SYSTEM APPARATUS, AND METHOD FOR : MONI TORI NG A SUBSEA FLOW DEVI CE
BACKGROUND OF THE | NVENTI ON [ 0001] Field of the Invention [0002] This
i nventi orwoebetmsiiso the nonitoring of a subsea fl ow devpcraS2esuohi2as t he
nonitoring of the tenperature of a subsea flow line used in the production
of fluids froma hydrocarbon reservoir, and the powering of such a
noni toring operation, [0003]2. Description of Related Art [0004]In the
production of fluigssfiramepanbaas, Ands 06arBOD FeRINRITorevyari ety of
subsea fl ow devices are typlcall{ used, such as a pipeline or flowine that
i s di sposed. on the seafl oor ah&UBP&¢ HddWalBi8Skge t hrough which the
fluids be communi cated. For exanple, a subsea well can provide produced
fluids fromthe subsea reservoir to a subsea flowine that carries the
fluids away fromthe wel|. BIHEKGROWNINEY d& ieaibylivhle fluids to an on-shore
facility, other subsea equipnent, a riser that carries the fluid to a
topside facility, or the like. O her subsea flow devices can include flow
storage, acf@®tion, or control équicphents nsutkuas tanks, punps, notors,
\égl :/rer;’or ?gg t[(l;{}?}gj 1’:11: E?ei\}%}g 181‘995&1-5@ SRS tthoernlloq Ogiflg (Ssiuacsgbgelél Smexadciilegvsvuc &y ces can
the monitoring of the temperature of a subsea flow line used in the production of fluids

from a hydrocarbon reservoir, and the powering of such a monitoring operation.

[0003] 2. Description of Related Art
[0004] in the production of fiuids from a subsea hydrocarbon reservoir, a variety

of subsca flow devices are typically used, such as a pipeline or flowline that is disposed
on the scafloor and provides a passage through which the thuids be communicated. For
example, a subsea well can provide produced thuids from the subsea reservoir to a subsea
flowline that carries the fluids away from the well. The flowline can carry the fhuds to
an on-shore facility, other subsea equipment, a riser that carries the fluid to a topside
facility, or the like. Other subsea flow devices can include flow storage, actuation, or

control equipment, such as tanks, pumps, motors, valves, and the like.

[0005] The monttoring of such subsea tlow devices can be important to achieving
successful and optimoal production from the well, For example, subsea flowlines that
carry high teraperature thuids can be exposed to severe temperature gradients and
variations, especially for flowlines that operate in deep water. Even for insulated
flowlines, high thermal gradients can result between the inside and outside of the
flowline by virtue of the difference in teraperature of the produced fluids inside the
flowline and the scawater outside the flowline. Temperature variations over time can
result from changes in the flow of the produced fhuid, such as between times of
production when the presence of the produced thiid can heat the pipe, and times of no
production when the pipe is either empty of produced fluid or contains produced fluid
that cools when it does not flow. The thermal effects on the pipeline can include stress,
strain, and movement of the pipehine on the seafloor. Tn some cases, such effects can

threaten the miegrity of the flowline.



successful and optiml production fromthe well. For exanple, subsea
flowines that carry high tenperature fluids can be exposed to severe

t enper at Wwe 202200888t s and vari ati ons, especially for fl @eiriuses 1olners oper at e
in deep water. Even for insulated flowines, high thermal gradients can
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the seawat erypyt si de £ 0@t i'iow A lch g mzfamnaweamvaus@eu @08, QYEy tine can
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flowine, angithe ﬁléﬁﬂﬁiﬂy@?\%@n SR COHRNN Salige e dat@anthana 4dier optic
cabl e that extends along the flowinc to a receiver. In sone cases, the
transducer s "EETFIBR SHOWRPERS By e isr farnsiicr FerartifEr shdrcwsi $Fs bet ween
the flow inepandt Etm@awbauﬁd;aap@ Q@é"@it@iﬁaﬂomfﬂh@:}t&% %%Q%illeaﬁyst em
could potentially provide nore information than a visual inspection, such
syst ens can“@éq@@ﬁﬁ@é&MiﬁﬁéﬁﬁaﬁVéeﬂahHOWhW%FPaMWémE%mgmu@%ééhﬂge the fiber
opti c cabl e ¢an.DReak: oL achBFink Nl AhALAAR uRlndyig, system can be

i nconpati bl e sonme types O I nes an rtain ow i ne depl oynent
t echni ques, ﬁﬂd can 'Qge;;@aéaiﬁéafcﬁa§tm% Bg OVl gy, SeRkoXIAg meAnd

mai nt ai ni ng the | ow i ne A continued need exi for an 1 nproved
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enbodlnentsibﬁckheapresent invention generally provide a system apparatus,
and nethod for nonitoring a subsea fl ow device, such as a subsea flowine
that carries produced fluids froma subsea well. The apparatus generally

i ncludes a thernoel ectric devi66\aﬂdRaWSEmH®ﬁNVThHT®hernDeIectric device is
adapted to ?eggfate el. ectrléﬁﬁomertjron1a thernal nt| bet ween t he
subsea fl owl'd&0i ce ant*SUPPHTREFAG"S S5 &7 “%ﬁrcgia “8“ ﬁ@“?ﬂbsea f1 ow
device can BgpagarslBEBActhd OB WBLitdRatk: siissel AbRREVIOS, s@hpk HE@skd ¥ovafnesuccessi ve
pi pe segnents joined at joints, and the thernoel ectric device can be

nmounted to HRECFTE profureiellyds *6?1”%%‘!"5"%‘11@”}& BEEPIHHESARHAY dtrdetan be

attached totRe.didc@ deRRe dMl 4 DDsRS TRODLY RN d el ey RBMn Qf 1o LR rdd OW i ne.
Wth the flowine in

electric power from a thermal potential between the subsea flow device and surrounding
scawater. For example, the subsea flow device can be a subsea flowline that is formed of
a plurality of successive pipe segments joined at joints, and the thermoelectric device can
be mounted to the flowline at one of the joints. The apparatus can be attached to the

flowline during assembly and deployment of the flowline. With the flowline in
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operation, a tenperature differential can exist across the thernoelectric
device by virtue of the tenperature difference between the relatively hot
produced wbunmosrist he fl ow i ne and the rel atively col drsgasat1@N41279
surrounding the flow |ine. [0009] The sensor is powered. by the

t hernoel ectric device and adapted to nonitor a characteristic of the flow
device and provide a radiation output that is indicative of the nonitored
characteri st b&andﬁog te%@ﬁﬁh@dﬁ&ﬁﬁnﬁ%%&ﬁst ga&q% &&ﬂi&ﬁb’dﬁ@@e% ppkdor the
tenperature of and/or the strain in the ow i ne and conmuni cate a si gna
that is i ndiEteitseesture Rdlerapplataartee iéih‘éif‘é)’ heftrredupechijuideap yieridp veline
radiation output hoikRdbEALAIRERAMBEIRIASHE(S) moni tored by the sensor,
such as by providing a varying |ight output. T%e |'i ght output can be _
provi ded on§jae f'OV\"iﬂl%enabr@pow%Ld Bb%elﬁg‘?@igéi%l iwgch%mi Lowl-kRe so that it
can be observed subsea al on W I ne. e apparatus can al so

i ncl ude a s@kﬁﬁMUEHMHQmﬂﬁ@Kﬁéhﬁhmvﬁwyeﬁﬁh@03@¢aﬂﬁ@@p$0@awib@1$onf|gured to
receive Sunlﬁjxf Aivd & tﬁ&% ?}Iédhﬁdgé‘é};ﬁﬁy FQf[ g{n hdﬁpL&x [;EBCQ}\‘O 011&”1h§rtgppar atus,
receive light froman un ermater source a depl oynent the a ppar at us,
and power themsenh@kmpaﬂwmw&mmmthesmﬁahab¢ﬁvammnmoémDMQuﬁl@mwdéV|ce
[00101In so t he, appara us incl ude Y y | | ocat ed
with the t hg%ﬁ%’é aecaimg Of Tgeglgﬂ ua ar}dh(‘é atram %‘v Van 111%9{1 rasﬁlahmon ouémgﬁe adapt ed t o
store |nformammmmhéﬂmnnmhausemﬁmnmL&ayﬁwswundbmahbbgpmmumhﬁawmﬁsyred

h t t th f th
St e o A L e I L R R R O

subsea fl OWﬂd@Mh@ﬁ th#1Gd d46 @8 osscplot Bxdtlstd fyo@fmﬂha@c appaiatitseppardsacdinof the
appar at uses dlsgos d respectiv CCESSIV%g%ELntS along t he

length of th Uf“i‘“ P AR oH 28 e E&"é@%’seméé@ﬁ“é b%f”r‘éﬁ‘t% vegreatr

respective k@iiht a3k §0 b&&:rﬁ&%m gggsi@pmm oCORMMALEAL RSl ORAk & omn@ll cative
of the characterlstlc at a pluralit joints to a successi ve one of the

appar at uses “I"GEHEFOREC é’f%iffwfw%ﬁ @é@s PRISTHG PP OMEE B8 ST 00 PEnHeT,

[ 0012] Accor ¢icngabho-.anebhar euhedi-rent, the present invention provides a
nmet hod for nonitoring a subsea fl ow device. The nethod includes generating

el ectric poywernof rom anthet bRk, mét«a Pchiad m@i@amqmﬁdw astReeRhi-gwiden ce and
surroundi ng seawat er, using the ectric power to operate a sensor and

t her eby NP deminr et Ee r»@wrc Toe DERENf 198 \Re d&Picdd? slarwdnigreitiodi ng a

ggﬁ'sgﬁ I on OulRUhe LR thad id (RALAAL LV Bc BloaduNB BRAEAGHELL S o iPHI 08 £ by the

output the information for the periad of time.

