APPARATUSES AND METHODS FOR DETERMINING WELLB ORE INFLUX CONDITION USING
QUALITATIVE INDICATIONS BACKGROUND TECHNICAL FIELD [0001]Embodiments of the subject
matter disclosed herein generally relate to methods and apparatuses useable in drilling installations for

determining a wellbore irmgplgwrz%;iﬂgdB%IEWQMiEQ}@@%PF%HngN OF THE

BACKGROUND [0002]During drilling operations, gas, oil or other well fluids at a high pressure may
flow from the diflied fespationge DI RHPRIS TBRATS SR TR RFIess A nplanned
influx from the formation into the wellbore is referred to in the industry as a "kick" and may occur at
unpredictable moments. If the fluid influx is not promptly controlled, the well, the equipment in the well,
and the drilling vessel is at risk. In order to protect the well and/or the equipment at risk, an assembly
of valvesgaligeednQy(jRib preventers, or BOPs, are located and actuated to contain the fluids in the
wellbore upon detection of such events or indications of imminence of such events.

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed hegenerally relate to
methods and apparatuses useable in drilling iasiats for determining a wellbore influx

condition using qualitative indications.

DISCUSSION OF THE BACKGROUND

[0002] During drilling operations, gas, oil or other wlllids at a high pressure may
flow from the drilled formations into the wellbomeated during the drilling process. An
unplanned influx from the formation into the wellbois referred to in the industry as a
“kick” and may occur at unpredictable moments. the fluid influx is not promptly
controlled, the well, the equipment in the welldahe drilling vessel is at risk. In order to
protect the well and/or the equipment at risk, a&sembly of valves called blow-out
preventers, or BOPs, are located and actuated ritaicothe fluids in the wellbore upon
detection of such events or indications of immireeatsuch events.

[0003] A traditional offshore oil and gas drilling configion 10, as illustrated in
Figure 1, includes a platform 20 (or any other tgpe@essel at the water surface) connected
via a riser 30 to a wellhead 40 on the seabedIbi noted that the elements illustrated in
Figure 1 are not drawn to scale and no dimensibasld be inferred from relative sizes and
distances illustrated in Figure 1.

[0004] Inside the riser 30, as illustrated in the crosgise view A-A’, there is a drill
string 32 at the end of which a drill bit (not shgwnay be rotated to extend the subsea well

through layers below the seabed 50. Mud is citedldrom a mud tank (not shown) on the



[0003]A traditional offshore oil and gas drilling configuration 10, as illustrated in Figure 1, includes a
platform 20 (or any other type of vessel at the water surface) connected via a riser 30 to a wellhead 40

on the segiRAgbPldtfisrnotedl theiddatedetrintsiilhistaRtathn Hgutstl atg neturayunts sgualerdmegno
dimensions should be inferred from relative sizes and distances illustrated in Figure 1. [0004]Inside the

riser 30, pwitlosiragedctindbgitrasaaanlanspave sA bikteredl dtidsitiaging Ihdt dheashthadsvbicthe drill
bit (not shown) may be rotated to extend the subsea well through layers below the seabed 50. Mud is

circulatedis@nse. mathéanku@ahahtainsoa thedrdktianig paskasoelinmeidbale cdinld stiie goeestutieeddrill
bit, and returned to the drilling platform 20 through an annular space 34 between the drill string 32 and
a casing fhaidd thehiséordthtidrebvind) mrdikidiandduysisogidtidipreisteraido tamsissriatptunguttiags
pressure of fluids in the formation being drilled and cools the drill bit while also transporting the

cuttings gemeaied imtteeddiliiigoproessgadha s wiislermAtlibesarfdaeg tileernugdregturrmiig fiarm the well
is filtered to remove the cuttings, and re-circulated. [0005]A blowout preventer (BOP) stack 60 is

located closk itoftitersdabedrbové hieeERistackanthyebutiudd. a lower BOP stack 62 attached to the

wellhead 40, and a Lower Marine Riser Package ("LMRP") 64, which is attached to a distal end of the

riser 30. @O0 drillingAthdolvoer BFORateck B RN gtttk [OORE I6d4aeel capgreiesbabed 50. The
BOP stack may include a lower BOP stack 62 attatbetthe wellhead 40, and a Lower
Marine Riser Package ("LMRP") 64, which is attached distal end of the riser 30. During
drilling, the lower BOP stack 62 and the LMRP 64 eonnected.
[0006] A plurality of blowout preventers (BOPs) 66 locaiedthe lower BOP stack
62 or in the LMRP 64 are in an open state duringnab operation, but may be closed (i.e.,
switched in a close state) to interrupt a fluidaflthrough the riser 30 when a “kick” event
occurs. Electrical cables and/or hydraulic lin@stransport control signals from the drilling
platform 20 to a controller 80 that is located ba BOP stack 60. The controller 80 controls
the BOPs 66 to be in the open state or in the dtete, according to signals received from
the platform 20 via the electrical cables and/odrhulic lines 70. The controller 80 also
acquires and sends to the platform 20, informatidaied to the current state (open or closed)
of the BOPs. The term “controller” used here ceuw@e well known configuration with two
redundant pods.
[0007] Traditionally, as described, for example, in U.Satdats No. 7395,878,
7,562,723, and 7,650,950 (the entire contents aftwhre incorporated by reference herein),
a mud flow output from the well is measured at sieface of the water. The mud flow
and/or density input into the well may be adjudtedhaintain a pressure at the bottom of the

well within a targeted range or around a desirddejeor to compensate for kicks and fluid

losses.



