ALYFBRE g eSTiamag deRd fystory

system tension settings,
automaticallyeeiteol 13djustmiptici e hsimeiige Spstbhisterysdata Jotteagh td dentifirisdlyjajud 28 pttmum

riser tension 5&%?9&51'\/%}85%1[9 ?ﬁje qﬁ@li&}e&gﬁ ﬁyg{gg&?e%td&y@&% inaﬁ!la{msaire the load history

in a database such as, for example, database 49. Such data is typically frequency-domain
based data. According to an embodiment of the present invention, a riser asset load history
time to frequency domain data transformer 135’ can function to also, or alternatively,
independently transform time-domain based load history data into a frequency domain and to
provide a frequency-domain based load history table, as described previously, to thereby
provide storage for substantially all available riser joint load history for each of the riser
Jjoints 29 or other riser asset of interest associated with the deployed riser string 23 for the
respective vessel 27, in order to reduce storage requirements and to reduce an amount of
computing time necessary to analyze the data. The riser asset load history recorder 133’ can
function to form and store a time-domain based load history table which, as described
previously, can provide real-time riser loading imposed on each of the riser joints 29 or other
assets for each vessel 27 or other facilities for a preselected length of time, and can function
to store maximum amplitudes for one or more parameters of interest for each of the riser
joints 29 or other riser assets, for example, in the form of a maximum amplitudes matrix, as
described previously. The riser asset load history transmitter 137° can function to send either
raw data, time-domain based data, or the frequency-domain based riser joint load history for
the riser joints 29 or other riser assets of interest forming an associated deployed riser string
23, to the riser lifecycle management server 51 over a communication network, such as, for

example, global communication network 61.

The riser maintenance manager 125°, similar to that for the riser lifecycle
management program products 120, can manage determining and scheduling maintenance
requirements for riser joints 29 or other riser assets of interest, particularly those associated
with the specific- vessel 27. The riser maintenance manager 125 can include a riser asset
fatigue determiner 141°, a riser asset fatigue life estimator 143°, a subsea wellhead system
analyzer 145, riser asset maintenance scheduler 147°, and a riser asset maintenance event
notifier 149°. The riser asset fatigue determiner 141’ can function to estimate a condition of
each of the riser joints 29 and other riser assets of interest from the riser joint load data, e.g.,
riser stress data (as a function of time) either received from the measurement instrument
modules 91 or determined from the data received from the measurement instrument modules

91, stored riser asset load history data, and riser asset material properties, or a combination
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wherein the vessel includes a tensioning system including a riser tensioner positioned to control
tensioning of the riser; and wherein the system further comprises riser tension management
program product stored in the memory of the shipboard computer to manage the plurality of riser joints
deployed from the vessel, the riser tension managing program product including instructions that when
executed by #hereplipion sagtcrrapiniat 2Saersethprerisarsest of dUsipitesn ek forherecsHE 688t of:
monitoring loadiggrafiggch of the plurality of deployed riser joints responsive to load data provided by
the plurality of riser joint measurement instrument modules, detecting an impending or ongoing
vortex induced vibraflenrsendstictnfaizma ferextimater |bEHitisrsitn daeyf algnedadentjtimaf threailseg string,

and adj“%iﬂgu%eﬁ%%ﬁfégc%;o%é iﬁ%{riﬁh‘%@i&%‘é{léprﬁ‘3%ggcpéﬁ}{{@@st&ﬂgrlﬁjfﬁ%t%%%?%é{%&?f‘

induced vibratiori responsive thereto. e system as defined in claim 1, er comprising: at
least one cordpiatestercteinedeistanndgie.rised joiertiforiseplassditynatesiabaranesiies sétho datisAdhdefining

a riser lifecyclgsRafaoRBenNsse ol cohHaabiiBeXe MaraasRantsatPEdRauiNE N ege 99ar and
memory coupled to the processar to store operating instructions therein;

respective riser asset drops below a preset fatigue life trigger level requiring inspection. The
subsea wellhead system analyzer 145’ is further similarly adapted to predict a magnitude of
load imposed on a subsea wellhead system 25 based upon the received load data and/or
stored load history data associated with the deployed riser joints 29 or other riser assets of

interest forming the respective marine riser string 23.

The riser asset maintenance scheduler 147’ can function to generate a schedule of
routine maintenance events for each riser joints 29 or other riser asset of interest, based upon
the received load data, the stored load history, and respective riser asset material properties,
or a combination thereof, and to generate unscheduled maintenance events responsive to a
load data anomaly when occurring detected in the received load data and resulting in
engagement of a preset fatigue life trigger level requiring inspection. The riser asset
maintenance event notifier 149’ can function to issue an online alert providing a reminder to
a user of a forthcoming scheduled maintenance event, and can function to issue an online

alert indicating an unscheduled maintenance event requirement when existing.

The riser asset load data acquisition manager 127’ manages and reviews the qualities
of the acquired riser asset load data. According to an embodiment of the present invention,
the riser asset load data acquisition manager 127’ includes a riser asset sensor fault manager
151°, a riser asset sensor anomaly detector 153°, a riser asset sensor data predictor 155°, a
riser asset sensor integrity checker 157°, a riser asset sensor data removal manager 159°, and

a riser asset load sensor data receiver 161.

The riser asset load sensor data receiver 161 can function to receive load data
collected from the measurement instrument modules 91 when the riser joints 29 or other riser
assets of interest are deployed in place to form the riser string 23 and/or during deployment.
The riser asset sensor fault manager 151° can function to identify a malfunctioning riser joint
measurement instrument module 91 associated with one or more of the plurality of deployed

riser joints forming the marine riser string 23, and to signal one or more adjacent riser joint
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a global communication network providing a communication pathway between the shipboard computer
and the riser lifecycle management server to permit transfer of riser asset information between the
shipboard computer and the riser life cycle management server; and riser lifecycle management

program product stored. in the me{no%ﬁést r%'cs’%r Iifecx le m ag[ement server tto manag%e%tplurality

: casurement Jnstrumen ass maliunctioning riser Jein easur
of riser assefg 6OSI ione aSI a pFura’iﬂy Of Separate’vesse locations, {hegrlser ﬂPecyIé}e Management

program-prpdmmcmm@dhsﬁbc@bm@ tiberwise nimpésuged dnetioe risee i€ dhel orevaosde et server,
cause the risgliiaey %ﬁ@d&@%@@%@%}!&’ [HRRAHY MRS FARGOubstard RARNVEHHIRELLOIN

deployment and location data for the plurality of deployed riser’joints, receiving riser joint load
history data terdiletpReeHisitiondentavh HEMHmesNEmeRERTBpea edHs A kepsitiongd Aeliming load
history data tgeai¥EEnRitheERSARMaiRHamRieatshinuaR meauriter into load history data in the
frequency domain, and