[0011] {Ume systemn of the present invention for monitoring a subsea tlow device
imclades a plurality of the apparatuses. Each of the apparatuses can be disposed
respectively at successive joinis along the length of the flowline. In some cases, cach
apparatus located at 3 respective joint can also be configured to communicaie signals
indicative of the characteristic at a plurality of joints to a successive one of the

apparatuses located at a joint successive to the respective joint,

(00123 According to another erabodiment, the present invention provides a
method for monitoring a subsea flow device. The method includes generating electric
power from a thermal potential between the subsea flow device and surrounding
scawater, using the electric power to operate a sensor and thereby monitoring a
characteristic of the flow device, and providing a radiation output that is indicative of the

characteristic monitored by the sensor.
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WO 2012/ 003115PCT/ US2011/ 041279 [0013] The nethod can include using a solar
cell to receive light froman underwater source and thereby provide

| i ght - derwoedizposEs, and powering the sensor with the |ipghtusdenioveds power .
In sone cases, a solar cell is used to receive sunlight before the flow
device is deployed to a subsea | ocation and thereby provide

sunl i ght-derived power. For exanple, the solar cell can receive |ight

before and imre Iatel%&ﬁ&ﬁmL@m@mﬁ@guﬁ@es@r@t e o @ngvd e gehan cell can
convert the light to eIectrrcrty to power the sensor, fhereby al  owing the

sensor to nuRlrsRetIEree Peihply doridn gshinerivadgoae aud pavonstiecsoow i ne. A
battery is %h@ft&%ggh%&hch wéunxk!qc%llm‘%’&riM@ch@}/‘%ﬁ 4 #e %B@ﬁgﬁéor i's

powered with the battery en the thermal potential Is not ficient for
power i ng t héciseribofiow Scrb%ngmwti@ah@a@d@@tmm@ddhut:‘th@ls@ﬁ@@mhgﬁtt h the

battery, t h%@z%x%ldgléwgrelﬂu Sﬁﬂg?é 30 <P&; &%?i%gntwr( ?ﬁ%‘é?o 5 a%fiﬁmfn \/\ﬁ?%ﬁncan be

underwat er source and there provide 11 der’t

used to povvefﬁ:u‘telnerisg fis orater Fe@d ti@)@ahrpwéi caty hmwtandieér vgm @ra fstmrrg & waver be

provi ded by a}n u m’ag altl wing ﬁl €1 01t oncrox tﬁ ﬂ !il’it x urmo c 1n<. aqt%tlgli?o Jt ﬁtl on

out put fromYHe sEREHMT0 &r° % det e ey % eristic nonitored by
t he sensor. ﬂb@ﬂ&ﬂb@hﬁm@ehhmdgﬁHMMaﬁs@mﬁ@ﬁraﬂ@unpﬂﬂﬁumgﬂ&meﬁpparatus to the
subsea flow devi rat s bei onfi.gur

operati one B EnarLiTs TRaar LR dshaps ST S Re e elPre over . and
providing t b@»ér&@a&i&ﬁkﬂ]tQuh@pltwexM@I'oet@ad‘dbbxcwﬂt’aﬁhkM;tidr\hehcs&lb@&a | dhawo devi ce
can be a subsea flow.inge t has .a plurality uccessi |pe segnent s

that are joPRBHIAR PGy faﬂ“cf*‘”‘t“ﬁé“?ﬁ%’r wa&&e@ﬁreﬁﬁaam‘«@@hé@n %e&tount ed to

the pipe at ,one, Rhich b wamsmr%po{ﬂaﬁzhé adi@t | |r@ﬁe@hh M&&ﬂh@%&@%bd@d by
varying a |ight outgut on the flowine to there i ndi cate the

char act er i sPFErogided Heat piaryaa velgclgrwhjch ‘t"é‘n‘b“@rdé?t‘-&r%‘ BAGIOr HP R PRI n of the

fllowine. The oparalhQ0S, &Eﬁrﬁ%@%{c%ﬁlhﬂagtgﬁﬁﬁ RInB6Lh b RQWRLy USing the
el ectric power, and providing the radiation output” can be perforned at a

plurality ofndigcati ongateisldCeRasH %ﬁ%lueé’ﬁioﬁﬁﬁﬂ%n%{w;%&ﬁt@@hd&%B&E@o@f the
flowine. Further an underwat er vehicle can be passed along the flowine

to successi velise derertairne aan Esyohioogtpum ihﬁ e e oO5EMeBHEL HAd t her eby
determine t hﬁaiﬁb@[}@%{ %ﬁgsitﬁ!—: 8&.&99béw@ér?gldl?yrbxf?(ﬁﬁéhthg]}dduﬁ%n SEHRONRore

particularly, the subsea flow device can be a subsea flowline that has a plurality of
successive pipe segments that are joined at joints, and the thermoelectric device can be
mounted to the pipe at one of the joints. The radiation output can be provided by varying
a light output on the flowline to thereby indicate the characteristic of the flowline, e.g., a
temperature and/or a strain of the flowline. The operations of generating the electric
power, using the electric power, and providing the radiation output can be performed ata
plurality of locations at successive positions along the length of the flowhne. Further, an
underwater vehicle can be passed along the flowline to successively detect the radiation
output from the sensors and thereby determine the characteristic monitored by each of

the sensors.

[0015] Information from the sensor of cach apparatus can be stored in & memory
mounted on the subsea flow device. The information can be indicative of the
characteristic over a period of time, and the information can be output for the period of
time from the memory. In some cases, a signal that is indicative of the teraperatare
and/or strain of the flow device can be communicated from the sensor to a distal
receiver. The operations of generating electric power, using the power, and providing

4.



[ 0015]i nformation fromthe sensor of each apparatus can be stored in a
menory nounted on the subsea fl ow device. The infornmation can be indicative
of the chapaot2mdEsi c over a period of time, and the infoTrmstéloniran be
output for the period of tine fromthe nmenory. in sone cases, a signal that
is indicative of the tenperature and/or strain of the flow device can be
comuni cated fromthe sensor to a distal receiver. The operations of
generating el&ghifddn RPVBELan mu@gzemgnﬁ%wm R0 2iRMAMhid] egzocmﬁs Y ai@h ation
out put can include generating electri¢c power at a plurality of | ocati ons

al ong t he sdssebset Powdden, seng (sickgircmewel teopypie apowet it eechdpefiaténd sensor
at each | 0CaLd, Rifvs A0 REOYl M BB 106 A AUERULe AL RAGRApcat T on that

i s indicative of aract er|st|c noni tored by the sensor t he

| ocati on. Singnaprsd bnthicsertspya thoflogahen. chaneéi:mémts'tcuoéﬂmhmmr@éic by aplurality
of the sensqls;6an,be, ﬁi‘%’&'{"'&‘{“{?tﬁ%ﬁgﬁ QR bﬁrﬁﬂnﬁ;@cﬂ&Pﬁoﬁﬁ%@@ s%}&%ﬁ{%ss' ve one of
the sensors al a SUccessive one of the locatlons sue at € signals are
connunlcatedmstﬂpewnseﬂh¢emgnthewsubsea(hhoﬁmdémMmmssﬁ@ﬁhe%anpﬁﬁkaeach

