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Abstract

The dynamic positioning (DP) system is essential for the safe and efficient operation of mobile offshore drilling units
relying on various equipment such as diesel generators, switchboards, thrusters, electric motors, pumps, positioning
reference systems etc. Failures in these elements can occur for multiple reasons and identifying the critical component
involved is vital for refining maintenance strategies. This paper presents a detailed equipment tree for the components
that constitute the DP system's generation, propulsion, and control subsystems. This tree provides a comprehensive and
organized view of all the elements involved categorizing each piece of equipment by its specific function and its
interconnectivity within the broader system.

Further on, a systematic workflow was developed for the identification and classification of equipment failures. This
workflow facilitates early detection of anomalies, enabling both preventive and corrective maintenance on the same
vessel and across similar equipment on different vessels. Failures are recorded and classified within the equipment tree,
ensuring precise traceability and creating a detailed incident history.

Periodically, a comprehensive data analysis is conducted to identify failure trends, considering factors such as equipment
type, manufacturer, model, and vessel design. This analysis aims to uncover recurring patterns and potential critical
failure points. All this database is regularly shared with drilling contractors to support incremental improvements in
their own operation routines.

Abbreviation / Definition

AVR Automatic Voltage Regulator

BODI Daily Bulletin

DG Diesel Generator

DGPS Differential Global Positioning System
DP Dynamic Positioning

DS Drill Ship

EDS Emergency Disconnect Sequence
ESD Emergency Shut Down

FG Failure Grade

FS Field Station

FSV Failure Severity

HV High Voltage

IAS Integrated Automation System

10 Input / Output

LV Low Voltage

MOC Management Of Change

MODU Mobile Offshore Drilling Unit

MTS Marine Technology Society

OEM Original Equipment Manufacturer
0S Operator Station

oT Operational Time

PRS Position Reference System

RIDP Dynamic Positioning Incident Report
SIMOPS Simultaneous Operations

SS Semi-Submersible

T™W Time Weight

UPS Uninterruptible Power Supply or Uninterruptible Power Source
VFD Variable Frequency Drive

WSOG Well Specific Operating Guidelines
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Introduction

The advancement of drilling technology and operational efficiency in offshore environments demands a rigorous
approach to equipment management and failure analysis. In the context of modern drilling vessels, where reliability is
paramount, understanding and mitigating equipment failures is crucial to ensuring operational safety and efficiency.
This paper addresses these challenges by employing systematic methods to analyze and manage equipment performance
across a fleet of drilling units.

To achieve this, the study introduces an equipment failure tree, a tool designed to classify and track the sources of
failures with precision. This analytical framework enables a comprehensive examination of component failures,
facilitating comparisons across different vessels. By mapping out failure origins and their impacts, the equipment failure
tree provides valuable insights into recurring issues and contributes to more informed maintenance strategies.

In addition, the paper discusses the implementation of a “failure score” system, which classifies fleet units based on
their performance metrics. This scoring system offers a transparent and actionable overview of each vessel’s condition,
allowing for targeted improvements and prioritization of maintenance efforts. By focusing resources on the most
problematic units, the approach aims to enhance overall fleet performance and operational safety.

The paper also explores the strategic allocation of vessels based on their reliability. By analyzing failure data and risk
levels, assigning vessels to operate in specific areas can account on their performance capabilities. This allocation
strategy ensures that less reliable units are reserved for lower-risk tasks, while more dependable vessels are utilized for
critical operations. Through these measures, the study demonstrates a significant advancement in managing and
optimizing the operational capabilities of drilling vessels.

DP Equipment Tree

To analyze the elements with the highest incidence of failures, an equipment tree was developed for DP and Marine
systems, in a way that it is organized into three hierarchical levels. The following table presents the classifications for
levels 1 and 2.

Table 1 - Equipment Tree - Levels 1 and 2.

Level 1 Level 2
000 - SPE - SPEC (contract or standards)
000 - MRQ - Maintenance/test request

000 - BUL - Bulletin or alert

000 - PRO - Procedure

000 - PTR - Procedure training

000 - Management 000 - MPA - Maintenance plan adjustment
000 - DOC - Document (schematic, datasheet, certificate etc.)
000 - MOC - MOC (management of change)
000 - RAL - Root analysis or/and action plan
000 - BRP - Petrobras procedures

000 - OTH - Others

030 - OST - DP console

030 - UTP - Utility panel

030 - LEP - Lever Panel

030 - IJS - Independent Joystick

030 - ASP - DP status Alarm

030 - RCU - Controller

030 - DP system 030 - DAT - Datalogger

030 - PRT - Printer

030 - SEN - DP Sensor

030 - UPS - Uninterrupted power supply
030 - CUR - Current meter

030 - NET - NET

030 - OTH - Other

031 - SRP - Reference positioning system
031 - GPS - DGNSS

031 - ACO - DP Acoustic

031 - LRS - Laser relative system

031 - RRS - Radio relative system

031 - GAN - Gangway relative system

031 - Position Reference System
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031 - DRP - DGPS relative

