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25 A BOP assembly is a multi closure safety device which is connected to the top of

a drilled, and often partially cased, hole. The accessible top end of the casing is

terminated using a casing spool or wellhead housing to which the BOP assembly is
connected and sealed.

The wellhead and BOP stack (the section in which rams are provided) must be

30 able to contain fluids at a pressure rating in excess of any formation pressures that are

anticipated when drilling or when having to pump into the well to suppress or circulate an

uncontrolled pressurised influx of formation fluid. This influx of formation fluid is known

as a "kick" and restabilising control of the well by pumping to suppress the influx or to

circulate the influx out under pressure is known as "killing the well". An uncontrolled

35 escape of fluid, whether liquid or gas, to the environment is termed a ‘blow out’. A blow

out can result in major leak to the environment which can ignite or explode, jeopardising

personnel and equipment in the vicinity, and pollution.
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out can result in mgjor leak to the environnent which can ignite or

expl ode, jeopardising personnel and equipnent in the vicinity, and
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oW 25 r €S5S HAMS AR didiferiunBher BERBRPBIL Workhg bresbiidlorabéisiger

hydrostati c sures dependi ng upon the depth of water, approximately
Skpsi ( ZAVP M?ﬁb'SGIQH’O@‘WthGH@'e BOP assenbly in effect provides a three

zone pressure Cc@pb fh@%%u@?sf Here abéSﬁcefthJMeu brteegura baffkr bifriehtd Mth the
consists of the first hig ressu rnmpst se nconpass t he
rans, the nESRNORRrddinga hgg‘i?éﬁ‘élc E%?ﬂe "%VﬁF?@aWH@n "E‘f"g?ﬂﬁﬁ ng?q‘ﬁ MHs and
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25 pressure zone above the subsea BOP assembly must still withstand hydrostatic pressures
of, depending upon the depth of water, approximately 5kpsi (34MPa).

The conventional BOP assembly in effect provides a three zone pressure
containment safety system. The three zones typically consists of the first high pressure
lowermost section encompassing the rams, the medium pressure second zone having the

30 annular or annulars and the low pressure third zone being the bore open to atmosphere
and, on a subsea system, the riser bore to the surface vessel. Therefore it is critical _that
the correct rams are closed on the correct diameter and full pressure integrity is achieved.
In an emergency disconnect it is important that, besides sealing on the pipe or tubular, the
pipe is held and not dropped down the hole.

35 A BOP can be fitted with a ram or rams to suit various diameters of drill pipe,
tubing or casing. Variable rams can be used, having carefully selected their range. A

BOP is fitted with the rams mostly likely to be needed in a certain drilling/workover phase.
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the correct ranms are closed on the correct dianeter and full pressure
integrity is achieved. In an energency disconnect it is inportant that,
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Vat herratlca errors can the total Fing or conponents can
be | eft out cohpoments afel Iyg@eanﬂsy rmor@ajeriettmmﬂym@ﬂﬁlpmamtebwmef@m@eamove
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attached to the ghfhdthord,lasitBer8 sy awide VARG ofedohfpoRents wiidStHneERih ivtheeach
GO e Boie g il Tehor Satatine o1 Bvoim B v Mo cansenc e PR el of
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di mensi ons O{tactheg to 81e s?rlng It is easy for minor errors in measurement of each component to
25 add up to a significant error over the length of the string.

A further problem is that even when the measurements are accurately taken at the
rig, these measurements are passive, i.e. on unstressed dimensions of the component.
Once the component has been run in on a string, it may have 5,000 metres of additional
components hanging from its end and, although this would not produce a significant

30 change in length of a single component, when the total change is added-up over all
components of the drill string, the change can be significant.

Furthermore, as the riser extending between the wellhead and the drill rig may be
2000-3000m in length, it is subject to subsea currents and may be caused to "snake"
between the rig and the wellhead. In this case, the length of drill string run into the riser

35 is not directly comparable to the straight distance between the rig and the wellhead.

Additional problems are encountered as the drilling rig heaves on the sea surface

such that its position, which is dependent on the tide and the vessel draft, is constantly
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Once the conponent has been run in on a string, it may have 5,000 netres of
addi tional conponents hanging fromits end and, although this would not
produce awsiognsdveant 30 change in length of a single conmpomaBoz/08d3en t he
total change is added-up over all conponents of the drill string, the
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the riser. due to cross currents in deep water, or the
ext ensi gr? Ofnv?lmgg r(m;'%rg Sstﬁﬁq ng due to tension and weight. It is therefore
difficult to det éheraqwratewsabebythmrtl stringpi® respuired in the exapt gjianeameigendy in a
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out an emr%?@&redhmw&n%fc:éé&oﬁé §eét.oaQ>f%}4§ méhfwa.mm%ﬁﬁ&napmger The
shear blind rans are activated with ﬁ(%/ % orce. and for(fa shoul d

the rans cl 888 tBe sheaeeanapHity pf Eﬁu"aﬂﬁe PB asiofih ibetves: #9a¢en
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25  drill string falling down the hole, and to enable the drill string to be availabie to kill and
circulate the well on reconnection, it is very advisable to be able to hang the drill string off
on a set of pipe rams. This is achieved by resting an up-set diameter of the string on a
set of pipe rams below the blind shear rams.

For operations of this sort, it is necessary to know the position of a specific part of

30 the drill string to approximately one metre over anything up to 3,000 metres:

Further examples in which itis important to know the precise position of equipment
is in testing of the BOP, testing the wellhead, flow testing the well, kick control, well
circulation and testing of spool trees between the wellhead and the BOP.

Accordingly, itis an aim of the present invention to provide a system which enables

35 the above problems to be overcome and allows the operator of the drilling system to know
the precise position of a string, which may be moving, relative to a section of the well, the

BOP or the wellhead at any given moment.
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the well and allow an energency di sconnect to be carried out correctly. To

prevent the 25 drill string falling down the hole, and to enable the drill
string towbesassbé able to kill and circulate the well onPcemBwesidHoOn, it
is very advisable to be able to hang the drill string off on a set of pipe
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r el evant?9) o8Be {5FEfPie tPﬁBOﬂB‘P’EOf tE? §9vipEeEnt rﬁ%}j}’%&} ?!'8$($eﬁﬁ‘?h?d”$l ®8%anges in
a known physi CaPré!él@bl&pthemfatnamo@fnpnhetreq’atainﬁmmedﬂyalsommrdesgnetdm;amnsed

ggh?p?rgﬁt t hEetgl(%g%ﬁ%apgés[ iR gnqnb r eliréeﬁ ggalng a snng ekco?ngon\éwﬂ{ or%e% h a‘?ermétQ%
on adjacent components. Preferably, the sensor determines the shape and/or diameter
of the equipment at a given time.

