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1 - Abstract

This paper presents a comprehensive review of safety management best practices within
the dynamic positioning (DP) fleet operating in offshore Brazil. Emphasizing recent initiatives, we explore
the development and implementation of the DP Assurance Manual, designed to standardize and
enhance safety protocols across the fleet. We also delve into the adoption of remote vessel audits, a
transformative approach enabling continuous compliance monitoring and operational assessments despite
geographical constraints. Additionally, the paper examines new processes centered on human factors,
aiming to mitigate risks associated with human error and improve overall safety culture. Furthermore, we
highlight the launch of a DP-focused podcast, an innovative platform for disseminating operational insights,
and safety updates to a broad audience. Through these initiatives, we demonstrate a multifaceted strategy
aimed at advancing the safety and efficiency of DP operations in the Brazilian offshore sector. This review
underscores the integration of technology and human-centric approaches in enhancing maritime
operational safety.

2 - Abbreviation / Definition

DG — Diesel Generator Marine Engines

UDPE — Undesirable DP Events: It is a Safety Management Indicator used to measure events and incidents
in DP operations where the vessel had to conclude or discontinue its operation due to a degraded status.
DPI — DP Incidents: 1t is a Safety Management Indicator is used to measure drift-off events of a vessel after
losing its DP station-keeping capability.

PLSYV — Pipe Laying Supply Vessel

RE — Resilience Engineering

Safety-I - The condition where the number of adverse outcomes (e.g., accidents, incidents and near misses)
is as low as possible. Safety-I is achieved by trying to make sure that things do not go wrong, either by
eliminating the causes of malfunctions and hazards, or by containing their effects (Hollnagel et. al, 2015).
Safety-II — The condition where the number of acceptable outcomes is as high as possible. It is the ability
to succeed under varying conditions. Safety-II is achieved by trying to make sure that things go right, rather
than by preventing them from going wrong (Hollnagel et. al, 2015).

WCFDI — Worst Case Fail Design Intent

3 — Introduction

One of the main questions this present study seeks to address is how effectively the concept of safety can
be applied in the maritime sector, particularly in Dynamic Positioning (DP) operations. Is it fair to define
safety merely as the absence of near misses and catastrophic events? If one were to adopt such a simplified
definition, it is important to recall the tragic case of the Deepwater Horizon, which occurred in 2010 in the
Gulf of Mexico. Ironically, at that time, the crew onboard was celebrating an impressive eight-year period
without any significant incidents, just before the devastating fire and flooding unfolded.

This study underscores the management of a fleet of near to eighty vessels, all of them operating in DP-2
configuration offshore Brazil. Those vessels execute different subsea services varying from subsea flexible
pipe installation to shallow diving services.

From previous experiences, the engineering influence over many different shipowners was constrained into
the applicability of rules, regulations and performing extensive audits. In this perspective, whenever a small
event or near miss position occurred, the fleet commit of management tries to investigate each problem to
perform an extensive troubleshooting in order to find the origin of each issue and propagate the results of
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each isolated case to the entire fleet. Nowadays, it became clear that such behaviour is the so-called Safety-
I (Hollnagel et. al, 2015).

For instance, the major Brazilian oil company created a DP Assurance Manual with the aim of disseminating
best practices across various aspects that each company’s DP assurance department should develop. During
the COVID-19 pandemic, the company safety team initiated a remote audit extension program to oversee
the maintenance plans of our vessels. This measure was necessary to avoid boarding the ships and to
maintain contact with each maintenance team. As a result of this initiative, the inspections frequently dealt
with postponed maintenance and outdated tasks on the engines, requiring a risk analysis for each case. These
remote audits have since evolved and remain an important tool to this day.

Another example of a Safety-I action was the creation and dissemination of the DP Golden Rules (Passos
et. al, 2023). Through a comprehensive study of various DP incident reports, the key issues were filtered
into six essential rules that everyone in the DP environment must follow. Thanks to these and other
initiatives, the company subsea fleet significantly reduced the number of drift events per year.