031 - OTH - Other

032 - Power generation

032 - BBA - Switchboard

032 - EPS - Power system protection

032 - EGE - Emergency generator

032 - DGE - Diesel generator

032 - PMS - Power management system

032 - TRF - Transformer

032 - UPS - Uninterrupted power supply

032 - SCR - Silicon control rectifier

032 - OTH - Other

033 - Auxiliary systems

033 - WCS - Water cooling system

033 - FOS - Fuel oil system

033 - LOS - Lube oil system

033 - ACS - Air compressed system

033 - OTH - Other

034 - Propulsion system

034 - MOT - Electric motor

034 - THR - Thruster

034 - STG - Steering gear

034 - PIT - Pitch unit

034 - VFD - Propulsion VFD

034 - ESS - Emergency stop system

034 - RUD - Rudder

034 - UPS - Uninterrupted power supply

035 - ESD Fire & Gas

035 - F&G - Fire and gas

035 - ESD - ESD

035 - UPS - Uninterrupted power supply

035 - OTH - Other

036 - Miscellaneous

036 - COM - Communication system

036 - VAC - Air conditioner/ventilation

036 - EML - Emergency lights

036 - DRR - Drilling redundancy/VFD

036 - OTH - Other

037 - Marine

037 - VMS - VMS

037 - AHS - Anti heeling system

037 - BES - Ballast emergency system

037 - BAS - Ballast system

037 - BIL - Bilge system

037 - ETS - Emergency towing system

037 - MOO - Mooring system

037 - STA - Stability control

037 - WTB - Watertight barriers

037 - ECS - Emergency contingency System

037 - OTH - Other

037 - HUL - Hull

038 - Project

038 - PPG - Project - Power generation

038 - PPS - Project - Propulsion system

For level 3, there are 535 possible classifications. However, due to space constraints, the complete list of level 3
classifications is provided in Annex 1 of this paper. As an illustrative example, the level 3 classification for item ‘033 -
FOS - Fuel Qil System' is shown in Table 2.

Table 2 - Example of a level 3 classification

Equipment tree — Level 1, 2 and 3

Level 1

Level 2

Level 3

033 - Auxiliary systems

033 - FOS - Fuel oil system

994 - Air driven pump

995 - Connections

996 - Driven pump

997 - Electric pump

998 - Filter

999 - Fuel oil
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1000 - Gauge

1001 - Injection Pump

1002 - Piping

1003 - Purifier

1004 - Quick close valve

1005 - Valve

1006 - Control system, monitoring, protection (sensor / logic)
1270 - Others

1271 - Unknown

Failure grade (FG)

Equipment failures and incidents are monitored through three primary sources:

1) “BODI” — Daily Bulletin — An online system filled daily by the ship owner and reviewed by Petrobras’s on shore
engineering support.

2) Integrity Company Man — Alongside with the well company man, an additional Petrobras supervisor is kept on board
each drilling vessel to monitor equipment, from which all failures are required to be reported.

3) Incidents — In case of incidents, The Petrobras’s on shore Decision Support Center, which provides 24/7 support from
DP specialists, must be notified immediately.

To evaluate issues on a MODU, a Failure Grade (FG) indicator was created, assigning a variable score between 0 and
10, where 10 represents a vessel with no failures. Equation (1) demonstrates how the FG is calculated.

FG =10+ (Z FSV X TW)X OT (1)

Where:

FSV is the “Failure Severity”, which reflects the intensity of the failure itself.

TW is the “Time Weight”, a coefficient that relates the relevance of the failure, considering for how long ago it
has occurred. Recent failures have a higher impact than the older ones.

OT is the “Operational Time” and it depends on the duration of the operational contract of the vessel. The
shorter the time, the greater the value.
Further on the next pages, these three coefficients will be better explained with practical examples.

The failure grades of each vessel are then monitored, with particular attention given to vessels with lower FGs, which
undergo more frequent DP trials. In addition, more studies and meetings are conducted with the owners to enhance the
performance of these vessels. Beyond monitoring each unit, the failure rate of specific components is also tracked.
Events are classified according to the fault tree exemplified in Tables 1 and 2, with actions taken when a component
with a high failure rate identified.

Failure Severity (FSV)

Equipment failures and incidents are classified according to severity, ranging from low-severity events, such as the
shutdown of a thruster or a corrective maintenance on a cooling pump, to high-severity events, such as an Emergency
Disconnect Sequence (EDS) with a drift-off greater than 3km or a flooding that spreads to multiple compartments. The
Failure Severity coefficient consider risk severity categories for DP and Marine equipment. The risk severity categories
used by Petrobras across all areas are defined in Table 3.