25 The sensing means preferably includes a means for determining the distance
between successive changes in diameter.

Preferably, the system further comprises a sensing means for determining the
direction of travel of the equipment in the bore and this may be part of the downhole:
sensor or a vessel based sensor.

30 The system may be used on a subsea bore having a wellhead with a BOP
connected to it, which, in turn has a riser connected to it which, in turn, is connected to a
drilling rig having a telescopic joint, a derrick, a travelling block/compensator and draw
works.

Preferably,-a further sensor is located, in use, in the upper portion of the riser fixed

35 to the vessel to determine the profile of the equipment as it is run into the riser system.

Furthermore, it is preferable that a travel sensor is located on the telescopic joint

to measure the movement of the telescopic joint between the floating drilling vessel and
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20 and therefore the position of the equipnent relative to the BOP and the
wel | head. Preferably, the information input to the data i nput neans al so

i ncl udes wesdsmsb@ance between the changes in dianeter, eipCracBRI0SSIg a

si ngl e conmponent or between dianmeters on adjacent corrponents Preferably,
the sensor thetteprndes themises lated taty eeabdidomte eempuie thehtsavdy flopha five Havel

given tine. SO-l[gﬁ a%’%@?{eﬂ&gﬂ?@@é preferably includes a neans for

det er m ni ng tance en successive changes in dianeter.
Preferably, the Ayethemvariabiehisr movepenisiasthg dasriek hefwesRribe FOPNeRIoBr 16 feng

the | direct LOoAbnt AN volbelclBs YRS ERMpdralRErcRRraHolalbfs Srite higwpa

of the down sensor or a vessel sensor he system may be used
on a sub$eawbtse Aesatingsenspeon WééR!VQK/P@ﬂOHhB@mPW%&'@WettBthetderWﬂC@H'd in

turn has a pi %855189:‘3869\t;ﬁ*§sk9| théandéilld bé fo fbhior thésﬁ&ﬂﬂf‘@ﬂtﬁé‘ cb@pénsator

drilling rig having a teléscopic joint, a derrijck
bl ock/ corrpewstataotrav@haerzfpaand t%ﬁew{efﬁ’r'%%%ﬂéﬂﬂ 9, th%tfﬁtﬁ"ﬂ%‘?'°%wsf8gpﬁ% 19 teat ed,

in use, in HQI‘?lCHPQ@FnePrWdﬁh%‘nR;mtéﬂﬂ‘\er rSRI of ihsesill 1iRe fr’bﬁ1 fHéedrdﬁSﬁ&ks tdthe
determne the profile of the equippent as i |ser sglstem

the, r
Fur t her mor etravqlhngsb'mketfa@nasp@t{nha thg NUMRGEe! %‘Sﬁ‘éﬁﬁﬁ"ﬁeé to Batatdne et
t el escopjgc j 0i nt The dm%aﬁwt%édm uévpr\éeémm { adlintfidieehsires teptype Lsédin tbebmen

the fl t drill 03/ 050390 PCT/ GB02/ 05349 .the t
LS o Cphe  and icani el Borsie SeciREIdne SRS EDd T eroT s oL el EhiiEnd P

travel  sengg oruiled thr&lh thedsiingnaissélisril flédsrot’ﬂhlsnnfwanataimlcanlbe embaacEeity i n
t he derrick bhetwee

h d
e el Rl e e L9 0 S RO, 1
Eensor on thbe cbmnomastltengm éﬂitemeonﬁrmneatrmmbleel dhisveould thér pawride e]tcr??l d
e
ve cons er el A PDUSSL Lo 5 SR SR IdR e 0 o |
travel | i ng bl ock With areaq;mcette 1kooWIhege déthe|e¢1hlpm@3nh€tsllgoalturfspll0®|erﬁn¢| adsitionphe
travel “of t hﬁ?rgr{alftllob thé anr%)[' 9\%% Bgrecgcﬂv%dy\ﬁ ofior %érﬂ@tuor{&f%‘/@éddlﬂﬁerﬁlrgﬁiﬁ/e

t aki ng accou er of sheave nes tain the true travel. 10
The data i nmjtherfwadsposmorp@fdhelsamﬂoy andftherefoes relative & thefwellhead.y By cambdining t he

bore and it L@nwbheLRES bif WHFCHE el elBadBaretSirguangn W, kRnat hs

of all equipment ‘run or pulle hrough the drilling vesse floor.
Thi s i nf28 mpositen @ts\anyb@ne@‘rmnwwnbyan ereated o Ay pRIPHD thewsl-oduct

speci fications wyjg i‘r?;aCeré}dérddégw(i@cbll&ft@ﬂh&ahfoﬂharmro%ltas antative ar(h’fnaté@ﬂ/r&@t i on,
strength and identification nunber. This, woul gqthen rovi de @ocross

reference béisriEymanaen be peaduged ey 2 visyakgizp! V"iﬁa%” moater; at ?)‘éhq%

of scales most suited for the operation at the desired section of the well system.
This invention described in respect to a subsea drilling BOP can equally be applied
25 to workover BOPs, wireline or coil tubing BOPs. Equally the system can cater for wire,
cable or coil tubing operations by recording the length of cabling run past a line travel
Sensor.
A surface sensor, that is one on the drilling rig, may be provided to register the
length of individually made up items of equipment. The reason for this is that in certain
30 circumstances, a section of the equipment run into the bore may be made up of a plurality
of tubulars which, when joined to each other, have a continuous outer diameter (ie
external flush drill collars and liner pipes). The surface sensor can register their lengths
as the joints are made up although a string sensor lower down the riser would not be able
to detect any diameter or shape change.
35 Once the wellhead with the surface casing string, BOP and riser system is run, all
subsequent casing strings and the drilling strings used to drill the next section of hole can