A notable initiative was the launch of a podcast called 'DP Talks,' aimed at promoting safety culture among
contractors working with the major Brazilian oil company. The first season of our podcast focused
specifically on the six DP Golden Rules, which were previously addressed as part of our Safety-I approach.
More recently, lots of efforts have focused on human factors focus. A transition from Safety-I to Safety-II
. It starts conducting in-person workshops to bring together DP contractors and clients, aiming to reduce the
gap between work as expected to the work as done One major outcome of these workshops was the
establishment of the Brazilian Society of Dynamic Positioning, an open community dedicated to addressing
safety challenges in DP operations.

4 - Objectives

Present work presents two case studies. The first is an overall of the major Brazilian oil company in the last
three years of operations accounting for important DP events in the subsea fleet and its classification. The
second is a specific and complicated event that took place at a PLSV of that fleet, evolving from technical
views to human factors.

From the background of these study cases, present work introduces the concept of Safety-II in Subsea DP
operations, examining the diagrams and reactive indicators closely related to the maritime operations and
try to prospect the future for more reliable and resilience DP engineering.

5 - Subsea DP Fleet Case Study

At present section it is shown the UDPE graph in Figure 1, which is the indicator for events that lead each
vessel to a loss of DP system redundancy. Such events are related, for instance, with the loss of a single
thruster unit or could evolve to partial blackout maximum, but not developing to a drift-off of the vessel.
Whenever a drift-off is observed it is accounting for the DPI indicator, as presented in Section 2.

A derivative classification of these events is currently proposed. At a higher level, these events are
categorized into five groups: External Environment, Electronics, Faults During Commissioning,
Operational Faults, and Maintenance Management. On a secondary level, each investigation can delve
deeper into the specific procedural components that went wrong. For example, a relay fault would naturally
fall under electronics, while an engine operating past its scheduled maintenance without a proper risk
analysis would be categorized under maintenance management.

A derivative classification of these events is currently proposed. At a higher level, these events are
categorized into four groups: External Environment, Electronics, Faults During Commissioning,
Operational Faults, and Maintenance Management. On a secondary level, each investigation can delve
deeper into the specific procedural components that went wrong. For example, a relay fault would naturally
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fall under electronics, while an engine operating past its scheduled maintenance without a proper risk
analysis would be categorized under maintenance management.
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Figure 1 — The different class of DP events in Subsea Fleet in a derivative classification method.

From past experiences, the events presented in Figure 1 could even be condensed into two broader
categories, as shown in Figure 2. First, there are DP events related to technical issues that have no cost-
effective actions. Second, and more frequent, are events related to human factors in a general sense. This
classification is considered an integrative approach, as it elevates the analysis to a higher level. While it is
relatively easy to classify DP events associated with human factors, it is often more challenging to address
the specific decisions made by humans that lead to an undesired DP event.

Integrative UDPE
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Figure 2 — The different class of DP events in Subsea Fleet in the “integrative” method
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For this universe of events related to human decisions, ranging from operational decisions to the company’s
strategic decisions, an approach is needed that focuses on the agents and factors that create the scenario for
decision-making in a dynamic and non-linear socio-technical context

Figure 3 illustrates the important interrelations among four key areas: organizational, individual,
environmental, and technological. None of these can be separated from the others, as demonstrated in this
example. Human factors are not merely the plural of 'human factor.' They refer to the dynamic set of
influences on human behavior, decision-making, and performance (Franga, 2020).

Human Factors
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Figure 3 — Human factors as defined by Francga (2020).

6 - PLSV DP-System Degradation Case Study

At present section the study presents the PLSV case DP incident that occurred in 2024, while the vessel was
preparing to operate in close proximity of another floating unit. Although no drifting was observed in this
event, a continuous number of faults, with growing severity into the DP system, finally surpassed the
WCFDI. Figure 4 presents the two segregated bus bars very common to theses family of vessels, together
with its six DGs and the propeller units. Red single lines represents the portside busbar while the green one
represents the starboard.
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Figure 4 — Overview of the PLSV DP Redundancy Groups.