sensor can be configure IC muni catg Mrel egsly a irectl 1)1/ w,th at
east two socuasuryB ERebP aFTTNG AR FalbbditIRL bl Bl Sl e
system appas@digusd t@.ﬂdnmtihﬁ)ﬂwﬂﬁesbhemﬂIzie&eilyt\wl}m&raiumn am&sgeta@:raahl y
provi de noni i n% he fl.ow device, information which can be useful in
under st andi ﬁ%ﬂfaﬁ %ﬁi“’ 8FHE the integrity of the fI ow devi ce and

assisting i in he f|OM/d€VIC€ i, N In sonme cases, ,each
i tor i ug MeBEFD: ug Sy eraries nd MelREPEh: Bkt BRI ST oo
conpared to; mmemmom@ of thfi@v @@ﬂz&l &Xorﬁlyﬁshﬁﬂﬁch {O0L G BRI ERnddESERIARETI ON OF
THE DRNWVNGS({OOlB FBVIH t hus des ed thg |nvent|on in neral terns,
ref erence WA MRGHRIBEE %gléf»f% Y ¢iHee ‘Z:"‘c npay ﬁﬁ‘“&f‘a% ﬁg@““ K 95Vi&e not
necessarily nﬂé@m05.Olrﬁs%ﬁﬂf,%aseﬁf}gdm&&@)k iflg apparatus can be relatively Mmplu, small,

and inexpensive compared to conventional, more comaplex systems.,

[B017] BRIEF DESCRIPTION OF THE DRAWINGS

[001&] Having thus described the invention in general terms, reference will now
be made fo the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

[0019] FI1G. 1 is a schematic view tllustrating a system for monitoring a subsca
flow device according to one embodiment of the present invention;

[0020] FIG. 2 is a schematic view tlustrating the system of FIG. | during
assermbly and deployment;

(0021} FI(G. 2A is an enlarged view illustrating a joint between two adjacent pipe
segments of the system of FIG. Z;

(00223 FIG. 3 15 a section view schematically iHlustrating one monitoring
apparatus and a joint of the flowline of the systern of F1G. 1; and

[0023] FIG. 4 is a schematic view illustrating a portion of the system of FIG. 1,

shown with an underwater vehicle collecting information from the system.



[0019]FIG 1 is a schematic viewillustrating a systemfor nonitoring a
subsea fl ow devi ce according to one enbodi nent of the present invention;

[ 0020] FI Gvo20iznoaaischematic view illustrating the systemrCo®fUSEIIG04R78ur i ng
assenbly and deploynent; [0021]FIG 2A is an enlarged view illustrating a
joint between two adj acent pipe segnents of the systemof FIG 2;

[0022]FIG 3 is a section view schematically illustrating one nonitoring
apparatus and a joi nt ofipthg fd pukipg9bntdheraystiemeioR! G 1, and
[0023]FIG 4 is a schematic viewillustrating a portion of the system of

FIG 1, shoywmow th anpyindervalehidelieh g QL esld Ry M eraBkiawikom the
system reference to the accompanying drawings, in which sorue, but not all embodiments of the
mvention are shown. Indeed, this invention may be embaodicd in many different forms
and should not be construed as himited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisty applicable legal

reguirernents, Like numbers refer o like elements throughout,

(0025} Referring now to the drawings and, in particular, to FIG. 1, there is shown
a system 18 for monitoring a subsea flow device according to one embodiment of the
present invention. Generally, the system 18 can be used to monitor a subseca flowline 12,
a pipeline that 18 configured fo receive produced fluid from a subsea well 14 and deliver
the fluids along the seabed 16, upward to a floating surface facility 18, to a land facility,
or otherwise. It is appreciated that the system 18 can include and can monitor other

types of tlow devices such as valves, spools, pumps, motors, and other subsca

equipment.
[0026] In the illustrated embodiment, the subsea flowline 12 is made of a
plurality of successive pipe segments 28 that are joined to form a desired length. The

topside facility 18 can be a structure that is rigidly fixed to the seabed 16, a floating
structure, or a moored structure, For cxample, in some cases, topside facility 18 canbea
ship with special equipment for assembling and deploying the flowline 12. The flowline
12 can extend to the topside facility 18, or the flowhine 12 can be connected to the

topside facility 18 by a viser 22 or other tubular racruber.

(00271 FIG. 1 illustrates the flowline 12 in a typical deployed configuration,
extending from one or more subsea wells 14 to a pipeline end terminal ("PLET”) 24.

a first end 26, the flowline 12 15 configured to receive produced fluid from the well 14
and a reservoir 28 under the seabed 16, and additional equipment such as purps, can be
provided facilitating the transportation and handling of the fluid. At the opposite, second
end 38, the tlowline 12 can be connected by the PLET 24 to the riser 22 that delivers the
produced tluid to a topside facility 18, which can be the same or a different structure than
the facility 18 that was previously used to deploy the flowline 12, The PLET 24 can be
configured to accommeodate movement of the end 38 of the flowline 12, e.g., to allow the

flowline 12 to extend or contract as it heats or cools.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00241The present invention now w ||
be described nore fully hereinafter with reference to the acconpanyi ng

dr awi ngs,woreoiwbdnR sonme, but not all enbodi nents of thecirmseotioorz7ar e
shown. | ndeed, this invention may be enbodied in many different forns and
shoul d not be construed as limted to the enbodi nents set forth herein;

rat her, these enbodi nents are provided so that this disclosure will satisfy

appl i cabl e I{@@@E requm TBALSatedthK Qs MD L Byl Blnt 2 tld 818 8FBALS,,
t hroughout. [00251Referring now to the draw ngs and, in particular, to FIG

|, there isisheilhsuatedapanimafivformeshilagrinly af fabeacstaw Wewilce accor di ng
to one enmbodiarat.af 43 Q&w?{ SRy d@tmls&%%wz%nﬂ n&fpﬁ A¥nt JiR @¥sheTy 10 can be

used to nonitor asubsea ine T2, a pipelinethat is configured to
recei ve produaeet sttmids 3 omba publsd & ihetdp&mf@ﬁid& Helnivpdprot lsegthd ikdds  al ong

the seabed Jnﬁemuﬁﬂ%{h sﬁo? ES‘JJE%E Dy Sy ﬁﬁi‘?&?% bGY 1ehBins $0; b8 | @nd.;

facility, or I's appre Iate e system 10 can i ncl ude
and can’ moniot Brs tbather bt t#:@!e@x@by frhdwwndetticoese ismdhdasmvahwemon&lpool S, punps,
notors, and ot.her sxilgsea equi p mr{}{ha%%ll n, t he |£Iu trated enbodi ment ,

the subsea fTOW THe 12778 wﬁaﬁ TP BPLGEEREEVEDT pe segnent s
20 that ar ecpohtfvdchdios qurmhiﬁecdsqsndnedzqd @ngt bm»’ﬂl@éaim@&pdee foagiochi Fyr 18 can be
a structure that is r o the.s t|n structure,
S T8 S R B T S R e e R e o TR A
be a ship WelbpspechdlnEadiapABREnbIoR RSSeNLhBgs amdudﬁqaigzawmm tdaect| ow i ne
12. The flow i ng é Cfan e tend to the topside fgmll%y o the flowine
19 can be cOHABEEBA GVERd ST \f*%iwwni%ﬂﬁ retgo BB OHP TR er

t ubul ar menbgicess[v0 QA Gy tglidrﬁn'al«l&‘ig ahasctibend loubdaneel2olvBred bbiyRigAl
depl oyed configuration, extending fromone or nore subsea wells 14 to a

pi pel i ne endaedpiiaaps (“‘dP‘iEE}F"id aifhe wabed ¥ r st end 26, the flowine 12 is
configured to receive produced fluid fromthe well 14 and a reservoir 28
under the s&dbéd 16, HNdCHHEITIohal eI DrErt SRRV B ERPE BN be

provi ded fa%‘diwﬁﬁﬁﬂcﬂﬁcé ‘Q@id&d &Qﬁﬁ@iﬁﬁ@iﬂ QnicRnd Dandldingiafe thhe.didisdy At the
opposite, second. end 30, flowine 12 can be connected by the PLET 24

to the risefoses diss é@? Pvésri% e ppcogeeeds # up aliplagenteipddraentbae | ity 18,
which can b %1 ot R?hﬁa{ﬁ% & irﬁll;lg!ntﬂ( Q{QQﬂtu d%t\ll{ chgﬁwed&abﬁﬂpc&[?ﬁd t@iﬁj‘ Eﬁ({slﬂf gh% t hat

was previously used t can
configured p@ﬁ&‘@é@ﬁ@d@&t@mﬁ?v@rﬁémn Oifi*léfhel & petl Bohafipe S’@eﬂlﬁﬂit@@\? i‘?ﬁﬁe 12, e.g.,

to allow the, & QWG i BXRGRT 49000 SRUERALL AR e NSRS TR 1nGORIGR:

42 on cach segrment 28 can leave an eund portion 46 of the steel pipe 46 exposed before
assembly of the scgments 2. Thus, cach segment 28 can have a small end portion 46 at
cach end where the steel pipe 40 is exposed to facilitate the welding of the successive
segments 20, After welding two successive segments 28, the gap or “field joint arca” 48
between the insulation 42 of the two segments 28 can be filled with a fluid ficld joint fill
material 88, such as imjection-molded polypropylene, that cures or dries before or after

the joint 32 is lowered mto the water and to the scabed 16.