Table 3 - Risk severity categories

Severity Personal Installation Environment Company'’s image
L Minor damage to
—— No injuries or at most - . I - .
Insignificant o equipment without Insignificant damage Insignificant impact
first aid case . .
operational impact
1 Minor Minor injuries Mlno_r damage to systems Minor damage Local impact
/ equipment
I Moderate Serious injuries |nter_nal Maderate da”.‘age to Moderate damage Regional impact
to the company or minor | systems / equipment
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injuries external to the
company

Critical

Fatality internal to the
company or serious
injuries external to the
company.

Severe damage to
facilities (slow repair).

Severe damage with
localized effect

National impact

Catastrophic

Multiple fatalities internal
to the company or
fatalities external to the
company.

Catastrophic damage that
could lead to the loss of
the installation.

Severe damage to
sensitive areas or

extending to other
locations

International impact

Using the criteria outlined in Table 3, events related to equivalent DP and Marine systems were classified in Table 4 as

follows.

Based on the generic classification in Table 4,

Table 4 - Severity categories

Severity DP Marine
Equipment failures,
Insignificant advisory and partial Equipment failures
blackouts.
Yellow alarm
1l Minor Drift disconnected to the | Minor flooding
well
1 Moderate E(I)DO?nW'th Om > drift > Listing > 3°
Critical E-Iggovn\qth 500m > drift > Listing > 5°
Catastrophic EDS with drift > 3.000m | Major Listing

MTS DP Conference - Houston

the severity “I — Insignificant” was divided into five subcategories, to
monitor low-criticality events before they escalate into major incidents. The other categories remained as “II — Minor,
I11 — Moderate, IV — Critical and V — Catastrophic”. The detailed classification of incidents is outlined in Table 5.
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Table 5 - Detailed event classification