[0006]A plurality of blowout preventers (BOPs) 66 located in the lower BOP stack 62 or in the LMRP
64 are in an open state during normal operation, but may be closed (i.e., switched in a close state) to

interrupt potioig] flow throglvdhentiseind0cuheslexitiviel’ eirrrimicsidse flnstrianitepesiantomygraulic
lines 70 transport control signals from the drilling platform 20 to a controller 80 that is located on the
BOP staglofi0coheaioatliercBairanjeolm thruBORsrc6ue he iredecepespiote o in thritlnse sfat
according to signals received from the platform 20 via the electrical cables and/or hydraulic lines 70.
The contegfiidie alsaratgakaasiatasends to the platform 20, information related to the current state
(open or closed) of the BOPs. The term "controller” used here covers the well known configuration with

two redufoieodpods. [0XTHead ety , BRIdeserbastifor mehyas, int) Sesh@tents Matil@mAgs,
7,562,723, and 7,650,950 (the entire contents of which are incorporated by reference herein), a mud

flow outptitnksofe. theteredl is measssydetiee s fatmadihednditenrOdecen ofl thewnaund ftwvo exsity Sratut
into the well may be adjusted to maintain a pressure at the bottom of the well within a targeted range

or aroundre drsiced valthe welbawinphsaatectmiidgeksfae fitidlBsaasas|(led8at ieeveliifaceaantven
complexity of conventional equipment employed in the mud flow control are a challenge in particular

due to thif redioicrdtizpadadicetmjadopotehédal offishoreapit éntigasutstidatios. (666N dtbaT pheblem
with the existing methods and devices is the relative long time (e.g., tens of minutes) between a
moment wdvenodieliS0faatee afrthativelgh ftow doceisaaktybetiovhat tie inelitanddivien B changedf
the mud flow is measured at the surface. Even if information indicating a potential disturbance of the
mud flowardegkérethfsorhdhge izl eo8attsher aa ezl gtivghuiderioptiie phssesiatitween when an input
mud flow is changed and when this change has a counter-balancing impact at the bottom of the well.
[0010] Operators of oil and gas installations try to maimtan equivalent circulating
density (ECD) at the bottom of a well close to & w&lue. The ECD is a parameter
incorporating both the static pressure and the mhym@ressure. The static pressure depends
on the weight of the fluid column above the meawnama point, and, thus, of the density of
the mud therein. The density of the mud input ite well via the drill string 32 may be
altered by crushed rock or by fluid and gas emer@iom the well. The dynamic pressure
depends on the flow of fluid. Control of the mdow may compensate for the variation of
mud density due to these causes. U.S. Patent , I/ the entire content of which is
incorporated by reference herein) discloses metlhodsapparatuses operating on the return
mud path, below the water surface, to partiallyedivor discharge the mud returning to the
surface when the ECD departs from a set value.
[0011] U.S patent application 13/050164 proposes a solutiothese problems in
which a parameter proportional with a mud flow egimeg from the wellbore is measured and
used for controlling the outflow. However, accetatassessing the emerging mud flow is a
challenge in itself because, unlike the mud pumptalthe well, the emerging mud may not

have a uniform composition. The emerging mud mametimes (not always) contain

formation cuttings or gas. This lack of uniformitythe mud composition affects the density



[0010]Operators of oil and gas installations try to maintain an equivalent circulating density (ECD) at
the bottom of a well close to a set value. The ECD is a parameter incorporating both the static

pressure @yl iifgsd s areressanto gy statigrir easugsniieneiodihgretive meigilfyoikiadtie ealsinmg
above the measurement point, and, thus, of the density of the mud therein. The density of the mud
input intoaiffiecyited wie dkararitcsitiof tBe manabrealtgsashoytiithiee ok limy fiid #od garhenmending
from the well. The dynamic pressure depends on the flow of fluid. Control of the mud flow may

compensaigyferoihbe asimichitvienedaiR)isity dise tmthpraicaymesnbASe P ateniltasdhiSpdthenerntire
content of which is incorporated by reference herein) discloses methods and apparatuses operating on

the returmaasupaithebeinaytbe ingietsdriaceud paitistigitivert or discharge the mud returning to the
surface when the ECD departs from a set value. [0011]U.S patent application 13/050164 proposes a
solution ¢0UIEZe proble@msordinpigh ia watddbied psiabitcnapmiite meadkitondeateeigizguseablban
wellbore is measured and used for controlling the outflow. However, accurately assessing the
emergingffslbfewrifiag hwdiatigaonstseihbecauseuan ekt donedhipy dpetiinmn tfekivklletiememerging
mud may not have a uniform composition. The emerging mud may sometimes (not always) contain
formatiordewitigg andaatithis latkaof imtidrmeiigen dheamkidicamabeitehy affeetsdhardenhity ado@-mass
balance. Additionally the drill string may be moving eccentrically inside the casing affecting

measure tesdribfeiti @ prviamatandrdposiaaiswith the emerging mud flow. The mud may not be

conductive enough to use magnetic parameters. Accurate ultrasonic parameter measurement may be
impeded by mud's viscosity. [0012]Accordingly, it would be desirable to provide methods and devices
useable in offshore drilling installations near the actual wellhead for early detection of kick events or
detectingShdtdide of an imminence of a kick event, thereby overcoming the afore-described
problems and drawbacks. SUMMARY
[0013] Some embodiments set forth herewith detect immier@ngoing kicks by
monitoring the evolution (i.e., a sequence of valoerresponding to successive moments) of
the mud flow into the well versus the evolutiontieé mud flow coming out of the well. An
accurate measurement of the return mud flow is memtessary or sought, instead using
gualitative indications of variation of the retumud flow. Thus, the embodiments overcome
the difficulty of achieving an exact measurementha return mud flow and the delay of
measuring the return mud flow at the surface.
[0014] According to one exemplary embodiment, an appanaeable in an offshore
drilling installation having a mud loop into a wellilled below the seabed is provided. The
apparatus includes a first sensor configured tosomeaa input mud flow pumped into the
well, and a second sensor configured to measuggiation of a return mud flow emerging
from the well. The apparatus further includes ati@ler connected to the first sensor, and to
the second sensor. The controller is configuoeddéntify an ongoing or imminent kick
event based on monitoring and comparing an evaiwfdhe input mud flow as measured by

the first sensor and an evolution of the return rflogd as inferred based on measurements

received from the second sensor.



