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S fdrlllmg Tig hawng a lelescople joint, a derrick, a travelimg,blocklcompensator and draw _
| '_.-,;.-‘_WOI'-kS.-'-- '_ ' . o . ', | "
: _ o Preferabiy,afurthersensor is Iocated inuse, in the upperportionofthe nserﬁxed
35 to the vessel o determine the profile of the- equipment as it is run into the riser system.
o Furthermore, it is preferable that a travel sensor is located on thete!escoplc joint .

to measure the movement of the _telescqpic_joint" between the floating drilling vessel and
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syst em by which




" “the well.

' petween successive changes in di ter. Pr ef bl he sy: f‘ :
_ u i v g i n di aneter referably, the system 3%91??%@06]

- conprises yio9ghsse means for determining the direction of @ﬁ%
equi pnent in the ggre and this may be part of the downhol e?k&sen-g"oo‘r .4or a -

- vessel Dbaseqnhgqfisend of tHaGisey frikeEtdTiE deibld @f tsbnipute! RfESRavep el Gavel
wel | head with a BOP connected to it, which, in turn has a riser connected

to it which,SENRORQR A riserteadeNEdit®d to a drilling rig having a tel escopic -

_joint, a derrick, afothéraVitableNd MbRHERIANAB SRR Betiesh M cvfidstion to the
"Preferably, -a further sensor is |ocated, in use, inth 'urger portion of

‘the riser fisaipmentandthpaessel causediby Beropwepsatorsirgking andep '@'@@3“}9@&% as .

St s rungi Rfdikd NRIochEEH seh¥srioRthe IDWEE e SRtficcondensStofrehitivs &the defisk céuld -
travel - sensor i ocated on the tel esco oint to neasure the novenent of -

- s | . ic join :
the tel escofieccansideredeh paysical Aieaps wapldke Wrmenitoniestioking of ie cappensAiRioson
23/ 05/ 2006  WifTd feB0al/s@RSA Anbe régitectid (sitioh ®f tHeStRdvelling loRsEKti rddpectieahed or .
to conpute the travel froma |line kravel sensar. on ri.ser, tensi.oner, |ine.
Anot her var (%Hi%- | & Mglhedrisnic Meanicndnetravel A thrtlking f?'?f@ e Aot Pdhehe -
'e]9wt ﬁrregt af‘&%vél u@aﬁkir@w&ﬂmt_ t by thelfunstsyros ha’v?e’awl 8d Iiﬁésrlﬁiﬁblt?n_-fpﬁinm VR otns T
©. 0 e draw 5 works. ocati on sensor . on | ower of .C ensat.or. -
el ativd®o the dBEAEAINBHTERTS PGB R tirhar FTses Sie KB HSSHAL G S o
- noni t?r t_[lﬁaaa Iitcd_éh_ﬂﬁerﬁfofré It‘masmraet' a;ala_tew the}/diédlzet_érstdrﬁt\dﬁé |engtieof ﬁmradglpmqu W
regi ster the positi of e travellir C n respegt to the -derrjick. A =
ethet’T st Bherhiieg trbtan th a0l GreselionkRpr TikbfiRafitn b S SpRERaLT L N
bral e L Meae s o prr oy 2 e e )
 Sondor of 1 RLERYIAREsrenh HoT BpGHthn TR il BpBRCRR dovié Bl6kpe o)
-t he di anst erdfer@nce baveeandgiahis arfually rureand whatwasrscheduleghtd beedirt hrough t he
o drilling vessel'sg.gdrill fl . This | rnation., . eNNFNCE - S
referenci ng det a—?Y'@'aArb?%cH[?g?kg?%%#ﬁﬁ 8{;{“%0 "’Wﬁ%&rﬁg%uﬁ'ﬂf P%?Pu%‘eh |£)a,n -'t'eornr?(};ll' o
i almét teL s, Infgyenation, the seresot indhe bm'emﬁgﬂlhnmnﬂbrsdEmbﬁdrmfmemqumbl'_ pirelative \?\,h -
wou hen pr.ay d wLef ri hat.
s schedul BRE g6 Bty g Sl 308 LR o b IGiBL. By cdefiy vt
~signature pthese two anurcesiaf infasmation witbrthawelnwellieads BRSoeonfiguration dgiee the”
acti vel ynnmonl & 00t | _ ' Y uﬁqp: e fixed - = o
posi ti O%o.ofﬁ%téﬂnzogtﬁgg#tg?aﬁndé%tﬂﬁ@bgbg(?aer??%I'egzt“?@téo %@) ﬁ{gﬁﬁe' : é’gd;' By .conbi ni ng
t hese two. sour celdsipg ainicroprosessontagaliate this intenma,trom@atqaeaapﬁw"@aéﬂivwahri on
~data, the B;géa:é' Ry erP/proliGeBdYn @qgi@mmﬁo’ie@% R AlLrohiforaata BRicd 1N
| ' t l'ate this | tion/data, an
~active ani ,ﬁ{{sggegmg;t%gdofgre t?)g%;)era(t)iog %t- thae deesir_ecli geqtign_%rftra%w}vglpsys?érgf- .an n
o o ' Thisinventiondescribed in respect to a subsea drilling _BOPcan'equa_l'lybeapplied R
- 25 1o workover BOPs, wireline or coil tubing BOPs. Equally the system can cater for wire, - o
- c;able or coil tubing operations by recording the length of cabling run pa_st a %!ine"—travelj. i
‘sensor. ' B | e e