also be recorded. This will allow an accurate elevation of casings within casings in the
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Wth an accurate know edge of the equipnent's signature profile and
additional information, the sensor in the bore actively nonitors the

not i on of wols/oeapue pnent relative to the fixed position ofrcricBrREssIOr and
therefore relative to the well head. By conbining these two sources of

i nf or mat i orwell ahammeemmtd be fermiutatertias BEANG Btringgareatn ANddgMmentadhigsidgghe
position of Eggﬁn\é}f equi pnent can be related to any point in the well.
Using a m croprocess to collate this information/data, an active ani nated
visual display Tiesabilitof the horedensess ormaniter Hieashage apr syiepiglion meagsittas a

moni tor, at ﬁer?leg}rﬁﬁ o%ceﬁ?ﬁ”ﬁ@n%ﬁéﬁaﬂ{ifh@%u%@r éfh@taﬂw @ftth@équﬁ’éméﬁl%an

desired sectlon of system i nventi on described I n respect to

a subseab5drhe wagwgersmat t‘fhﬁrB%ﬁrmSPy rpibenihpn NBUNg el @niBPRIRASE OBSNUMREf e| i ne

or coil tubjpg Bk §at !ﬁ%ﬁk&é’e tﬁf‘e &bék%ﬂ%w@g 8dlelf OR thé nPormatiék fremahe COI |
t ubi ng operations by recording t l ength of cablin q% run past a line travel

sensor. A strfageds daidbare maybe P%mﬁri@a e MRS oy ther savipmeny '“’?m%‘f'cBéh?}r 8 ded

to registereifgle, |t6ﬁ193rhs &ifthé BOHradecHp J:dfré%B&Qisbtb fivé @itBs of thequhgurent . - The
reason for this is that in certain 30 cgir urrsta?ﬂces a se

he
equi prent run i nBY cPMEINEgaknajedge Qf'é*éf'et”ﬂﬁ agtring has hean;ip JSBPS'F%GV%LQW
whi ch, whenmi,eh Regs beertdle@LIREY weanyraractemslics e siserdran thai cased aole(cae
external fl ush dril ?&dol I a{ g)nd i ner pipes). The surface sensor can
register the§pred @r‘F‘g‘{ ma% thepdbe6uees: ar e made up al t hough a string sensor
| ower down t he rTB€down otk miso&@e) ialthre) ptederdily dodatethin alfeirmiable mart shtape
change. t he | | head Wi h the surfac i ser
systemis r%ﬁﬁ'é?rsysﬁb%%@r{w& 8§'sqrﬁsgsu5%?reﬁgﬁh§g§ {he 3 'Jfgp)(al%g:ngf‘%%'ésr used
to drill theamterdansecserdce afid heplag. cedtiticabiyondeiscavectau mﬁheﬂp\mtbtfa@a isow an
accurate_el evati -6 WD 03/ 050390

3505590 M BaIH] Sne HUCR AL, Sigm

PCT/ GBO any ormJ as casing strings are
run and cement edOnasxaieptelméthemreﬁﬂnblmsell!immlgnowhedamfibﬁtiy\"tbffef?fﬁ@cﬁ e
sensors to i rientation means that when, carrying out
certain dow‘%@c%nfpgw%g%rﬂ] 'mﬁ‘g@r of rotations of the equipnent can 5 be
regi stered at thEigBEP! ms@emahatlmtumamﬁ%ﬁﬁmow viexy threlighiaerfiseageellof
the nunber {) ﬁ%l By & fideifig %Hégéli%ﬁowma%é’%hl@mﬁé‘aﬁhsdtﬁbwmsﬁgeﬁf'a\hdon
the informatio {rom¥ surface is here may be sone relative tw st
on the &Qui @fﬂimﬂglﬂlﬁorpﬂ?é'ﬁgthﬁa‘tfewflir'“veéml e, ten turns at the surface

only correspondsgigrd 2 ?é% dcHEMatiAbngifiRINEEHS9E sedBynd QBN dfithgdmlingTytopape of
the tine a string has been in its position and how 10 nmuch it has been

rotated, |i®Efiguelar characteristics in the riser or in the cased hole can
be predicted andrigaik 3 Rerschembafslidagitidinal cross sectional view of a typical subsea BOP
of Figure 1;

25 Figure 4 is a schematic longitudinal cross section through the BOP of Figure 1
during normal drilling; '
Figure 5 is a schematic longitudinal cross section through the BOP of Figure 1 at
the start of an emergency disconnect;
Figures 6 and 7 are schematic longitudinal cross sections through the BOP of
30 Figure 1 during the emergency disconnect;
Figure 8 is a schematic longitudinal cross sectional view through the BOP of Figure
1 after the emergency disconnect;
Figure 9 is a schematic longitudinal cross sectional view through part of the BOP
after an emergency disconnect showing the status of the rams and the valves;
35 Figure 10 is a vertical schematic cross section view through one example of a
sensor which could be used as part of the present invention; and
Figure 11 is a horizontal schematic cross-sectional view of the sensor-of Figure 10;
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The down hol e sensor(s) is (are) preferably located in a retrievable part

of the LRP/riser system such as the |ow pressure area of the BOP/ri ser,

t her eby aWwbmsiopgoeasi er nai ntenance, service and repair. PAEAIBROSHP| Yy no

di sconnect and make-up interface is 15 required conpared with a BOP stack
mount ed sensor Y&H/E rid P& ma@ta@mssteimelyprmmeumemmwmnns stownbe

descri bed with referencetothe 1
is a schenﬁ?h%‘“?%YﬂfdQWS‘“é‘?%s@ g%%qjdgar%femg‘yd\/@'%\?ﬂ’%ﬁaﬁ s Bég%nolv:\d’e i ©
being dri h I Ib%le 'ﬁ“’- tﬁffsé&ﬁidl PGhndesprelidehaith ayetiieadtriusingwal rl'heB@,P assbawly BOP,
riser an ) drillin I ncor t y 2

