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ABSTRACT

In this paper, we present the initial formulatidrachybrid model incorporating both time-dependent
reliability and Bayesian Network methods to deveddpol that is capable of capturing most of thpontant
factors related to the subsea well safety problmoverall model for the drilling well safety pravh is
developed by constructing a Bayesian network mib@dglincorporates all factors that influence thabability
of a blowout during a drilling campaign. The prottiéibs of failure on demand (PDFs) of the BOP safe
functions are calculated by a time-dependent riétialmodel and provided as input to the BN. They ke
indicators evaluated by the model are the proliasliof: kick, loss of well control and of a blowto@rhe
model is then calibrated for a typical drilling Webnsidering the full range of possibilities okthmportant
parameters. baseline values are obtained which foenprior distribution for the typical well. Whéinst
applied to a specific well, the evidences pertajrtim that well are input to the model and new valage
calculated. Throughout the drilling campaigns, ewices of changes of important factors are sensedrimus
means. Whenever an important management decisemsrie be made, evidences of the current situaten
fed to the tool which calculates new values ofkég parameters and displays them in colour graphics

1. INTRODUCTION

The detection of the failure of any of the compds&f BOP while the equipment is on the sea bottom
and the drilling process is under way brings alaouwéry serious decision to the drillers and opesatto we
have to stop the drilling process and immediatelly the BOP up for repair or can we continue drdliwith
a degraded BOP? This is a typical case of an dpeehtrisk where a risk-based decision must bertaiter
a degradation of the current operating conditioteiected.

Models for the time-dependent reliability evaluatiof safety systems have already been developed
and applied to advanced tools for decision makéhgted to this BOP retrieval problem [1, 2]. Desgjiving
a stronger basis for decision making compared tatypheviously existed, only the conditions of th@mB
itself were considered. Drillers and operatorsealiave indicated that they need to take other fadito
account when taking this decision.

In this paper, we present the initial formulatidrachybrid model incorporating both time-dependent
reliability and Bayesian network methods to deveddpol that is capable of capturing most of thpontant
factors related to the subsea well safety problénstly, an overall model for the well safety preiv is
generated using Bayesian network. The key indisaggaluated by the model are the probability ofci, k
the probability of loss of well control and the pability of a blowout, all within the time spananf established
drilling campaign. The model is then calibrated &ottypical drilling well considering the full rangef
possibilities of the parameters which are importantthe calculation of the referred key indicatoks this
point baseline values are obtained which are calbeertification values (prior distribution). Whéinst
applied to a specific drilling well, the evidenge=rtaining to that specific well are then giverirgsit to the
model and new values are calculated which are nahgedormal values.

2. OBJECTIVES OF THIS WORK

Throughout the drilling campaigns, evidences ofngjes of important factors (most probably
degradation, including failures of BOP componeatg)sensed by various means. The main objectittasof
paper is to present the basic concepts of a corapsélfe tool to help managers to make better dedselated
to the need to retrieve the BOP from the bottorthefsea upon detecting a failure of one of its camepts
during the drilling process. This tool is the contition of the development of the BOP-RDT previgusl
developed by DNV GL [3]. This extended tool takeiaccount not only the impact of the detecteldifai
on the PFD of the BOP safety functions but alsoetffiects of any new evidences of any other factoictv
may influence the probability of a blowout durifgetcurrent drilling campaign.
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Any time an important management decision needsetmade related to the retrieval of the BOP
during the drilling campaign, the evidences of ¢therent situation are fed to the tool which caltedanew
values of the key parameters (posterior distrimsjcand displays them in color graphs. A color shés
used to alert management of the degradation cfafety conditions of the drilling operation. Thisdone by
comparing the variation of the key indicators fbe tdegraded conditions with those of the normal and
recertification values. The number of factors ided in the Bayesian network model is very largeluising
the following (among many others): reservoir chegastics, well conditions, human factors, and Bsakety
functions. The latter are run after informatioraafomponent failure is passed to the time-dependéability
model and the results are directly fed to the Biayesetwork model.

3. DESCRIPTION OF THE WORK
In this paper, time-dependent reliability and BagedNetwork (BN) methods are used in
combination to develop a tool that can capture rabte important factors related to the subsed wel
safety problem. This model adds a new dimensioth@oBOP retrieval decision by incorporating
other important factors besides the degradatiadhePFDs of the BOP safety functions.