A surface sensor, that is one on the drilling rig, may be provi'ded to reg'isterr'th'er, -
_ i length of individually made up items of equipment. The 'reasoh for_th_is is that in _c_el_tain; Lo
30 circumstances, a section of the equipment run into the bore may be made up of a plurality g
| g of tubulars which, when joined to each other, have a continuous outer diameter (e
~ extemal flush drill collars and liner pipes). The surface sensor can register their lengths
as the joints are made up alfhough a string sensor lower down the riser would-not be abie_ L
| o detect any diameter or shape change. o e | e
' 35 - Once the welthead with the surface casing string, BOP and riser system is run, all -
- subsequent casing strings and the drilling sth’ngs used to drill the next sectionof hole can . -
also be recorded. This will allow an accurate elevation of casings within casings inthe .
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di spl ay may then be produced on a visual display device, such as 2|?t0 r
08p

at a cfh'olgfb q? Ies nost suited for the operation at th 2%{3%%
of the well" system This invention described in respect to a su sea -

drilling Bq?/e&%?a ﬁH@{;@&o BE BRARNIAES ak RakiRG sAMES aRCRR anti éethdnitéd Misideoihk

~ tubi ng BOPs qua e systemcan cater for wire, cable or coil tubing

. operations bsevme@ﬂangg the length of cabling run past a line travel - :
- sensor. A Surfa‘fﬁe%ﬂﬁmmé'ﬁ@% S cf?f‘f‘o H;Bnﬁd?%éiéhddeld?ﬂ crriegtananynekaasmalw ded

. to register the | I ndi vi ens o

t
reason for whes, qagvtna@ut ¢antainedows hvleeslss F'@nmb&ﬁe%’gtaﬂaﬂ%%fg?‘? %‘%&?‘e?‘ﬁén .
.equi preng 1 pg réd@t@reﬁ'y?tﬁecﬁ@P @@Néﬁ? rHih@?th‘e\ﬁ haling tdofety ot RrioWIedge df tHeuhumilser

“whi ch, 1en | ol ned to each ot her, have a contil nuous oufer

‘external fl tysmﬁ made jat the sugace. AT prohlem with ealying ?ﬂ@'vwr"?%ﬁ\é°r|§%ﬂn§t6? E}(Jf‘.’e ’

-Iegi ster thaﬁadeaa%éieher@snawse S6InBLrElafie tiTBIdsh the @dmdmmhum suchithat, fensor
| omwer down the riser would not be able -to detect a‘g%?ﬁhgmeter or shape

~ change. . Onexaropie. tﬁeerﬁeaﬁhwsvﬁawhéeﬁrfeéeen%@ufwat - SBEF and 1 ser.
systemis run; agl céhhbmtbemovﬂac@w t6d fﬂn@@sstﬁﬁyﬂhédmeﬁrm it upogt«sm ahdlgewused -

“to drill the next section of hole

ded.
‘accur at 80e| Bygh |t8ﬁ58f39’é5’§>4t%§'k93¥ﬂ??h° §?tﬁ@§'cﬁwﬁ§3‘§e’§°’ 2%}19 66%‘}'8 awan .
.. 03/050390 Pgb@@%@&%ﬁay\mgh b%trewbedﬁepth to be fornulated: as’ ‘casi ng o
trings. are run and ce ed inside-t reyvi ous ¢
' fhe bg?e sgnsors 'P%dﬂ’ﬁg‘?"f’ @'%?Hﬁﬁegﬁff'ﬁ) P'@E‘?%ﬁ"gﬁ %&& aﬁﬁi&d%ﬂhe |
' Cgilryl ngt O%Rpmé%rﬁyﬁedﬂs\?bmmfie l?ﬂrtfﬂﬁé‘s.sutd”a?eﬂuhbeBO@FnsenmaErehmaiIooﬁngeas;er I
' i prent can e reqgistered a ens re
o kow R BlenBRes Al S seeir datapaib T B! i haRCuB e 8 1 oY
relyi ngrsglgehyrancddi}saremfﬁﬂh a0 statk omuhted seosdrayetens t hat -t here .may. be :
sone rel ative twist _on the
e e sk e S FBR ety A Bhecrbal i KGR 1058
conbi-ni ng aadcompdaeﬂ@dmimrtgsemtwhm a string has been inits position and how
10 much it has. l){gﬁa_erp Is%r%ge@feé ﬁ’é‘ﬁ émﬁél cﬁ}s@réﬁﬁﬁ{él §femgrdu5h%hﬁ1tfse§Wellor

t he cased hole ca en be red
sensor ( s) ' itmirgadaledpbyed éloalarigyvetasehslwmm the well, rweuaam esqbaea B(QP-I'H;@’ and
20 dnlhng rig incorporating. the present invention; _ _
' . Figure 2 is a schematic longitudinal cross sectional view of the dnllmg ng top s;de o N

of Flgure 1, _
Figure 3isa schematlc Iongltudlnal crass sectional view of a typlcal subsea BOP_ o

of Figure 1; _ : -
o 25 . Figuredisa sohematac Iongltudlnal cross sectaon through the BOP of Flgure 1'.‘\-'-‘_' N
R C dunng normal dnllmg, , : AR L
R Figure 5 is a schematic Iongltudlnal cross section through the BOP of Flgure 1 at-f‘-_r i
the start of an emergency disconnect; L s
o Flgures 6.and 7 are schematic longitudinal cross sectlons through the BOP of"
| 30". Flgure 1 during the emergency dlsconnect T _
Flgure8|saschemat|clong|tudmal cross secttonal vuewthrough the BOPofFlgure- -
1 after the emergency disconnect; . v |
~ Figure 9isa schematic longitudinal cross secttonal view through part of the BOP_
: 'aﬁer an emergency disconnect showing the status of the rams and the vaives;
3% - " Figure 10 is a vertical schematic cross section view through one example of a ST

' sehsor which could be used as part of the present mven_tlon and _
Figure 11 is & horizontal schematic cross-sectional view of the sensor-of Figure 10;
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LRP/riser system such as the | ow pressure area of the BOP/ri ser, %%grgaéﬁ

al | ow ng eggddls nt enance, service and repair. Additional]
and nake-up i nt e(f;?‘lace is 15; required conpared with a BCPPgé ted
scri bed