L Sehemti doroghissrRale. omRteeans Pordfwel BePbiRaRe (RSB hER BOP e 2 °
;)f Fi glursa l])q,a FTrg;uOr_DRpas §ncath§c$mimt2a50$ 160argi dondected ircsashsa s\wtthairiaerevlsew of a
ypi cal su sea of re al
cross sect iSGAIRYRUS bGFE 1?@&%&9 BeEsy ?fq'!‘lﬁgog’usrt?cr‘fqh'%%gﬁmg%ﬁ’ |ng, @ ure 5
Iﬁ a fCh?W&]ERE ngwemormgh@m@sstmaa |s>nomr‘ractm@h theheprsoend pf theyelleead at

t he star an enc /.

| ong t adi ndiov8Pedd BT Faied PG henlb Bkt pfin B REM 1SRRG Soint

ener gency cﬂcﬁmamecbnndéteguoa rBena;iaatoséﬁmiu@h i, in Qi qondetﬁaqi taa e Pipe P onal
vi ew thf](gnag{hetcnhs%)ﬁl e1@ oﬁh?clfg e BOPLE&mE) ?O%@EQ# : LPd sconnect; Figure 9

is a sc Cross section VI ew part of the BOP
after an ener gerwyhldltlm:mmd&tanghwlﬁ?ﬁj pﬂnﬁe1%taétlbll§ab$t"m9181 isRfRvVider Pyrh @

val ves; 35 & r%lsjig%oﬂrlgrl\éﬁid5’favrﬁfrﬁt?é?%tdlﬁ@%ﬂ%%of:écﬁﬁp%n%ﬁplhbl@&ny'sl?fW)lé piofiggh one

exanpl e of s&" cou e used art.of th resent mvenil on;
and Fi gur e jaibt nnsmaeﬁobWE(mltd@hC%@%m?“tca’K’r'Béléh%‘@(ﬂqaéhﬁ‘l’ amség\wgfenph%t nsor

of Figure I e Thé
o 5 A AT 3y s gt b,

1to 3.1A mllhne@bma&r&%lq& al‘leX?@Pfeol‘srﬂ’GWQtW' HROE R PUBED APHMPe 1t o

the seabed c?}f%véﬂ'?:@snhés ps W%Icﬁ@m‘évé"pi‘ebnoﬁs%béﬁ@@tdn breugeingad 3nd Whieh BdBnd e bl y
10 is, in this exa rised of a BOP |ower riser package (LRP) 15 and

a BOP st ackths holg. '"T'P?esq’_aF@f -and the BOP stack 16 are connected in such a
way that there 'ﬁleaBOP@chk&LﬂP&kﬁdémmmélﬂurﬁhﬁ@mMMerinewfoeﬂdsmg bothéhedmiPe st ack

Lgﬁ,ﬁgg[‘ eéot{]hng m%f%{ﬁ Qf%@%%chwggdclyﬁé’\re prlpe %%soio mﬁdlg%es;aﬁ\(‘skmw s
20 upper pipe 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
lower, middle 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
drill string, for example on a 5 inch (125mm) pipe section, and it is therefore important to
25  know, in the event of, for example, an emergency disconnect, whether or not the rams are
opposite a suitable section of the drill string 21 to enable them to close correctly and
provide a seal. '
Of course, when the lower 30, middie 31 and upper 32 pipe rams are closed, whilst
the bore 17 is sealed, the bore of the drill string 21 itself is still open.” Thus, the shear blind
30 rams 33 are designed such that, when operated, they can cut through the drill string 21
and provide a single barrier between the upwardly pressurised drilling fluid and the
surface.
Above the shear blind rams 33, a lower annular 34 and an upper annular 35 are
provided and these can also seal around the drill string 21 when closed and provide a
35 medium pressure zone. '
The lower pressure zone is located above the upper annular 35 and includes the

flex joint 20, the riser adaptor 28 and the riser 19. The low pressure containing means of

-8-



housing 13 and is sealed in place. The upper part of the LRP 15 consists of
a flex joint 20 which is connected to a riser adaptor 28, which is, in
turn, cornweaBeshsb® a riser pipe 19.- 10 The riser pipe 19pcarcmensisbhe BOP
assenbly. 10 to a surface rig 2. Wthin the bore 17 and the riser pipe 19,
a tubul ar shisizoge Blméelythekydieslaticguessuge ofdhe fiuig which dsnetainesion thef boae npeber  of
di fferent téQes lﬁ'} corrponent i ncl uding sinple piping, joint nmenbers, bore
gui dance e(f 'b‘?’r% €and may have attached at its lower end, a test tool, a
drill bit or a sExtprthnngcrmctrm sunfacérig R tothe BQRasseow!yoT0 ate shoked and kik41 r om

the well. Tgsts tHEL ;L(;D‘?,?Qf@?&f%'o[a%ﬂrﬁme%@w@aﬁgg%euﬁ S HOWS Habipianie vear

bushi ng 22 casi have previ ously been set
in the wel |fluiddomnuinidatich with ttles Horient o in tlfh% enamplej thred docgienspeach jocatipe BOP

stack is pro %rﬁezﬂw Wd?vtbuglzt%gﬁ@\e\&hlﬁes @Jn‘l’r@ de ? ggﬁ’rof 9é||9§ (3€e l’rlﬁ%Jﬂe %PGTHQ re

17 and/ or on and t e |nc u
pi pe rans 3lnperrz@stwab’es apsi ipeerr@rand Iptes 48 98 samts Bnd HIP brarﬁ@ %Wh'%é!'?é’ qr %ur

sets of r a%aﬁ?ﬂ@&t‘eﬁ@s {o\Re BbRM AUt weq,paensnddhrtalse Tﬁ@%héwmé dcﬁeﬂeﬁdst hey

can withstan reatest pressure. | ower, | e and pe rans

are desi gnerpssingfin @'Ffﬁal@llttolfm%s \eqts. Hregh %@hﬂh‘ﬁdestt Hé‘Ve é? PP%Q“*Q'.’LS thﬁgﬁl@v rviat he

rans arg Orh%e%%&'l%%nﬁ%u&]rQg%héﬂ(e@é’i\@s%bé%fﬁbﬁﬁn@dl@'pﬁ%&brﬂ& 3afantiRR lowed, | |
string, xanpl e on 5 i1nch (12 e section 8nd it is therefore

