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Abstract

Dynamic Positioning (DP) vessels rely on multiple redundancy systems to ensure safe and accurate
positioning, including power generation, distribution, communication networks, and electrical protection.
However, inadequate DP capacity remains a common issue during offshore operations. To address this,
PETROBRAS, the major Brazilian oil company, developed the "Zero Loss of DP" program, aiming to
eliminate all DP losses in their fleet. By reviewing numerous reported DP near misses and incidents, the
program classified each event based on fault severity and consequences, leading to the formulation of the
"PETROBRAS DP Golden Rules." These rules encompass critical points that operators and contractors
should focus on, emphasizing training and decision-making during critical activities. The golden rules serve
as directives to enhance the reliability of the DP system, particularly within a 500m proximity zone. Six
simple rules were identified and widely disseminated, with a strong emphasis at the beginning of new
contracts. Implementing these rules, along with annual vessel inspections, has significantly reduced DP
position losses in Brazilian offshore scenario in recent years. Positive feedback from crew and managers
has fostered a safety culture and encourages continuous training and improvement in Brazilian offshore
operations.

Abbreviation / Definition

AHTS — Anchor Handling Tug Supply

AHTS-R — AHTS with ROV

ASOG — Activity Specific Operation Guidelines
CAMO - Critical Activity Mode of Operation

DP - Dynamic Positioning

DPO — Dynamic Positioning Officer

FMEA - Failure Mode Effect Analysis

IMCA - International Marine Contractors Association
PS — Port Side

RDP — “Regra de Ouro do DP”, in Portuguese language, stands for Dynamic Positioning Golden Rule
ROV — Remotely Operated Vehicle

RSV — ROV Support Vessel

SB - Starboard

SDSV — Shallow Dive Support Vessel

Introduction

Events of loss of DP are situations where the control of a vessel is lost. A vessel which movements cannot
be controlled during a critical operation can lead to events of top severe consequences, like spills of oil in
the sea, damages to subsea systems and equipment, dragging of divers, allision with an offshore unit,
damage to production risers and numerous other scenarios.

By analysing undesired events in DP operations of the Petrobras Subsea Services fleet between 2017 and
2020 and the events reported in annual reports from International Marine Contractors Association — IMCA
from 2015 to 2018, we can see that the adoption of some actions could have had potential to eliminate most
of the top events. Figure 1 shows the hierarchy of dynamic positioning incidents as a start point of the
current study.
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Figure 1 — Hierarchy of Dynamic Positioning Incidents

Loss of positioning events, where there is no control of the vessel’s position, are considered as top events,
even though there are no accidents of major severity associated with them. Most of the top events are related
to human factors, and the creation of golden rules were one of the strategies to develop a safety culture
turned to DP operations.

As a step forward to the "Zero Loss of DP" program, the engineers from PETROBRAS developed the
PETROBRAS Golden Rules for Dynamic Positioning safety, which are key elements used to prevent the
loss of vessels’ dynamic positioning. The Golden Rules clearly and objectively establish how six key
elements for safe DP operations are expected to be followed. Figure 2 indicates these are the six rules.

RDP 1

Besneck fhe i otk

ROP 2

Dy o wie! pow Reee been fominnruen oed Sramed S

ROF 3

Afoke toye pou enuw e g eliings

RDP 4

Laersiang gl

RDOFP 5

Lr 0L enaee besls Gru MG erINres Wi M aperain

RDF &

Herover frony Juiures sy

X ® & ® @

Figure 2 — Petrobras DP Golden Rules

The six Petrobras Golden Rules for Dynamic Positioning were defined after analysis of investigations of
the causes of loss of positioning events carried out by Petrobras, for events reported by IMCA [1], from
studies of mitigation barriers developed by IMCA on its Guidelines IMCA M 117 [2], IMCA M 220 [3]
and IMCA M 103 [4], and by the exchange of experience with many shipowners of the fleet through the
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years. These rules reinforce the safety guidelines already developed by the industry regarding DP
operations, in order to be used by operators as the last barrier for safe operations, and by managers and
leaders as structuring points of the process. The establishment of the rules intended:

a) Reduction of loss of positioning events.

b) Reduction of impacts of an undesired DP event.
¢) Improvement of the management of DP operation.
d) Strengthening of the safety culture.

Regarding the leadership of the companies, it is expected the following points:

e) Commitment with the implementation of the initiative.

f) Present the RDPs to operational fronts.

g) Ensure the resources and support necessary for the RDPs to be adhered to.

h) Confirm that the RDPs are understood and are followed by the operational fronts.

i) Provide an environment favourable to the feedback from operational fronts, giving the personnel
freedom to report the problems found.

j) Endeavour to resolve the appointed problems, showing the value of feedbacks from the operational
fronts.