Ol et « GRS R Aissth ol SRy S et e FE R,
- 3 <r> Ihfalrrzg I g I gaﬁﬁgﬁan@h\/ﬂgmﬁ &ﬁ@tA wemheadlaesembnyquofr u;loaneu hse.g uppéd endasfiang
Snd 20 ot i PeraigRrhe Seatesr onds RioMarv & eltieathaura n. The BOR ASgeiely, 2"
. schematic | qog, mﬁisreabmpreooanﬁreea bRBOPGvErieér pettRagt (LRP) 1§ and gBO?pstmkde
ST o e g, e o g SR Rk 26 AR R R R e O -
Idon?: It gdl nakomindsas beret170fonk tHeawmgdr e{nldebf E@%@P stacueugh to the uppey end ofittle -
L Sng: e Tou st 1B SR 1A Meiele i BRSPS Bl b, -
;.are st henat heudimy ¢ tndlissaledrio place.cThé apsertdartafghe LRP 18@onsists of adlekijgjok ¢ 1 B
;_---;esrg'szgs;zf. SR P B s Pt o G0 SO RSO,
10 The riser p|pe 19 connects the BOP assembly 10 to a surface rig 2. :
Within the bore 17 and the riser pipe 19, a tubular stnng 21is provided. Such a L
stnng is comprised ofa number of different types of component including simple piping,
joint members, bore gu:_dance equrpment. and may have attached at its lower end, a test ' L )
tool, a drill bit or a simple device which allows the flow of desired fluids from the well. The -~
15 we’llhead housing 13, as an example. is shown with one wear bushing 22 and a number 3
B of well casrngs 23 whrch have prevrously been set in the wellhead and which extend into
" the hole in the sea bed 12. o .
) C The BOP stack is provrded with a number of valve means for closing both the bore
EERE _'-'1'7 arndlor on the stnng 21 and these lnclude lower pipe rams 30, middle pipe rams 31, |
o 20"_- upper p:pe rams 32 and shear blind rams 33. These four sets of rams comprise the high.
| ' pressure zone in the BOP stack 16 and they can withstand the greatest pressure. The -
Iower, middie and upper_ pipe rams are designed such that they can close around the
__ string 21. However, the rams are only designed to close around a specific diameter of the
P drill sfring, forexampleona b ineh (125mm) pipe section, and it is therefore important to - L
| 25 _ know in the event of, forexample anemergency disconnect, whether or not the rams are
- opposnte a suitable section of the drilt string 21 to enable them to close correctly and S

L prowde a seai |
' - Of course, when the Iower 30 middie 31 and upper 32 pipe rams are ciosed whllst

. the bore 17is sealed the bore of the drill string 21 itselfis still open. Thus. the shear blind

' "30 .. rams 33 are designed such that, when operated they can cut through the drill string 21.
~ and prowde a smg!e barner between the upwardly pressunsed drillmg ﬂurd and the. . -
- 'surface. . R ' - ; o ;
Above the shear blind rams 33, a lower annuiar 34 and an upper annular 35are
' provided and these can also seal around the drill string 21 when ctoSed and provide a o
35 medium pressure zone. o | - BT

" Thelower pressure zone is located above the upper annular 35and mcludes the

- flex joint 20, the riser adaptor 28 and the riser 19. The low pressure containing means of
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1 after the errergency di sconnect; Figure 9 is a schematic |ongitudi nZ _
Cross sectweooshsossoew t hr ough part of the BOP after an emep@ﬁaﬁ @Q}}& aﬂ@@t' '
showi ng the status of the rans and the valves, Figure 10 is a vertical

schemati c ChfisLoreas hefdly thi AYGioBlaas Reseiie ofthe MaldGiRdh I8 retSiABS A thubbrbpeaul d -
be .used as Ebrt of the preséent invention; and- Figure 11 is a horizontal
schematic ctb¥€sUERE8.onal vi ew of the sensor-of Figure 10; -7 10 The riser

pi pe 19' ConneCtSEﬂéﬁdzB@oﬁ&ﬁ@%ﬁb&ﬁQ@fb% Bopfaeeéinm marecﬁ%kaﬁoaﬁ@ﬁmm
PCT/GBOZ/05349 rillin ?3 a]1 r}T d wel |l head - :
vt 3 Tines 16 Bisupriy Hefiid tor fom e B0 The SHokaing 407Sna N SRS AR D!
'11t Ih s f Oslrrfmuatjcoﬁhmmmem umncthefboae 1bommsr§xambi@e tl‘&@@b&f&tn?ﬁs ,ahilecagoavi ded
W a we ea ous| S I N | ’
R RS e Rl Brateh Which e GaEIREbY 3588 ol VAVE{sebFIafe 8 Thehe
"LRPt 15 and t.dnfenlaﬁt \?t»eekrehﬁn@;mmmmtf taﬁﬂeﬁtﬂ@hd?te/ﬁmﬁhﬁﬁ whitartleeyaea
.. conti nuous re ro (0] r .en (0] e u er
oot of the BEFE4FSE05SR the Bapm beI6 dhinnef Suns B e shokalink 40 SandenPoh"
i |Séc:a n tur npassmmeamced;tbﬁgas vents: thrplgiea &Iﬂaktem?alﬂg?'llandedtenﬁtha%i‘ee%waI I
: e u SL SLS,, 0 eXx e OWE‘I‘ :
bna of 1o MR pdEtb a8 oLBE 4t ok ves ShRLS R i e shRis il ngvia e °"

. end of
W t-hin the abmrfﬁma?hdannbrtma:hbkeeatves pelodhe loweripipé sams 801 ng 21 is provi ded

e St Tt he GlieBeeR B8 Br e Stk GERN 5% oF B aiha Al B AL

exanpl e, i svablec@rbefore rﬂtejlmennsedalreMershhelgorﬁz7amuvcﬂomhmhe.ragam)eactmfd\rhdhl is bi t

- opa sinpl %ﬂ%é&a?&x@@e&% i et Tilfer %Q%n& 'ogtgr ‘[23 klﬂ%%rbése%t{]rb%ﬂ?qr{err%ﬁ‘ahﬁ"agt‘é’?' .