The riser asset sensor anomaly detector 153’ can function to detect a load data

anomaly when occurring responsive to the received load data. The riser asset sensor data
predictor 155’ can function to generate predicted sensor data that each riser joint
measurement instrument module 91 associated with one or more deployed riser joints 29 or
other riser assets of interest, should report based on recent load history for the respective
instrument module 91 and/or those provided by other instrument modules 91 deployed on the
same riser string 23. The riser asset sensor integrity checker 157’ can function to compare
sensor readings of a riser joint measurement instrument module 91 associated with one or
more deployed riser joints 29 or other riser assets forming a same deployed riser string 23 to
sensor readings for at least two adjacent riser joints 29 or other riser assets forming the riser
string 23 to thereby determine an integrity of the riser joint measurement instrument module
91, and to flag sensor readings emanating from the respective instrument module 91 when the
integrity is determined to be questionable. The riser asset sensor data removal manager 159’
can function to remove flagged data associated with a faulty sensor from active record data,
and to optionally replace the removed data with corresponding predicted data generated by

the riser sensor data predictor 155°.

The riser lifecycle management program products 120 and/or riser asset management
program product 120° beneficially can interface with a riser tension management program
product 170 which can record and manage riser tension, or alternatively, can include various
program elements to perform such function. Accordingly, an embodiment of the present
convention can provide a riser tensioner recorder 171, a riser tensioner manager, and a vortex
induced vibration alert manager. The riser tensioner recorder 171 can function to record
tension settings, applied riser tension, and tensioner stroke for a riser tensioner system
connected to a marine riser string 23. The riser tensioner manager 173 can function to
provide data usable by a controller 39 of a riser tensioner system 35, 35', to adjust a tensioner
setting to continually apply optimum riser tension responsive to riser stress data determined
from the received load data. The vortex induced vibration alert manager 175 can function to

detect an impending or ongoing vortex induced vibration condition and approximate location
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sending riser load history data in the frequency domain to the shipboard computer. 7. The system as
defined in claim 6, wherein the riser lifecycle management program product further includes
instructions that when executed perform the operations of: determining fatigue of each of the
plurality of deployed riser joints responsive to the received riser joint load history data; estimating
remaining fati§&EMe ragH kagd & the REBIGSiHEHNgiRe I9ReMeis S Eep i AiderdfolershiBterial
properties;  ressibedwinpdasitinespRinienaneaE iRFOTRAYT AhHiaspluralincetaapiayaddser joints;

d heduli heduled maint I ive to a load hist ly in the ri
it load SR TEELHIAE T DR B L B IR IR e MoV ARG Repection

joint load histlc?ry
8. The systermcaexefilvecdinibtationG, Ifliniplmoonedrisithg:riser lifecycle management program product
120, such program element provides a backup for the vessel 27, albeit, potentially with a

significant lag.

Embodiments of the present invention also include various methods relating to
monitoring and managing a plurality of marine riser assets. According to an embodiment of
the present invention, a method of monitoring and managing a plurality of marine riser assets
can include the steps of receiving riser joint identification data from a riser joint identification
sensor 73 positioned within a well bay 31 for each of a plurality of riser joints 29 (or other
riser assets of interest) during deployment from the respective vessel 27 to form a marine
riser string 23, and determining a relative deployed position location of the each of the riser
joints 29 deployed from the vessel 27 to form the marine riser string 23. Each of the riser
joints 29 correspondingly include indicia (e.g., RFID tag 71) readable by a riser joint
identification sensor 73 to separately identify each one of the riser joints 29 from each other
of the riser joints 29. The method can also include receiving load data for each of the riser
joints 29 from a plurality of riser joint measurement instrument modules 91, and monitoring
loading of each of the deployed riser joints 29 responsive to the load data provided by the

riser joint measurement instrument modules 91.

The method can also include estimating a riser joint loading condition for each of the
deployed riser joints 29 in response to the load data of one or more of the deployed riser
joints 29, and providing an alarm in response to the estimated loading condition nearing an
operating design or service envelope one or more of the deployed riser joints 29. The method
can also, or alternatively, include estimating fatigue damage to the deployed riser joints 29 in
response to the load data of the one or more of the deployed riser joints, and providing an
alarm in response to the estimated fatigue damage exceeding a preselected operational limit.
The method can also, or alternatively, include detecting an anomaly in the load data of one or
more of the deployed riser joints 29, when existing, and providing an alarm in response to the

detection of the anomaly.

The method can also, or alternatively, include receiving load data for each of the riser
joints 29 from a plurality of riser joint measurement instrument modules 91, monitoring

loading of each of the deployed riser joints in response to the load data provided by the riser
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a data warehouse assessable to the processor of the riser lifecycle management server and including
at least one database storing asset information for a plurality of riser joints deployed at a plurality of
separate vessel locations, the asset information comprising riser joint identification data thereof, riser
joint deploymeny, and \acation data, and Hsericla Iaadisiory.data fordhePhuralll aLrizer jgints
deployed at e pmraﬁt]y 0 separé’te vessel locatidns, an Wherein Tiaar It ecycle management
program produdt kensieaeingitolie soinstrigasioninghsitsiehe 3 sxéturnd qrasiding: datertiif@ciuisioner
management,seuAE{a P& o NS HRGAIRRS @ ioning WHAIYFOBRILAHRE & UsRimitingapaRfiguration
of any one of the plurality of riser joints deployed at any one of the plurality of separate vessel
locations resPBHENE tEThEN} %Fﬁ?%ﬁfd&rﬁ%ﬂf’%ﬁqﬁcation data associated with the riser string,

and predicting aAr(pc%%{}UQe of ?hload im oseq g{)tﬁlesubse wellhead sg\;?t%? associated with the

. . . 0 an(t) er_em 1m§n Irresanh.n}ventlgn ame 0 {nomtcgme%
respective riser string responsive to corresponding riser foa IStory ata for east a subset of a
plurality of risedjoimegmgrdmiutabityeshmetive riser astétigingludesdhapitps pfalgtenmipingiactlafiveed on a
tangible compguy EH?HQ{%MSQAHQ& SREERIG oF ﬁ?&%%@rﬁ&f‘]@ﬂ%?&'%@%&fr HidtE6e1Ser
assets positionable at one or more separate vessel locations, the c.omguter program product
comprising: interest) deployed from a vessel 27 to form a marine riser string 23, receiving load data for

each of the deployed riser joints 29 from a plurality of riser joint measurement instrument
modules 91 connected to at least a subset of the deployed riser joints 29, monitoring loading
of each of the deployed riser joints 29 in response to the load data provided by the riser joint
measurement instrument modules 91, estimating a riser joint loading condition for each of the
deployed riser joints 29 in response to the load data of one or more of the plurality of
deployed riser joints 29, and providing an alarm in response to the estimated loading
condition nearing an operating design or service envelope for one or more of the deployed |

riser joints 29.