[0013]Some embodiments set forth herewith detect imminent or ongoing kicks by monitoring the
evolution (i.e., a sequence of values corresponding to successive moments) of the mud flow into the

well vers{eos] evolutijrediiagnus Havtisemérghadiviihe weheltoacefraiaruragusememiiaithe
return mud flow is not necessary or sought, instead using qualitative indications of variation of the

return mupiifipyy.instagatiohas paslidedts Trereastedd eodiEic pity\adiaghieting serevraionfigarsgnent of
the return mud flow and the delay of measuring the return mud flow at the surface. [0014]According to
one exempalueEndashuemiudflapgaraipsdirashleeinan, aitharadlsdmspinstaiirjivad ayingasiveda
loop into a well drilled below the seabed is provided. The apparatus includes a first sensor configured

to measweriathputonud fistarpumpedfiote aeavgihqrfcbanseee M sEheonasthiigu fedibemieaides
variation of a return mud flow emerging from the well. The apparatus further includes a controller

connectecbimétifitptes@usnrokend o the siesordissnsendie sestntdesensonfigwredotiaridibatifyeting
ongoing or imminent kick event based on monitoring and comparing an evolution of the input mud flow

as measigatigyrd tir st eetifsosiand goirey olulinmiplcihekiekent basktioon andnferried kasepapatively
measurements received from the second sensor. [0015]According to another embodiment, a method
of manufaateiniudoroishbecidplinpistitdatian medeuwdetiny fiestnsthedrirsiddas piotidiog affitise
sensor configured to measure a input mud flow pumped into the well, and a second sensor configured
to measuretrivaniatidlowf asrietiamed urh§od @mergisgrisoredbmdefrohh ¢hestimhti gbesancludes
connecting a controller to the first sensor and to the second sensor, the controller being configured to
identify ajpomgping or ivwiondinigkitk exettidrasecbodimentiodnmethopacitidgpireavohdioingfdhe input
mud flow as measured by the first sensor and an evolution of the return mud flow as inferred based on
measureimenisaeckivie cirem itheus exftsith s2 oisitiin (D DikG#me dravmogt@ anothieropnitodinvesit, drittezthod
of identifying an ongoing or imminent kick event in an offshore drilling installation having a mud loop
into a webaldilletheetmalibd $&dvedidedrovitiedmEtizooh étictrHewilidgs) rewsng n@easiremeantsstom a
first sensor configured to measure an input mud flow pumped into the well and a second sensor
configuresktts oreamuiigla e iatioe adwa echnr mputdniiod one mohipbo theheelletind e seethvat] $ertber
includes, based on the received measurements, monitoring and comparing an evolution of the input
mud flowcandi gur éafdor eckeasoidianvafitdrahefetuetumuditdvie e idendifiydhre tbegeelly driienmetbodkick
event. The ongoing or imminent kick is identified (1) when the return mud flow increases while the
input mudLfithnerpumchetestdotheedethins Substangatdconststranionientheasturoompafioy r@mains
substantially constant or increases while the input mud flow pumped into the well decreases. The
identificagwalofitime &fick @ Ve ptitakesliftoye @rsideratithe racdk eyabe tofckn theoretalinonadstay, diecrease
of the input mud flow pumped into the well and the variation of the return mud flow caused by the
normal indesdy tradeograsg of thennpentrkick fewergunipedaitg tremveinent kick is identified (1)

when the return mud flow increases while the inputd flow pumped into the well is
substantially constant, or (2) when the return rlod/ remains substantially constant or
increases while the input mud flow pumped intowlel decreases. The identification of the
kick event takes into consideration a delay betwaeeanrmal increase or decrease of the input
mud flow pumped into the well and the variationtbé& return mud flow caused by the
normal increase or decrease of the input mud flomged into the well.

[0017] A final embodiment includes the previously mentidmenbodiments and adds
another sensor (pressure, temperature, density beficthat is NOT a flow measurement that

can be used as a confirming indicator that an xnflas occurred. The controller would take



[0017]A final embodiment includes the previously mentioned embodiments and adds another sensor
(pressure, temperature, density, etc.) but that is NOT a flow measurement that can be used as a

confirmingénichpatdrshattanfiofiuxdrm asaisestnhack salbayyivg driakefl dherimsad fremehes fland

sensors, discern that a kick is occurring from flow measurements, and then poll the additional sensor
to confirnthidvapal teatbapnatsgiesbBRIEInMFSEEBIHONS 6CEURRdARAWINGS [0018]The
accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
one or more embodiments and, together with the description, explain these embodiments. In the
drawings: [0019]Figure 1 is a schematic diagram of a conventional offshore rig;

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are incorporatednd constitute a part
of the specification, illustrate one or more eminoelts and, together with the description,

explain these embodiments. In the drawings:

[0019] Figure 1 is a schematic diagram of a conventioffahore rig;

[0020] Figure 2 is a schematic diagram of an apparatugrding to an exemplary
embodiment;

[0021] Figure 3 is a graph illustrating the manner of afieg of an apparatus,

according to another exemplary embodiment;

[0022] Figure 4 is a flow diagram of a method of manufantyan offshore drilling
installation, according to an exemplary embodimang

[0023] Figure 5 is a flow diagram of a method of identifyian ongoing or imminent
kick event in an offshore drilling installation hag a mud loop into a well drilled below the

seabed.

DETAILED DESCRIPTION

[0024] The following description of the exemplary embodmtse refers to the

accompanying drawings. The same reference nunbelifferent drawings identify the same
or similar elements. The following detailed dgsitoin does not limit the invention. Instead, the
scope of the invention is defined by the appendaiins. The following embodiments are
discussed, for simplicity, with regard to the terology and structure of a drilling installation

having a mud loop. However, the embodiments talibeussed next are not limited to these



[0020]Figure 2 is a schematic diagram of an apparatus, according to an exemplary embodiment;
[0021]Figure 3 is a graph illustrating the manner of operating of an apparatus, according to another