- The j oint
lover ethl, & kilbelvestrespegtiviely. d'dueprprpsehl‘aotﬁhla betmm'rtheﬂpmrfpirarems 32 grddhef

.conponent - 's’ﬂ‘éér“:?fhﬁga éfﬁ’&ﬁd @%hﬂ%cﬁ%ﬁ%ﬁ@%ﬁ&ﬁ@&ér%%@‘@ggﬁ rﬁdﬁkzr%rd%“”ber -

“of valve neans
these include | d‘\lverdnﬂrngé is m@@d ioi thelriserpiSdy means JB temoqmpmntrﬁodeee ans

32 d sh
o i R 2h o U eyaibi, I odr &4t o361 B el A (GAIM s BPalqtbyrtcdly

know, in the eve an emer

the rams aflem mgmrwfeewmeadgip | oaraA of e il i i2ianer 25 $UCH: SXIAREING from tahab) o
them t gecl Qﬁr@er%gffééézof'tﬁe aﬁlﬂﬂdér' Herstd br@ﬂdecj Q?elgéiﬁﬁﬁl j@inpautér Eal'rél@a mmﬁ

~pipe section and it. heref ore 1 nportant
exfends into, and |n searng engagement 61 with, the telescopic 10|nt outer barrel 64 of.
the telescopic joint 60. As the drill floor moves vertically relative to the outer barrel_ 64.0f
the telescopic joint 60, the inner barrel 63 can slide within a recess portioh_of the outer
- barrel 64.. The 'te!escopic joint 60 is suspended from the drill floor 62':by hte'ans of ﬁeer -
25 tensioner cables 65 which are connected, via sheaves 84, to rbotion oomben'sating
_ " tensroners {not shown) The upper end of the inner barrel 63 is. oonnected toa ﬂex:ble' R
. joint 66 which, in tum, which forms the diverter assembly 67 extendlng below the lower.'_ E
- surface of the dl’tll ﬂoor 62. The diverter assembly annutar 68 is prowded to seal the bore S
17 if necessary Dnllmg mud which passes up the riser 19 is darected through a mud o
30 outlet 69 through a flow nipple 70. The choke and kill lines 40 41 are connected to -
respective flexible choke and flexible kill 71, 72 lines which extend onto the main deck 73
of the rig 2 and connect to the manifold and a high pressure pumping system.
Onthe upper surface of the drill floor 62, there is a derrick 74 which supports aset
_ of sheaves 75 known as the crown block. The travelling block 76 is connected foa -
35 compensator and possibly a top drive assembly 77 which is, in tumn, connected to the
_ stﬁng 21. The crown block 75 and the travelling block 76 are con'necte_d by a cable 79 -

T o .

whic_h is connected into draw works 78.




string 21. However, the rans are only designed to close around éi %
di aneter olo3fsdseyer, mddl e and upper pipe rams are desi M‘&gﬁﬁg}e{é po6
they can close around the pressure zone in the BOP stack 16 a can
wi'thstand the greatest pressure. The rovj de rang, 33 ar si gned
~such that, when Spepaberf SFH%%FS@Q?]"P{H‘E’EQ H?'Bﬁgﬁ&?ﬁg V‘Pr%t" %1 ﬁ
~course, whefhcliae 2 rRéPhdatfior Haréid&,ect%én@a 60 WRRRIs 18catéd BEthe &pﬁemhﬂ ot:theaae
whil st the bore 17 is seal ed k&ﬁﬁcgre of t

e AL o
ST opon. 1993 feleReonia ot bare pirchiane A e & e &l S phRere Bl ntt e
. upwar dl y pr iﬁéﬁélrs:iﬁ eEa@H of théé@sé&*isdts%a&@dtetflﬂeﬁliﬁrﬁété@ shépoued bﬂ?taba@ﬁrtﬂhl nd
- rans a ower. . a n an u r ann ar al Vi ese .
-~ can aI o) %eé‘"“&?&dﬂ'ﬂ&l IS evithin PS&F?‘?WS‘Q%BY\M?@ faé‘ﬁ@ﬁghe Hﬁ‘ﬁ?ﬁﬁ’{). gegtﬁﬂ'g%ﬁ |
‘medi um pr es gl eertRifiSed Bélﬁkojlé&hﬁh radhns Tah@ahha@nﬁbro@dﬁﬂr@ho%omqi Theesenisorr 19

bave tne BRSNS Hiraby Vit YereP o Besr ko BATISOATERe B helsBiRbE p000 ©

“thi's zone i ﬂ'nefmfaﬁbrj of the stiing 2o st ary giveprtiass i parﬂéuléﬁmeftélescbpmnmtbore objethi ned:

B Resenpl 99IReT a1 bROHBR 2 SRR RS AuR, eSPRHI Bl it GePole Ehte 3 }

“oor-from DhediBfieter, [dhape ol erikhtator6f thestring2 1, laks 3t iepunriplocthe riser 1 dndpravides

~ivialo i nner

- shear bli.nd tans

oo Harhdaod b, g B P BBl LB

“val ves - ( seeditingtereard) chahges indikmetepthe shapears crientatiomof the String 2108 iteassts gas :

bl ow ohe LB sBRER a0 Rar Y ke Y0 by BhSipe Rl Slo kB R Bickb B nbBlRet
of “gas vent ehangés oeghureddiydke risesadaxﬁdr\beraaﬁbjaclcseaaoreii@ Mmdhbmfefemqe data 10 _
upper, 4B bt Bl 18\ bAiCIBHE BokObiiER RGYTB]. e Bidtk&oP WRné AfTeaf 21

cho evaIves bel’ ower pipe-rans 30.
.On:the oppomtensmm whicbfsectinn @are drithetiing which ig within the-BOP atanygivepbie®- wi t h a
kil test. val Vel'hre?BﬁﬁqPn%f?{oﬂ‘éﬂrbwbédﬁth%mqm@fs%q%g?s @Béatégor?éach\f‘@m :