i mpor t ant  tigners0@nspute5t ¢foka yaines B?'wa“?ﬁ' WeERBE &aMS A0emer gency
di sconnect, whetBRihdbphtRlte &.he of MHEEBEP etaclana@&nm.ae 31 weqlﬁgkﬁea wieca ki tesyf t he

drill strlng 21 to enable themto clos I’OVId

course, whefaltenR? pefarsthe kil '"Pﬁ’ dhertersthe Rore gﬁgﬁ‘”%%’cgﬁ (s%(%&srﬁ%bﬁ
W{“ : |St t he\/@@rpﬁlrb7vélﬁe§ appezdnndrisa dpdroaten B5kilevables bhd Eiwer rllgmei‘156lahs|®hferl S
sti open

oper at ed? tWthjﬁ%{He%rﬁ?p‘?ﬁWﬂgJﬁhet ‘FR?eHBfaInF Eéwge'gﬁ‘%iﬁa wug%faﬁs%aé %l?&ntafe\émen
barrier betmnbﬁﬁuerammraﬂdyomrmnsmtm% tHel logerf 30uard! raiddlet Hepips amisace.
are” orovi ded antPd S 25 Shneded B FBE % BY miénf Bfs MsetBRE o2 *°
cl osed and pigorei2)e Irethisxampldi thmuppersswlrtd of threeteleSbepit joint 60 p;rwgge# eerfieal i s

| ocated abo %?mitgael glp%{] a@QQHhQEri!gf?oo%ﬁgo tﬂgldHﬁj 2 bhE asfsligk eb(fé'nefnge%gm t’h@e

ri ser adapt ow pr suré confainin ans -8
WD 03/ 0203 9%0wBCTurtee 2 08drdl ficoni thered @ravideges @I%SCQMGJQW@H&MFP@%WB%W e

of the fluigWHGh § éﬁ\ts%'aﬁﬁdj A gEn\%nﬁﬂ @/ltﬁ’gﬁ@ teléé&obi’&?olﬁthé%rreE)&e&d' ng
fromthe surtface rig 5 % asse are choke 40 and kill 41
the telescoplc joint 60. As the drill floor moves verhcally relative to the outer barrel 64 of
the telescopic joint 60, the inner barrel 63 can slide within a recess portionof the outer
‘barrel 64. The telescopic joint 60 is suspended from the drill floor 62 by means of riser
25 tensioner cables 65 which are connected, via sheaves 84, to motion compensating
tensioners (not shown). The upper end of the inner barrel 63 is connected to a flexible
joint 66 which, in turn, which forms the diverter assembly 67 extending below the lower
surface of the drill floor 62. The diverter assembly annular 68 is provided to seal the bore
17 if necessary. Drilling mud which passes up the riser 19 is directed through a mud
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 on to the main deck 73
of the rig 2 and connect to the manifold and a high pressure pumping system.
On the upper surface of the drill floor 62, there is a derrick 74 which supports a set
of sheaves 75 known as the crown block. The travelling block 76 is connected to a
35 compensator and possibly a top drive assembly 77 which is, in turn, connected to the
string 21.  The crown block 75 and the travelling block 76 are connected by a cable 79

which is connected into draw works 78.



lines for the supply of fluid to or fromthe BOP. The choke line 40 is, in
this exanple, in 5 fluid communication with the bore 17, in this exanple,
t hree | ocwoioamso3seach | ocati on having an individual brancRCERGBR/05E9
controlled by a pair of valves (see Figure 3). The uppernost valves are
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possi bly a {epigfwhich wasikeaffdcy thedowdtion bf fhe string relative tcntb!ﬁrE’é%l? ed to the string

21. Th bl pck 75 and
79 vm.e rown bl agke Zh it AR LIALEH dd BHigkbeiiedh tné BANASI % by decabl @

telescopic joint outer barrel 61 to account for variations due to heave of the rig.
Additionally a mechanical travel sensor is included on the compensator/top drive assembly
77 to take account 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.

30 An example description of the how the system can operate is shown in Figures 4
to 8. The example taken is an emergency disconnect of the vessel from the well between
the BOP stack and the LRP.

Figure 4 shows a cross sectional view through the BOP when a drill string 21 is
operating in a conventional drilling mode and is rotating. In this situation, the riser adaptor

35 bore object sensor 80 can detect changes in diameter of the tool joint 92, in this case, an
increase in diameter, and this information would be relayed to the data storage means

(not shown). In this example, the change in diameter at the tool joint 92 is effected by a

-10-



WO 03/ 050390 PCT/ GB02/ 05349 A nunber of sensors are included in the BOP 10
and the drilling rig 2. These include a riser adaptor bore object sensor 80
whi ch i s woaawnsdsat the upper end of the LRP 15 and a telpe3ssmnosi4oi nt
bore object sensor 81 which is |ocated at the upper end of inner barrel
63. Each of s¢hqimaen sernaksdiameted ehadesignaiudlinfremdhe smhtipenaimpipe diasmter foon of

the 5 stri 1 which t h

| nf or mat | on e BT e Ve g OZe R ee i ABY of PR od BiREL plobiieq |

rr:c Cr opr ocessgith tlﬁen@émﬁ bifite) t;)ut Thdaffsreniswoﬁles %raaq:ﬂedam gaebsisteyof ﬁlﬂ)t@ptiemh%,er i es
of neasurenent ich ¢ t ;
string 21 gﬁ FPeR™ Frir%gettfgﬁﬁg f' rg&tﬁflﬂg?e Qgtghg%? \lj&%lr}ﬂtgw rlag t

obj ect $en$ass&1thprmnsote80 hy sietgaemg:&a)shaWa@fuﬂ'\ermvfﬂ@ of $epdiamglerchenge.