[0030] The monttoring system 18 as ilustrated in FIGS. 1 and 2 ncludes a
plurality of monitoring apparatuses (individually indicated in FIG. 2 by reference
numerals 8, 66", 68", 60" and referred to collectively by reference numeral 68},
which are disposed at successive joints 32 along the length of the flowline 12. More
particularly, at least one monitoring apparatus 68 can be disposed at cach joint 32, and
cach apparatus 68 can be disposed on the flowline 12 during the deployment of the
flowline 12. For example, if the flowline 12 is assembled from a plurality of insulated
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WD 2012/ 003115PCT/ US2011/ 041279 [00281FIG 2 illustrates the assenbly and
depl oynent of the flowine 12, which, in the illustrated enbodinent, is
formed ofwe2plumaiisty of the pipe segnents 20 and def i nesTjushoig/ 08327bet ween
adj acent segnents 20. Before deploynent of the flowine 12, the pipe
segnents 20 can be provided to the topside facility 18 in uniformlengths
that are sufficiently short to tkilitate transport and handling, such as

I engths of about48 fE8lpRhuskbep:thabusdby Rendelinened: BY jdifkeX .and
ot herwi se handl ed usi ng conventional equi pnent. The pipe segnents 20 are

typical l'y j &rieedhaSelpant! roferishdd depblsyndhes, spEpgradin Fi sﬁn@i%@éﬂf‘mﬂ y
equi prent ti@?kc}nc@a%%%sﬁr@%%%@l&i ﬁ@m{:@z@ék@% lﬁﬁﬂ&hoﬁgm tg%;t%mﬂ??ﬁ@ the

topside facility 18 can I nc Ip or acility with
equi pnent f dresthvanighly ﬁgﬂi&in@ ths spatshisig anhen m%ﬁ%gﬂi@ﬁi@@@l&.ﬁﬁ'ﬁhe segnents 20
can be asseﬁp}g&a 0L é"ﬁ%{é‘x’% aceRrdl »ﬁgmﬁa%ég% ‘ag«lti"ﬁiecﬁigﬁle\f 'ﬂ]tojs?a@ﬁ%ip X hods,

typically by joining successive segnents orma ine 12

e 10" FES3Ly ) HRIBEEA Rekp YNGR fi&9§§r§4afl<§'@q ndgpliayed on the

seabed 16. ] The ¢ ctrons or §ucceSS|ve pi pe
segnent s 20 1fyqi. mababryc qnmilqﬁdad‘"in‘fdejlod@d%zc dnn@mpﬁmns 6861*0 ivemooﬁgacémf ormed by

wel di ng theniso% é“%{‘% Ahnc iq%?{)heromfju“ ??I%%agygﬁ Tmalt hcm (.Q‘vgb()il%egnent s 20

are multi-layer t RSt t he
i nsul ation t%yplhezalﬁhwap@mesﬁ Abts ie:)ateﬁndmtthmﬂhe;mesnﬁis;mfuqmlnémsfegmmmse &0. For

exanpl e, as_s GS. 2A.and 3 E an |nclude stee
o pe 40" wit A el P b PR oBuipb R Pl R Tp e SRouc
i nsul ati on 42 lenteach ﬁ@giﬁmmz &amamh@mxaﬂc@nﬁg atd i ﬂﬁ vafimtshe st eel

pi pe 40 exposed before assge nts 20 Thus, h segnent 20
can have a SHHIWEFEPHort g% ‘“ﬂ%ﬁlﬁﬁmé‘ﬁé‘ﬁ%’@% F% ]Eiﬁémété“iér tﬁ pe 40 is

exposed. tOafReikdt 68 €ntbhe @\A&i Qkﬂ&a@fumﬁ aBME GRIThV e SLUMBRUS Rindf ter
wel di ng two successi ve segnen "field joint area" 48

bet ween t he 'F il %ﬁﬂ&h%}?@!@fﬂ\wéﬂ t@%ﬂ% g@ﬁw berkdnn "%"e‘*b>f"i“P‘I‘“‘ed with a fluid

field joint dndelanBl@diBhs, 80sih SUEKiBSs] Eh&ﬁﬁé&ﬁ%ﬁﬂ@&;%@uﬂ%b%% PRyl ene, that
cures or dries before or after the joint 32 is lowered into the water and

to the seabé&ilulg ong GUBUT THeREAIFBION HYiss) seetnuIg faseeppiigy poacehaf ¢ioFl GS. 1
and 2 incl U@!eaca f&JIH%rgilﬂ Liby @ WRAL § 2Ly \%@9@;@&&@9% 6& &,Mﬁv\vuc&wa! Iy

indicated in reference numeral s 60% 60" and referred to
col I ecti vel ﬁommirb& queﬁ@éiahfhmmram@ﬁ lbMldéﬂ’ﬁnéﬁﬁéi’ﬁﬂls*p@%cﬁumlv dutnessi ve

joints 52 abondtie.d sngl b Alyhie LigMkiReRyMre Particularly, at | east

one noni toring apparatus |s osed at each joint 32, and each

apparat us 62@0‘3%}‘ be %@p‘i’%%%&f‘) 151*1’?&)5 H?a\{\({rv\%urﬂg o?rg%ﬂHé 08 hAE aﬁ’%@lﬁ%@ﬁm of

the flowin . For exanmp 1S assenﬁ rom a
plurality oﬁﬁhWSBNEWGdRMé@gﬁ%ﬁﬁ@%ﬁ@ﬂmmhéuapmaWQEMQ@sv@@mé§nm@@1attached to

t he fl OY‘” I n!%ﬁ;hz 6\;[5 ﬂtius tlcg) I 'pg%%fus %?_.glgudg: g%rﬁgor%b%m moefntgnz%__gl nt material 50

is applied. as | fista e appar at us can be
di sposed MAthnmxahéaéﬁméd0$mmm& ﬁatemm@k &@x&ﬁoﬁﬁb@nhﬁ@x%n@hdnp@ﬁﬁt

material 50 at eaStsa arntt he do& im Lmecrlgl(m@;%karp Qlaiar?i[vummp@mmmditiaugr SOme
cases, the APpPEFallre éﬁ

ot ather device tor detecting the temperature or temperature change of the flowline 12; a
location or motion detection device for detecting movement or position of the flowline
12; and/or other devices for monitoring other characteristics of the tlowline 12, The
apparatus 68 generally can be attached to the flowline 12 by mechanical connections,
adhesives, or the like. For example, a thermal epoxy resin can be used to connect the
apparatus 68 and, in particuiar, to achieve a sufficient bond between the sensor 62 and
the steel pipe 46.

[0033] The sensor 62 can be configured to provide a Hight output that is fndicative

of the temperature. For example, the sensor 62 can include an electromagnetic radiation
-8



di sposed between a |l ayer of the field joint material 50 and the underlying
steel pipe 40. [0031] The apparatuses 60 can be provided various | ocations
al ong t hewbl2omdoans12, e.g., at sone or all of the fiel @Cjraiseaigz/o08279 Each
apparatus 60 can be configured to nonitor the flowine 12 at the position
of the apparatus 60, e.g., at the respective joints 32 where the apparatus
60 is located, and thereby provide an output that is indicative of the
flowline 12yiclRHSevid €ORNGLLE PN A GHAE Aot Sid Genfontiig. Thowhiang, 12, and
t hroughout the length of the fiéw ine 12, can be aeternlned by receiving
si gnal s fr omintshien danscifscapbndegrilhgrapidar sdipiogouigridhy veres abengtaicoof t he
flowine 124/ 0,5008 SARRS: ot ARRRNAL HSCS, 001 CRh e Rl AR RL Sel ect

| ocati ons aléng)the f?om#i}%e ;f'WE%pe’tﬁe fﬁgﬁ}??he iZ{?sﬁbe %eved to be
nore | i kel y deacebdper lighica:iendiony thasliedl dan gy cutfigess (o mtrat nirequenper at ur e
varl ations, ) m‘aFcQt%F 1l g&gf}ﬁdnod?%e iﬁ%ﬂ\e @,n*hﬁsg LT %R%ﬁﬁﬁhﬂ?m?&@ig@lﬂc al SO