Zlocatlons agal-n eac via a palr ves; upper, i1nner. 54
“and outer 5% the |loweraBO.cmiddiel 31oweper 32 pive @B\Saﬁﬂd o the §Be%'7b|l@plfﬁ"\§a$%es

© respecti vel yyqihgy %ﬁglaf’Eré@éi@ehéor@%tﬂ&ﬁrbetﬂ}@wué’@%h thb RSwérdgfFantlupped 3ghe

ower branch is between the |ower 30 and middl e 31

e pipe ra2d. annnlgmjrlmnarﬁleﬁl’zthess%'éﬂ'ﬁé‘@t‘éat%lnﬁrwh?thg'é?r 79t QAP AL RSB o

-tel'escopi ¢ jnAlids RSk 6&&? ablivHis® a%h if 56 Whkitereivad Tahor BRAUILPRSR thé doldetof

-:!_"the tel escopic | oI nt - i's spaced-vertically fromthe l.ower surface of the

i £l oorpoélﬁo‘bfc"'tsﬁé"ﬂﬁr#fpp" the string#fl. as such, extending fromthe 20

©“lower -surface offyither skrisbls cf.drﬂ% pmmhed ﬁ) rhéasﬁfr@btlﬁ?ﬁnoﬁreh@nﬁ%ﬁdpa@ heaversf
outer barrel 64 which e

el escopi ¢ Mefihwhigh ‘g?'-"é%%ﬁ thgjpcg}loq %éh? gﬁﬂgg%' {]‘% ﬁotr}ﬂﬁ%%m Ag 1t \rllmet gr | T Ihe |
- fldor m/es ver Fof akdriplech deaVe sbRsdr 86 .@p.toerdeaamméeremaann fidor 62edneisthepi C .,
B R WAL N R RO = A e S
neans of T iageiionalpa hRieR&RIcAItracelizleasor fEinoduiedivnaliecomperestartiop drive asserablys 84,
‘to mtion. QI? rBDtaESgtt:couﬁt of the movement the compensator. The position of the travelling block
”' 76 is known by the use of a line travel sensor 85 in the draw works 78. o
o 30 . Anexample description of the how the system can-operate is shown in Figures 4 | -
- N “to8. The example taken is an emergency dlsoonnect of the vessel from the well between
_ the BOP stack and the LRP. _ S :
o Flgure 4 shows a cross sectional view through the BOP when a diill string 21 ls'__' -
‘ : operating i ina conventional dnilmg mode and is rotating. In this situation, the riser adaptor
- 35 k ‘bore object sensor 80 can detect changes in diameter of the tool joint 92, in this case, an - i
*increase in diameter, and this information 'w,oul_d be relayed to the data storage means
“(not _shown). Inthis eXampIe, the change in diameter at the too! joint 92 is effected by a
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- Tocated on gaghing2 Q‘i\eﬁ&?er|p$é%m§§0 afé feded! chty unditRAbw SpeRting

t ensi oners (n‘ot shown). The upper end of the inner barrel 63 is_connecte
to a fl exw ®ospm@pnt 66 which, in turn, which forns the'dlp@r,(t; ﬂi&&%ﬁg
67 extendi ng bel ow the | ower surface of the drill floor 62. The diverter

assenbly angpiiyn iR &Hl& {RE QMRS chéndeadraduafly h’@ﬁﬁhe %ﬁ'lallér rh&f 9?@@' idmeteF td | i ng

mud whi ch passes up_the riser 19 is directed throug outl e

" through a f N!ﬂ/\lafgeﬁﬂ'%"@‘@r of thisioint 8%c Inathis qase bqth ﬁ@?sﬁﬁth@f"‘aﬂ%“t(%ﬁ REV

respective w.s%é)l;&nsfa,%?ﬁ’e ﬁunctfa.heéhb,braﬂlés Were7ﬂsed7c31 éadﬁeﬁdé/mmoerqudzon to'. :

:-‘_the main deck 73 of th onnect da
pressure pufipyad §9§P§ﬁ9‘edﬁd?ﬁﬁ"'ﬂ%ﬂbﬁ”“@ﬂrdfrﬁ‘&‘@"df‘etdﬁgsmng 1‘“(3?50'89‘"83 asiher g

I's a derrg c ags%dvmbcébngepeeb YefechiRy theoShapRESIVIAE profilK Pt dldrrielst chaABs.
bl ock. The travel ling 6 is connected to a 35 con&epsator
n

a

~ possibly a flernativele a&'s%‘&'ﬁ?ﬂ?‘ SERSQNOr @R a8y of Nertigalsensers shewr °Pﬂ' be
»string 21. E&b@m@ﬂ@&\@eﬁaeqaédﬁféiuam@hddletahé@aﬁidvertﬁﬂh& aﬁhg :Zﬁ ereabmmﬁmt:ed by
. a cable 79 which is.connected into. g l?’% £? {)

PCT/ GB02/ 054¥odirectighiaad dstancealdrave of cansisieEablé im "86#3‘ glefmifing,the -
Sodrilling ri ge&on“éhee.ag whidhuglad TJ@cemxfmhe aeieptau ah@trerab;eemmpmﬁmw&eem ch
~.1s located at %aﬁ:pper end of the LRP 15 and a tel escopic joint bore -
~ gbject d s Byt
7 of - these sensor SF@&fEs(B?loé&ﬁhth@wdﬁﬂéfﬁieﬁmnrﬁﬂimm lecation of theisaing@1 withiri the

o bt Lo o aBPB"1d i belrb el h 7 o Yy WA A B B AL LT

\(th hs hovmz)dnsaamgmghen 86 safoly o&ﬂnedh:lmt . hythiz exainajdle, sthe estaling diill strings2t isment s
L t
A S RelEf Y idieR 8 A he ool B S W okspfebp Helribrrisile e, v

s equencds of BOBaYhe doaatios and eparaiirg dtgtus bethdiramstead ssnnularsgpadel condimetkdyr | -
" sh d t to th 19 and
- gape 209, LR op ot s e Rl gl 0 (e 1 ser 10 e
" sensor. 80 det ectWhehe ragidzvstrelled emrigencyrdignonnectds semired, tha dlrill skipe Za‘lnlé :
c.orientati O}a{ tupSunt fHerlgol?#ln lﬁta m&%dv%*b?pé%%&éo ﬁ&l REdontid'Sto