Severity 111 v \Y
-3 -4 -5
Drift-offs
Drift-off between Drift-off >
AJEDS ) ) ) ) ) ) <500m 500m and 3km
3km
B) Drift-
off while
the
vessel Drift-offs
disconne Drift-off between | Drift-off >
cted ) ) i ) <500m | 500m and 3km ) i
from the 3km
well and
in a safe
location
Between 2°
and 5°
lasting more
Boetweerl Between 2° than 24
2°and 5 o
lasting 1h qnd 5 hours
Between to 3h lasting more
2° and 5° than 3hto | Between 5° o
lasting 24h and 7° Between 7
Between 30min to Between lasting more and 9°
2° and 5° 1h 5°and 7° Between 5° | than 3 hours greater than
C) Between | with less lasting o 3h
Listing ) ) 1° and °. than 30min to and 7
30min Between 1h lasting 1h to | Between 7° Greater than
- 5°and 7° 3h and 9° o
duration. lasting less lasting 1 97 for more
Between o than 30min
than o - | Between 7 hour to 3
. 7°and 9 o
30min lasti and 9 hours
asting less lasti
than a_stlng
. 30min to 1h | Greater than
30min o
9° for less
than 30
minutes
Between Between Between | Greater than
25méand | 100m3and | 500m? and 1000m?®
Between 100m3 500m3 1000m?3 without
15méand | without without without progression
25m? progressio | progression | progression | to another
without nto to another | to another |compartmen
Between | progressio | another | compartmen | compartmen t.
5m? and nto compartm t. t.
15m3 another ent. Between
D) Between Without_ compartm Between Between 500m? and
Flooding - - 1méand | progressio ent. Between | 25m3 and 25m3 and 100_0m3
5m3 nto 15méand | 100m? with | 100m?® with with
another Between | 25m® with | progression | progression | progression
compartm | 5miand | progressio toa to more toa
ent. 15m3 with ntoa compartmen | thanone | compartmen
progressio | compartm t. compartmen t.
ntoa ent. t.
compartm Between Between
ent. Between | 15m?®and Between | 100m?3and
5m3and | 25m3with | 100m3and | 500m? with
15m3 with | progression | 500m?® with | progression
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progressio to more progression to more
n to more than one toa than one
than one | compartmen | compartmen | compartmen
compartm t. t. t.
ent.
Installatio | Installatio | Installatio
n loss n loss n loss . .
. Installatio | Installation Loss to
Ir?la'ft:erg _ Loss tq l?gggesgo Ubggzv %%rz) Ubseévzv %%% n loss loss Installation | installation
to installatio 00 a{n d 00 a‘n d ' 00 a{n d "| between between loss greater | greater than
DP/Mari n less than U'S$25 00 | US$25.00 | US$25.00 US$25,00 | US$500,00 than US$2,000,0
ne US$2,000. 0.00 W‘ith 0.00 W‘ith 0.00 W‘ith 0.00 and 0.00 and US$2,000,0 | 00.00 anq
Systems 00 .minor rﬁedium .major US$500,0 | US$2,000,0 00.00 catastrophic
proportio | proportion | proportion 00.00 00.00 damage
ns S S
Partial
blackout Total
(HV) in blgckout
unit with 1 Partial with the
Partial DG blackout vessetl d
blackout | connected. | (HV)in tf)otr;r;e\fvzl
(LV) with unit with 2 with '
loss of Partial DGs < 10 recovery
oneorno | blackout | minutesto before
= TH/DG. | (LV)with | recover. .
) - loss of r_eag:hlng - - -
Blackout . . limits for
Partial more than Partial EDS
blackout one blackout ’
on the TH/DG. (HV) in Partial
drilling unit with 1 blackout
switchboa Total DG >10 (HV) in
rd blackout | minutes to A
he reCOVer. unit with 2
on d DGs > 10
drilling .
switchboa minutes to
rd. recover.
If the
contractor' | According
s WSOG to the
Events . _—
G) less than 1 is more criteria of
Yellow - - minute restrictive the - - -
alarm long than Petrobras
Petrobras' | standard
standard WSOG
WSOG
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Events
lasting
less than
1 minute
Degraded
dqe 0 Minor Major
H) environm |,
egraded | degraded
Degrade - - ental - - - -
- state (class | state (class
d state condition B) A)
s in which
there was
no failure
in any
unit
equipmen
t.
Events Events
1) shorter longer
Advisory - than 1 than 1 - - - - - -
State minute minute
long long
Shutdown
of DG
connected
to the
switchboa
rd,
Fault that without it
led to the being
need to possible to
re?rllz;ce replgcé the Una\_/ailabi o
connected manually lity l_Jnavallabl
DG or between | lity greater
(manually DG automatic 3;?]3%365 dt;;n 386
or unavailab | ally before days, due tc’)
automatic | le due to the tcl) corrective
J) Diesel ally), to | corrective | shutdown corrective | maintenan
Generato - avoid DG | maintena | occurs. maintenan | ce or delay - - -
r Failure shutdown. nce .
between 7 | Unavailab | € °" delay ml "
DG days and ility commletin completin
unavailabl | 15days | between P 9
e due to 15 days g preyentlve
corrective and 30 preventive | maintenan
maintenan days, due maintenan ce.
ce to ce.
between 1 corrective
day and 7 maintenan
days ceor
delay in
completin
g -
preventive
maintenan
ce.
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Unavailab
ility Unavailabi
Shrt:tc()irow between | lity greater
30 days than 90
need to
K) . and 90 days, due
- stop the - Correctiv
Failure - Corrective days, due to
equipme - e .
of maintenan . to corrective
nt for maintena . .
thruster - ce corrective | maintenan
repair, nce . - - - -
or - between 1 maintenan | ce or delay
. making between 7 .
critical - day and 7 ceor in
equipme It . days days and delay in | completin
- unavaila 30 days -
nt (*2) completin g
ble for .
g preventive
less than . .
preventive | maintenan
1 day. .
maintenan ce.
ce.
Unavailab | Unavailab
ility ility
between greater
30 days than 90
Correcti | and 90 | days, due
L) ve days, due to
Failure | mainten to corrective
of non- ance | corrective | maintena ) i i i i i
critical | between | maintenan | nce or
equipme | 1 day ceor delay in
nt(*2) | and30 | delayin | completin
days | completin g
g preventiv
preventive e
maintenan | maintena
ce. nce.
Recurrenc | Failure to | Closing of
e of not report switchboar
adequately | incident to d after
filling out | Petrobras. partial
the Daily blackout
bulletin. | Operation | without
with cross- | investigati
Delay in | connection | on of the
cleaning of failure.
filters and | auxiliaries.
Not heat Operation
adequate Not exchanger | Interconne | with some
M) ly filling | adequatel S. ction of | switchboar
Failure the y filling auxiliary | dclosed.
in Daily | the Daily - Switchboa lines - - -
procedur | bulletin | bulletin - rd without Reset DP
e - Non- Critical interconne | evaluation | controller
critical items cted, with in with unit
items disconnect | conjunctio | connected.
ed vessel n with
to the Petrobras. | Operation
well, in ina
disagreem | Absence | degraded
ent with | of MOC or state
Petrobras | expired without
guide. MOC immediate
related to | communic
Maintenan | DP/Marine | ation (<15
ce . min) to
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execution Petrobras.
without Execution
approval of Operation
classified | maintenan | with less
as ce without than 6

"Requires | approval | thrusters
Petrobras | classified (3 per

approval” as: switchboar
"Permitted d).
only in
special | Maintenan
cases in ce

which the | execution
risk of not | without
carrying approval

out classified
maintenan as:
ceis "Permitted
greater only with
than manageme
carrying it nt
out" approval
from all
sectors
involved"
As As As As As As
assessed As assessed | As assessed | As assessed
0) assessed | assessed | assessed assessed assessed
Others by by by by by by by by by
Petrobra Petrobras Petrobras Petrobras

s Petrobras | Petrobras | Petrobras | Petrobras | Petrobras

(2): In case of multiple classifications, the event will be assigned the most serious severity.