3.1 - WELL RISK INDICATORS

The main risk during drilling of an oil well derigdrom the possibility of occurrence of a blowot.
blowout is an uncontrolled flow of hydrocarbonsnfra well to the surrounding environment. Theretae
main types of blowouts: surface and undergrouneé.féhmer is considered the most dangerous typecas i
lead to fires and explosions in the drilling rigvthe consequent loss of lives, in addition tgdespills, such
as the one in Deepwater Horizon rig in Macondodfigl]. In addition to technical integrity, the cect
operation of the BOP safety functions plays a maje in the prevention of surface blowouts.

Normally, a blowout is preceded by a kick, whiclarsunwanted influx of formation fluids into the
wellbore as a result of a pressure imbalance (thespre of formation fluids exceeds the pressueetec by
the column of drilling fluid). A kick can result ia blowout if it is not detected and controlledairtimely
manner. In this paper the risk of a surface blowsuhodeled as a combination of three main factibes:
occurrence of a kick (the initiating event), thepense of the control system to contain the kicl,dtimately,
the response of the BOP safety functions to pretlenteffects of the uncontrolled kick from reachihg
surface. The ensemble of these factors comprisesvéil safety barriers which are defined in the ID-0
Standard [5] as “the envelope of one or severatégnt barrier elements preventing fluids or géses
flowing unintentionally from the formation, into atner formation or to surface”. Therefore, our nlddeks
at the effects of detected failures of BOP comptsen the degradation of the overall integrity lué wvell
and not only on the increase of the PFDs of the B&fety functions.

3.2 - BAYESIAN NETWORK

Firstly, an overall model for the well safety prefnl is generated using a Bayesian Network (BN). A
basic reference to this work is that of Bolsovér [6

A BN is an acyclic directed graph, which is repreéed by a diagram with nodes and arcs. The nodes
represent the variables that are important totblelem being analyzed and the arcs show the caufsaghtial
relationship between the variables. For each redenditional probability table is specified, whiotnsider
the probability of the variable being in differestates conditioned on the states of the otherhbasan which
this variable depends. BN can be used to makeender in both directions: forward by predicting the
probability of outcomes and reverse inference diagrof probable causes of each outcome.

The evidences on the variables related to the soalilitions at the current date can be combined with
the BOP SFs PFDs, considering the current det@&deifailures using the BN to evaluate the curreitiird
campaign blowout probability.

The BOP Safety Functions status are evaluated ues@OP RDT [3], which evaluates the BOP
safety functions probability of failure on demarsgifanction of time and gives a prediction of therage
BOP SFs PFDs up to the end of current campaigrdbaséhe BOP status. Then, the obtained averagewal
of BOP SFs PFDs are used in the BN to evaluatenteeaction with the current well conditions.

The BN was built using Genie 2.0, which is providgdDecision Systems Laboratory, University of
Pittsburgh (Genie 2.0 1998-2013) [7]. This netwisrktructured in sub models to facilitate the vigadion
(Figure 1). Kick occurrence can be due to the foithg grouped causes:

- Reservoir Conditions;
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Drilling Operation Conditions;
Drill String Operations;

Well Designs Problems;

Mud Mix Problems.

Reservoir Drilling Operation Drill String Well Design Mud
Conditions Conditions Operations Problems. Wixture

Unexpected
Pore Pressure
Kick Detection ) ) Kick Oceurrence Mud Human Response
Surface Kick Detection Circulation to Kick

Measurements MWD

Kick Detection by Heavy hiud BOP SF2 Seal Around
Measurements Circulation Drill Pipe

Well Condition

Blowout Prediction

—

Subsea Downhole
Integrity Intergrity

BOP Safety
Functions SF1,
SF3, SF4

Drillship
Positioning
BOP SF6 Riser
Disconnection

Figure 1 - Well Condition Bayesian Network

The kick detection measurements were grouped &tsurface measurements, and b) measurements
while drilling — MWD.

If a kick occurs, it should be detected and cotebby heavy mud circulation. Therefore, the loss o
well control can happen if the kick is not detectedf the heavy mud circulation fails. The kickntwml is
conditional on kick occurrence, kick detection bgasurements and heavy mud circulation. The heady mu
circulation to control a kick depends on mud migtaomposition, mud circulation, the human respaose
kick and the BOP Safety Function SF2 to seal arabedirill pipe.

In case of subsea loss of integrity due to extdaaltage in the riser, in the LMRP (Lower Marine
Riser Package) or in the LMRP connector, BOP wdddised to close the well to avoid a loss of céntro
After closing the BOP, the riser would be discoed@nd pulled out for repair. Therefore, in thigation
the required BOP SFs are the same as the caseahamency disconnection in case of drillship loks
position.