'Iy corrparl e sequence ers an I"anet er es neasu by '

“the riser amlmj ,stm:g is belddn tl‘@emseﬂonmd\mnﬁfma#@n ieelipibpd aélmeatoelri@m ied b
:the tel %C%%bg% tHo2kFhmiOr e(?ﬂ)lé?‘gﬁpﬁsl%mo &b thenﬁ%ﬁ’tryocg@s%‘ECHndQHe kBRsdré 9ocan

ff._determne sectron o string I's w thin the BOP at- an
. gi ven ti me.conmeptedtothedowelping rBmsIR9 qen@@nﬁaam sarechAipsyra phihedams gnthe

+

“the shear blind fams 33. Additionally, annular travel sensors 81 can be
provided orﬁh'ﬁﬁ@gﬁower 34 and upper 35 annulars. In particular, the sensors

© can deternine vvimbh@ﬁe afill élﬂﬁg 2R EVoRErdd BLch AR 186 todi otk 92 Festieon teaupper
ggts: Y?E}g%df 53 néj(@; ,tlfbfgJ Ioaqveggl};p@er%rﬁé g a%w [gg%&%‘dpﬁ‘én the dn[?! sttnng (?-‘lgure 8} This _
RS “can be detected by a loss of drill string weight recorded at the surface. Atthis stage, full =
ram close pressure is then applied to the lower pipe rams 30. The sensors 90 can.again - }
confirm that the rams are fully closed areuﬁd the drill stn’ng 21. If present, ram locks (not - o
_ ) shown) can be operated to prevent the Iower pipe rams 30 from being forced apart o
- 30 R A s:rnllar operation can then be camed out on the upper pipe rams if the diameter - L
L of dnll string across the closure point of the upper pipe rams 32 is suntable (see Figure 7) o
Next, the shear blznd rams 33 can be closed, cutting the stnng 21, with the upper
~ part being pulled up. Again this can be confirmed by the use of sensor 90. The ram
. Iocks, if present, can also then be activated. :
35 - . The lower riser package 15 can then be disconnected from the BOP stack 16 and
pulled clear of the remaining subsea components (Figure 8).

1=

ich is located at the upper- end of inner barrel 63. Each.

riser adapter bore object

feasereand on-




Further sensors can be provided to nmeasure other novenent, such as hegve of

the rig, whigcdsospishd affect the location of the string rel aﬁdﬁ? %@ 20865
oor '

For exanple, a heave sensor 86 is provi-ded between the drill and

the telescopic JO"I’P:E cPH otgée rcii@ ﬁHQEaén%nf}/o%i c{nﬂ%}% éé“j%nh?\%é]weave 5

~of the rig. Additiona yarrec ERik nsor 1's
- conpensat or / acgourt for deaes; dorhvegsel draft eratke pasitieruefithe travefingioekyvnte if the rig

- conpensat or . . The pasi Lif ggﬁfestfnl}ﬁeir[?raﬁa/?%'itiﬁ'gggfth%gﬁf;gnrﬁsﬁxuénﬁ%‘c’iﬁr%q et > |

~ of a line travel sensor escription

| * the how the dqtectgm systenopperatirg 4 en!lsﬂmmamto:Fagd:dlealamngav&uafrmesentahqﬂ §1e '

- "BOP stack an

~traveéel is of con

taken 15 8" 6ilr 45 Gl 10A00E e SlualiF oY G7Gled g1 (e el | between the

S sectional view throu
‘BOP when a drill Elgurmg;slzqws stwwerexnlotgadu dnsmaxctbat/@:mld kendisplayed en agirithfider and -

o is rotating. mbhitdrihdt shobpdddiived 46 ot?g{ﬁuaaérpénogh@aﬁ 9%5%99:«5&%%5?&‘:%% 80 .

can detect c Range cas
“increase i n aftef@aptamergenty dl$ﬂosn¢01ih§$ haem gammguta Indhis exanyple, the lawss 30and

Tool Joi nt aneRRyy pBHEpipg fanie Weye PRI Ber b I ARRE il TS ahihe
“section & virgh21 Rad teaem loek wauld hedn thexlenad pesiticamAdditiorafly thershear bling pe
- dianeter to phfiesd R6GE ase'tﬁga‘écf%a Ml atglaﬁmeﬂhe'r% IStks erdi'chF ﬂ% A tﬁé%%se&?b?ntéh des -

-~ of ‘the tool joint are provi sanme profil rent
profiles werlowgves the "E%Gﬂﬁ p@aa@naﬁhnaée mebbeqncﬂnwatgi and mervtetﬁ hegamdedsi-bl e

- to determ ngyduid ¥t ﬂllbro%ﬁ b@sﬂtn&rﬁ efh‘fH foH1 oﬁéﬂebﬂﬁ% %u%‘é cgﬁ'lé'd'!ﬂlt atallstages

passed the sensor 80 by detecting t hape of profile of the di aneter: .
.‘change. Al té’f“‘r’i‘ﬂtW?@I"}PTQ%?Y&&GPW%BTO%QW?# eB$“"ﬁr‘lhaéleP§R/’Q5'P ang anpuian W%%'ﬁsor S

‘(not shom) tﬁ@ﬂbﬁobﬁate bﬁﬁérﬁﬁﬁtﬁa‘?s&@aﬁﬂtﬁé@éﬂéﬁ&ﬂ'on and di stance of :
~travel of the str The ability to know the |rect|o and di st ance of
5 SH&?%FJ‘P and Frbé'f“t‘“éﬁm%é"ﬁﬁ up¥ied ofione tnq@reg ghsansers & e ng-