exemplaysrahedingntidp G Hpolse Hbismdovysiegrastaine meiiodie) aanidariwiagamofihere
drilling installation, according to an exemplary embodiment; and [0023]Figure 5 is a flow diagram of a
method dhidesvifyhegfiaidastgedsg or imminent kick event in an offshore drilling installation having a
mud loop into a well drilled below the seabed. DETAILED DESCRIPTION
[0025] Reference throughout the specification to “one afithent” or “an
embodiment” means that a particular feature, stracor characteristic described in connection
with an embodiment is included in at least one afithent of the subject matter disclosed.
Thus, the appearance of the phrases “in one emkatiror “in an embodiment” in various
places throughout the specification is not necégseeferring to the same embodiment.
Further, the particular features, structures oragttaristics may be combined in any suitable
manner in one or more embodiments.
[0026] Figure 2 is a schematic diagram of an exemplaryoelinfient of an apparatus
100 useable in an offshore drilling installationvimg a mud loop. The apparatus 100 is
useable in an offshore drilling installation haviagnud loop into a well drilled below the
seabed. A fluid (named “mud”) flow is pumped ke well, for example, from a platform
on the water surface, and flows towards the wellam input fluid path 101 (e.g., the drill
string 32). A return mud flow flows from the weétlwards the surface (e.g., vessel 20) via a
return path 102 (e.g., the annular space 34 bettineedrill string 32 and the casing 36).
[0027] The apparatus 100 includes a first sensor 110 gurgfd to measure the input
mud flow pumped into the well. The first sensof Iay be a stroke counter connected to a
fluid pump (not shown) that provides the input niladv into the input fluid path 101. Due
to the uniformity of the density and other physipedperties of the mud input into the well,
various known flow measuring methods may be empgloyée input flow measurement may
be performed at the surface.
[0028] The apparatus 100 further includes a second sd2€oconfigured to detect a
variation of the return mud flow. In other wordsscuracy of a flow measurement is not

required for the second sensor. The second se2€oisIpreferably configured to detect the

variation of the return mud flow near the seabedrder to avoid delays due to the time



[0024]The following description of the exemplary embodiments refers to the accompanying drawings.
The same reference numbers in different drawings identify the same or similar elements. The following

detailed greserigtion floesaaidin thritnvienies. thasisad teesnopitef tbadnusntendartiedmedhythe
appended claims. The following embodiments are discussed, for simplicity, with regard to the

terminolagyeansl siyuetnte afmeat)litgeinsiabaiio s drain ongaly Usbheo il ddewengr dbd embadimettisrto be
discussed next are not limited to these systems, but may be applied to other systems that require

monitoringkarfipia orndi cdlatationerseeonid e dinid s onigeh §e8dhdRefesenced thapotheuteenplary
specification to "one embodiment" embodiment" means that a particular feature, structure, or
charactegsticathswifiethie seooedtsensithranye b odirokittiaiikatpeiesb nmb ieastranarepbaditventt of
the subject matter disclosed. Thus, the appearance of the phrases "in one embodiment” or "in an
embodinmget réuvarious planesrthiougbostithespegifiinahiip abnastiterapealiyoefefring retine saowe
embodiment. Further, the particular features, structures or characteristics may be combined in any
suitable M@wneT e seronsehsonbndimsants. (oAb GoNes dssavsicivbmatidielingraTbgfisseamplary
embodiment of an apparatus 100 useable in an offshore drilling installation having a mud loop. The
apparatuprdOies asetibtgarbasisffon@stidniling itretatttimm N doarmwidelo o itdor arviédiatiotedavelow
the seabed. A fluid (named "mud") flow is pumped into the well, for example, from a platform on the
water surfanthiand fmosrtingrds phedetdivimead mpes flthdpahayide (&. gretsudrithsting@aatiAgedurn
mud flow flows from the well towards the surface (e.qg., vessel 20) via a return path 102 (e.g., the
annular spaidd béthveeeattine drilbstiomgrageand the casing 36). [0027]The apparatus 100 includes a
first sensor 110 configured to measure the input mud flow pumped into the well. The first sensor 110
may be 38028 countdheoapeciedus a0iduptirap ifrdtdbsvan)cinatr pitovid8atieetiegh Ltbnthd ffoet into
the input fluid path 101. Due to the uniformity of the density and other physical properties of the mud
input intostiresare . 1areng todhen skevonceasnsog h2éthotisentlgnia e rigp oyt ured itgoiddiaviy an
measurement may be performed at the surface.

ongoing or imminent kick event based on monitoramgl comparing the evolution of the

input mud flow as measured by the first sensor thedevolution of the return mud flow as
inferred based on measurements received from twdesensor. The controller 130 may be
located close to the seabed (e.g., as part of @ 8tack 60). Alternatively, the controller
130 may be located at the surface (e.g., on thiopia 20). The controller 130 may be
configured to generate an alarm signal upon idgntifthe ongoing or imminent kick event.
This alarm signal may trigger closing of the BOPs.

[0030] The apparatus 100 may further include a third settd0 connected to the
controller 130 and configured to provide measurdmeaelated to the drilling, to the
controller 130. The controller 130 may confirmttbi@ ongoing or imminent kick event has
occurred based on the measurements received frerthittd sensor 140, before generating
the alarm signal alerting, for example, the operdi@., the user) that a kick has likely
occurred. The third sensor 140 may (1) detect@ustic event, or “sound” of the kick
event, or (2) detect flow using a different techu@ghan the second sensor, or (3) detect a

density change in the fluid, or (4) detect a sud@emperature change due to the influx. The



[0028]The apparatus 100 further includes a second sensor 120 configured to detect a variation of the
return mud flow. In other words, accuracy of a flow measurement is not required for the second

sensor. Tthe¢eerrdisersocdaa iseletenablVircand RO thdateet telvatiaipmeathaaaibhmarod, flow
near the seabed in order to avoid delays due to the time necessary for the return mud flow to travel to

a detectipnasilge towasds iHeastdasenilisian axetholaryveredbgiipensr tieisecosidaens)r tmayebalaflow
measuring device. In another exemplary embodiment, the second sensor may be a pressure sensor.

In anothanhexeniplapnenihadithénththe sasmacens comedie an electromagnetic sensor monitoring
impedance of the return mud flow or an acoustic sensor monitoring acoustic impedance of the return