The method can also include a shipboard computer 41 sending riser joint deployment
location data and relative deployed position location and loading data for the deployed riser
joints 29 to a central database warehouse (e.g., data warehouse 63) located remote from the
vessel 27 and adapted to receive such data from a plurality of such vessels 27 each deploying
riser joints 29 forming one or more riser strings 23. The method can also or alternatively
include detecting an impending or ongoing vortex induced vibration condition and
approximate location thereof along a length of the riser string 23, and adjusting tensioning of

the riser string 23 to reduce or mitigate the detected vortex induced vibration condition.

According to another embodiment of the present invention, a method of monitoring
and managing a plurality of marine riser assets, e.g., positioned at one or more separate vessel
locations, can include the steps of receiving riser joint deployment and location data for each
one of a plurality of deployed riser joints 29 (or other riser assets of interest) deployed at one
of a plurality of separate vessel locations carrying the respective riser joint 29, receiving from
an associated shipboard computer 41, riser joint load history data for each of the riser joints
29 deployed at the plurality of separate vessel locations, transforming riser joint load history

data received in the time domain into load history data in the frequency domain, and
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a riser asset deployment and location tracker adapted to receive subsurface deployment and relative
location positioning data for each of a plurality of riser joints adapted to be deployed to form a marine
riser string, the relative location positioning data including a relative deployed position location within
the marine riser string when deployed to form a completed marine riser string; a riser asset load

sensor data rédieipeniaddptettofatasmed sdceritofohe deplevsarises iniatoRth prepamse df riber joints

when deployegghi Earmdi e iMasientisss Hath an@Bfthe trinbRPMBSSREIF RASIRIBINSsAdapted to
estimate a condition of each separate one of the plurality of riser joints responsive to at least one of

the following: the reThivesttiodr jaintdRad clatdtcaceived, franudackssmpangtaansniighasptujaiity of riser

joints or riser gliees Hat g ?éerérs” ned fromdns:h Ce&%@?%&%%é%@é %?%é%ﬁtr%seig?ﬁaﬁ?a@n?sﬁi%2[335“

SF“/%F
product as defined in claim erein the subsurface deployment and relatr

data includesiféitheatsisadraheifsiusaiity loddibistqoirtatacud qsriidines farned atbve Jaer syechisesition
location relalyl O RN UGRISHHRIBIREC LRS! BIRISP AR DG SR IBSeThiYaline

riser string being connected between a floating vessel and a subsea wellhead. 11. A computer

program prodGEediingfRetinichadisd de-&n drmmsdiate s HIR P b EE RSB AN IFMRTL R U css a

plurality of sepsatec\tesskulDhRtanInanEIW e tndhpQuhbindrRieaty apthy reesivahdsee pfiveldadation
positioning d t%nclgg[es for each of the Iuratlitgfof riserioints ield iqﬁgtificatioqeg aéndicating a

field in which the espeactlll\elseurtllélgr Jlgir?f1 RS %nploye%,péeﬁ%eo tear?nlp()n?ﬁldicatn%rég% len t errglslgtlanéive riser

joint was depiespedtiemdladimesbesiman aldatintantatinedyefedoe ithleddsesqeiuciiag aaise\asding
configuration of any one of the riser joints 29 deployed at any one of the plurality of separate
vessel locations from the riser joint deployment and location data associated with the
respective riser string 23, and predicting a magnitude of a load imposed on a subsea wellhead
system 25 associated with the respective riser string 23 from corresponding riser load history
data for at least a subset of a plurality of riser joints 29 forming the respective riser string 23.
Note, each riser joint 29 need not have a respective instrument module 91 attached thereto.
Still further, the method can also, or alternatively, include sending riser load history data in
the frequency domain for each one of the plurality of deployed riser joints 29 to the
respective shipboard computer 41 located at the associated one of the plurality of vessel

locations carrying the respective deployed riser joint 29.

It is important to note that while embodiments of the present invention have been
described in the context of a fully functional system, those skilled in the art will appreciate
that the mechanism of at least portions of the present invention and/or aspects thereof are
capable of being distributed in the form of a computer readable medium of instructions in a
variety of forms for execution on a processor, processors, or the like, and that the present
invention applies equally regardless of the particular type of signal bearing media used to
actually carry out the distribution. Examples of computer readable media include but are not
limited to: nonvolatile, hard-coded type media such as read only memories (ROMs), CD-
ROMs, and DVD-ROMs, or erasable, electrically programmable read only memories
(EEPROMs), recordable type media such as floppy disks, hard disk drives, CD-R/RWs,
DVD-RAMs, DVD-R/RWs, DVD+R/RWs, flash drives, and other newer types of memories,
and transmission type media such as digital and analog communication links. Such media

can include both operating instructions and operations instructions related to the riser
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12. A computer program product as defined in claim 9, further comprising a riser asset load history
manager including: a riser asset load history recorder adapted to form a time-domain based load
history table providing real-time riser loading imposed on each of the plurality of riser joints for a
preselected Ilepgthlof time resg?nsive to rec ivitngl%e %)ad data fc%r one or more of the Elu?alé{y of riser
joints; and ! %?’%grné%%aéeﬁlls?o&r?%agl tgrﬁelécu’éncy’c}o%%?ﬁraagfg transforner gra%pr)?gld o transform
time-domain B¥43ethéodisthistsigndet anismaganicat peogrynd gmediretd Phosidetlze frogquetiryedemahicbased
load history %Q{ﬁot&qlgﬁg’e@gd;{gé@%&,tgrage for substantially all available riser joint load history for
each of the plurality of riser joints. 13. A computer program product as defined in claim 9, wherein the

plurality of riser jointEaiBodistéisieORe 8seat AaldnOpBRORRY steeyassdldpaationsothesmplputer

oA PO R e e eroiaS 4 45 o AR UM Bitabase that can
be used by field and maintenance personnel to maintain and communicate critical riser
information. Such central database also advantageously can provide early visibility of
upcoming maintenance event and plan them accordingly. The warehousing of marine riser
data can advantageously result in a number of other opportunities for the management and
maintenance of marine field development assets. For example, the riser load history
information can be used to improve riser joint design, which is linked to having better
knowledge of actual riser load history. Additionally, the riser load history information for a
given drilling or production operation, through extrapolation or by a separate riser analysis
program, can be used to predict the magnitude of the loads imposed on the subsea wellhead
system. This information, in turn, can then be used to optimize the configuration of
upcoming subsea wells in the same general area (i.e., same field development).
Embodiments of the present invention also advantageously allow for substantial fault

tolerance in the subsystem that is deemed to be most vulnerable, namely the data telemetry

equipment, along with additional fault tolerance features.