(2): Equipment considered critical DP and IAS: DP Controller / Gyro / DP OS / DGPS / Acoustic system / UPS / Data
Notes: | logging / Field Station; Generation and propulsion auxiliaries: Cooling pump / Pipes / Starting air compressor; Naval:
Ballast pump/ bilge / Watertight door / Sea chest valve / Solenoid panel / Watertight damper. List not restricted to
previous equipment, to be evaluated by Petrobras.

Between 2010 and 2019, the RIDP (DP Incident Record) database was classified according to Table 5,
resulting in the event classifications shown in Figure 1.

Severity V

Severity IV

Severity Il 40

Severity Il

Severity |

Figure 1 - DP Incident Record for the period between 2010 and 2019

For instance, the seven “V — Catastrophic” severity events recorded between 2010 and 2019 are presented
in Table 6.
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Table 6 - Catastrophic events recorded between 2010 and 2019

UNIT DATE INCIDENT DRIFT DESCRIPTION
EDS Low propulsive capacity unit had EDS and controlled
SS-AA 21/0CT/2023 Dri 3,300m drift of 3,300m during a period of high environmental
rift > 3km e
conditions.
Flooding of the pump room progressed to an adjacent
SS-BB 01/FEB/2014 Major listing - compartment through the damper, resulting in listing and
disembarking of all non-essential personnel.
After a partial blackout when operating in 3-split mode,
EDS the crew closed the switchboards, leading to a total
DS-CC 27/DEC/2014 Drift > 3km 9,037m blackout, with further drift-off and EDS. The dill ship
had a drift-off of 9km, with the blackout recovery taking
5h30min.
After overheating of the diesel generators during a period
SS-DD 19/MAR/2015 Dri E ESSkm 4,561m of severe environmental conditions, the vessel started a
controlled drift and EDS. Total drift of 4,561m.
Vessel operated with closed switchboards, had an AVR
SS-EE 03/AGO/2015 Drifl?szkm 3,240m failure and overvoltage, leading to a failure in all
thrusters, EDS and a drift-off of 3,240m.
After the occurrence of high temperature in the thruster
25/APR/2016 EDS 6,500m bea_rings and successi\(e failures in the _thrusters during a
SS-FF Drift > 3km period of severe environmental conditions, the vessel
went into a drift-off, resulting in EDS. Total drift-off of
6500m.
Overheating of the diesel generators' cooling, with
successive shutdowns and total blackout, leading to a
SS-GG 23/MAY/2017 .EDS 6,000m drift-off and EDS. The unit drifted between two FPSO’s,
Drift > 3km . : . L
with the workover string passing over a gas pipeline and
touching the seabed afterwards.

Time Weight (TW)

Over time, the impact of each failure decreases linearly, ultimately reaching zero one year after the event's
occurrence. The Time Weight (TW) varies according to the ranges defined in Table 7, resulting in the
behavior illustrated in Figure 2.

Table 7 - Time Weight Definition

Range Time Time Weight Description
Up to 60 days of occurrence 1,00 Uncertalntye\c;z:tnew similar
Between 60 days and 365 Linear weight decrease (Figure Decreased likelihood of
days of occurrence 2) recurrence.
More than 365 days of Low pr_obablllty of
0,00 recurrence if no new events
occurrence h :
occurred during the period.
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Time Weight

1
1
|
1
|
1
1
1
|
1
|
|
1
1
1
1
1
|
1
1

0,00 1

1

1

'

Figure 2 - Time Weight decay

Operational Time (OT)

Some vessels may have begun operating within the last year or have been docked for some time along their
contractual life, resulting in no recorded failures during that period. To ensure a fair comparison between
vessels, a correction factor OT for operational time is applied.

Equation (2) presents the method for calculating OT, where the numerator represents the maximum
expected period of operation, and the denominator represents the total actual operating time of a vessel,
including any docking or non-productive periods. Consequently, the longer the period of non-operation, the
higher the OT.

n=11 Total Time — Monthy,nen v

_ XN=o 12-N
ot = n=11 Total Time — Vesselyonen n @
N=0 12—-N

Failure Grade — Case Study

Step 1: Defining the DP Equipment Tree

An example of a DP incident in a vessel called DS-XX registered for the Petrobras Decision Support Center
is shown in Table 8. From this report it is possible to fill the equipment tree with the needed information to
calculate the FG.