Y’gl ch 'f, agjggcwlye @s&hgaﬁmﬂ%ﬂnﬁgwbtmfehﬁrqna oinafetdtiriid électlréhl ically ra@aat:cy- L

in the ur es to SNow w, after et oC tIO:n 0
ihe Sir s P SeturpleR S iaknetey gh slgpoh iR ey o, 1 £ 505 5% Jobaich wilio g Boecle. O
joints 92 atfmeawbelenstnngmsermysgemynds:ae0mheebreca1eréﬂyendnbair@ahaltlye dgrualyed a

Sensor " 89 R BBl Pt Saier A b ire st b ER bR 17,

15 BOP.  Thestrfarettione objact sepemramlargjthisadaua;e(ﬁomﬁwedwmammbsemdlsmng prefilebe .

ot e il Behfed BT hed JoBE B e el U1y et Tected
- drill string 21 As the drilestringo2tiistruh dolva thmbhjeechnbf &E sess@rb@ﬁem reptofiess
 Bosi i on argpEagiel B el ingd nd@RBRLS and E pippatngiip i fimitte StebeRre s
- those r 2. objént seoseri81pvithehe measaedalata frbomrthe ngi'l‘tadﬂplor borecohiend sengor §@nt§or S
| 90 is possible to determine which section of the drill string 21is within the BOP. if necessary.j-.;:_ o
additional bore object sensors could be located in other posmons wathm the BOP orin the'f L -
riser itseff. ' '
_ " The bore object sensor is formed by using a non-metamc body 100 poss:bly
30 formed from an epoxy, within which are mounted a set of emltters 101 and receivers 102 :
" The emitters and receivers are connected to a microprocessor (not shown). Usmg anf' i
_ electrical pulse sent out by the emitters 101, a uniform electric f eld would be monltoredf
- by the receivers 102 if no object were present in the field of the sensor. However. when_:_. -
_ an object, such as the drill string, enters this field, the field flux lines 103 are disturbed and o
' 35 each receiver 102 can monitor the change in the electric field. When requiring to sense 7
- non metallic objects, the frequency will have to be varied. This allows the microprocessor -
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' connected to the | ower pipe ranms 30-can confirmthe correct closure of the
_rans on t\eoesishdeh string 21. The [ower pipe rams 30 are quﬁgﬁg 5@?639@%
a Iom1operat|ng pressure at this stage. Then the drill string 21:is .

. : ower ed sucly édiapute ke b@@éne{slgldm e thapé of ¢ b éctlttlbpﬁlbh of Uhd ?bélvef's gi)w SR
ower pipe wi |1 - now su ri i i gure is
o PRt B Riore el rinadta size ke, ShentAlon A PR b URE e e Surtace

At this stage, full. ramwclose pressure is then applied to ‘the | ower pi pe
rams 30. The sensors 90 can again confirmthat the rans are fuIIy closed
‘around the drill string 21. If present, ram | ocks (not .shown) can be

+operated to prevent the [ower pipe ranms 30 from being forced apart.-A:-
-simlar operation can then be carried out on the upper pipe ranms if the

diameter of drill string.across the closure point of the upper pipe rams 32

“i's suitable (see Figure 7).. Next, the shear blind rans 33 can becl osed,
cutting the string 21, withthe uppet part being pul |l ed up. Again thi's can
be confirmed by the use of sensor 90. The ram |ocks, if present, can also.
‘then be activated. The |ower:riser package 15 can then be -di sconnected from _
~the BOP stack 16 and pul'led clear of the remai ni ng: subsea conponents o
(Figure 8). -11-. 23/05/ 2006 - PCT/ GB02/ 05349 The current -method.is- to take’
~the drill string position fromthe drillers tally and then- account for =
Uheave, for vessel draft, for the position of the travel l'i'ng block, note it
‘the rig is off centre, ‘and then estimte the positions of. the tooI joints..
Usi ng -t he bore equi prent detection system operating a- drill- floor nonitor,
angl di splaying a visual presentati-on, the 5 driller can V|suaIIy observe
‘the situation at any given time. Figure 9 shows a typical . exploded dlsplay o
~that coul d be displayed on a drill floor nonitor (not. shomn) and gives: a
view of the |ower. 30, niddle 31 and upper 32 pipe rans -after-an energency
“di sconnect has been carried out. In this exanple, the |ower 30 and- m ddl e

- 31 variable pipe rans have been closed on the smaller dianeter of the. naln SR

drill 10 string 21 and the ram l'ock.woul d be in the closed p05|t|0n R

- Additionally, the shear blind rams 33 woul d al so be cl osed and agai.n- ‘the
ram | ocks woul d be in the closed position. However, the ntddle pi pe rans.
-31 have not been operated and therefore the ram | ocks woul-d st|II be in the
open position. This form of checking would be .carried out. at -all- stages

~w thin-the energency di sconnect. procedure to ensure that each ramand: _
annul ar was in 15 the appropriate position for that stage of the: operatlon A
. Figures 10 and 11 shows .a close up view of one of the bore -object sensors
80 or -81. The sensor is an electronic/mgnetic sensor that. can determne-

-electronically and - accurately the diameter of a body w-thin the bore 17 - -
~and its location within the bore;, i.e. if the tubular strlng or: strlngs IS_