i nclude one or nore electric generation devices configured for generating
power that canlipe asediddne dbrhtgreicnygr cheditdtobk icorelitdd dnid o d2ng an

out put representative of the flow.ine 1z .« S0 that the apparatus 60 is
ot "dependentdr it Brerab Dulssly eRGr s Beralife 2 JREEPBREE 1T Che
appar at us 6@s beparte rdéplcoyanmntitiof 00B2 J1Ek e 3. IIs s@anseetsi tnaddiatioew
illustrating one gtﬁ%ﬂflgoniporhn cappar at uses 60 attached to a flowine 12
through whi ERFFORETY TSR PRAR B BT OGUCRE HFHT 67857 e gt hy: “AYY

i | I'ustr at edfrelpi@cappatal,us cHor iRGhudesa 3ansekveb2 iHeofdimMAichekiong a
characteristic of the flowine 12. For. exanple, the sensor 62 can include a
strain gaugd°Yersdfar EPRGUSE Fap R RS (RES] GURY PhE T 15°7s4" PFiBY B coupl e,
resistance LeRPEr@iMhistRl-ech@lionsQf tRtenindeyi eR kafpideteshikdich dhre _
tenperature or tenperature chaqgg of the flowine 12; a location or notion
det ecti on d&¢FEEDTEPIFETREETHG FrovetEnt RO Posi il biPEtiog Aet FSowl i ne 12

and/ or ot het,d@ydnqesn 0k nHmnk &&ahﬁ%%wgec&t}%@&!&rnb%sfoﬁ%ftgé b Hgnd 4200 i ne
12. The apparatus 60 generally can be attached to the flowline 12 by
mechani cal &owhBEng drissecomd e jasuggras phabnopkd coEiioréxanpl e, a t her nal
epoxy resin can be used to connect the agparatus 60 and, in particular, to
achi eve a slitPrti ent Yonespetdwenc clielisdligor g bamge pHECSEEETCpi pe 40.
[0033] The seBsefichcGan be, GOnkLAREROL 8-ALAM £8/2: ik aylRut that is

i ndi cative 6f the tenperature. For exaine, the sensor 62 can include an

el ect r omagnétiseatpdigi Fati Dntheghermepicgnt devidteddicer oig4ate serertingsio ghel Begflst— emi t ti ng
di ode or other, L ML EE w1-dE L ation.enmsshion.Jevi g6 can be

adapt ed 1o peasrare BT RE s A P ARl BB P e
nmoni t or ed coniditial 6nt oy ¢he bEtwow hndulidp tHRdlovéxaip el the fcabhier Fadiat i on

em ssion deyjce 64.is a.light, enittit i ode, the di,ode can be .configured
Co pul oo at “uerdyteRedinn & Al ot B kR G Er B Fd T e e 1o,

shi ne wi th aniidintensd tyvaidat oingdi cates 44 highecandipipedn, of! thchecdidowki7de 12,

h | or .. i ndi h diti t.he flow j| 2, .em.t a coded
par torn that! TRAERSE Fid BB et Moy s LA oS obtiefulice

change its autspatardrasicngdieatiadt hefcond 12harnaispbde sidser Whaea 12. I n some
cases, the radiation em ssion device 64 can vary in_numerqus % r limtless)
i Trerent vAPTSETBRGICERT oG baRFSR G GUBREY oK FREIE PP dP eblbr i n a
gi ven rangesealalcermakd Mehelobdie dbaeh 64l QRS SbancidewhRe Afboapi be
configured to provide a limted, nunber of variations in output to indicate
certain di sEP¥tEcHAUI €fons of the flowine 12. For exanple, the enission
device 64 can be configured to emt a first color if the flowine 12 is
operating at®H>tirst Coiart FOPStehcadicaen bt el v C ot SR ¥eand a second
color, or nQe@LR srohfihd ARt 1ML sdidr -8 BREN B¢ kiRYicdbuRvadegondhcondi tion
such as an abnormal condition): _ ‘ o _

steel pipe 46 and configured to recetve sunlight or other light that would otherwise

umpinge on the flowhine 12. The solar cell 68 can be used nstead of, or in combination

with, the thermoelectric device 86, In cither case, a battery 83 or other energy storage

device can also be provided for storing energy from the electric generation device(s) 66,
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[ 0034] The sensor 62 can be electrically powered by one or nore electric
generation devices, such as a thernoelectric device 66 and/or a solar cel
68, as ilwosbrawsedsin FIG 3. The thernoel ectric devi cepréé/usanioperat e
according to the Peltier-- Seebeck effect to generate electricity froma
thermal potential, such as a thermal potential that may exist between the
fluid in the flowine 12 and the seawater 70 that surrounds the flowine
12. A first ¢gideadde Qf{er Lheabberdmel get Wh@n Glﬁf(u&ﬁ g@@r%ﬂ ub@;emm@%gd
radially inward toward the outside surface the steel pipé 40, and the
second si dengWegbsttie ¥hersroer.detorg @Qdﬁiﬁiféi@ ‘76}6* étﬁﬁfﬁsﬁés@swét@éaid}faﬁu ally
outward froggthe ,pLaes40.Lowakd . Lhersea) Pk SUELOUNES I, | oW i ne
12 when dlsposeg suﬁsgé ¢ et a fenpera?%r i f?@ren??a ex?st% et ween t he
out si de sur kagée Aaiaidfciitéﬁearmqgewm@caxmiighﬁexb”efm/\%it: b2ticT086 pdierc dheyroak ect ri c
device 66 c eI Y ch ca d.t ) ensor
62, [0035]T%23§§a%' %ﬁ Iiékﬁaﬁ‘ﬁéﬂ%§%'|%&%b “agyﬁige t(ﬂeF‘gwe"eﬂ%!r;]gémgsgenerate
el ectri citybtpemit hevs dkcaenené? gyer ({Thelgotar ardelpbrabd: dake fevidieridct ed
outward fromt e e 40 and.con iLve sunlight or other
li ght t hat W cuhfgm%g % ihp %P@» notn%asuagethmuil ﬂ%uéqw 1\}\1;:?2 ansﬁ?% ﬁir néocécéct %r cell 68
can be useddtﬂsimadq@m¢ipnmmnicpﬁbﬂnaiwﬂnuﬂ&thmgﬁh@p%hﬁ%ﬂﬂ@le@&&um devi ce
66. In either atter ot her e,.devi ce can al so be
rovi ded f oPe SRar HE BAGIGY Y PO ORd TGt T NG F NONHold Be( o) 66, 68
so that the d@aﬁ@ﬁ;quﬂ@m baaius edo@br @mtaluaﬁbaMemwﬂMmed enefgeneriad | on of
electricity not possi bl e. For, exa before the rat 60 i's
depl oyed SUBERR M Phe %gm dgplopapit op ey e e&?ﬁ%é}&r% exion 5 bitr cgl Ce whi | e
the pipe segiBRbsedlvahicshongd 1 Ofowas aRbl:eds2. andndhigicSOb alerG&i émﬁ8 can
convert the sunlight to char%e the battery 80 before depl oynent of the

appar at us 60SViFSPOIaH PRI SBYCEPt ety peVertly erneF §FRg aﬁ‘ %aﬁﬁ%w % he sol ar
cell 68 Canmﬁ%nﬁ%ﬁ@i%%o&&%@&tﬂh§§§e9§9%y@@nQﬁ%ﬂﬁﬂkgygﬁ@h@YQ@@%m@Q@o
operation of the flowine 12, even tholgh luid i's not passing through
the flow i née sipredpdthe hetiandy. n%é]eéhftimp%ie&d@vﬂ%éféé i§ =otpllpiiceinPypteunabl e to
power the seas0n@Rcly BLAIRL fur LNPsSOL At SRt B8GAMAG Jegdyd 0 pover
the sensor 62 during the process of Insta ingt €12 to determine
stresses, stirgiingy fowlot hehasdhar astetidgricedoduringe phtioldinee-uiolief ore its

fi nal deDl Oﬁlggﬂ}y* 1;@\%}9%1’3 tg'@ghqéﬂ@cq}su?{o ot]vgx ‘Ihle % I 6&32 to its subsea