di aneter s, %\Iﬂ ﬁgg‘ﬁ? an addﬂ % o?réﬁ%‘?@g%‘#vgﬁlfcgl@eﬂ%l@n(ng I#cﬂ\ﬁw)%%lb% 21,

as it is ru r4°SEr erence
conpari son. piividedite eenssadaqz)ﬂmctlbma@d @B]aGGQ ofdeayebof tigostdeg 26t Enerahdlity 19 kaewt er s

and_changes g Nl 4Rl JilEnc3Pfav?l s 8f, b&r@@éré&@ iAbortdite Sh domibingithel |

passes the sensor npari ng the sequence of

di anet er s asectitinafstriog whidhds gdiscans isthe é@lnw 89 [ad thesefpreamad PEriays CTemYect
sensor Wit fet reference data 15 provided by the telescopic. joint bore
obj ect sensor § the grocessor on the rig can determ ne which section of

the drill string Rigurend tos shawrhaw.@fter W"HP'”SH}P gration qih‘?est”ngﬁ@”ﬂ@thﬁ may

al so be prog éﬂf‘%"‘bﬁ&‘tﬂ lter\ﬁl"(&hersmr:ﬁngol' J@ﬁﬁé og 20 pRszeht, Barernérgbhey
| ower 30, m t he she

, | i
Addi ti onal | Wiscappggt §an r}‘3‘8\;-‘05“4 Saﬁ%h%ﬁ%d 9‘.‘3 daﬁh'ﬁéxﬂf‘@ﬁ @'8d°t5ﬁ”q i ?%0%?‘3354 and
UIOItoer 3;5] ]?Q?cﬁne#édady&he b&ws@a}s(o bﬁw{wtoombﬁﬁt @ltﬁméfrvédifb mtem_evmg redativieetd itreer ?L
not each of the rams or annul ars activa | e
ram or affhulBQP-i Ehe lgcatins anggper fing 5%&‘1’% ‘?fg'ﬁ © fagps %’éog?’?'}%‘ga’%% R%g?wg]gbhﬁ]g
ﬁl Fur ]'E he[ ﬁ@ﬁ\@&l@é Serdfs %arﬁl{gvlt?l?d n’{ m;awaEyIS'Hrrected pesitiorsvenent, such as
eave 0 eri ul.d affec e ve
Lo the BP9 FaVheli fahid Sonyfoyds setadny clsdRMec? b Bpulelh (RLONLARAERT,
fl oor 62 angidkbe uptualiethe ol joirjt OR g atmvedhe lwenrelpeaamts@Omdwatlorf isrstopped.
i ati . |
sensor o i dopqilsPER 4Ehab ik iedeion BHy bRt 8 REFANGRhe 1Rt is
account 2f tabeverthoseearns.t fibe bwep ipeaBmS. BOHTe thers lightly @IO@ed B8né the sensprs 9y
bl ock 76 i Sohnfc\é\éh Ny tb%sfe‘n’?ﬁec}%m a 3! é%ﬂ cBF\ﬁrYrﬂhe%%&rcI&%ré B th8 @arfl§ BWtNOT ks

78. 30 An exa descr ow t stem can operate is shown in
Figures 4 thIIStrlng'Fa?é éiaaiﬁp\reeptpalt@ns 3@amlﬁﬁé’r‘@"é)h@iﬂed?é%ﬁ%%n%reﬁ?%e9Essel
fromthe welt,l"sg ween the BOP stack and the LRP. Fi gu_re 4 shows a cross

sectional view through the BOP when a drill strin I S operatlng{ml
conventional dri IThendhergdbstangi2i & loweead sigh that the] %0' é‘?”ﬂtlﬂ;?t rests, on the pgér

adapt or 25  gsurface of the lower pipe rams 31 which will now support the drill string (Figure 6). This
can be detected by a loss of drill string weight recorded at the surface. At this 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 around the drill string 21. If present, ram locks (not-
shown) can be operated to prevent the lower pipe rams 30 from being forced apart.
30 : A similar operation can then be carried out on the upper pipe rams if the diameter
of drill string across the closure point of the upper pipe rams 32 is suitable (see Figure 7).
Next, the shear blind rams 33 can be closed, cutting the string 21, with the upper
part being pulled up. Again this can be confirmed by the use of sensor 80. The ram
locks, 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).
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35 bore object sensor 80 can detect changes in diameter of the tool joint
92, in this case, an increase in dianeter, and this information wuld be
rel ayed twotlbeswat a storage neans (not shown). In this eramgBy2/osiie change
in diameter at the tool joint 92 is effected by a -10 WO 03/050390
ECWE { IGBOZ/ 05349 $ﬁ§_bdjr%htt hiethidd is fo r;télhﬁhd dAInsttisy pasitndesn teadlss taly andthenhe

er main pipe dianeter to t arger dia er. . of the Qi I.n this
case, both §FQPé’§t(_9Fh??l‘éa'thfdPsf%PF?St' gq;é%)?%ﬁ%fo&ggtthwr%e"f :olécg(hﬁ&sﬁﬁfwfelng but ,
i f Iol :j f L erenfs qiﬁ[)dléﬂwtrb,&&ng/mé@euﬁﬁaie the peaitibns ofdbe ol joinds. t Wsihg fheibore eRyipment
woul e possible to determ ne ir Lch dir L.on. t.h ol ' 21 _was
moving as i getgclipnaysten ﬂ%efété’}%%f’mbegg]%ymaﬂ re%ﬁ érjfé&? }qgggﬁ/gfgé‘ %'Eée{rﬁéelﬂ)& %1]@ ile
of E_he Flsaﬁﬁﬁlwrcﬁh&i&galyob%btverthatsiiumibyatmygimﬁﬂim@nal sensor or an array of
vertical sensors_(not shown)  coul pr.QVi | T and
di stance of travE UB?QISH%W§% HRG! g’ip?gdﬁ?e({'%\é%ﬁﬁ%&%&g%?)'?\'P'tayﬁde%??E‘E‘:;ﬂ ?%}n and
di st ance of nfohitsrghoi showi) enhgiveea sieveof thgdower3t eniddie ddaad HPPRTPG Pipframs

section of strin jch i ' ;

orofile s alraretgiostey FatHBGaRs tofn safed SG TR P Al RETGEHD et

det er ni ni ng nidve Bovatidbimpipé rate have beap asegioniihe smater dsopetenof thamaméilef or e
whet her g nﬁi%gazqyantd @é reln?'lo'&f(%vo%ﬁi BH iR the 9?@&‘ posAbNE TRRIGHBASHY, tHe sHeaP BRHet _can
then be Saf &8 y¥Carried out. I'nthis exanple, the rotating %lr'ill string 21
is  nonitor eambP3 wesldsaissbe clgsediary egain thegpm Iecke wad pe inihesiased %itiﬁg-