Embodiments of the present invention also provide sufficient flexibility to
communicate across third-party assets. For example, the database can retain the riser
tensioner key parameters such as stroke and applied riser tension. Such systems integration,
along with real-time load data, can allow direct manipulation of the riser tensioning system to

improve performance and extend the life of riser joints.

Embodiments of the system can automatically notify the user of both routine and
unscheduled maintenance events. A routine maintenance event is one that is scheduled
sometime in advance, but may have been aided by load history information in the database.
An unscheduled maintenance event is one associated with an unexpected incident. For
example, one or more riser joints in a string that has been subjected to a direct hit by a
hurricane may reach a preset fatigue life trigger level, requiring an inspection of the riser joint
at the very least. In such a scenario, the operator would have a high degree of confidence that

the remaining riser assets are suitable for marine deployment, reducing the down time
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a riser asset load history receiver adapted to receive load history data for each of the plurality of riser
joints and to store the load history in a database; a riser asset load history recorder adapted to
form and store a time-domain based load history table providing real-time riser loading imposed on
each of the plurality of riser joints for a preselected length of time, and adapted to store maximum
amplitudes forsapsiatied Stk prsRasHae obthsenbiss fdsce SEner tRaBRIIRYtOPRids foNiRE 712150 a riser

asset load histaonrfsaeaitairmdapied tF sandoaies mEamorsditatipinehsiKetgdrequency-domain
based riser joint load history including relative deployed position data for each joint of a subset of the

plurglity of riser jointsThfsr@pgliaatiassisoialt&cﬁdepdos&eqaﬂnwipléori@ltcsttirig,Ratalshimdyalwudﬁwputer
carried by 2 vprgs9 9B AiRe e K ISRLOLI ABRIAIRCAT SSSEIR Bhoatih AEAMAUISHPRARRR

product as defined in cfaim S%rtfger comprising a subsea welldead System analyzer adapted to

predict a madVirthedsst Bled immp&sbasy d buBeeh wainisareisiedetn lésSpdiriant dorbsrtiondastory

data for eachjjgigs Ré¢he:iensst Gt PRty RiKEMIQHHS MEnbisHp-AbSPTHREDMAGRaTIEr string.

15. A computer program product as defined in ¢laim 9, further comprising a riser asset fatigue life
i

estimator ad4pisht %&ﬁ%{é‘}eﬁﬁ%r}?@%@ﬁgﬁﬁe%%a TERGHE MR FAHEGSF riser joints responsive to
the received load daig, Qraghiands P LRELRHR. Al SRSCTHGVISGLIPBAIIRIEN 'R HERRRTHRRARLR for
each respective riser joint, and to 1ssue an alert w én the

embodiment of the invention, and although specific terms are employed, the terms are used in

a descriptive sense only and not for purposes of limitation. The invention has been described

in considerable detail with specific reference to these illustrated embodiments. It will be

apparent, however, that various modifications and changes can be made within the spirit and

scope of the invention as described in the foregoing specification. For example, although the

description primarily focuses on application to drilling platforms and drilling risers,

embodiments of the present invention equally apply to TLP and SPAR production

platforms/risers.
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riser joint fatigue life of a respective riser joint drops below a preset fatigue life trigger level requiring
inspection. 16. A computer program product as defined in claim 9, further comprising a vortex induced
vibration alert manager adapted to detect an impending or ongoing vortex induced vibration condition
and approximate location thereof along a Iength 1Uf$¢r|ne riser string when existing responsive to
at least the received load data, to signal an emergenc ert thereof responsive to detecting the vortex
induced vibralibat ébeldited, isind to determine an action to reduce or mitigate the detected vortex

induced vibraion. 17. AgOTBLEE RHAREREMBRP dyGEAS 1R BRG AR ARSI RRE COMBFiHRGE riser

asset sensor anpomaly detector adapted to detect a load data anomaly when occurring responsive to

the received TBHYPEEEST assets ﬂ%‘?‘%’&l@? AlQRRORJItE SPARR flaetingseste egeinbavine R flaef of the
plurality of risesljabaiseaatiag terehrougy e maultshipbescvanisuspmshevorkicaesi dyetks the

following: the recefl\é%g Io r{)gat?d gg%e P%dcgfx%’ﬁ}f il oﬁw%ﬁ%el%'geﬁ hse{) éOIHt matena{tl o erties for
the respectlve Criser Jomt A Snerate UNSc maintehance avents responsive oad data

anomaly whewtweek mmigmeb\silluwggamrwgagemdnu@ﬁarp espied i the Imqmgetqm#rewmg
inspection; afgrctions therein, the system comprising:

a riser joint identification sensor positioned at or adjacent the well bay and operably
coupled to the communication network;
a plurality of riser joints deployable from the vessel to form a riser string, each riser
joint including an identification indicator; and
riser asset management program product stored in the memory of the shipboard
computer to monitor and manage a plurality of riser assets, the riser asset management
program product including instructions that when executed by the shipboard computer, cause
the shipboard computer to perform the operations of:
receiving riser joint identification data from the riser joint identification sensor
for each of the plurality of riser joints during deployment from the vessel to form the
riser string, and ,
determining a relative deployed position location of the each of the plurality of
deployed riser joints within the riser string responsive to the received riser joint

identification data.