mud flow[ 0031 pecond Bigiser B1ay lae grapmbinatiening seesenanvidchofvafiemastedy épparaogrovide
a reliable basis for estimating the return mud flow, but when sensor indications are combined
accordinguteqridgtesmanedxetrpldheye maydinayitde diineasakshentjiagicats)geseatiatne dotleineturn
mud flow rate. [0029]The apparatus 100 further includes a controller 130 connected to the first sensor
110, andaebitrarsecnitd, sandothE2®-Btis cdntellgrd@0 ieemaligmed ta idetiytai@ngedyg recivainent
kick event based on monitoring and comparing the evolution of the input mud flow as measured by the
first sensprezisd it @veiutiomofiibefirstusensad fiowl esonfetheshdiasensonsaa pureiatenisineceiied from
the second sensor. The controller 130 may be located close to the seabed (e.g., as part of the BOP
stack 60)nfdteeiatiaslyfabe asnttollernmdGetamntie lpeateshatdféhsutimee (atgryals tHerplatéaidirk). The
controller 130 may be configured to generate an alarm signal upon identifying the ongoing or imminent
kick evenheéduaraelaemtsigoatimaygdriggoteclosgghs itiéf&Omsihdd B8] Beasppaiatusarothenae torloler
include a third sensor 140 connected to the controller 130 and configured to provide measurements
related tastresdrillinkp tdatexrnonitrgllahEe T eddadiralleral3@easyrednbymttietsbecm@egsar are
imminent kick event has occurred based on the measurements received from the third sensor 140,
before gdhmtatitionke alapartsigha dterichgnfahexaugileich abip eetton (ireydhéavse ) ride te itk ddhs
likely occurred. The third sensor 140 may (1) detect an acoustic event, or sound" of the kick event, or
(2) detectHteshadiisy (@ djffeiientdssdtetiepuni tieaih nhenbecool Inemsent ©rl§8) ele thetra a grside tdramgedn
the fluid, or (4) detect a sudden temperature change due to the influx. The

magnitude that indicate a trend) may be employed.

[0032] In the graph illustrated in Figure 3, the full liB80 represents the return mud
flow as detected by second sensor 120 and the didisiee210 represents the input flow as
detected by first sensor 110. Labels 220-230 naadtethe graph in Figure 3 are used to
explain the manner of identifying an ongoing or imemt kick event based on monitoring
and comparing the evolution of the input mud flosvraeasured by the first sensor 110 and
the evolution of the return mud flow as inferrecséd on measurements received from the
second sensor 120.

[0033] At 220, fluid starts being input into the well (g.ghud pumps on the rig are
powered and stroke counters start providing a nmeasfl the input mud flow pumped
towards the well). In response to this normal ease of the input mud flow at 220, the
return mud flow starts increasing at 221. Therudkbetween 221 and 222 represents a
delay between the normal increase of the input e pumped into the well and the

variation (increase) of the return mud flow caubgdhis normal increase. The input flow



third sensor 140 could be located in the BOP or even in the drill string near the formation, provided
there is a transmission method (wired drill pipe or pulse telemetry) to get the measurements from this

third sengesrisates aairolles A3 QO3 bniaurg Ghisratwmmdllustiativgtpie flvanneestinreealingsydan
apparatus, according to an exemplary embodiment. The y-axis of the graph represents the flow in

arbitrary gnitheatetélaec-asisapioth e, rapreseniatitayend e facoalienvagygasfeive sacaserasments
from the first sensor and from the second sensors at predetermined time intervals as fast as 100

millisecongth pefsimpiay Heedmeyintervals dosutr dvigingifdeascscrantetaded chotiopat fimay bad
different for the first sensor than for the second sensor. In determining whether individual values

measurethbydhe aedond isensosiyeifituttaii dtselr pasiodel it inaind e viadetdofoofidea tigtieg srud
flow, predetermined thresholds (e.g., the predetermined number of measurements larger than a
predetermimgdnyagnitudis émiicttiestena trend) may be employed. [0032]In the graph illustrated in
Figure 3, the full line 200 represents the return mud flow as detected by second sensor 120 and the
dashed lifg034D representsilee thputifiow afodetestesity foshsemsorth@0 ougifiels 22@r238esaded on
the graph in Figure 3 are used to explain the manner of identifying an ongoing or imminent kick event
based onlinsinétethpatie campataiglibe 224|utencohtingtioptifiesuthdlosy laskesesu ieasbydier firdtor
sensor 110 and the evolution of the return mud flow as inferred based on measurements received from
the secoisliganauerit20f {O0BSTAE 220y flifihstarsiva noamputhatoutpeinflelgcreased pam plisinatesi rig
are powered and stroke counters start providing a measure of the input mud flow pumped towards the
well). In reg pon e teet b eled2e i) cheasenfdier inyat iohgetito nweaird2flycbatietuimasbddlolpstarts
increasing at 221. The interval between 221 and 222 represents a delay between the normal increase

of the in@O3BId flow panRRA) ithte thpuvdiband ihatofriatmn tecreadg)oshtimetretuty ameddowenedised
by this normal increase. The input flow
off). In response to this normal decrease of tiput mud flow, the return mud flow also
starts decreasing at 227. The delay (lag) betweemaormal decrease of the input mud flow
pumped into the well and the variation (decreasethe return mud flow caused by this
normal decrease labeled 228 is substantially theesas the delay labeled 222. If in spite of
the decreasing input mud flow the return mud floaréases as illustrated by curves labeled
229 and 230, the controller identifies that a késlent has occurred (i.e., is ongoing) or is
imminent.
[0036] Thus, the controller 130 monitors and comparegtwdution of the input mud
flow as measured by the first sensor and an ewriudf the return mud flow as inferred (i.e.,
estimated) based on measurements received frorsettend sensor, in order to identify an
ongoing or imminent kick event.
[0037] The controller 130 or/and the sensors may tranamisurements related to
monitoring the input mud flow and the return mualflto an operator interface located at the

surface, so that an operator may visualize theutionl of the input flow and/or of the return

mud flow.
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increases until it reaches a nominal (operational) value. The output flow is estimated based on the
detected variation thereof. The variation may be in fact a derivative of a measurement with relative low

accuracy[obgsg output Aay oAttléfeienesid?entcbians Hspariild amagrioaihetatitipts inw isfsnbre

significant in itself but its evolution may be used for identifying an ongoing or imminent kick event.