The critical success factors for the golden rules are the following:

k) Commitment of leaderships and managers with the initiative.

1) Understanding that the Golden Rules reflect the good practices related to DP operations and the
commitment of the operational fronts.

m) Feedback from operational fronts as to the difficulties found during operations whilst complying
with the RDPs, showing the problems found to supervision and management levels.

n) Resolution of the appointed problems in order to support the operational fronts.

The Petrobras Golden Rules for Dynamic Positioning

ROP 1
Respect the operationa! linvits

What is the importance of this RDP?

It is essential that DP operators recognize the operational limits that result in the degrading of vessel’s
redundance. These limits are represented in the vessel’s ASOG, and it is mandatory that they be respected,
with operations stopped whenever they are reached. In this way, it is possible to ensure that the vessel will
keep station even after a worst single failure scenario.

Considering the propulsion ability to keep position and heading, [5] developed import instructions to
evaluate the capability plot of each vessel. Thus, respecting the vessels limits indicates it will be able to
counteract environmental loads and other subsea loads such as risers and anchoring using it available power
and thrust, within a certain safety margin as defined by its ASOG. Figure 3 illustrates the main
environmental loads that must be analysed at each case composed by wind, wave and currents from several
combinations of heading to the vessel.
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Figure 3 — Environmental loads considered to keep station of a DP vessel

When at the operational front:

1. Know your vessel’s ASOG (Activity Specific Operating Guidelines) entirely.

2. Understand the influence of operational limits on the vessel’s positioning, considering the worst
simple failure scenario.

3. Respect the operational limits defined on the ASOG.

4. Follow the safety procedures for safe closing of the operation when in degraded status.

5. Report any exceeding event where apparently the operation cannot be stopped after identification
of a degraded scenario.

For the leadership and management:
1. Provide suitable training to workers of operational fronts, strictly following in detail the
dispositions of IMCA Guideline M 117 — The Training and Experience of Key DP Personnel.

2. Periodically audit the operational fronts in order to confirm the compliance of this RDP.
3. Provide technical support for elaboration of the ASOG and safety procedures.
4. Provide a quick and easy channel of communication with the DP authority.
5. Provide technical support to assess exceeding situations.
Example 1

An RSV in a DP operation with ROV was about to end a survey when sea conditions deteriorated. In order
to keep station, the vessel used approximately 70% of the available thrust. In order to conclude operations,
the operational limit defined in the vessel’s ASOG was not respected, and the risk of drift off was admitted
for the vessel.

What happened
The vessel lost the fore tunnel thruster while the ROV was recovered, which caused the vessel’s drift off.

‘What should have been done

The Bridge crew should have made prior verification of the deterioration of sea conditions and stop
operations according to the limits defined in the ASOG, considering the time to end the operation in safe
conditions.

Example 2
During a hook up operation, an AHTS that was giving support to the pull back of the Offshore Unit had a
partial blackout, which took the vessel to a degraded status.
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What happened

The Master reported that still kept the vessel’s position under control, however, the degrading was not
correctly assessed, considering a new possible failure scenario where the vessel would have lost her entire
capacity to be maneuvered. The AHTS was not changed, since only the reporting that the vessel still kept
position was considered, and the operation went on without proper safety assessments, like the vessel’s
repositioning to a drifting case, without any communication between the vessels in the operation, and
without any containment plan for the case of a new failure scenario.

What should have been done

The Master should have assessed the entire scenario, taking into account a new failure of the vessel in the
end of the hook-up operation, and together with the operations control support, define the safety measures
required to keep the operation in progress, or conclude that the hook up operation should be stopped until
the AHTS in degraded status could be changed, in case there were no containment barriers that could avoid
the allision between the units in operation.

ROP 2
D oy wehat vow hove Been fomilicrized and trained

Sor

What is the importance of this RDP?

Correct familiarization ensures that the professionals involved with the DP system will take the correct
actions, whether in day-to-day operations of the vessel or in emergencies. Trainings are essential to ensure
that the professionals will have the required knowledge to keep safe DP operations, and in emergencies,
will act as expected. Each vessel has her own characteristics, and familiarizations and trainings must focus
on the vessel the professional will work in, taking into account the specificities of her systems.