2. The system as defined in claim 1, further comprising:

a plurality of riser joint measurement instrument modules each positioned to sense a
load imposed on a separate one of the plurality of deployed riser joints;

a riser joint load data receiver connected to the vessel at or adjacent the surface of the
sea and operably coupled to the local shipboard communication network to receive load data
for each of the plurality of deployed riser joints from the plurality of riser joint measurement
instrument modules; and wherein

the riser asset management program product further includes instructions that when
executed by the shipboard computer, cause the shipboard computer to perform the operations

of:
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a riser asset maintenance event notifier adapted to issue an online alert providing a reminder to a user
of a forthcoming scheduled maintenance event, and adapted to issue an online alert indicating an
unscheduled maintenance event requirement when existing. 18. A computer program product as
defined in claim 9, further comprising: a riser asset sensor data predictor adapted to generate
predicted sensor data thatreceérgshet lerdadairaioresachh strthe el ahibtefdlerlepedariser vdtntofierdr more
of the plurality of deployigél jisigr daintesiryld report based on recent load history for the respective
instrument module; a riser_asset sensor integrity checker adapted to compare, sensor readings of a
riser joint measurement in&PRsREARsdIng Aseastiofdlis i %Eqﬁ@f’é( S HSET PRRLSIHSSBPHY oy ed
riser joints forming acdeRidyed dser misindetd Bensopieatingsiiekat jeast iwasadiaceninigamaints of the
plurality of deployedmr(i)%tlalwg)ints forming the riser string to thereby determine an integrity of the riser
joint measurement instrumént module, and to flag sensor readings emanating from the respective
instrument module when thsimtingig tisaddedrhinadingochrdijivasivn satieofdhel pluralifyigbdepiexadsensor

data removal managgr,aeRReL 8IS RAYeHIABEed.HAlR ReTncialeRon by mBpaIRS HemeS mpdule

from active record data, and to optionally replace the removed data with corresponding predicted data
generated by the rid&e5EUS 2ta predictor. 19. A computer program product as defined in claim 9,
further comprising a riser pasglisgnaoaiautriponia rdhptediimics NHyingnoatdirctiaruithgisar joint

measurement instrumen{m%dule associated Wifh one or more of the plurality of deployed riser joints
. . olgera llfﬁ 681511 81’ SCrvice envelope. . . . .
forming the marine riSer stfing, and to signal one'or more adjacent riser joint measurement instrument

modules to bgpass the malfunctioning riser joint measurement instrument module to thereby provide
substantially dontinddg$Yerser andsfinedunsalainsdr BHbe GeBPisiemeasurement instrument module
positioned below the: Teaffeactianngd isReioibl RS precagdt tTIHe BARNom@duigputer and storing

asset information for each of the plurality of riser joints deployed from the vessel, the asset
information comprising riser joint identification data, riser joint deployment and location
data, and riser joint load history data for each of the plurality of riser joints deployed from the
vessel; and wherein
the riser asset management program product further includes instructions that when
executed by the shipboard computer, cause the shipboard computer to perform the operations
of:
detecting an anomaly in the load data of one or more of the plurality of
deployed riser joints when existing,
estimating damage to the plurality of deployed riser joints responsive to the
load data of the one or more of the plurality of deployed riser joints, and
providing an alarm responsive to the detection of the anomaly or the estimated

damage exceeding a limit.

4. The system as defined in claim 2,

wherein the vessel includes a tensioning system including a riser tensioner controller
positioned to control tensioning of the riser string when fully deployed; and

wherein the system further comprises riser tension management program product
stored in the memory of the shipboard computer to manage the plurality of riser joints

deployed from the vessel, the riser tension managing program product including instructions
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20. A computer program product as defined in claim 9, further comprising: a riser tensioner
recorder adapted to record tension settings, applied riser tension, and tensioner stroke for a riser
tensioner system connected to the marine riser string; and a riser tensioner manager adapted to
provide data ysable. by {he fi351, GRSIPREL SYRISm IadCL A densioner seling o puiomatieqll
continually apply optimium TiSer-tension responsive toriser stress data determined from the received
load data. 2®p#atenhotl of monitoring and managing a, plurality of marine riser assets, the method
comprising the steps of: moffenGeHSBhIRINLdERITIEAliBn daiiiom ke ridinsicaion
sensor positioned within a well bay of a vessel, the riser joint identification data received for each of a
plurality of riser joint@ ORI E¥SIAMent from the vessel to form a deployed marine riser string, each

of the plurality of riser joingsdvaidingiciaviearabiaoiie rispisenpiidasificatigrpaisesdadseparately

dentfy each one of (he pluralty gl tizer olnts rom, each ather oo Bluraliy ofdagrjoints and to
determine a relative ep#)oye ocation e Hrélplloyea Riatinan oar string; an ‘determining the

relative depl:ged location of the each of the plurality of riser joints deployed from the vessel to form the
deployed matine ridetesiyfiRin gfelpéingsd @BEYed location including a relative deployed position

location of each of {ae-Riw aléwakelantoyRd bisalsIonMg ol IR, af iba dapiayedeardnedriser

ring relativ r of the plurali [ riser joints when | herein.
string relative {0 ReP ieh o R Rl I, of deploved fiser joints when deployed there

wherein the system further comprises riser tension management program product
stored in the memory of the shipboard computer to manage the plurality of riser joints
deployed from the vessel, the riser tension managing program product including instructions
that when executed by the shipboard computer, cause the shipboard computer to perform the
operations of:
monitoring loading of each of the plurality of deployed riser joints responsive
to load data provided by the plurality of riser joint measurement instrument modules,
detecting an impending or ongoing vortex induced vibration condition and
approximate location thereof along a length of the riser string, and
adjusting tensioning of the riser automatically to reduce or mitigate the

detected vortex induced vibration responsive thereto.

6. The system as defined in claim 1, further comprising:

at least one computer to remotely manage riser joints for a plurality of separate vessel
locations defining a riser lifecycle management server, the riser lifecycle management server
having a processor and memory coupled to the processor to store operating instructions
therein;

a global communication network providing a communication pathway between the
shipboard computer and the riser lifecycle management server to permit transfer of riser asset
information between the shipboard computer and the riser life cycle management server; and

riser lifecycle management program product stored in the memory of the riser
lifecycle management server to manage a plurality of riser assets positioned at a plurality of

separate vessel locations, the riser lifecycle management program product including
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22. The method as defined in claim 21, further comprising the steps of: receiving load data for
each of the plurality of riser joints from a plurality of riser joint measurement instrument modules;
monitoring loading of each of the plurality of deployed riser joints responsive to the load data provided
by the plurality of riser joint measurement instrument modules; estimating a riser joint loading
condition for dzsttucsiorrrethat ratign ofxdeysislybyl Hiserijoinliserysiromainegement sorvdrdariseftbpeistrmore of

the plurality of; eV Rd S EHIANSVENE perfiR ViliBPe AR responsive to the estimated loading

condition nearing an operating design or service envelope one or more of the pluralit¥ of deployed
riser joints. 23. The methotP%EVigired IRRI dFRIPMmenH ik eeripridaiy idhqapealy of daptditthg load
data for each of thefderlifisof riser joints from a plurality of riser joint measurement instrument
modules; receiving riser joint load history data for the plurality of deployed riser joints
from the shipboard computer,

transforming load history data received in the time domain from the shipboard
computer into load history data in the frequency domain, and

sending riser load history data in the frequency domain to the shipboard

computer.