[0034]If viddlanbednput floviisemaingreanstins timebidip L8dlowsraieResarasylastretihbiethiitinye
labeled 224, the controller identifies that a kick event has occurred or is imminent. If while the input

flow remaissatianisianiavireyeuipuidipupeae aseehd ilissiaie theysiabed vl dbatep 2218, b elerreller
may identify that return circulation has been lost. [0035]At 226, the input flow is cutoff (e.g., the mud

pumps oRitieaigarevpbvEradaffatbhrespanserg this roumel ey ¢askustrite dnipuFiguc flowTihe
return mud flow also starts decreasing at 227. The delay (lag) between the normal decrease of the
input muehiiano B0 eddinideth @ roeit medd fiestadaison (datigaseneohsbes atinpuntitidivwansepdy this
normal decrease labeled 228 is substantially the same as the delay labeled 222. If in spite of the

decreasingdnthe met, fiovd thesestorml nneddtoveonfigasss tsstias tiated dyoruofes lebetada?d fiow 230,
the controller identifies that a kick event has occurred (i.e., is ongoing) or is imminent. [0036]Thus, the

controllereh3s gimyitans ahd eahpar S eModutmhfdl8sthprimsldidewamesasy e ddntrivieefitst
sensor and an evolution of the return mud flow as inferred (i.e., estimated) based on measurements

received thenfitbe seasod srdstw, iheorskerdonddsatifo antbagdiany weingnuorfit krelkd exce ideliiifg 7abhe
controller 130 or/and the sensors may transmit measurements related to monitoring the input mud flow
and the rehgoimguok flmminent kivkraterinteéackdooaieitaiing sarfive) s anhaw @ otapecitrenayut
visualize the evolution of the input flow and/or of the return mud flow.
mud flow as measured by the first sensor and alutgeo of the return mud flow as inferred
based on measurements received from the seconor sanS320.
[0039] In one embodiment, the method may also include ectinmg the controller to
blowout preventers of the installation to triggéosing thereof upon receiving an alarm
signal generated by the controller to indicate midgng the ongoing or imminent kick
event. In another embodiment, the method mayédurinclude connecting the controller to
an operator interface located at the surface aismit measurements received from the first
sensor and from the second sensor.
[0040] A flow diagram of a method 400 of identifying angmmng or imminent kick
event in an offshore drilling installation havingnaud loop into a well drilled below the
seabed is illustrated in Figure 5. The method #@ludes receiving measurements from a
first sensor configured to measure an input mud f}amped into the well and from a second
sensor configured to measure a variation of a metoud flow emerging from the well, at
S410. The method 400 also includes, based oretteevied measurements, monitoring and
comparing the evolution of the input mud flow aheé inferred evolution of the return mud

flow, to identify the ongoing or imminent kick eveat S420. The ongoing or imminent kick

event occurs (1) when the return mud flow increagiei$e the input mud flow pumped into
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[0038]Any of the embodiments of the apparatus may be integrated into the offshore installations. A
flow diagram of a method 300 for manufacturing an offshore drilling installation having a mud loop into

a well dritlesl helpvstke iseapeallio dsneanabletqZetesta kiskeventwiioutreesaiinielubutastiang the
return mud flow, is illustrated in Figure 4. The method 300 includes providing a first sensor configured

to measuwersiaptitonuddtenspsnpietkinteethapuelinant ficse coadhpetosoneontyutkitioaveasureha
variation of a return mud flow emerging from the well, at S310. The method 300 further includes

connectingapansoieakeshattrsbasianatod thaherzeehndstnesn thecontioliieréasrgorardigearemkto
identify an ongoing or imminent kick event based on monitoring comparatively an evolution of the input

mud flowoisheaaputadidny tlevfissinsead dn@nthamevohrbtefdtierreifithemraedufiownasl ifitevredusased on
measurements received from the second sensor, at S320. [0039]In one embodiment, the method may

also incluglethenvneotialg tbecesatige tochiowvoiitha dveot thoma tinepiedtatatibe todhigger closing thereof
upon receiving an alarm signal generated by the controller to indicate indentifying the ongoing or

imminen{@@kigvent. Inrarmibeerbbotiment thize method may féutitesinclcdesegmiginanthaarontroller
to an operator interface located at the surface, to transmit measurements received from the first
sensor asgfranupienseleonifyiensoe [©046iFy flowicingnanm Kieverathdd 40 tfedentihooihanong@ng or
imminent kick event in an offshore drilling installation having a mud loop into a well drilled below the
seabed isnétsticht@dynfiridareidclliide treatbotitdig ihelntegseets iegeme dSuvemibiat$ifso seadusasesor
configured to measure an input mud flow pumped into the well and from a second sensor configured to

measurefeovatiad G abredrsturrsomiadafioapenaeog imichifacatibuicaveicad B#De. The method 400 also
includes, based on the received measurements, monitoring and comparing the evolution of the input

mud flonj@@d2he infereekenethioh wia el uior thierdi lolrdeo fitteritity thkcuragimng or tinreisenl/Grck
event, at S420. The ongoing or imminent kick event occurs (1) when the return mud flow increases
while theimmagnitddowfghmpeid intonudefiowl] i§ heaftatimalty aenbtlaty @ré2etararninbd regpaatie
flow remains substantially constant or increases while the input mud flow pumped into the well
decreasdbirdsieotadsnpaaztvadakgtiaia s ongide raviolo tibe iehiement oeldyfloetvpemmpe ¢ ontoathecnesdkse or
decrease of the input mud flow pumped into the well and the variation of the return mud flow caused
by the ncandhlnrteaselatide akteerefuhe impadifiowd flow pumped into the well.
[0043] The disclosed exemplary embodiments provide appsgatand methods for
an offshore installation in which the evolution thie input mud flow is compared to the
evolution of the return mud flow inferred from qisadive indications to identify kick events.
It should be understood that this description isintended to limit the invention. On the
contrary, the exemplary embodiments are intendecbt@r alternatives, modifications and
equivalents, which are included in the spirit asdpe of the invention as defined by the
appended claims. Further, in the detailed desoripbf the exemplary embodiments,
numerous specific details are set forth in ordgprtavide a comprehensive understanding of
the claimed invention. However, one skilled in the would understand that various
embodiments may be practiced without such speddtails.