When at the operational front:

1. Be the last familiarization and training barrier. In case any task or manoeuvre was not presented,
with proper procedure, training and supervision, do not do it;

2. Seek knowledge by means of trainings, procedures, technical manuals and the experience of other
professionals;

3. Know the main guidelines from IMCA (M 117, M 220, M 103, M 203, M 190, M 182, M 115) in
order to have a clear view of the DP operation;

4. Follow the training plans and emergency drills that are proposed,;

5. Report any non-conformity that is observed related to failures in familiarizations, trainings and
emergency drills;

6. Ask for procedures or technical manuals before doing the activities, maintenances, drills and
maneuvers, and follow them;

7. Give feedback in case you find any deviation related to training and familiarization of the crew.

Tips for the leadership and management:
1. Provide suitable training to workers of operational fronts, observing the vessel’s characteristics;
2. Develop a familiarization plan that is suitable for the vessel and all key DP personnel, according to
IMCAM 117;
3. Provide all technical material that is required, containing procedures for maintenance, for
maneuvers in emergency, etc.;
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4. Assess the competence of key DP personnel, in order to ensure they will follow the requirements,
and that the provided trainings, procedures and drills have been effective;

5. Ensure that all key DP personnel of a vessel is trained and familiarized with that specific vessel,
that each of them has done the emergency drills and complied with Appendix 6 of IMCA M 117,

6. Allow and ensure the development of the professionals before appointing them as operators in
charge of the watch;

7. Pay attention to changes in key DP personnel, and only authorize them to operate the vessel after
confirming everyone has complied with the minimum requirements established in IMCA M 117.

Example 1

An SDSV in the final phase of approach to an Offshore Unit, became highly instable to keep station. The
vessel’s travel had been of approximately 10 meters, and was kept that way for a long time, even coming
too close to the unit in many instances. The automatic control of position had not been done with the
required accuracy.

What happened

The DPO had set some incorrect DP parameters, which resulted in the vessel becoming highly instable. The
vessel’s travel was longer than the limit established in the ASOG, and the anticipated emergency
manoeuvres were not done in due time to avoid the degradation of the situation.

‘What should have been done

The DPO should have knowledge and training enough for that specific vessel, in order to set the system
correctly. Even if the instability continued, emergency manoeuvres should have been done as soon as the
vessel’s instability and the travel superior to the red status of ASOG were identified.

Example 2

An RSV was in a sea trial and had all the Engine Room burned, being it necessary to use the CO2 system
to put out the fire. The vessel drifted for more than 40 hours before rescue arrived. In addition to physical
damages and financial losses, two employees had severe burns.

What happened
The Engine Officer did not follow the procedures for change of diesel oil filter, and this resulted in a stream
of diesel being squirted towards a hot surface of the engine, which started a huge fire.

‘What should have been done

The vessel’s and the company’s leaderships should make sure that the crewmembers responsible for engine
watches have the minimum requirements to ensure the safety of operations, even for tasks as simple as
changing diesel oil filters. The operator should have had consciousness that he had not been trained and
familiarized, and as such, he should not have done the task. Non-compliance of the procedure also shows a
deviation in the assessment of tasks criticality, and the employee should have been fully aware that if
something is not anticipated or is not within the standards, this thing should not be done without appropriate
Risk Assessment.

RDP 3
Make sure you know the vessel’s settings

What is the importance of this RDP?
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A vessel has many setups, and even a simple change, like using the stand-by pump instead of the main one,
can result in a scenario different from what is expected after a simple failure. The setup should always
follow the definitions of the vessel’s CAMO (Critical Activity Mode), in order to ensure the maintenance
of position after a simple failure scenario. Even simple changes must be assessed and recorded by the crew,
indicating if there will be changes in the vessel’s behavior after any simple failure, observing possible
scenarios of failure presented in the vessel’s FMEA (Failure Mode and Effect Analysis).

When at the operational front:
1. Know the vessel’s CAMO and make sure all systems are set as expected;
2. Using a pre-DP operation checklist, check the setup of the systems and confirm they behave as
expected;
3. Know the vessel’s FMEA and failure modes expected for each of her systems;
4. Demand technical support for verification of the consultive status of CAMO, and make
managements of change that are appropriate to each situation;

Tips for the leadership and management:

1. Provide suitable training to workers of operational fronts, focusing on FMEA, CAMO and DP
Checklist;

2. Make an audit of the operational work fronts, observing the compliance of the CAMO and DP
Checklists;

3. Provide technical support for analysis of managements of change related to variations in the
vessel’s setup;

4. Promote an environment that is comfortable for the operators to report even the simplest variations
in the vessel.

Example 1
During an ROV operation, an RSV drifted approximately 500 m due to the loss of two azimuth thrusters,
in a partial blackout.