In case of leak in the BOP or in the wellhead catore the well should be plugged and the BOP
would have to be retrieved for repair. WheneverB¥> must be retrieved, the drill pipe will be gdllout,
the well will be plugged and the BOP will be disnented from the wellhead by opening the wellhead
connector.

In case of downhole loss of integrity, such asr@asir connections leaks or cement shoe failures, th
BOP could be used to close the well. These faildoasot involve the decision to pull out the BORot, but
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they contribute to the blowout probability.

The historic mean average kick occurrence for desgpr given by Holand & Awan [8] is 0.360 kicks/
exploratory well and 0.132 kicks/development wetbm Ref. [9], the surface blowout average freqydoc
an exploratory well is equal to one in 714 wellsllel (1.40E-03 blowout/exploratory well). For a
development well, the surface blowout average ®agy is one in 3623 wells drilled (2.76E-04 blowout
development well).

3.3 - THE BOP SAFETY FUNCTIONS
Considering that the riser would continue to benemted to the wellhead (no drilling rig loss of
position), the following BOP SFs could be requieedording to the drilling condition:

* Riser Stay Connected - Drill Pipe Through the BOP:
SF1: Shear drill pipe and seal off well - CuttingBlind or Casing Shear Rams and Closing and
Locking by Blind Shear Ram.
SF2: Seal around drill pipe - Closing the Annulesv@nters or the Pipe Rams.

* Riser Stay Connected - Casing Through the BOP:
SF3: Shear casing and seal off well - Cutting bgi@a Shear Ram and Closing and Locking by
Blind Shear Ram.

* Riser Stay Connected - Open Hole:
SF4: Seal off open hole - Closing and Locking bin@IShear Ram.

Usually the SF2 is required to control a kick. Bl is required when the kick control fails witle th
drill string inside the BOP, which is the most fueqt configuration (typically 86% of the drillingumpaign).
The SF3is required only when a kick control failsle is running the casing (usually 4% of drilliogmpaign
time). The SF4 is required when there is no dtiling through the BOP (typically 10% of the drilin
campaign). If the remaining drilling interval whiave only the drill string inside the BOP, then tbquired
SFs would be only SF2 to control the kick and Stdase of kick control failure.

The BOP SFs can be also required due to drillsksp bf position requiring use of the Emergency
Disconnection System (EDS). It is being considéhed a drillship can lose its position due to:

— Bad weather occurrence with environmental condstiabove the Dynamic Positioning (DP) system
capability, requiring the drillship to disconnechen the riser angle limit is reached (red zone),
excessive heave or excessive thruster force.

—  Drillship drift-off due to DP system failures.

—  Drillship drive-off due to DP system failures.

When the Emergency Disconnection System is actidagehe operator from the Driller Control Panel
(DCP) or from the Toolpusher Control Panel (TCRE LMRP connector is opened, which open the Auto
Shear Valve (ASV) which activates the Automatic Mdelnction (AMF) to close the BSR or the CSR and
the BSR.

In this situation, if the BOP fails to close thelvoe LMRP connector fails to unlock, both the pam
and secondary barriers may be lost and a blowoubcaur. This situation does not involve the deciso
pull out the BOP or not, but it contributes to bhewout probability. In this case the following B&#s could
be required according to the drilling condition:

*  Emergency Disconnection - Drill Pipe Through theBO
SF1: Shear drill pipe and seal off well - CuttingBlind or Casing Shear Rams and Closing and
Locking by Blind Shear Ram.
SF6: Disconnect the riser by opening the LMRP cotore

* Emergency Disconnection -- Casing Through the BOP:
SF3: Shear casing and seal off well - Cutting bgitaShear Ram and Closing and Locking by
Blind Shear Ram.
SF6: Disconnect the riser by opening the LMRP cotore

* Emergency Disconnection - Open Hole:
SF4: Seal off open hole - Closing and Locking bin&IShear Ram.
SF6: Disconnect the riser by opening the LMRP cotore
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3.4 — PROPOSED MANAGEMENT DECISION CONDITIONS

From the input of the well variables and paramettates and from the BOP RDT SFs PFDs
evaluation, the BN updates the blowout predictioobpbility. This probability should be compared twi
criterion to help in the decision process. Thesciwin can be chosen by the operator based onlarsidity
criteria for the probability of occurrence of alaut.