nmoving rel aﬁ-l'ol\%vér?tﬁehﬁ%iﬁ@cpg%: rams$1 h&feAdt BBerRBSkraRRA Md! tRérefdré theSraf lobke -

rans and annulars can be Irmed., by wusing the sensors 9 , tob
in the ful | youlststitibe bdheersn pasition. histore qfamg%&'rtgdnﬁﬁ%w é%"'%‘gﬁé‘?%gﬂ'iilﬂageso )
di sconnect 'mﬁthnqgé'bFn% enkBis8brrekt Srotédifle ®leristre RCLRM rdf andtdnhulah@as a0l
joint 92 is above the 1 ower fglrg,e rans g‘% and rotation is stopped. The

drill sttd ngheapareprats posiiprier $1apgiape Pbie 2RA™8RT i rmation i s obtained that
lt Ihghtfgl CJI 8'325 Ag?]’i t h@hpm ’(h@ﬁdggf@ﬂﬁse Jmﬁe\l&/@f\/eﬁe ﬁf tﬂle boenEbj@f semsors 8@ or
e sensor [ conpect e o,the '
confirmthe 8dortheSENEeTds @Ptf?ec??rof“ﬁ{é“? ¢ Sﬁnstoﬁg’at it PF%\éA"{e‘heﬁeg@%’fF‘@ﬁ’eg'?doﬁg P
'FI)'Ih pe [ﬁmd%cl&@te@! tﬁé@tziafméryt?flarbiﬂw (\j/ﬂthlrar:ebper’ﬂt ambjitspioestiomrvethirt thetbiorss iet age.
en e dri string. is.|l owered su h I i Qd,d

the upper Eﬁ%ﬂﬁ"ﬁ"ﬁ&%’"&q OE%@qsdﬁ\gqoﬁ?%ée?@%B@%’ ﬁ]ﬁrec "\]/d'%tlﬂhé%%tsrtep onrﬁ?)’)? he
dril Iht stz0 ngmg(tba‘e@amcfarl]l%boﬂé]tthewemmdbd\mésmiog eignatyrexpriofilesanbe gbiaineddytheg
wei g recorded at the. sur ' i . i
then appt | oduigeshost BBieEt {ehR6Fe1 S b anHedfpalte it [fRBHEEARE SHREPRIE | o
t hat the ramhiarie détermiped bydkelrisar@daptor herechbject sensor 8g- 21. If present, ram

| ocks (not ~_showns 8RR &A% A A dhrhRBA eab B Inehsdis e, 8 AMEpflelié O

being forced apar ar operation-can e carried out on the
upper pi pe rgeneratefd afiiee changetir diameters and by comparing the data from the surface bore

25 object sensor 81 with the measured data from the riser adaptor bore object sensor 80, it
is possible to determine which section of the drill string 21 is within the BOP. If necessary,
additional bore object sensors could be located in other positions within the BOP or in the
riser itself.

The bore object sensor is formed by using a non-metallic body 100, possibly -

30 formed from an epoxy, within which are mounted a set of emitters:101 and receivers 102.
The emitters and receivers are connected to a microprocessor (not shown). Using an
electrical pulse sent out by the emitters 101, a uniform electric field would be monitored
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 fiux lines 103 are disturbed and

35 each receiver 102 can monitor the change in the electric field. When requiring to sense
non metallic objects, the frequency will have to be varied. This allows the microprocessor
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of drill string across the closure point of the upper pipe rams 32 is
suitable (see Figure 7). Next, the shear blind rans 33 can be cl osed,
cutting twesnsismg 21, with the upper part being pul | ed upcTAgmIR0SI4MI S can
be confirmed by the use of sensor 90. The ram locks, if present, can also
t hen be acttovarguite 8% Fheerieonv@nd the shapeaoktigeotisct dareach of threregevesnard t ed

fromthe B I (@ f Wi ea conponents
(Figure 8)Sﬁé%%ﬂgﬁﬁ%%nggé5%%P%¥%EB®%%§§8&§£H$E%ﬁgﬁpﬁgﬁ?hﬁggﬁbd is to take
the drill string position fromthe drillers tally and then account for
heave, for vessel draft, for the position of the travelling block, note if
the rig is off centre, and then estimate the positions of the tool joints.
Usi ng the bore equi pnent detection systemoperating a drill floor nonitor,
and di splaying a visual presentation, the 5 driller can visually observe
the situation at any given tine. Figure 9 shows a typical exploded display
that could be displayed on a drill floor nonitor (not shown) and gives a
view of the |ower 30, mddle 31 and upper 32 pipe rans after an energency
di sconnect has been carried out. In this exanple, the lower 30 and mddle
31 variable pipe rans have been closed on the smaller dianeter of the main
drill 10 string 21 and the ramlock would be in the cl osed position.
Additionally, the shear blind ranms 33 would al so be cl osed and again the
ram | ocks would be in the closed position. However, the mddle pipe rans
31 have not been operated and therefore the ramlocks would still be in
the open position. This form of checking would be carried out at all stages
wi thin the emergency di sconnect procedure to ensure that each ram and
annular was in 15 the appropriate position for that stage of the
operation. Figures 10 and 11 shows a close up view of one of the bore

obj ect sensors 80 or 81. The sensor is an el ectronic/ magneti c sensor that
can determne electronically and accurately the dianeter of a body within
the bore 17 and its location within the bore, i.e. if the tubular string
or strings is on one side of the bore, thereby indicating that the rig may
20 not be vertically above the well head. A full string signature profile
can be obtained by the surface bore object sensor 81 and this can be
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 25 object sensor
81 with the neasured data fromthe riser adaptor bore object sensor 80, it
is possible to determ ne which section of the drill string 21 is within the
BOP. If necessary, additional bore object sensors could be |ocated in