Table 8 - Example of a registered DP Incident

. Non
Description RIS R iU G Productive
Level 1 Level 2 Level 3 Time
DS-XX: Following a squall, a diesel generator
experienced a reverse power trip immediately
after a load-dependent start. This reverse power
. . - : Control system,
trip led to the isolation of a thruster switchboard Power P
. p 032 - Power monitoring,
section. At the time, another thruster was already . management . 200h
. . - Generation protection
undergoing maintenance. With only four system (sensor / logic)
thrusters available, maintaining position became g
impossible. The red alarm limit was exceeded,
triggering the Emergency Disconnect Sequence

MTS DP Conference - Houston
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(EDS), resulting in a maximum drift of 68
meters.

Step 2: Obtaining the Failure Severity (FSV)
According to the classification in Table 5, in the case of EDS with a drift of less than 500m, the incident
has severity 111, which yields in a FSV of -3.00.

Table 9 - Example of a DP incident severity classification

Severity 1.1 g L mn
Score -0.1 -0. r -0. = -3

5 Drifts between 5
A) EDS - - - - - - Drift <500m 500w oo 3o Drift > 3km

Step 3: Obtaining Time Weight (TW)

Table 10 - Example of a DP incident date registration

Date — Event Date — Today Days since the event Time Weight
November 16th, 2023 March 1st, 2024 106 0.85

The event happened on the November 16™, 2023, with the current date being March 1%, 2024, so there are
106 days since the event has occurred. Therefore, from Figure 3 it is possible to observe that the “Time
Weight” of the incident is 0.85.

Time Weight

.\.z_'.; =
wlis &
Sln © 8

i 106 days '

Figure 3 - Time Weight example

Step 4: FSV x TW
The incident above has a “Failure Severity” of -3.00, multiplying by 0.85 of the “Time Weight”, yields in
-2.55.

Step 5: > (FSV x TW)

The EDS is just one more event that occurred in the DS-XX during its operational life. Table 11 shows a
group of events that happened in this vessel during the last 407 days. All of them are considered for the
calculation of FG, considering their respective severity and time weight.
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Table 11 - All the events in DS-XX in the last 407 days

Failure Mode Failure Severity Failure Score DL I e Ve et FSV x TW
event (TW)

G) Yellow alarm 1.3 -0,4 407 0 0

J) I_Dlesel Generator 12 02 282 0,27 -0.05

Failure

G) Yellow alarm 1.5 -1,0 253 0,37 -0,37

G) Yellow alarm 1.5 -1,0 234 0,43 -0,43

K) Failure of thruster or 1 01 213 0,50 -0,05

critical equipment (*2)

K) Failure of thrustir or 1 0,1 196 0,55 -0,06

critical equipment (*2)

K) Failure of thrustir or 1 01 195 0,56 -0,06

critical equipment (*2)

A) EDS i -3,0 106 0,85 -2,55

J) I_Dlesel Generator 11 01 89 0,90 20,09

Failure

L) Failure of non-

critical equipment (*2) .1 0.1 67 0.98 0,10
Y. Failure Severity X Time Weight": -3,76

Step 6: Obtaining the Operational Time

Equation (2) is used to calculate the OT, using the DS-XX data presented in Table 12. It is important to
note that as of March 2024, the vessel was docked between August 24, 2023, and November 12, 2023.
During this period, DS-XX did not complete the daily bulletin, had no integrity supervisor on board, and
did not report incidents to Petrobras. The resulting OT value is 1.44.

Table 12 - Data for operational time calculation

Equivalent Maximum contractual time operation Vessel real operational time
Period | Multiplier . Time X . Time X
month Time (days) Multiplier Time (days) Multiplier
1 1_12 March 2023 744 744x%:62 744 744x%:62
2 % April 2023 720 720x%:120 720 720x%:120
3 % May 2023 744 744x%:186 744 744x%:186
4 14_2 June 2023 720 720x%:240 720 720x%2240
5 15_2 July 2023 744 744x%:310 744 744x%:310
6 1% August 2023 744 744x2=372 84 84x2=42
7 September 7_ 7_
7 = 5023 720 720x2=420 0 0x==0
8 8 October 2023 744 744x2=496 0 0x2=0
12 12 12
9 19_2 NO;’S'Z“Sber 720 720x2=540 432 432x2=324
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10

10 ;| December 2023 744 744x2=620 744 744x=620
11 11 11
11 = January 2024 744 720XE=682 744 720XE=682
12 12 12
12 = February 2024 672 744x:2=672 672 744x22=672
Y 4720 3258
Operational Time 4720_4 44
(Until February 2024 — DS-XX) 3258

Step 7: Failure grade calculation
Using equation (1) and the previously obtained coefficients, the failure grade is calculated for the vessel
DS-XX:

FG = 10+(ZFSXTW)XOT

FG =10 + (=3,76)X 1,44
FG = 4,58

Step 8: Updating and comparing Failure Grades across vessels.
Thus, the 'Failure Grade' for DS-XX can be compared with the FGs of other vessels in the Petrobras fleet,
resulting in a comparison graph like the one shown in Figure 3.