As the BOP can be used in different wells condgiamd campaigns, the BN was built using the
recertification BOP SFs PFDs values. The blowoabability obtained before any well data input, egdesng
only the recertification BOP SFs PFDs and the dertata is called the recertification blowout prbitigy.
This probability is used as a reference for congoariwith the others (normal, and degraded).

The normal blowout probability is obtained for tivell that is being drilled considering the current
well data evidences and the normal values of the BBs PFDs (without any BOP failure).

The blowout probability for the condition of a daded BOP is obtained considering the current well
data evidences and the degraded values of the BOPEDs (with BOP failure).

All the recertification values are in blue colohél normal blowout probability can be in a green,
yellow, orange or red color. The degraded and @eldjowout probability can be in a yellow, orangeex
color. The kick occurrence and the loss of well toanprobabilities color are the same of the blotvou
probabilities.

Below is a set of suggested values for the coloes®s. Other criteria may of course be used.

Green State: — blowout probability increases upO%

This is the normal state where everything is ojpegeads expected. Well conditions are stable, tigere
no detected failure on the BOP and the blowout gindiby is within the mean value for the well undermal
conditions. As the blowout probability mean valsegual to the well normal value, the drilling ag&n can
continue. Depending on the well conditions andattaristics, without any failure or degradatidrg hormal
blowout probability was allowed in this model to &eove the recertification blowout probability by to
20%. Therefore, in this state, the average norhoaldiut probability is up to 1.2 of the average réieation
blowout probability. This state exists only wheerinis no BOP failure (normal blowout probability).

O Yellow State: — blowout probability increases up@8o

In this state the BOP can be in a degraded staidishee probability of blowout occurrence may have
increased up to 50% of its recertification valdehé average normal blowout probability is abo®&w2and
below 50% of the average recertification blowouwhability, the condition is called a yellow stakven if
the resulting blowout probability caused by a det@dailure of the BOP is less than 20% of the radrm
probability, the state will be indicated as yellaweaning that there is no green state if a BOP oomt
failure is detected, independently of the valuéhefresulting blowout probability.

Q Orange State: — blowout probability increases f&f)%0 up to 200%

In this state the BOP can be degraded and the Ipilitp&f blowout occurrence increased above 50%
of its recertification value, but the increaseowér than 200% of its recertification value. Thisra detected
failure of a BOP component and the well conditiomesy have changed a bit, but there is no prediaifom
kick by the kick measurement variables. The BOP ¥H3s are degraded and the blowout probability mean
value is up to 3 times that of its recertificaticadue. If the BOP Safety Functions probabilities all below
1.0e-01 (SIL 1) and the blowout probability incressip to 3 times due to well condition, then théPB@annot
be retrieved before the well is brought to a cdidostate. After bringing the well under contitble operator
can decide if the BOP will be retrieved for repaimot.

. Red State= blowout probability increases above 200%

In this state the BOP can be degraded and the Ipitityp@af blowout occurrence increased above 200%
of its recertification value. If there is a detetfailure on the BOP and well conditions are statilen the
drilling operation could be interrupted, the wétised and the BOP pulled out for repair. If the@ase of the
blowout probability above 3 times of its recer@#ion value is due also to loss of well controkrttthe
operator would try to use the available resouroesontrol the well before deciding to retrieve B@P for
repair.
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3.5 - EXAMPLE OF INPUT OF EVIDENCES

The key indicators evaluated by this combined madelthe probability of a kick, the probability of
loss of well control and the probability of a blawtpall within the time span of an established lidgl
campaign. This enhanced tool is called BOP ERDTowBut Preventer Extended Retrieval Decision Tool t
make distinction from the BOP RDT.

The user enters the input data for BOP and rurBtbE RDT to obtain the safety functions status.
After running the BOP RDT for the current BOP ssatthe user can see the results for the BOP safety
functions. In the screen of the quantitative sunymair BOP RDT is presented a control button “Well
Conditions” that open a screen that allows the tsepecify the well conditions and evidences. Wiien
user presses this button, the screen “Well Datddivies” is opened, as shown in Figures 2.