7. The system as defined in claim 6, wherein the riser lifecycle management program
product further includes instructions that when executed perform the operations of:

determining fatigue of each of the plurality of deployed riser joints responsive to the
received riser joint load history data;

estimating remaining fatigue life responsive to the received riser joint load history
data and riser joint material properties;

scheduling routine maintenance events for each of the plurality of deployed riser
joints; and

scheduling unscheduled maintenance events responsive to a load history anomaly in
the riser joint load history data resulting in engagement of a preset fatigue life trigger level

requiring inspection.

8. The system as defined in claim 6, further comprising:

a data warehouse assessable to the processor of the riser lifecycle management server
and including at least one database storing asset information for a plurality of riser joints
deployed at a plurality of separate vessel locations, the asset information comprising riser
joint identification data thereof, riser joint deployment and location data, and riser joint load
history data for the plurality of riser joints deployed at the plurality of separate vessel
locations, and wherein

the riser lifecycle management program product further includes instructions that

when executed cause the riser lifecycle management server to perform the operations of:
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monitoring loading of each of the plurality of deployed riser joints responsive to the load data provided
by the plurality of riser joint measurement instrument modules; estimating fatigue damage to the
plurality of deployed riser joints responsive to the load data of the one or more of the plurality of
deployed riser joints; and it oviding an alarm restponsiv%,to tkﬁe estimated f%{.i ue Far‘p &
exceeding a preselected gbel% tl?bﬁ%xfsllrﬁ?t."ﬁ?? & TethGa as danned if"ddnt 1, fUrher o(r)nprising

- the steps of: recsirijgntattnlayader apotmebitthegiwality of sipergisimessiidovatiphs nzippasiviser joint
measurement InstryReakGP e Seplov MARUAH AR NG AL SRERAR VAU Phoplayed riser

joints responsive to the load data provided by the plurality of riser joint measurement instrument

modules; detecting arPEsistiagy anmaeniude ft Jpahdrapasisenrana Per as)brade pISFEY riser

joints when existingisafghted with the respective riser string responsive to corresponding riser load
history data for at least a subset of a plurality of riser joints forming the respective

riser string.

9. A computer program product, stored on a tangible computer memory medium,
operable on a computer to manage a plurality of marine riser assets positionable at one or
more separate vessel locations, the computer program product comprising:

a riser asset deployment and location tracker adapted to receive subsurface
deployment and relative location positioning data for each of a plurality of riser joints
adapted to be deployed to form a marine riser string, the relative location positioning data
including a relative deployed position location within the marine riser string when deployed
to form a completed marine riser string;

a riser asset load sensor data receiver adapted to receive load data for each separate
one of the plurality of riser joints when deployed to form the marine riser string; and

a riser asset fatigue determiner adapted to estimate a condition of each separate one of
the plurality of riser joints responsive to at least one of the following: the received riser joint
Joad data received from each separate one of the plurality of riser joints or riser stress data

determined from the received riser joint load data.

10. A computer program product as defined in claim 9, wherein the subsurface
deployment and relative location positioning data includes, for each of the plurality of riser
joints, data providing the relative deployed position location relative to a waterline related
reference point when deployed to form the completed marine riser string being connected

between a floating vessel and a subsea wellhead.

11. A computer program product as defined in claim 10, wherein the plurality of riser
joints are distributed across a plurality of separate vessel locations, and wherein the
subsurface deployment and relative location positioning data includes, for each of the
plurality of riser joints, field identification data indicating a field in which the respective riser
joint was deployed, a timestamp indicating when the respective riser joint was deployed, and

a timestamp indicating when the respective riser joint was retrieved.
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providing an alarm responsive to the detection of the anomaly. 25. The method as defined in claim 21,
further comprising the steps of: receiving load data for each of the plurality of riser joints from a
plurality of riser joint measurement instrument modules; monitoring loading of each of the plurality
of deployed riser joints responsive to the load data provided by the plurality of riser joint measurement
instrument mddulesA compigpitprigepre pspviipsyistaredtémslaimsdilivter nopliwisinge tisasssctand
tensionel strokgaidory nikRuidinR Haiato control adjusting the tensioning system tension settings to

automatically continually apply optimum riser tension responsive to the load data. .
a riser asset load history recorder adapted to form a time-domain based load history

table providing real-time riser loading imposed on each of the plurality of riser joints for a
preselected length of time responsive to receiving the load data for one or more of the
plurality of riser joints; and

a riser asset history time to frequency domain data transformer adapted to transform
time-domain based load history data into a frequency domain to provide a frequency-domain
based load history table to thereby provide storage for substantially ail available riser joint

load history for each of the plurality of riser joints.

13. A computer program product as defined in claim 9, wherein the plurality of riser
joints are distributed across a plurality of separate vessel locations, the computer program
product further comprising a riser asset load history manager including:

a riser asset load history receiver adapted to receive load history data for each of the
plurality of riser joints and to store the load history in a database;

a riser asset load history recorder adapted to form and store a time-domain based load
history table providing real-time riser loading imposed on each of the plurality of riser joints
for a preselected length of time, and adapted to store maximum amplitudes for at least one
parameter of interest for each of the plurality of riser joints; and

a riser asset load history transmitter adapted to send, over a communication network,
the frequency-domain based riser joint load history including relative deployed position data
for each joint of a subset of the plurality of riser joints forming an associated deployed marine
riser string, to a shipboard computer carried by a vessel deploying the subset of the plurality

of riser joints.

14. A computer program product as defined in claim 13, further comprising a subsea
wellhead system analyzer adapted to predict a magnitude of load imposed on a subsea
wellhead system responsive to riser load history data for each joint of the subset of the

plurality of riser joints forming the associated marine riser string.