[0044] Although the features and elements of the presesmnplary embodiments are

described in the embodiments in particular comhonat each feature or element can be used
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[0041] In one embodiment, the method may further include generating an alarm signal upon identifying
the ongoing or imminent kick event. In another embodiment, the method may further include
transmittinigribewneesuteenetien ésgives fegin Berfiesitserswibaahieens the inecansLisetsobinaions
operator interface located at the surface. [0042]The method may also further include filtering out
fluctuationsthinotimvehand/othier feaduréscendf dlerettstiaddstesn if the fluctuations are below
predetermined respective thresholds or extracting trends in the evolution of the input mud flow pumped
into the web48]d in theThislutitreafdbscrizstion sk flovaniplzs3bfhealismifeed cdisripkay Bmbrediments
provide apparatuses and methods for an offshore installation in which the evolution of the input mud
flow is caampaserstimtBRiltadlintitie cirthe rptactios utidleanalieding fremkiny alifativsingdiestidesitesdentify
kick events. It should be understood that this description is not intended to limit the invention. On the
contrary, dpstensrapthpeeorpadgrentsnas poiened thistoolie paltentilees; ope difitasisnbjaadmatter is
equivalents, which are included in the spirit and scope of the invention as defined by the appended
claims. Foefiverdibyhielefailed dasdripbgnind]thiz extepéxasphabdicoents, thoserskilezpéacifieedatails
are set forth in order to provide a comprehensive understanding of the claimed invention. However,
one skillesuichtbehertexarmglosdeesitaed dedttodroudtisindipiotiis oeynbe practiced without such
specific details. [0044]Although the features and elements of the present exemplary embodiments are
described in the embodiments in particular combinations, each feature or element can be used alone
without the other features and elements of the embodiments or in various combinations with or without
other features and elements disclosed herein. [0045]This written description uses examples of the
subject matter disclosed to enable
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any person skilled in the art to practice the same, including making and using any devices or systems
and performing any incorporated methods. The patentable scope of the subject matter is defined by
the claimgyaAT rsaglinge®qther examples that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims. WHAT IS CLAIMED IS 1. An apparatus useable

in an offshore diilling instalgiferdtavingeableditoem inteshoveliiilegdiivunthesagbadning Rigparatus
comprising: a first sensor configured to measure a input mud flow pumped into the well; a second

sensor contigareditanieden vadaiéeef athetapparetdiipnsingerging from the well; and  a
controller connected to the first sensor, and to the second sensor and configured to identify an ongoing

or imminent kickdivent basedoanfigungdnograrzs camparng mad\filutioedohtoaepwehud flow as
measured by the first sensor and an evolution of the return mud flow as inferred based on

measurements egceiveddresnte seadiglizehsormeasiréhe agpafiatseaiclanud , fivhe einetiying
controller is configured to generate an alarm signal upon identifying the ongoing or imminent kick
event. fr@mTthe aplatds of claim 1, wherein the first sensor comprises a stroke counter connected
to a fluid pump that pumps the input mud flow, or other flow measuring device mounted in the inlet or
discharge pipin@todhiedligd garmpcted to the first sensor, anthéosecond sensor and configured to
identify an ongoing or imminent kick event basedneonitoring and comparing an evolution
of the input mud flow as measured by the first seasd an evolution of the return mud flow

as inferred based on measurements received frosetoad sensor.

2. The apparatus of claim 1, wherein the contraflectonfigured to generate an

alarm signal upon identifying the ongoing or immmnkick event.

3. The apparatus of claim 1, wherein the first eem®mprises a stroke counter
connected to a fluid pump that pumps the input rihomd, or other flow measuring device

mounted in the inlet or discharge piping to thedflpump.

4. The apparatus of claim 1, wherein the secongmeas configured to detect the

variation of the return mud flow near the seabed.

5. The apparatus of claim 1, wherein the contrabeconfigured to take into
consideration a delay between a normal increaskearease of the input mud flow pumped
into the well and the variation of the return muowf caused by the normal increase or

decrease of the input mud flow pumped into the .well
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4. The apparatus of claim 1, wherein the second sensor is configured to detect the variation of the
return mud flow near the seabed. 5. The apparatus of claim 1, wherein the controller is configured

to take into congderativhe gpjsardeisvesrcrimrsalinereasey derteagemitibe hpubmmysifpwr
pumped into the well and the variation of the return mud flow caused by the normal increase or

decreasdamhiheepteddinwhemgpes istarthenvelflow inded ehippheatnswaf iadfowyhergadhe
controller identifies the ongoing or imminent kick event when the return mud flow increases while the

input muéhtewmeuvenead suliostbatvedll isosigastantially constant. 7. The apparatus of claim 5, wherein
the controller identifies the ongoing or imminent kick event when the return mud flow remains
substantially constant or increases while the input mud flow pumped into the well decreases. 8.
The apparatus of claim 1, wherein the controller and/or the first sensor and/or the second sensor

transmit measufementy helad@p doancsnivéraigithesSinpieraid flow apdttbitiemtifiesmbd fimgdingnor
operator interface located at the surface. 9. The apparatus of claim 1, wherein the controller is

configurdehtaifibet aidklevkationein theaaodomodfagniteteadiitistaetialty ooddtant, drtheciiestsations
are below predetermined respective thresholds. 10. The apparatus of claim 1, wherein the
controllemwhitottiginpdttmeadtfiet pentdscid ithe evelwédindedtike.input mud flow pumped into the well and
in the evolution of the return mud flow. 11. The apparatus of claim 1, further comprising a third
sensor connected to the controller to provide measurements related to ongoing drilling,
8. The apparatus of claim 1, wherein the contraled/or the first sensor and/or
the second sensor transmit measurements relatewrigoring the input mud flow and the

return mud flow to an operator interface locatethatsurface.

9. The apparatus of claim 1, wherein the contrabeconfigured to filter out
fluctuations in time and/or in magnitude of theuratmud flow, if the fluctuations are below

predetermined respective thresholds.

10. The apparatus of claim 1, wherein the contradl€onfigured to extract trends
in the evolution of the input mud flow pumped inib@ well and in the evolution of the return

mud flow.