Reservoir Conditions Drilling Operation Remaining Drilling Phases Duration Fraction Mud
Water Depth History of Kicks in Nearby Wells Griling Hiis Mud Mbdure NG::I:‘_‘( MARV
- = etwoi
1 Deep [¥] Shallow [7] Unknown or Some [ None Mud Composition
0.05 — e
Well Category Time to Finish Drilling Phase Runtiag Comng [Z] Contaminated 7] normal Human Response to Kick
Pl e wel 9 Normal well [l Long [7] shart Wireline 0.01 Competence of Mud Engineer Driller Competence -
Dl Crow crpornce ) [ Poor Fl Gaod 2 Poor [T Good
Well e A » ] Good Completion 0.08 Kick Observation
[ Expl 7l o Mud Circulation =
[T] Exploratory [V Development [T Late [Tl Early
Minimum Drillng Window . Topside Equipments -
Rock Permeability 1P Narrow 71 wide de vt o [ Failed ] Working
[7] High Permeab. [¥] Low Permeab. == = Drilling Rig Positioning
T Cementing Problems Surface Measurements MWD Measurements Drillpipe Em anmeral Eonttore
[¥] Low Porosity [7] tncreased [C] Normal
Deviations from Drilling Program B 2ok Vetoe Il w1t [l Hormal rs‘"i:;’M“d Volis T Drift Off
Well Design [ Several ] Some = Equivalent Circul. Density (ECD] - [ Yes FlNo
e ey i = [ Raised [T Normal [] Low or High [ Normal Reduced Mud Flow Rate e
[] Poor [F] Good Drilling Methad Mud Gas Content [[] ==50% [ > 50% A Fl No
o = — e Acoustic Pulser Amplitude e =
; [] MPD or UDB [l convent. | Increased | Normal o =
Seismic Interpretation B 0 . | [ Atenuntod Tl Nermal
7] wrong [ Right Erroneous Pressure Tests SR BERY - Integrity
Performance of Well Designar [7] Several [Flione [T very Low [0 Narmal 5‘"“”“: Mud ””“da”‘:i"_‘ Normal Riser BOP Integrity
i b [ L O
] Poor [ Good Mechanicsl Risk Index o Riser LMRP LMP Connector
45 Test with Mud Pumps Off [] Leakin | Normal
Performance of Well Verifier WETTY Fe<a B ro e Eﬂmm "EV:'EES“'E’"E“‘] | ot i Zl
e owing 1 No Flow Attenuatet Normal
[ Poor [7] Goad Piling Ao 2 e BOP or Wellhead Connector
et it Rate Penetration il Fl
[l partially Penet. [ Fully Penet. b 2] Leaking 7] Normal
[7] Abrupt Increase [] Mormal
Drill String Induced Kicks Mud Pumps Pressure and Speed Downhole Integrity
Swab or Pull Qut OF Hole [ Low Pres. High Strokes [*] Normal Casirios and Connectare
= [T Failed [7] Mormal
[T quickly [] Normal
it Number of Drilling Breaks
Surge or Riser In Hole >4 <=1 Cement Shoes
[ Quickly P sl = = [] Failed 7] Mormal

Figure 2 - Well Data Evidences Input Screen

In this screen the user can input the current wiedlracteristics, the current drilling operations
conditions, any kick measurement or other well en@k of failure or behavior different from the exigel.
The chosen evidences are shown in blue lettersu@gdrouped in the following types:

- Reservoir Conditions

- Well Design

- Drilling Operation

- Drill String Induced Kicks

- Remaining Drilling Phases Duration Fraction
- Kick Detection

- Mud

- Integrity

- Human Response to Kick

- Drilling Rig Positioning

The remaining drilling phases duration fractionddde updated to reflect, for the remaining drdli
campaign, what are the time fractions expectecah ®f the remaining drilling phases.

For each group the user specifies those variablas e has evidence for. After specifying the
applicable evidences for the current drilling phaise user should click the button “Update” to updae BN
believes and get the probabilities of having a kicloss of well control and a blowout.

The kick occurrence, the loss of well control ahd blowout probabilities are evaluated for the
average values of the well data evidences andvierage and maximum values of SFs PFDs. As the kick
occurrence, does not depend on the BOP safetyidmscthe probability of kick occurrence obtained the
maximum values of SFs PFDs is equal to the onardutdor the average values of SFs PFDs. The Ibss o
well control probability depends only on the SFDPF

4. A WORKED CASE EXAMPLE
As an illustrative example, the model is applieddcshallow water normal development well with
low permeability and low porosity with remainingliing campaign from 15/11/2016 up to 21/02/2017.