15. A computer program product as defined in claim 9, further comprising a riser asset
fatigue life estimator adapted to estimate remaining fatigue life for each of the plurality of
riser joints responsive to the received load data, stored load history data, and specific riser

joint material properties data for each respective riser joint, and to issue an alert when the
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26. A method of monitoring and managing a plurality of riser assets, the method comprising the steps
of: determining a relative deployed location of the each of a plurality of riser joints deployed from a
vessel to form a deployed marine riser string, the relative deployed location including a relative

deployed posmon Io on al length of the de ne riser s ring wh eplo herein,
each of the pllﬁ?é ?[ r ngpﬁt%?hav Scltrllv idiateat age y a?fgear%eis {ngﬁfl f (fa% gr %elzgég?‘tlto
separately |d®|quf§u®mlmdeoof the plurality of riser joints from each other of the plurality of riser joints

during subsea deployment thereof and to determine the relative deployed location within the deployed

marine riser $§ing; A céRpatéinNpripeh pradait a@cm:ﬂﬁéhenpluraﬁ{y@ffdﬁnéow%ﬁﬁgﬁg)wtﬁoﬁem a
plurality of ris asurement instrum es connecte%f 0 at least.a sut}%et ofdthedolurallty
P aployac TS, VEFSton i myhades pien i deicet SN dTncndie B SORTAYHCTICE TOHE
responsive t@rbretimadoddtaanm\dmmylﬂmwbmmy tieresd a] ongt anberesiu kditherhanisir wisee strimg dules;
estimating 2 gigt IifdnpdiopAONKitoRfqL AR 9L e RIEaltAl JEPYuRM HbehiaptasesReansive to

the load data of one or more of the plurality of deploye rlser jomts and providing an alarm

responsive téhgieof sevpensiyadadletgctbadhtoreresiiiesd yBurEaR G askitipn.dde, RdeEmisiBe for one
or more of the-fbdre)iysatsepivvgeitiars daikied 2 brishmanetbesbasisiefined in claim 26, further

comprising the steps of:
17. A computer program product as defined in claim 9, further comprising

a riser asset sensor anomaly detector adapted to detect a load data anomaly when
occurring responsive to the received load data;

a riser asset maintenance scheduler adapted to generate for each of the plurality of
riser joints, a schedule of routine maintenance events responsive to at least one of the
following: the received load data, stored load history data, and specific riser joint material
properties for the respective riser joint, and to generate unscheduled maintenance events
responsive to a load data anomaly when occurring resulting in engagement of a preset fatigue
life trigger level requiring inspection; and

a riser asset maintenance event notifier adapted to issue an online alert providing a
reminder to a user of a forthcoming scheduled maintenance event, and adapted to issue an

online alert indicating an unscheduled maintenance event requirement when existing.

18. A computer program product as defined in claim 9, further comprising:

a riser asset sensor data predictor adapted to generate predicted sensor data that a riser
joint measurement instrument module associated with one or more of the plurality of
deployed riser joints should report based on recent load history for the respective instrument
module;

a riser asset sensor integrity checker adapted to compare sensor readings of a riser
joint measurement instrument module associated with one or more of the plurality of
deployed riser joints forming a deployed riser string to sensor readings for at least two
adjacent riser joints of the plurality of deployed riser joints forming the riser string to thereby
determine an integrity of the riser joint measurement instrument module, and to flag sensor
readings emanating from the respective instrument module when the integrity is determined

to be questionable; and

-44.



detecting an impending or ongoing vortex induced vibration condition and approximate location thereof
along a length of the riser string; and adjusting tensioning of the riser string to reduce or mitigate
the detected vortex induced vibration condition. 28. The method as defined in claim 26, further
comprising the step of sending riser joint deployment location data and relative deployed position
location and loadingedésta fssethsesion diity withvployehgisardmited torameeve i gtsthdris asseniatleduse

located remotgffom dhey §RsalARd aHARIRIFBMESGIVE Skt Tam AP bpalikIRf Yeis&!sikach
deploying riser joints formlr;f?bone or more riser strings. 29. A method of monitoring and_ managing a

plurality of risEfme¥sddatowith FgesR BT PradFied dirataciaied by ettt serner framseiicprising the

steps of:
19. A computer program product as defined in claim 9, further comprising a riser asset

sensor fault manager adapted to identify a malfunctioning riser joint measurement instrument
module associated with one or more of the plurality of deployed riser joints forming the
marine riser string, and to signal one or more adjacent riser joint measurement instrument
modules to bypass the malfunctioning riser joint measurement instrument module to thereby
provide substantially continuous load data acquisition for each riser joint measurement

instrument module positioned below the malfunctioning riser joint measurement instrument

module.

20. A computer program product as defined in claim 9, further comprising:

a riser tensioner recorder adapted to record tension settings, applied riser tension, and
tensioner stroke for a riser tensioner system connected to the marine riser string; and

a riser tensioner manager adapted to provide data usable by the riser tensioner system
to adjust a tensioner setting to automatically continually apply optimum riser tension

responsive to riser stress data determined from the received load data.

21. A method of monitoring and managing a, plurality of marine riser assets, the method
comprising the steps of:

receiving riser joint identification data from a riser joint identification sensor
positioned within a well bay of a vessel, the riser joint identification data received for each of
a plurality of riser joints during deployment from the vessel to form a deployed marine riser
string, each of the plurality of riser joints having indicia readable by the riser joint
identification sensor to separately identify each one of the plurality of riser joints from each
other of the plurality of riser joints and to determine a relative deployed location within the
deployed marine riser string; and

determining the relative deployed location of the each of the plurality of riser joints
deployed from the vessel to form the deployed marine riser string, the relative deployed
location including a relative deployed position location of each of the plurality of deployed
riser joints along a length of the deployed marine riser string relative to each other of the

plurality of deployed riser joints when deployed therein.
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receiving riser joint deployment and location data for each one of a plurality of deployed riser joints,
each riser joint deployed at one of a plurality of separate vessel locations carrying the respective riser
joint, the relative deployed location including a relative deployed position location within a marine riser

string opera sup rted ctlve o ural separate vessel locations when
deployed thgjr’ in ﬁ@gﬁgil glggl% m’@ 5’3§E§ £ receiving riser joint
load history data by@:wmgtblgdpiasatfoneﬂthlséﬂabfphyﬂﬂymﬁnwggmnﬂmfrseraerlﬁmheacﬁrtsﬁttieirplurality of
riser joints dgpégg{ggn%nmg@%“rtyngg?ﬁ:&arate vessel locations from an associated shipboard

computer; transforming riser joint ad’history data received in the time domain into load history
data in the frequen&lcaBpiEm lending of gash phithe gluradite P& daplaysd aist dabrs SPERRIBIVA AN thef

deployed risgs4@iif [ReprRIEINE R BluRAS B'Esef ﬁlﬁtfﬂlégyﬁi@ﬁrem%%ﬁﬁwﬁqﬁmld@m load history

data or the transformed rlse oint load hjstqr ata 30. ethod as, de Jned | claim 29, further
comprising the stefs GP1N8 SHRRE ANt iﬂ#&\ ﬁﬁ'?‘?%é?’]og?{t ?@n}\/fg @BIB i llté(s%f %ﬂ?é/ s Fisgt joint

material progeitis sekpoasiet) uced;pému/éausefqomlanakabfemspmm&ltyfdﬁéemmlngertjmmtemlded riser

joint load history d?é Vi H%a]‘ﬁaaﬁf& Hﬁ% {HE Qﬁ%ﬂé&?& IBondi &xﬁﬁQ%QHHEQanBéQﬁng

maintenance even or ea ra ty 0 deploye riser joints; an
design or service envelope one or more of the plurality of deployed riser joints.