Iocatlon sol ar not celve S |C|ent light to power the

ttife, A
sensor sakha Fﬂﬁouﬁﬂ?%ap§&QQﬁl§ % &?§S¥ﬁgﬁaggegf%aaﬁﬁ%ﬁ%f§ i s being

suff|C|ent ner y to e sensor I ne
used to conveyuﬁem&#FMKdﬂ@ﬂﬁhE&b%gyomﬁmnmvhaﬂhW@ﬂﬁﬁ@bﬁﬁbﬂﬁ@hﬂ@pﬂ@@%66 may

al so be storg bat t armelectric ice 66 1s not
able to genér axtule ?é’lh fﬁhu ] a%x oggw 1ppdmtus é’}ﬁt 01‘ cdc,ln c,ﬂum*cfxg o%\{ g}éﬂpﬁmmg

ent ered t hestl EW@{EI&piﬂ:,Zh@/eimmﬁcrtgheﬂi betlct(ﬁiﬂmmcaﬂ i’iﬁ)pf)iamlﬁld’ m@afhﬁm hasiu}blﬁzen
evacuated or cool e

bat tory 80 calt Berdsad 1T ubibne S gp Arai e 86 Priboser Fre ST of the
elhect ric gle:ae;matm@m peViceeso ol ‘n@ﬁotﬁﬂ(ﬁ;t bﬁh@mﬁm@jslwdhbwfa Lﬁ&ﬂtth@| | er 84.
The controller can nnunlc onents of the apparatus 60
and control “tH& %@3EPQP| HPBP“? (gﬁﬁﬁﬂ ﬁ@”ég“ﬁﬁﬁﬁéé each conponent of the
apparatus 6 r | he contr er 84 can be con ured to operate
e ppar ar bED. dur St Bl b et HoE: Gare Ag Oandt Sttty

accordi ng t guampriedel esnimegdoschessgctinRCeHichgnt:Richal aomtes S of t he

environment of the apparatus 60. In sone cases, the controller 84 can al so
process t he *BREFHEH & drlardsyerrie NaRseicgely. o8 PPI i et it det ect ed by

the sensor G2neANSdBaSt M@ udel id REIAPPAEA BSmBL sensor 62 and store some or all
of the information from the sensor §2. For example, the memory 86 can store a log of
mformation indicative of the output of the sensor 62 at regular time intervals,
Alternatively, the memory 86 can be configured to store only certain information or
mtormation occurring at certain times, ¢.g., data values that arc above or below

- 16 -



comuni cated fromthe apparatus 60 in real tine, and/or conmunicated from
the apparatus 60 in a delayed manner. More particularly, the sensor 62 can
i ncl ude awvoenwop3B8 that is configured to receive a sigralr/dSeamostzey sensor
62 and store sone or all of the information fromthe sensor 62. For
exanple, the nenory- 86 can store a |log of information indicative of the
out put of the sensor 62 at regular tine intervals. Alternatively, the
menory 86 candbeGRnf haWRe £ sliakei o Md&@ripam@mg Bb g,rorgsafam@w{me of
information occurring at certain tinmes, ? data values that are above or
bel ow - 10 dap?déraapéar@ﬁ(}ﬁé@tww@éwep&gzhtsﬁam sHebpitanichdesthensHasItihe
apparatus. 6Q.fyREEAAGIQULSL U0l Rt bl R8Ol ek at hon, such as a
hi gh strain |eve an extrene épange Th strain [eve at could indicate
excess st redlswlidabhgdic mbaterentssicodeothed caglramgisiontpphegfl &al i ne 12. The
radi ation e r.QV. t ;anak. erally
L ot 3@&?@%8&3%&5&% Gt < d’)etsgﬁct{%i %nih%%y% ) § H a‘?&& 0%%&%?9%3&0“%&1}1&?%' i on
em ssi on de@ppes@Macanwpk@uwdeuamymhwmusﬁ$ﬁgﬂahwthadaé@mpppmssenpat|ve of
data t hat magg%reﬁgouskékgéored. in the nmenory 86. [0038] The apparatus 60

t

\/iﬂ . .
can incl ude®a Transmtt 8 and/ or recelver 90, which can be separate or

.Conbl ned. de # rofn' t Theiﬁ[craans %;(gb'm mciuo% a ‘f ansml tpr ég%, %grc%i%‘v érr f’ﬂ ch

i nformation he ap t o anot ap ara 101 “anot her
receiver. iﬂﬂS@ﬂEpﬁ&SSSwﬁﬁhﬁMH%&nSHﬂmbGﬁmﬁﬁ%ﬂ%&&aﬂﬁ&ﬁhh@pﬂﬁ&ﬁt@ﬂﬁﬁO on the
flowine. 12 can be co ure %ﬁ nlcatﬁﬁlﬁ %n to.a second,
successi ve gB@?ﬁﬁ?ﬁ&”@ 8%6“ & $ Vﬁﬁﬁgd fﬁ'Mé@& A “ShPr &t us 60"

can then coamhmuﬁa@ekkﬁﬁ@mﬂammaﬁaﬁﬁ@ﬁ@ﬁ@ﬁmﬁﬁﬂsﬁﬁ@mﬁwﬁﬁﬁnmamapparatuses 60",
60" to a third, cessive arat us 60" the flowine 1 and the

C
communi cat i oﬁmbﬁﬁ% %n‘f“iﬁ\fﬁ“‘é? ‘%Hﬁ“ﬁ“ﬁ%‘ |~‘SW0P%§%~*~£2’“§6‘W€H§RS %’%f *‘fon from
all of the mpparaiuses s6Qnk apgpaaaeﬁt"&a@@;%awahmaé leﬂgmhihﬁi M;@vﬂuma 12.
Such appar at ust o- appar at us conmuni cati on can be formed via a wire, other

medi a that &%t 8K Warnees SPhat aspdbiat-38wess6, di?’?ﬁmtlh% ghne e fprvpee 40

itself, or yhenapRabahHeesifl:6amhle: soRf Igubednd Oy COMMUNLGREBn Wolel essly.
Each apparatus 60 can al so be configured to comunicate with nore than one
of the succeédsf e 2gpparsat e s2ao Yecetiatly egpniisifeatipoke. abshgrrarésst | owl i ne

12 is not PEE) ;%Qita@g pg%mtugﬁwtg 5?1' JaHEpe}ts&ﬁ)rﬁe’aCﬁiQQQ@& HS n@a@ha iFé)crcx —%&.rr_pl e, the

first apparatu can conmmuni cate dir e second and third
appar at uses b&®'ten Boaprardiecsel @htﬂu@ppamanmswemif cathccopartingce & eardicr ect | y
wth the thipdand | ourth RO ALURT 000050 30180, By gLAUBSY The system
10 can incl ude "a receéi ver at s con to receive e signals from
t he var|ous»appama&ua@hnﬁ®1ﬁ@ﬁ@ﬁﬁﬂfmmsmen$%yaﬁpmamsaéﬁsapparatus 60 or via
one or nore other. arat us describ recei ver . can be
| ocat ed subSEnmgicd E}B [on% 'F]ﬁaeefg)é&aaéah ?? is m?%] 5O nl?_cdi 21)1?% il g o?mw Lcappardil atlis if)ﬁ?} FIG 2
a receiver QBam@apkbéxhﬂmQMEdmuﬁwthﬁc@bﬁﬁn@@pdaadbuhémmaﬁﬁdumfmﬁaa can be
configured to co L Qg ,iaﬂan‘unbL%L ﬁx‘pertherrg | e, 93.. jggﬁf renot e
Focei ver - dedhee ganihe oh BpdiERt iR . o e hrGieg PRy e e
connection ted fdneh updakdnisead0 9Fsandhoko wia a subsea distribution unit or the
| i ke, The receiver 92a on the PLET 24 can al so detect and record the
di spl acenmentianp/ or  frecesit@adcagnohdd hecdilwwak Reod@zurand rdchivs tienf or mat i on
can be stored in.the receiver 11

signals from the various appamtusas 68, cither directly from cach apparatus 6§ or via one

or more other apparabuses 68 as described above. The receiver can be located subsea or

above the seasurface 34, For example, as shown in FIG. 2, a receiver 92a can be located

on the PLET 24, and the receiver 92a can be configured to communicate via an umbilical

or other cable 93 with a remote receiver device 92b at a topside location, e.g., via a

flying lead connection to the umbilical 83 and/or via a subsca distribution anit or the

tike. The recciver 92a on the PLET 24 can also detect and record the displacement

and/or torce loading of the flowline 12, and this information can be stored in the receiver
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92a and/or communi cated with the topside receiver device 92b. In sone
cases, an underwater vehicle, as described below in connection with FIG 4,
can retriwoeoixfsrisati on fromthe receiver 92a on the PPET/U’4011i04279 SO
that the vehicle can obtain fromone |ocation various data fromthe