7,96

768 757 756 74 743 739

Figure 4 - FGs from the whole Petrobras fleet of drilling vessels, highlighting DS-XX.

It is observed that DS-XX has a lower score when compared to the other ones, which requires monitoring
and improvement actions for the vessel.
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Assessment of scores and DP equipment tree

Fault Tree Overview

Figure 5 presents a Power Bl dashboard depicting the annual number of failures for each vessel, considering
the fault tree up to level 2.
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Figure 5 — Example of a Fault Tree Dashboard
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The data can be compared across vessels, categorized by equipment type, detailed up to level 3, and
evaluated for severity, enabling the study of actions to enhance safety. Conducting this survey by a non-
owner offers the advantage of encompassing a larger number of vessels from various drilling contractors,
with diverse management approaches, thereby allowing for a comprehensive process analysis and the
identification of potential improvements. The subsequent sections of this paper will discuss several case
studies.

Case 1 — Gyrocompass failures

Survey of events:
In 2021, nine gyrocompass failure events were recorded, some of which resulted in advisory status or
operational downtime, as illustrated in Figure 6.

01/01/2021 Area Rig Company Subunit
S e Tod T Todos v DP Sensor
31/12/2021
Rig Area Class FailureMode Subunit Component NPT (h) Qtd
-~
NS-3X DpP DP system Falha em thruster ou equipamento DP Sensor Gyro
critico
NS-4X DP DP system Estado advisory DP Sensor Gyro
NS-4X DpP DP system Falha em thruster ou equipamento DP Sensor Gyro
critico
NS-5X DP DP system Falha em thruster ou equipamento DP Sensor Gyro
critico
SS-7X DpP DP system Estado advisory DP Sensor Gyro 70
SS-7X DP DP system Falha em thruster ou equipamento DP Sensor Gyro
critico
55-8X opP DP system Falha em thruster ou equipamento OP Sensor Gyro
critico
Total 70 9

Figure 6 - Gyrocompass failures - 2021

The manufacturer's manual recommended that the gyrocompass sphere be replaced every five years, though
it was not mandatory. As a result, some drilling contractors chose not to perform preventive sphere
replacements, leading to a marked increase in failure rates after the five-year period. Figure 7 below
illustrates the relevant section of the OEM manual.

056343/C NAVIGAT X MK 1

Five-Year Maintenance

To ensure continued trouble-free operation and to minimize the risk of
failure, Sperry Marine recommends that every five years, the gyro-
sphere and the centring pin are exchanged by authorized service per-
sonnel.

Note @ The five-year exchange interval for the gyrosphere is to be regarded as a
recommendation only. Under normal conditions, the gyrosphere is able
to operate flawlessly over a considerably longer period of time.

Figure 7 - Gyrocompass OEM's manual

Actions taken:
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Following the failure analysis, drilling contractors were instructed to replace the sphere every five years.
Maintenance of the gyros was also incorporated into Petrobras' annual DP trials, which now include the
replacement of the internal fluid every 18 months and the sphere every five years. Additionally, in flotel
contracts, the requirement to replace the sphere every five years was formally included as a contractual
obligation.

An analysis conducted over the 12 months prior to this paper revealed a reduction in the number of failures
from nine events across 21 vessels to two events across 26 vessels. Notably, there was no downtime or
advisory status reported, indicating the effectiveness of the maintenance strategies and actions
implemented.

16/07/2023 Area Rig Company Class Subunit
Selegdes ... Todos Vv Todos o Todos N DP Sensor A
15/07/2024 o R
l;l = L[’} I—ﬂ
Rig Area Class FailureMode Subunit Component NPT (h) Qtd Risk
Level
- -
MN5-5X oP DP system Falha em thruster ou eguipamento DP Sensor Gyro
critico
55-TX oP DP systerm Falha em thruster ou equipamento DP Sensor Gyro
critico
Total 2

Figure 8 - Gyrocompass failures - Last year

Case 2 — Field station failures

Survey of events:

An analysis of one year’s worth of failures within the Petrobras fleet revealed that 17% were classified as
IAS+Switchboard events. A detailed examination of the fault tree at level 3 indicated that 46% of these
failures originated from field stations, as shown in figure 9.