Congresso ABRISCO 2017 6



Artigo Completo n° 20170624113120 br isco
éoumeuoz o1 7

With the data used in this example, it can be $emn Figure 3 that for a generic development well
with no evidences and no detected failures in t@#Bthe average kick probability turns out to baadqo
0.32 (one kick at every 3.13 wells drilled) and éverage loss of well control probability is eqtee0.13 (one
in every 7.7 wells drilled). The average receréfion blowout probability is equal to 1.2E-03 peitled well
or one blowout at every 833 wells drilled. For enaéning campaign duration of three months the aygera
normal blowout probability is equal to 7.5E-04 /ivel

Kick, Loss of Well Control and Blowout Probabilities -
Average Values

o 3 7eq  l3ed
0.01
1.2¢-3
0.001
1E-05 T

Loss Well Control Blowout Prediction
Well variable

Probability

I Recertif Avg PFD= I Normal Avg PFDs
S

’, [N
Avg. Results | Avg. Kick Avg. Loss of .. ,’ Avg. Blowout ¥
» 3.2E1 1.36-1 1.26-3 }
Normal o oE /
Degraded \\ - -¢’
Delayed e
< n |

Figure 3 - Blowout Probability for a Development Nigith No BOP Failures

In case of failure in the BOP acoustic subsea systdter running the tool for this condition, the
degraded BOP safety functions status changesdthaawcondition (not shown here) and the averaggatied
blowout probability is equal to 8.6E-04/well, capending also to a yellow condition, as shown guFe 4.
The impact of the detected failure is shown tornals(all SFs remain in the SIL 2 condition — s8§ pnd
therefore under such conditions, the operator egttainly decide to leave the BOP down and contthee
drilling operation.

Kick, Loss of Well Control and Blowout Probabilities -
Average Values
1.3e-1 g.1e-2

3 1
01 Tel
0.01
1.2e-3 g 6e-a
0.001
1E-05 Kick

Loss Well Conirol Blowout Prediction
Well Variable

Probability

I Recertif 4vg PFDs MM Normal Avg PFDs [ Degraded Avg PFDs

Avg. Results Avg. Kick Avg. Loss of ... | Avg. Blowout

» 3261 1.36-1 1263 |
Normal C T sE2 75E4

Degraded 1.7E1 8.1E2 B8.6E4
Delayed

4 (M ]

Figure 4 - Development Well Blowout Probabilityeafa detected
BOP Acoustic System Subsea Failure

Let us consider now that some days after the aectsicontinue to drill with a detected failed astei
system, mud circulation is lost. After updating thedel with this information, it is obtained thhetloss of
well control probability has now increased fromB-02 to 2.7E-01 and the degraded blowout probslgjties
from 8.6E-04 to 1.9E-03/well, as shown in FigureTherefore, due to known degradation of the ddllin
process, the blowout probability goes from a yelktate to an orange state. In this situation, therator
cannot think of pulling out the degraded BOP bstéad it is imperative to restore the mud circalatEven
though a little degraded, the BOP is the main dihdefense if mud circulation cannot be restored.
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Kick, Loss of Well Control and Blowout Probabilities -
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e 1 13e-1 3.7a1
i 7ell 2L 7e1

0.1 3

0.01
1.2e-3 1.9e3

0.001 7B

Probability

0.0001

1E-05

Kick Loss Well Control Blowout
well variable

I Recertif Awg PFDs [ Normal Avg PFDs [ Degraded Avg PFDs

Avg. Results Avg. Kick Avg. Loss of ... | Awvg. Blowout ~
» 3261 1361 1263
Normal 1761 27E-1 17E3 |
Degraded 1761 2761 1963
Delayed -
4 m »

Figure 5 - Blowout Probability after a detected B&dustic System Subsea Failure and
Loss of Mud Circulation

5. CONCLUSIONS AND FINAL COMMENTS

The evaluation of the blowout probability is ob&dnby combining the PFDs of the BOP Safety
Functions with the well conditions based on surfpaeameters and Measurement While Drilling (MWD)
tools, the reservoir and drilling parameters amddperator response to a kick.

The probabilities of failure on demand of BOP S#slbse the well are evaluated considering BOP
tests and on line diagnostic system and are gisenpaits to the BN model.

When everything is normal the BN gives the expegtebabilities of having a kick, a loss of well
control and a blowout within the time frame of dlithg campaign. If the current evidences changfesn the
probabilities are updated considering the chanfles.BN is also updated whenever a failure is deteot
the BOP or when the well condition variables opagters change to an abnormal state.

Therefore, this decision support system takesaotwsideration not only the current BOP reliability
status, but also the current well and drilling dtinds in the evaluation of the blowout probabilityring the
remaining drilling well campaign. These risk indma may then be used to inform the decision abwait
need to immediately retrieve the BOP for repaitoacontinue drilling with a degraded BOP.
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