23. The method as defined in claim 21, further comprising the steps of:

receiving load data for each of the plurality of riser joints from a plurality of riser joint
measurement instrument modules; |

monitoring loading of each of the plurality of deployed riser joints responsive to the
load data provided by the plurality of riser joint measurement instrument modules;

estimating fatigue damage to the plurality of deployed riser joints responsive to the
load data of the one or more of the plurality of deployed riser joints; and

providing an alarm responsive to the estimated fatigue damage exceeding a

preselected operational limit.

24.  The method as defined in claim 21, further comprising the steps of:

receiving load data for each of the plurality of riser joints from a plurality of riser joint
measurement instrument modules;

monitoring loading of each of the plurality of deployed riser joints responsive to the
load data provided by the plurality of riser joint measurement instrument modules;

detecting an anomaly in the load data of one or more of the plurality of deployed riser
joints when existing; and

providing an alarm responsive to the detection of the anomaly.

25.  The method as defined in claim 21, further comprising the steps of:

receiving load data for each of the plurality of riser joints from a plurality of riser joint
measurement instrument modules;

monitoring loading of each of the plurality of deployed riser joints responsive to the

load data provided by the plurality of riser joint measurement instrument modules;
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scheduling unscheduled maintenance events responsive to a load history anomaly in the received
riser joint load history data resulting in engagement of a preset operational life trigger level requiring
inspection. 31. The method as defined in claim 29, further comprising the steps of: virtually
constructing a riser string configuration of any one of the plurality of riser joints deployed at any one of
the plurality of separaedilesiie tosignngssistpoiehswRostiengserpplivddessio yensnn.asid |Gusiiveidata
associated wihdhe sggpective riser string; and predicting a magnitude of a load imposed on a
subsea wellhead system associated with the respective riser string responsive tg corresponding riser

load history data forP5? &8 adaffhde: senirplupditytberidls RO RMINGIR Asaper ey Kring.

32.The methadtasdiitiedontaiadtiy 2pphybpri@inihdsstemsibir enptoring tirdodidhinad history data
received in the time domain into load history data in the frequency domain is performed at a remote

location remogg, from eachgf the RIbRINLG! SRPaaaRsSe! Jasatignerthedmatbad fultherapaprising

the step of sending riser load history data in the frequency domain for each one of the plurality of
deployed risefYBRitsng the ¥&-pEtive shipboard computer located at the associated one of the plurality
of vessel locations cRteyifigiaca esReacH V@ plepdyrRdatisar ¢BitHe each of a plurality of riser joints

deployed from a vessel to form a deployed marine riser string, the relative deployed location
including a relative deployed position location along a length of the deployed marine riser
string when deployed therein, each of the plurality of riser joints having indicia readable by a
riser joint identification sensor to separately identify each one of the plurality of riser joints
from each other of the plurality of riser joints during subsea deployment thereof and to
determine the relative deployed location within the deployed marine riser string;

receiving load data for each of the plurality of deployed riser joints from a plurality of
riser joint measurement instrument modules connected to at least a subset of the plurality of
deployed riser joints;

monitoring loading of each of the plurality of deployed riser joints responsive to the
load data provided by the plurality of riser joint measurement instrument modules;

estimating a riser joint loading condition for each of the plurality of deployed riser
joints responsive to the load data of one or more of the plurality of deployed riser joints; and

providing an alarm responsive to the estimated loading condition nearing an operating

design or service envelope for one or more of the plurality of deployed riser joints.

27. The method as defined in claim 26, further comprising the steps of:

detecting an impending or ongoing vortex induced vibration condition and
approximate location thereof along a length of the riser string; and

adjusting tensioning of the riser string to reduce or mitigate the detected vortex

induced vibration condition.

28.  The method as defined in claim 26, further comprising the step of sending riser joint
deployment location data and relative deployed position location and loading data for the
plurality of deployed riser joints to a central database warehouse located remote from the
vessel and adapted to receive such data from a plurality of vessels each deploying riser joints

forming one or more riser strings.
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29. A method of monitoring and managing a plurality of riser assets positioned at one or
more separate vessel locations, the method comprising the steps of:

receiving riser joint deployment and location data for each one of a plurality of
deployed riser joints, each riser joint deployed at one of a plurality of separate vessel
locations carrying the respective riser joint, the relative deployed location including a relative
deployed position location within a marine riser string operably supported at a respective one
of the plurality of separate vessel locations when deployed therein, each separate vessel
location having a shipboard computer;

receiving riser joint load history data by a remotely positioned riser lifecycle
management server for each of the plurality of riser joints deployed at the plurality of
separate vessel locations from an associated shipboard computer;

transforming riser joint load history data received in the time domain into load history
data in the frequency domain; and

determining a level of damage of each of the plurality of deployed riser joints
responsive to at least one of the following: the received riser joint load history data or the

transformed riser joint load history data.

30. The method as defined in claim 29, further comprising the steps of:

estimating remaining riser joint serviceable life responsive to riser joint material
properties for each respective riser joint and at least one of the following: the received riser
joint load history data or the transformed riser joint load history data;

scheduling routine maintenance events for each of the plurality of deployed riser
joints; and

scheduling unscheduled maintenance events responsive to a load history anomaly in
the received riser joint load history data resulting in engagement of a preset operational life

trigger level requiring inspection.

31.  The method as defined in claim 29, further comprising the steps of:

virtually constructing a riser string configuration of any one of the plurality of riser
joints deployed at any one of the plurality of separate vessel locations responsive to the riser
joint deployment and location data associated with the respective riser string; and

predicting a magnitude of a load imposed on a subsea wellhead system associated
with the respective riser string responsive to corresponding riser load history data for at least

a subset of a plurality of riser joints forming the respective riser string.
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32.  The method as defined in claim 29, wherein the step of transforming riser joint load
history data received in the time domain into load history data in the frequency domain is
performed at a remote location remote from each of the plurality of separate vessel locations,
the method further comprising the step of sending riser load history data in the frequency
domain for each one of the plurality of deployed riser joints to the respective shipboard
computer located at the associated one of the plurality of vessel locations carrying the

respective deployed riser joint.
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