ot her positions within the BOP or in the

-13-



riser itself. The bore object sensor is fornmed by using a non-netallic body
100, possibly 30 forned froman epoxy, within which are nounted a set of
em tters WOb3amdoo ecei vers 102. The emitters and recei velPSTAB2083I0ect ed
to a mcroprocessor (not shown). Using an electrical pulse sent out by the
emtters 101, a uniformelectric fieldpupmsd be nonitored 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 di st ur bed A 35 &AGHiniRG e hI A pestiomBMiduipmérhevitincanbere), thet he
electric field. Wien requiring to sense non netallic objects, the

frequency &yPtemeRrePrisiig%be varied. This allows the microprocessor -12 WO
03/ 050399 PCT/ GB@At8 33A4? meafs ¢ Tplitingt dta eboceanng sheapttysichlectainaqeristits bhe

object to each of the receivers %gﬁ) therefore determne its size, shape,
ori ent at i orfCHIR®NBRS IRre iR MR8 Shore. - 13 WD 03/ 050390 PCT/ GB02/ 05349
CLAIMB 1. A systfgeddiig ArbAE Mdatey i hee reitdin therborgosnd inziudafy 2 gahgarent
within a bore, the systemconprising. 5 a.d i . i tting
data concerdgitergiRing dpicaneening i 1o g?? gp)(sd%a"f%ﬁaragt%ﬁ%tgmﬁé e&ﬁ' F@ﬁng%eé run
into the bqjigsntangensi ng neans located, in use, within the bore and

i ncluding a sensor .for determnin at I I : 1y s4 cal
charact &fistic (ﬁdﬁtﬂétoa?&ir%ﬁ?é‘ﬁlforé?&ééjm ﬁsgn%ﬂﬁ?(gr@%tg%B@Qeggféa&"sr%gﬁgggxﬁ%ans
for recording thecomparsoadnemtsafonnampdringdbe émut detd afut the determinedcdatdpd® i son

means for co ring.the i t ale Mg (W41 ato establish
whi ch part ?ﬁ%%ﬁé“@&hlpﬁﬁe%&% %&&rﬁ%@%g%%@iagﬁ?etbﬁﬂggﬂg%ﬁ. 2. A system
according to claim1l, wherein the data input neans is arranged to accept

15 informatdon ipgl ll’&hggcér@iﬁ { S, wRBRRRNEBSA Hputin@BRS 8 iranged toaeggppnent s
run in or ot of “¥he Pore. 3. A system according to either c?al m 1l or

cl ai m 245 whiefogatiartincldding therlgngth,ebape andior diamelRHaLOHCEMRERRME YD OF A on

i ncluding t gbg}estance bet ween any change in dianeter on 20 a single
conponent run In the bore. 4. A systemaccording to any one of the

precedi ng clains, wherein the sensor determ nes the dianeter and/or shape

of the equi pment o 3lsti8mAHcKERINgi tBRitherdTaif-1 dk cRiirA 122 WhaemOTHai daga inputnparesie of
t he preceding claiis, wherein the sen3|n%, o
arranged to accept information including the distance between any change in diameteron

20 a single component run in the bore.

4, A system according to any one of the preceding claims, wherein the sensor

determines the diameter and/or shape of the equipment at a given time .

25 5. . A system 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
30 means comprises a direction sensor for determining the direction of travel of the drill string

within the bore.

7. A system according to claim 6, wherein the sensing means includes a second
sensor for determining the diameter of the drill string.

35
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.
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means further conprises a neans for determ ning the di stance between
successive changes in dianeter. .6. A systemaccording to any one of the
pr ecedi ngwolmgioams9o wher ei n the sensing 30 neans conpri ses PaATABRO34ON
sensor for determning the direction of travel of the drill string wthin
the bore. 7. A system according to claim®é, wherei n the sensi ng nmeans

i ncludes a second sensor for determ nw%ﬁ e di arlreter thﬁa dri#}l .s(s)F‘ri ng
35 8. A sysPem aAYp@mMacey P BHEnBP é’r%ﬁﬁg@g(ﬁ%@s‘c‘”ﬁrﬁlﬁ T TRPReEY

conpri sing meaRBa&@mididprd€dsedii ni ng the distance travell ed of equipment run
in or out of the bore. -14 WO 03/050390 PCT/GB02/05349 9. A system
according to any one of the preceding clains, wherein the conparison neans
i's a m crsopnEcesdosystem b@cor&ngysfaemoaecotbnrmﬁ prgceding alairos evhefeirt the torededi ng

| wh he b
L e e PO e RS OB B R o s
connect i ng tdibe Reihedd, b naerd:bnhéctlng the BORwih A drill rig, ¢he driirigdatugling a tramedingi ng
bl ock/ tt t t
co(rjlglectC ?ggegﬁ?gm?mgg?s% ﬁ%’%&’?? gﬁé'{"?'g i&ralvgwi‘r‘gs‘éﬁ\é 5%%% 5 o:':@% i ngmt1 th%f):aun m

10, further risamnpithesdnigrigan addi ti onal further sensor for determ ning the
profile gf the equipnment as it is run into the riser. 12. A system
according to either claim10 or claim 11, further conprising a travel 15
sensor- on t Hé. t elAsystepi accpuiing totclaim d@tferthar apmprisimgan adcdiianatuRsT eRBFAT for

betueen € e LS8y Hle oidfe ihé bbilfnbhths i rufinky Bdbaccor ding to any one

of clains 1 corrp Ising a travel sensor for determning the
rel ati ve novenent of the top end of the riser and the rig. 20 14. A system

accor di ng tQqpany J0e&Gh debéig tdQith&r daim Nﬁer @Iaﬁ‘n t1hef&m€paém§rw‘hgr§ama is
arrangedto etermnethe position of the ment relr@ﬁlvet?ﬁ %Pd
poi nt on!& héen%éébﬂtfte'2§°°PB31°'Nf§S/%€tt%’m"HEQ:WP 'ﬁ & rRovaREN, RRWSPN hdisEr e di ng
cl ai s, furtﬂlﬂ;.egmm.l sing a visual display neans for displaying bore
inforrration to a user. -15

13. A system according to any one of claims 10 to 12, further comprising a travel

sensor for determining the relative movement of the top end of the riser and the rig.

20
14. A system according to any one of claims 10 to 13, wherein the comparison means

is arranged to determine the position of the equipment relative to a fixed point on the

seabed..

25 15. 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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