FAULTS - 1 YEAR Y S T N

DG + Cooling 127 33,3%

AS + Switchboard 66 17.3%
Thruster 64 16,8%
DPsystem 50 13,1%
Management 36 9,4%

Low propulsive capacity 13 3,4%
Lub Oil; Fuel Oil; Start and service air 1 2,9%
Marine 10 2,6%
Ventilation 2 0,5%
Transformer 1 0,3%
Emergency generator 1 0,3%
Total 381 100,0%

IAS +
Switchboard
17% -

Management

T DG+ Cooling
33%

DP systom
13%

Thruster

[ eveis  rauurs | o

Field Field Station 30 46%
Station Breaker 12 18%
46% Relay 5 8%
Others 18 28%

Total 65 100%

Breaker
18%

Figure 9 - Classification of faults from one year of operation within the Petrobras fleet, illustrating the types of failures.
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Actions taken:

These events were analyzed in collaboration with various operators and the FS manufacturer. It was
discovered that some drilling contractors employed predictive analysis tools for assessing the integrity of
field station 10 modules, such as RIO DUMP and DATA HARVESTER. These tools monitor the voltage
levels of 10 modules and recommend preventive replacement for those exhibiting low voltage. Preventive
replacement can be performed during safe operational periods, thereby reducing the risk of failures during
active rig operations. Figure 10 below displays a report generated by Data Harvester.

| DateHarvesterlog_ Mome sumtxt - Notepad
File Edit Format View Help
PWR? - monitoring / Vessel: 1012345% (Name) J/ Conwverted 2017-05-12

Tnput file: E:\DataHarvesterlLog Name.xm]
Summary file: E:\DataHarvesterLog_Name.sum

Line Date TIP/P5 RIOD P/N Type S/N Rep | 3_3v IMin(3.3V)| Status
22 2017-05-12 31 23 N/A RMP400-32 21279 | 3.199] 3.177| To be replaced
133 2017-05-12 37 2 N/A RMP400-32 1/523 | 3.176| 3.15/| To be replaced

Figure 10 - Example of a Data Harvester report

Hence, the mandatory use of RIO DUMP or DATA HARVESTER software at least every six months has
been implemented. Additionally, the scope of DP Trials now includes verification of module integrity
reports by a Petrobras surveyor. This requirement has also been incorporated into flotel contracts.

Case 3 -Dirilling Vessel Design Project

Drilling Vessel Analysis

The figure below illustrates the FG ranking for all 21 vessels. The bottom three positions are occupied by
vessels from the same project, characterized by the use of seawater cooling for electrical equipment, tubular
heat exchangers, cross-connections, engines designed for locomotive operations, and low propulsion
capacity.

Figure 11 - FG ranking for drilling vessels
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Actions taken:

Numerous analyses were conducted in collaboration with the drilling contractors; however, improving the
design of these lower-ranking vessels would require substantial investment. Classified as low reliability
units under Petrobras' standards, these vessels face operational restrictions when working near other vessels
(SIMOPS). Therefore, these vessels have been designated for operations in non-critical locations and for
non-critical interventions due to their elevated risk of drift.

In high-specification contracts, which involve operations in critical wells or in proximity to other rigs or
production units, restrictions are imposed on contracting vessels with low propulsive capacity. To ensure
operational safety and performance, these vessels are subjected to continuous monitoring, and regular
meetings are held between Petrobras engineering teams and the drilling contractors.

Conclusion

In this paper, a comprehensive analysis of equipment failure and performance evaluation was conducted to
enhance the operational efficiency of drilling vessels. By employing a detailed equipment failure tree, it
was possible to systematically classify and analyze the sources of failures. This approach facilitated a
precise comparison of components across different units, thereby streamlining the identification of
underlying issues and optimizing maintenance strategies.

Additionally, the introduction of a failure score system proved instrumental in ranking fleet units based on
their performance. This scoring mechanism provides a clear and actionable overview of the fleet's status,
enabling targeted interventions for the worst-performing units. Such a system helps prioritize maintenance
and operational adjustments, thus ensuring that resources are allocated effectively to address the most
critical issues.

Furthermore, the analysis highlighted the importance of monitoring low-risk failures to prevent the
escalation of minor issues into severe incidents. By assessing and managing failures with minimal risk, the
likelihood of encountering high-severity events is significantly reduced. This proactive approach not only
improves safety but also enhances overall operational reliability.

The comparative evaluation of drilling units allowed for a strategic allocation of vessels based on their
reliability. Units with lower reliability are assigned to less critical operations, while more dependable
vessels are designated for high-stakes tasks. This strategic deployment optimizes operational safety and
efficiency.

Overall, the implementation of these analytical tools and methodologies has led to notable improvements
within our fleet. The insights gained from the equipment failure tree, failure scoring, and risk management
have been integrated into our standard procedures, contributing to enhanced operational practices and fleet
performance. The adoption of these tools has proven to be a valuable asset in advancing our fleet’s
reliability and safety standards.
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