What happened

The main cooling pump of the SB azimuth thruster was not operational and as such, it was decided to use
a stand-by pump, which was fed by the PS bus bar only. When the PS bus bar failed, in addition to the
vessel losing the PS thrusters (bow tunnel thruster and PS azimuth thruster), the pump that cooled the SB
azimuth thruster was also lost, which resulted in the heating and shutdown of the system due to high
temperature. Therefore, without any azimuth thruster available, the vessel drifted in the partial blackout.

What should have been done

An analysis of consequence of failures should have been done, according to the vessel’s FMEA, in order
to confirm that the adopted setup would keep the vessel’s redundancy following a failure scenario. In this
case, the use of the stand-by pump resulted in the loss of redundancy, since its source of power had not
been observed.

RDP 4
Understond aolorms

What is the importance of this RDP?
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No alarm should be overseen, since they indicate that something is not working as expected for the vessel.
No improper behavior of the vessel should be accepted. Many events of loss of positioning are indicated
by the alarms before they actually occur, and the correct analysis of the alarms avoids a future loss of
positioning.

When at the operational front:

Make a joint analysis of the alarms, upon their occurrence, with the personnel of the watch;
Never oversee an alarm and accept an improper behavior of the vessel;

Do not consider alarms as ‘normal’ events;

Have full knowledge of the causes and effects of alarms of DP systems and PMS;

Report any alarms and improper behaviors to the vessel’s managers and demand a solution;

In doubt as to the effect of the alarm, put the vessel in ASOG’s degraded status (yellow) and start
the procedures to end operations safely.

AN S e

Tips for the leadership and management:

1. Provide refreshment technical training to operational work fronts in order to allow the personnel to
be capable of analysing the causes and effects of alarms;

2. Make an audit of the vessel’s history, in order to find non-compliances involving alarms and
recording on board.

3. Give all technical support to resolve the issues reported by the crew.

4. Do not tolerate operational deviations involving people overseeing alarms, when all tools required
for analysis and decision-making are available to operational work fronts.

Example 1

An RSV was operating with ROV near an Offshore Unit when many alarms related to the steering and
feedback from the SB azimuth thruster started to sound/light. In a given moment, the vessel drove off
towards the unit, being just a few meters away from it, after which the vessel’s manual control was taken
over to avoid an allision.

What happened

The SB azimuth thruster was not responding to the commands as expected in the DP system. Many alarms
related to failure of control and feedback had been reported by the system and were overseen, with the
operations continuing without proper analysis. In an operation close to the unit, the PS azimuth thruster
failed, case in which station-keeping should have been done by the SB azimuth thruster. Considering the
existing failures in control, the vessel’s position-keeping could not be maintained, resulting in the vessel’s
driving off too close to the unit.

What should have been done

After the first sign of failure, announced by the control and feedback alarms, the failure should have been
reported to the technical section, and the vessel’s operation should not have continued in such a condition.
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What is the importance of this RDP?

During a DP operation, all the key DP personnel’s focus must be on the operation itself. Any test involving
equipment related to the DP system (generation, distribution, thrusters, automation) can lead to an
unexpected scenario of failure, and consequent loss of control of the vessel’s positioning. Maintenances in
same systems have the same risk of leading to a loss of redundancy, or even to an unexpected failure that
could lead to the loss of control of the vessel during an operation. Even tests in other systems, like the fire
system, should be avoided, since they can lead to an unexpected scenario on board.

When at the operational front:

1. Do not make tests or drills that depend on the participation of the watch personnel during a DP
operation;

2. Do not make tests and drills in DP-related equipment (generation, distribution, thrusters, and
automation) and avoid tests and drills in other systems, like the fire system;

3. The shipboard leadership should assess any test and drill in other systems in order to identify
possible interactions with the DP system.

4. Do not make maintenances in systems associated with the vessel’s positioning during a DP
operation.

Tips for the leadership and management:
1. Emphasize this RDP with the crew and make sure everyone understood;
2. Map all possible tests and drills and their effects, not leaving doubts to the crew about to their
impact;
3. Give technical support to decision-making and elaboration of Risk Assessment in exceeding cases
where maintenance during operations is of utmost importance.

Example 1

During an operation with ROV an AHTS-R had 3 out of 4 main engines shut down due to low diesel oil
pressure. The automation system identified the need to reduce load and reduced it to the minimum safe load
to avoid the loss of the last engine. The vessel did not lose station thanks to the quick response of the crew
to the failure, which was kept under manual control.