appar atuses 60 and/or information neasured at the PLET 24. [0040] The sol ar
cell 68 can receive light for powering the apparatus 60 and/or recharging
the battery¢80,cvan ole!uh@ntJi‘%nﬁ@f%%rtaﬁdé?rec@gci Svil- 9B9S 8 fHRERA..nFOr exanpl e,
a light source can be passed. along the flowine. 12 so that the light
sour ce succé@#ﬁwépyw§hChégﬂbwﬁﬁ@b@ﬁwﬁméﬁﬁﬁﬁﬁﬁaﬁ®§3§'%@Mh$bﬁ@vthe | ength of
the f10-wli ffodol RERGRYRIAY S § E@m@@@ﬁgmf&l b i ARRANAL s §hin | N
particular, as shown I n t source 94 can be carried by an
under wat er Viehi @k docgon ‘gmi@hs @’@ fa@n R@ﬂrmraiamé&mﬁe&tie@ﬂmﬁd@m@aww alehi cl e
(AUWV). The %ﬂﬂﬁkﬂ@iﬁr vehicle 96 can travel along the length of the
flowine 12 and can i nclude caneras or other equipnent for visually

i nspecting | ow i o ] . car 1 nder wat er
vehicl e 96 ?gﬁ LrOV|dgggé%¥?cﬁgﬁfhﬁp&xfggﬁqg.%ﬁﬁﬁgﬁ%eg J%ﬁ éﬁﬁ&ng 12 for
t he vi sual imspgmglti@rbdﬁa'hé‘aﬁl‘iwgmhlisvdhfr gpalis A @*}@&«dpltsbvwdberwixﬁpic,laent
light to th al.ar _cel ra t.he, appar.at us. 6 e.g., so
that the apgléi% Spige 6'61 'aiscé gﬁon%tnp?iow[mg %/2 £9 1’1 tha 11 %ta (P:%tﬂéc C%’thaut Si gnal
to the UndElSi\‘Naéfsél’_ghV@i’liﬁlﬁ l&t{&*&%.lse&[ @D@lddgTh@lvugtder tlmﬁiemlmetﬁ Gleeb9Graviikgides a
recei ver 98 that receives t out put S|gna h ar at 60, as

| cat ed_ by Per i BRcRM Rt R PR g B R gl 0. s ABRRAGHR SR ver ssi on
devi ce 64 i sagienby guRidrviater priovi de saci asgahﬁi@ubmtwtgﬁlbﬁ:dr Raetmer 98 can be a
l'ight detector that e sur s the intepsity, frequency ther .
characterisﬁ?%d6ﬁ8¥h ‘ﬁdﬁﬁfbufncﬁ'éaﬁﬁﬁﬁﬁﬁgg%fm%%%ﬁ%?ﬁgﬁgwﬁﬁﬁ52
retransm t Ejﬂﬁ»dﬂﬂiﬁ@tﬁaﬁ&:ﬁiﬂ@iﬁ% t»;r&mrkh@p;agﬂa&&awgi 16Qsic0ianat Newlind @MOLe
receiver, such as the receiver /or the underwater vehicle 96 can

and
store the |ﬁﬁ%ﬁﬁﬁf?%ﬁ“F?ﬁﬂ%éﬁtﬁ“%ﬁﬁ%ﬂéfﬁs 86 “¥bP KA StHEH AES frat i on can be

downl oaded fir@fhdbge vRdarVeL &F th\é%ﬁ'uﬂ' 1& 28icaf et niheonahdodg 106 pﬁmel etes
its inspection of the flowine 12. [0042]It is appreciated that the

appar at us 60vEsRNdEhbedrd splapeclt & inderprarails poRstrélic papius 68 e isA&epBrsi ve.
Further, the, rﬁ%@ﬂ%r{ﬁétéa'ﬁ SvRR 2GAR QQV kﬂ%@i%;@h&ﬂ) E;Qﬁ@;@ﬁﬂ‘t{t he uﬁf}'&& gm 10, which

can be custo to provide any desired type and amount of nonitoring and

communi cat i apficlafi® whi ch can be adapted according to the changi ng needs of

a particular flowine 12 or other nonitored device. WO

2012/ 003115887t US201 17940879 s00dEintnypclnddisiibesatr Bhdabaneies Herouamwbodi nent s

of the i nvenighﬁqzsm?i@tg ag(ﬂ[fatt& 68, as indicated by reference numeral 188, For example, if the
radiation emission device 64 is configured to provide a light output, the recciver 98 can
be a light detector that measures the intensity, frequency, or other characteristic of the
fight cutput, The underwater vehicie 96 can retransmit the information from the
apparatus 68 to another, remote receiver, such as the receiver 92, and/or the underwater
vehicle 86 can store the information from cach apparatus 88 so that the nformation can
be downloaded from the underwater vehicle 96 after the vehicle 96 completes its

mspection of the flowline 12,

[0042] It is appreciated that the apparatus 60 can generally be relatively simple,
small, and mexpensive. Further, the apparatuses 68 can be integrated to form the system
18, which can be customized to provide any desired type and amount of monitoring and
communication, and which can be adapted according to the changing needs of a

particular flowline 12 or other mwonitored device.
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herein will conme to mnd to one skilled in the art to which these

i nventions pertain having the benefit of the teachings presented in the

f or egoi ngwoestyioptisons and the associ ated draw ngs. Therefrarseqitios12rs t o be
understood that the invention is not to be limted to the specific

eni bodi ments di scl osed and that nodifications and other enbodi nents are
intended to be included within the scope of the appended cl ains. Although
specific tepmmsare eWhr%yﬁﬂhﬁ@aﬁz@hsnandtoﬁﬁye;ﬁi‘?&iulﬂléﬁd\)ﬂtﬁls A QRDET deCr.and
descriptive sense only and not for purposes of limtation. WHAT IS CLAI MED
|'S: |.An appae@tws cpoe tth!ﬁwﬁtiwm@ﬂ%zd% & 6% If Wiy Hevd inesntipkigcdppar at us

conpri si ng: Vi - l ectric
power from gd‘i]ﬁe}hﬁgfﬂﬁ%g%gﬁi I ak?%@eg &ggl\rﬁé(%ﬁe%gﬁgggg %fgol\%ﬁgleg?%oghgnd

surroundi ngasseanad draywignd Therefore, distefrs Gndegmvérﬁefd thyyintoneon hernodkect ri c

devi ce and ?ﬁg%@& ﬁ)dihsr% e% e&gghﬁc&h afsgig hs.% Ehaf:m?(im uqns{] nqv(\!th%?w ce and
provide a radiation I's 1 ndicative of the characteristic. 2. An
appar at us aembmﬁma@%@w1ﬂhakdﬁjmAﬁUH@ﬁewiwompBM$Lngmaqs@héﬂi@ﬂmk and a

?ﬁ;t gra%/ i er ye&bt%g?ﬁhtsgc@% (itémrrﬁ are c%;fslo}f aﬁich(?vpcix{ %ll{ét%%s&sg(} fen%g%%g"ii a%é ﬁfogPtl\/ o Char g€
under wat er sauf6ﬂ3a&imni@gmhmwﬁemhnmtmhhe apparatus, and power the sensor
to nmonitor the characteristic of the flow device. 3. An apparatus
according to Claiml, wherein the sensor is adapted to vary the radiation
output to indicate the characteristic nonitored by the sensor. 4. An
apparatus according to Caiml, wherein the subsea flow device is a subsea
flowine formed of a plurality of successive pipe segnents joined at
joints, and wherein the thernoelectric device is nounted to the flowine at
one of the joints, and wherein the sensor is configured to nonitor at |east
one of a tenperature and a strain of the flowine and communi cate a signal

i ndicative of at |east one of the tenperature and strain by providing a
varying light output on the flowine. 5. An apparatus according to Claim
| . further conmprising a nenory collocated with the thernoel ectric device
and the sensor, the nenory being adapted to store information fromthe
sensor that is indicative of the characteristic over a period of tine and
output the information for the period of tine.
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6. A systemfor nonitoring a subsea flow device, the system conprising a
plurality of the apparatuses of Caim4, the apparatuses being di sposed
respect i webyomtoosuuscessi ve joints along the | ength of tireTfUSewtiome79 and.
Wherei n each apparatus |ocated at a respective joint is configured to
communi cate signals indicative of the characteristic at a plurality of
joints to a successive one of the apparatuses |located at a joint successive
to the respeghihyesi@iamenis: A method. for nonitoring a subsea flow device,

t he nethod conprising: generating electric power froma thermal potenti al
bet ween the subsea fl ow device and surroundi ng seamater using the

el ectric POWer 1y QRS AnSBNSAL 1 andet hEr oRY T h&%étﬂgm%g%%' stic of

the flow device; roviding a rad |at|on 0 § indicative
of the characterﬁ§®ﬂ@mﬁﬁﬁWKbV@dﬁ®Wﬁﬂha%@@ﬁgnﬂwﬂh8KW¢@ﬂ@@hé@ﬂ@@cord|ng to

daim?7, é&r&%ai 85%[{%!& ﬁé 0@ IS NG & &EQIﬂL@s.ﬁ&% hdin ’sed L&&eLye 11ght froman

undermater ource an er eby provi ert ved power, and powering the
sensor with the h&ghﬁ{demmdéﬂﬂpdhemgd@ﬁnwdmmkhwdd@@&ﬁn@kaMH@ Claim7,

further co r i ve nlight before
the flow dgglﬁaé’%ctsirgﬁ%%f Ei](: ﬂo/a% wggang &bow n orgl;?putt f S mdi 3 \/Vp(l)’ Og\P/I de

sunllght-denhmeﬁﬂp@mer, charglng a battery mnth t he sunllght derived power;
and powering the sensor with the battery when the thermal potenti al
is not sufficient for powering the sensor.