11.  The apparatus of claim 1, further comprisinipied sensor connected to the
controller to provide measurements related to argydrilling,
wherein the controller uses the measurements ofhihd sensor to confirm that the

ongoing or imminent kick event has occurred.
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wherein the controller uses the measurements of the third sensor to confirm that the ongoing or
imminent kick event has occurred. 12. A method of manufacturing an offshore drilling installation,

the method compzrisingA métietidiog meraifsenson goangofihieeneapingaliapighmuskfienethatped
into the well, and a second sensor configured to measure a variation of a return mud flow emerging
from the wthpaigthg: connecting a controller to the first sensor and to the second sensor, the
controller being configured to identify an ongoing or imminent kick event based on monitoring

comparatively aprevielitipa fifshedngoit coumdidlone dsomesssueshymngdfiisthspoagseh thantagoksinn of
the return mud flow as inferred based on measurements received from the second sensor. 13. The

method fraleimsé2ofittbensonuigiggreodnnealivgsiive coobiodtintochlow oul ¢ iventeneefitigefrom
installation to trigger closing thereof upon receiving an alarm signal generated by the controller to
indicate ittentifgingitie ongoing or imminent kick event. 14. The method of claim 12, wherein the
first sensor comprises a stroke counter connected to a fluid pump providing the input mud flow, or

other flow meastwimgedenizeanvomteliein theheldiret disebarganpifngdodhd feidsonmihe cobrolltre
method of claim 12, wherein the second sensor is configured to detect the variation of the return mud
flow nearibiageabrefijuredl o TidemtiBthad asrajaiimgl 2 wherdireting covndrlldrasetb rdigurashitotaleg into
consideration a delay between a normal increase or decrease of the input mud flow pumped into the
well and deengaratioalpfaheaaiutiomust fine causeciby fewnaasliettdasehs destreassaf tradiguut
mud flow pumped into the well and to identify the identifies the ongoing or imminent kick event when
the returrevolditowoh theasesimwhimaib efioyuam uf dioadp bamed imeatbeewelhts selosiaptiafpoonkEant
or when the return mud flow remains substantially constant or increases while the input mud flow
pumped sdodhd gexisdecreases.

13. The method of claim 12, further comprising cecting the controller to
blowout preventers of the installation to triggéosing thereof upon receiving an alarm

signal generated by the controller to indicate idiging the ongoing or imminent kick event.

14. The method of claim 12, wherein the first sergamprises a stroke counter
connected to a fluid pump providing the input milmf or other flow measuring device

mounted in the inlet or discharge piping to thedflpump.

15. The method of claim 12, wherein the secondaessonfigured to detect the

variation of the return mud flow near the seabed.

16. The method of claim 12, wherein the controlkerconfigured to take into
consideration a delay between a normal increaskearease of the input mud flow pumped
into the well and the variation of the return muowf caused by the normal increase or

decrease of the input mud flow pumped into the vesltl to identify the identifies the
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17. The method of claim 12, further comprising connecting the controller to an operator interface
located at the surface, to transmit measurements received from the first sensor and from the second

sensor. ondd@ndher matheef Risknel2nwirgrein the asotiolbiol ¢aofigised tohieriormiapigasivene of
filtering out fluctuations in time and/or in magnitude of the return mud flow, if the fluctuations are below

predetermaveprespedtivedhieshellisisasdbstastdiactoun standshethehevatiion mbithé dwpuemam§ow
pumped into the well and in the evolution of the return mud flow. 19. The method of claim 12,

further cayubsisintdally caantiog iadhigkeenshilcandgmped flowrpuvitp cdaass et delateasiesthe
drilling, to the controller, wherein the controller is further configured to confirm that the ongoing or
imminent kick event has occurred based on the measurements received from the third sensor. 20.
A method of identifying an ongoing or imminent kick event in an offshore drilling installation having a
mud loop into a1¥ell drilied bedhothetethead 1theforgtbod coprisisig Rectmdetbeiiog thadiasLite ments
from a first sensor configured to measure an input mud flow pumped into the well and a second sensor
configureshter am@aiteafacariotiaedfat nelersurfadd]ow eresgiag dremdheswelkeivetl from the first

sensor and from the second sensor.

18. The method of claim 12, wherein the controierconfigured to perform at
least one of

filtering out fluctuations in time and/or in magmie of the return mud flow, if the
fluctuations are below predetermined respectivestiolds, and

extracting trends in the evolution of the input niladv pumped into the well and in

the evolution of the return mud flow.

19. The method of claim 12, further comprising

connecting a third sensor configured to provide sueaments related to the drilling,
to the controller,

wherein the controller is further configured to iom that the ongoing or imminent

kick event has occurred based on the measurenesgtived from the third sensor.
20. A method of identifying an ongoing or immindatk event in an offshore

drilling installation having a mud loop into a walrilled below the seabed, the method

comprising:
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based on the received measurements, monitoring and comparing an evolution of the input mud flow
and an inferred evolution of for the return mud flow, to identify the ongoing or imminent kick event (1)

when the returnragehiloy/rinsasasrem vriielibe inmirstrshdondonitaas inta sheeveet isprithsiad iy

constant, or (2) when the return mud flow remains substantially constant or increases while the input

mud flowgeunpredimtotie well segreasesnuhsenaking hfiguredsisuasienadelan sty eerumnaudal
increase or decrease of the input mud flow pumped into the well and the variation of the return mud

flow causkshbyrkegiognanintdieaselpnaecrease of the input mud flow pumped into the well. 21.
The method of claim 20, further comprising at least one of: generating an alarm signal upon

identifying the obgedtpan thenisesivddkrerastirant ransnoiingiiig angiaingraents ohesivedfftbe the
first sensor and from the second sensor to an operator interface located at the surface. 22. The

method ahplainm® floviheidamiifeingdielesistionecdffor trdilietimguolifl Suwctaltwrgifn theeonigaiogin

magnitude of the return mud flow, if the fluctuations are below predetermined respective thresholds;

and extrimatingene rkickretiemeyo)wibie @ft tee ietuth nauwalf| Savgraases witiehd evatibamn cdiadhiiow

evolution of the return mud flow. 23. The method of claim 20, further comprising confirming that the

ongoing pumpmeithentditheevesitt s uiestaméedllyasedstan@swiametits netaivechirdnil@threhsensor.
substantially constant or increases while the impud flow pumped into the well decreases,
while taking into consideration a delay betweenoanal increase or decrease of the input
mud flow pumped into the well and the variationtbé return mud flow caused by the

normal increase or decrease of the input mud flomged into the well.

21. The method of claim 20, further comprisingeatst one of:
generating an alarm signal upon identifying theang or imminent kick event; and
transmitting the measurements received from thst §iensor and from the second

sensor to an operator interface located at thaseurf

22. The method of claim 20, further comprisingeatst one of:

filtering out fluctuations in time and/or in magumie of the return mud flow, if the
fluctuations are below predetermined respectivestmolds; and

extracting trends in the evolution of the input niladv pumped into the well and in

the evolution of the return mud flow.

23. The method of claim 20, further comprising @oning that the ongoing or

imminent kick event has occurred based on measurtsmeceived from a third sensor.
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