What happened

A test in the fire system was done, where a push-button was pushed without knowing the effects of this
action. The system shut down the secondary diesel oil pumps, leaving only the pressure of gravity to work.
Such pressure was not sufficient to keep the demand of power required, and the system deteriorated little
by little. Thanks to the automation and blackout prevention features, an engine remained on and this was
enough to keep the vessel’s station, considering that the sea conditions were favourable.

What should have been done

The test should not have been done, and should have been avoided during the DP operation. The fact that
the crew did not know how the vessel would respond to the activation of that push-button should have been
enough to conclude that such test should not have been done. In doubt, do not make any tests.

Example 2
During a pipelay operation, a PLSV had a total blackout and drifted approximately 500 m until propulsion

was restored.

What happened
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The vessel’s power distribution systems were submitted to a maintenance not based on any procedure and
without proper Risk Assessment. The executor even deviated interlocking systems, which led to a total
blackout.

‘What should have been done

The maintenance was not critical to the safety of the operation. The definition of its execution should have
been discussed with the company’s technical team and leaders of the industrial mission. The maintenance
should not have been authorized in the Risk Assessment and execution of the procedures, considering the
non-criticality and the high risks to the vessel’s operations.

RDP &
Recover from foilures safely

What is the importance of this RDP?

In a scenario of failure, any recovery actions can deteriorate the scenario, dur to human error or extension
of the failure. When the redundancy limits are respected in a DP2 operation, any simple failure scenario
(not including fire or flooding of the Engine Room) will not lead to loss of vessel’s positioning, and
operations can be safely stopped before the process for recovery from the failure starts.

When at the operational front:

1. Just start the failure recovery procedure after stopping operations and safely positioning the vessel;

2. Do not tie in segregated bus bars to feed back the industrial plant without proper analysis,
identification of the failure and certainty that the failure will not extend to other systems;

3. In exception cases, where operations cannot be stopped, since the vessel could be in a degraded
status for a long time, make a Risk Assessment and follow procedures together with the company’s
onshore technical team, with the consent of the leaders of the industrial mission and the client to
follow the failure recovery procedures during the operation.

Tips For the leadership and management:
1. Emphasize this RDP with the crew and make sure everyone understood;]
2. Give technical support to decision-making and elaboration of Risk Assessment in exceeding cases
where maintenance during operations is of utmost importance.

Example 1
During an operation within the 500-meter safety zone, an RSV lost both azimuth thrusters whilst trying to
recover from a failure, which resulted in the vessel drifting 50 m away from the unit.

What happened

A simple failure occurred in the PS azimuth thruster. The vessel kept station within the operational limits.
The operation started, and within the 500-meter safety zone, the procedures to recover the PS azimuth
thruster were followed. The failure was identified and corrected, and the restart of the thruster was
requested. At that moment, the operator stopped the SB azimuth thruster by mistake instead of starting the
PS one, and the vessel was now without both azimuth thrusters, losing the positioning control.

What should have been done?
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The crew should have changed the vessel’s status to degraded (ASOG’s yellow), stopped operations safely,
got positioned outside the 500-meter safety zone, with known free drifting route, and started the failure
recovery procedures.

Conclusion

The Petrobras Golde Rules for Dynamic Positioning were created to address the main threats to DP
assurance operations in Brazil with focus on humanization of crew and its performances. Other important
topics of the DP system such as the system design and architecture, system functionality and system
verification were previously addressed by [6].

Although there are still plenty of challenges ahead on that matter, our track record on loss of position
incidents shows that, along with other measures, the dissemination of the golden rules has contributed to
increase safety on Petrobras subsea operations. Figure 4 illustrates the yearly decrease in events of loss of
positioning DP vessels, considering the fleet of PETROBRAS subsea services.
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Figure 4 — PETROBRAS subsea services loss of position incidents per year, from 2018 to 2023. Currently
fleet is composed by 79 vessels as per September 2023 and an average fleet in the evaluated period was 70
vessels per year.

The main conclusion is that the Petrobras Golden Rules for Dynamic Positioning are effective tools to help
the teams on board to memorize and apply the safety guidelines already developed by the industry, and
thus, improve safety levels of marine operations offshore Brazil. An important reduction in the loss of
dynamic positioning events was specially noted by the beginning of the “Zero Loss of DP” program in 2019
together with dissemination of the PETROBRAS Golden DP rules.

Their application in different companies and even different countries could be useful for the industry as
whole, as a way to promote safety culture and as an easy guide to enhance decision making from the vessel
bridges to the leadership offices throughout the world.
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