~ gn.one side of the bore, thereby |nd|cat|ng that t he rlg nay S
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20. not be vertically above the wellhead. A full string signature profile
can be obtained by the surface bore object sensor 81 and this carl BeMAY 2008
conpared with the observed string profile. which is determ ned by the riser
adaptor bore object sensor 80. As the drill string 21 is run down through
each of the sensors 80, 81, a profile is generated of the change in

di aneters and by conparing the data fromthe surface bore object sensor 81
with the asured data fromthe riser adaptor bore object sensor 80, it is
possi bl e t62%&t er i ne which section of the drill string 21 is within the
BOP. |If necessary, additional bore object sensors could be |ocated in other
posi ti ons 1w t hisRydi&ie foPGdterRiningthe B8 tifmk g@snﬁo'h Bﬁe@;bi&mentmﬁn B@6R, AYEREM Sensor is
formed by using a non-netallic body 100, possibly 30 formed from an epoxy,
within mhf%ﬁmﬁg% nmounted a set of emtters 101 and receivers 102. The

en tters arsdnsoeioetbleining dalaccoresrminadberhysical ehardcterigios dfcempanents mbich glrgwin) . Usi ng
an el ect fic®b bl se sent out by the emtters 101, a uniformelectric field

woul d be nonitored e receivers.102 if no obhject were present,in the
(el d of Eaalrgiige Moaledoio WS Sl 5@ and hoiie et TG ABEFRTT ook, | e
ent er s t hicencginiay @t leagshenefphysicdl dhipagtefigtip erghel W afilegf ghechiquipmensatia givm inB5 each
recei ver 1Qg2iaG@mhgsMahisasr réddfiinghisd\éhained dhth 8n®ihe 8étérrinelidsthtandVWhen requi ri ng

to sense a@gﬂpmmofﬁééﬁz obj ects,,. t ﬁd. Thi s

met , freguen i)l .have to var,i
b1 ove 1 a e iden of LBl pd ISatsGGRE e At B e PRI o
conput e t ket ftheraegent Friging Kensghpytbe efnserthe obj ect to each of the receivers
and therefore determne its size, shape, orientation and position.within

t he bore.22 3 Y. 2006 glain§.1 A SYS em f or deterqiniq&.ghe real tine
A, . system ?ccor 1{1% o claim |, wher rt € Sensor.is arran%ed Q acecept informaftion
position Of eqU|£nen Wthina borég, e system Tonprising: a sensor for

obt ai ni ngingading thelseeh shang apdler dismeitrche! cemranars einiinseriogtsof B beenponent s whi ch
are run into the bore; a sensing neans |ocated, in use, wthin the bore

and i ncl udi ng re t i.ni C r.ni | east one
ot o) “Shnd Ao Gy SB0RPI Rl ] P S0 e SROERARGRl oA e,
dat a st or GpEmateningluding the dgtencibatyeehanyShanar Metrmeiar an aaHdle REMRPEeEfuRihed dat a;
and a conpabbrson neans for conparing the obtained data and the determ ned
data to establish which part of the equipnment is being sensed by the
sensor. 2. A systemaccording to claim1, wherein the sensor is arranged to
accept i nf-or med p¥SIEM acprEdipgiio gy eneeef the mescedinasdipimre wherain $te harea#B3%r (s) of
conponent Getdriilied fe Giamerdt ar@for $H2Pe BARLequipmen 8 ¥ §t@anr@ccording to either claim
-1 or claim2, wherein the sensor is arranged to accept information

i ncl udi ng the di stance between any change in dianeter on a single conmponent
run in the bodht@ystem according to any one of the preceding claims, wherein the sensing means

- further comprises a means for determining the distance between successive changes in

diameter.
6. A system according to any one of the preceding claims, wherein the sensing means
comprises a direction sensor for determining the direction of travel of the components within the

bore.

7. A system according to claim 6, wherein the sensing means includes a second sensor for

determining the diameter of the components.

8. A system according to any one of the preceding claims, further comprising a means for

determining the distance travelled of equipment run in or out of the bore.

9. A system according to any one of the preceding claims, wherein the comparison means
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4. A system according to any one of the preceding clainms, wherein the bore
sensor determnes the dianeter and/or shape of the equi pnent at & §i Véif 2085
time . 5. A systemaccording to any one of the preceding clains, wherein
the sensing nmeans further conprises a neans for determining the distance
bet ween successive changes in dianeter. 6. A systemaccording to any one
of the preceding clains, wherein the sensing neans conprises a direction
sensor fonsggk%rgkéggg the direction of travel of the conponents within the
bore. 7. A syst8n1a3cbrding to claim®6, wherein the sensing neans includes
a second sensor for determning the dianeter of the conponents. 8. A
syst emf acaor di AGydtém adfl%f[dﬁ@ eodmytoh@a trﬁl{;ﬁé‘&ér?l?jiﬁ.la fﬂfhéFEin tHeWol €5 s HREME S| ngt a f
nmeans for r e distance travelled of equipment rup in or out o
Tha bor o anf S SR blfonedod ARl L BNFpu Bty Shor SBaP RO Ine e e o1
t he conparFe&ennagiag e BOPVIY axtihdo, ithe dbll fid indesiingadaseling blogigcommersator em
accor di ng attexhedty a@BEic) braWlvriaree 8 tidagopk! jekht BBnnehRh etistethbafifig S a subsea
bore and the systemfurther conprises a wellhead, a bl ow out preventer
connector to the wellhead, a riser connecting the BOP with a drill rig,
the drill 1t g PeeSmiRsserdRg to daie10.ifitetrometisingcnipuel sansor on the elgedeeld iy a
derrick, e asemmidgsheradtiva nicvbast Ofiveer) thd filer SHANMESHIIhGGg.t he riser to the
drill rig. it. A systemaccording to claim 10, further conprising a travel
sensor on the telescopic joint for deternmning the relative novenment
bet ween t h& ri8&ysteRhercerdHigg irqithericlai 14 qf clairp11, fnrtesy spraprising e el prpserdorei t her
claim 10 osterglinmignhelrdlativieUidviraént 6aR@PIop Shdd th@ ribéravethesignsor for determ ning
the rel ative novenent of the top end of the riser and the rig. 13. A system
according to any one of clains 10 to 12, wherein the conparison neans is
arranged o def &fsifmeceieg 9esy ereon claimstifé Bguheseie e cprepasiseneeansisa fi xed
poi nt on ahemgattalbedminkdhe gyshiysbiena a0ip@ed irdkgivé @ FRYd pUive oRthesbepr ecedi ng
clainms, further conprising a visual display neans for displaying bore
information to a user. 15

1 A system according to any one of the preceding claims, further comprising a visual

display means for displaying bore information to a user.
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