2. An apparatus according to Claim 1, further comprising a solar cell and a battery,

wherein the solar cell is configured to receive sunlight to charge the battery before
deployment of the apparatus, receive light from an underwater source after deployment

of the apparatus, and power the sensor to monitor the characteristic of the flow device.

3. An apparatus according to Claim 1, wherein the sensor is adapied to vary the

radiation outpui to indicate the characteristic monttored by the sensor,

4, An apparatus according to Claim |, wherein the subsea flow device is a subsca
flowline formed of a plurality of successive pipe segments joined at joints, and wherein
the thermoelectric device is mounted to the flowhne at one of the joints, and wherein the
sensor is configured to monitor at least one of a temperature and a strain of the flowline
and commnunicate a signal indicative of at least one of the temperature and strain by

providing a varying light output on the flowlhne.

3. An apparatus according to Claim |, further comprising a memory collocated with
the thermoelectric device and the sensor, the memory being adapted to store information
from the scusor that is indicative of the characteristic over a period of time and output

the information for the period of time,

6. A system for monttoring a subsea flow device, the systermn comprising a plurality
of the apparatuses of Claim 4, the apparatuses being disposed respectively at successive
joints along the length of the flowline, and wherein each apparatus located at a respective

joint is configured to communicate signals indicative of the characteristic at a plurality of
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10" A net hod according to Claim9, further conprising: subsequent to
said step of powering the sensor with the battery, using the solar cell to
recei ve Iwghidmwsmsan underwat er source and thereby prowcaaskeiglttrderi ved
power; and powering the sensor with the |ight-derived power, wherein the
underwat er source is provided by an underwater vehicle, and

detecting the radiation output fromthe sensor NVith the underwater vehicle

to thereby detetid fNecdhe: Gharact:8hl- sl (Rl LOr B A48 8aRSRLpecdde A
met hod. according to Claim?7, further conprising nounting an apparatus to

t he subsea f¢i®w devi ce, the apparatus being configured to performthe steps
of generating the electric power, using the electric power, and providing
the radiation output, wherein the - 15 - subsea flow device is a subsea
tl ow i ne havi ng & mithnddbi mynipfing acdessioe dpiipeths egtedcsmpoiined at j oi nt's,
and wherein the theripel@chl h&, JeuhCen:SMRULERL Q.46 PLRS @f, one of the
joints, 12.A netﬁogdadﬁbrﬁfh% }%?%%H?nf%T?BVﬁe?erﬁxﬁPof?J%ﬁb the radiation
out put device and surrounding scawaler;

using the electric power to operate a sensor and thereby monitoring a

characteristic of the flow device; and
providing a radiation output that is indicative of the characteristic monitored by

the sensor.

&. A method according to Claim 7, further comprising using a solar cell to receive
Hight from an underwater source and thereby provide light-derived power, and powering

the sensor with the light-derived power.

9. A method according to Claim 7, further comprising:

using a solar cell fo receive sunlight before the flow device is deployed o a
subsea location and thereby provide sunlight-derived power;

charging a battery with the sunlight-derived power; and

powering the sensor with the batiery when the thermal potential is not sufficient

for powering the sensor,

14, A method according to Claim 9, further comprising:

subscquent to said step of powering the sensor with the battery, using the solar
cell to receive light from an underwater source and thereby provide light-derived power;
and
powering the sensor with the light-derived power, wherein the underwater source is
provided by an underwater vehicle, and

detecting the radiation output from the sensor with the underwater vehicle to

thereby determine the characteristic mounitored by the sensor.

1. A method according to Claim 7, further comprising mounting an apparatus to the
subsea flow device, the apparatus being configured to perform the steps of generating the

clectric power, using the electric power, and providing the radiation output, wherein the
- 15 -



conprises varying a light output on the flowline and thereby indicating at
| east one of a tenperature and a strain of the fiowine. 13"A nethod
accordi ngvoaomBms11l, wherein the steps of generating trhe/usb@atni2es powner,
using the electric power, and providing the radi ati on output are perforned
at a plurality of locations at successive positions along the Iength of the
flowine. 14. A nethod according to Caim 13, further conprising passing
an under wat gy Ve 6 h&z%h@é‘&d%&ﬁlgmli&%}hﬂ é?-ﬂlgrﬁ%&%@ﬁ&;‘e%@]e){n&Q&ﬁﬁlﬂt@9 the
radi ati on output fromthe sensors with %e underwat er vehicle to thereby
det er ni ne t HenEhaioaEsapd gimémﬁ%mﬁl@w‘é@uby dedehs soutipélodbngior g one 95, A
met hod accoggdingito Aaim7, further conprising storing information from
the sensor in’a nmenory mounted on the subsea fl ow device, the information
being indicative of the characteristic over a period of tine, and
outputting the inf( L r..Q i ry. 16"A
nmet hod accor(:hngQ‘tgﬁgil%i3'0‘"{}(}&1&)#urﬂ‘ﬁ{(iar}e }lgﬁl O%dﬂgg%ﬁgﬁ&%§£¥gggg si gna
i ndi cative @@maww$ea$mgemgMGMtheiﬁeﬂpwhaiuﬁeMaﬁd1n®enwgadpnt@hwﬁhe fl ow
devi ce fronkﬁg%ﬂi%ﬁ%l sﬂmnoﬁ% stal, receiver, and wherein the generating,
usi ng, and provi &% Hbrfse generating electric power at a
plurality of Iocatlons along the subsea flow device, using the electric
pover to operate a |on and pr.ovi din ation
ot put ot oden & aduirarredes FEC Pl e Q08 o e e uBl R AEF oni t o ed
by the sensgowat udufierhd aicam: piwer lahd ArdvRliROGe aGROLE biRguilge frRkmdba further
conprising c nqunlcatln gnal s indicat| ve oflég E acteristic nonitored
by a pl ural PEY25f “t RS SBPECF P R IR LB ¥esi ve one of the
sensors at a successive one of the locations such that the signals are

comuni cat ed step-w se al ong the subsea flow device, - 16 - 18"A nethod
accor di ng t 6% aftrivetiyed w«rééiég i @a&%iééﬁ%rwwz«}aﬁﬁwwﬁ UETEBRTUNI cat e

}N: rel gssl Y, veiFeGlohy mMl iRl add@dsdesd W SUCRES B VRHABASHS: B8l:90Q the subsea
Oow devi ce,
sensors with the underwater vehicle to thereby determine the characteristic monitored by

cach of the sensors.

15, A method according to Claim 7, further comprising storing information from the
sensor in a memory mounted on the subsea flow device, the information being indicative
of the characteristic over a period of time, and outputting the mformation for the period

of time from the memory.

i6. A method according to Claim 7, further comprising communicating a signal
mdicative of at least one of the teraperature and the strain of the flow device fron the
sensor to a distal receiver, and wherein the generating, using, and providing steps
comprise generating electric power at a plurality of locations along the subsea flow
device, using the electric power to operate a sensor at each location, and providing a
radiation output at cach location that 15 fndicative of the characteristic monitored by the

sensor at the location.

i7. A method according to Claim 16, further comprising comununicating signals
imdicative of the characteristic monitored by a plurality of the sensors from each sensor
to a successive one of the sensors at a successive one of the locations such that the

signals are communicated step-wise along the subsca flow device.
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i8. A method according to Claim 17, wherein each sensor is configured to
communicate wirelessly, directly with at least two successive sensors along the subsea

flow device.