A brief description of the DP incident follows. The DP-2 configuration started with an open bus bar
redundancy. Initially, a fault occurred in the fuel feed line, leading to the loss of DG number 6, which was
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connected to the starboard bus bar as per the initial setup. This incident would have been a manageable
event, as two other engines were expected to be available on the same bus bar. Unfortunately, DG number
4 was undergoing maintenance at the time and was not available to supply power. The crew was already
aware of this situation beforehand. Consequently, all the power required by the vessel on the starboard side
was supplied by a single DG, number 2, which, due to lack of maintenance, was not considered reliable by
the crew.

After this occurrence, and with only one DG available on the starboard bus bar, the crew decided to close
the bus bar to prevent a partial blackout, which would have led to significant economic losses for the
shipowner due to downtime and excessive paperwork to return to operation. Although the crew acted with
good intentions, this decision was unexpected.

Sadly, a transient magnetic field and current were instantly propagated between both bus bars within an
extremely short time. The Power Management System (PMS) triggered the open bus bar action, and a partial
blackout occurred on the starboard side, with the only remaining DG shutting down due transient faut. The
vessel was now in a severely degraded state but, according to operational limits, was still considered safe.
Unfortunately, the transient current and magnetic field caused the shutdown of a single thruster on the
opposite power plant and transmission side. As a result, the vessel was left with only two operational
propellers: one at the bow and one at the stern. Luckily, environmental conditions were not severe, allowing
the vessel to maintain position and heading as it moved away from the site to investigate the incident.

This event highlights the complex socio-technical system, which together contributed to an unpredictable
situation that nearly led to a drift-off. In scenarios like this, we are shifting our focus toward the concept of
Human Factors rather than merely concentrating on human errors and violations.

7 - Equilibrium point of an Engineering System

In this section, we present explanations of the diagram proposed by Rasmussen (1997) and demonstrate its
excellent alignment with marine activities. Figure 5 illustrates the equilibrium point of an engineering
system and its three most relevant boundaries, to which it must respond: Economics, Workload, and
Functionally Acceptable Performance.

It is clear that all these boundaries contribute to the equilibrium point at which each system operates. When
sufficient pressure is applied to one of these boundaries, less capacity remains to absorb errors in the daily
routine, pushing the system closer to its error limits, which can ultimately result in a DP event. The role of
Safety Management is to assess the size of each error margin for any given operation, while also
understanding how other vectors and forces are acting simultaneously. Perhaps, quantifying the operational
risk area during each operation would be more advantageous than simply counting past incidents and near
misses.
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Figure 5 — Under the presence of strong gradients behaviours will very likely migrate toward the boundary
of acceptable performance (Rasmussen, 1997)

8 - Daily-Work oscillations in a complex socio-technical system

A different way to visualize all the processes occurring simultaneously during a single operation is presented
in Figure 6, using a time-domain graph. The image highlights the oscillatory nature of various processes
and variables that influence human decisions and consequently, the engineering system.

When these oscillations are analysed in the context of DP events, present authors suggest additional limits
corresponding to different severity levels. For example, in our safety management of marine operations, we
constantly monitor the occurrence of UPDE events, situations where the DP vessel must operate or stop
operations after a single fault which leads to a degraded status. In the oscillatory chart, this is represented
by the blue dashed line limit, and it is expected that such an event could occur without introducing additional
risks.

MTS DP Conference - Houston October 8-9, 2024 Page 6



PUBLICA

Rafael de Barros Passos, HUMAN PERFORMANCE Safety Management in Dynamic
Guilherme Cruvinel Silva and SESSION Positioning Fleet: Insights from
Rafael Brasil de Aguiar Offshore Brazil

Jutcome
valug

A'I! \ﬁrﬁ "*

AN

I y WA Y w,l Time
y 'l."'* A \J 1‘ ~
E‘ﬁ é ‘f?"')k ‘ Jrﬁ, ¥, { > UDPE
& ¥ ' .- ’ .;"I:'h":i-'-} —y
% V I! Pﬁ{regrfﬂw -
§l~ | Mgt DPI
—_— -~ - I e - N

_— -— . .
- Vessel Collision

Figure 6 — Example of oscillations and DP limits: UDPE, DPI and to Vessel Collision. Adapted from
Hollnagel (2017).

Further down in Figure 6, we establish our DPI indicator, represented by the red dashed line, where
occurrences are expected to be much rarer, and all boundary variables must remain within limits before
such a situation occurs in the offshore environment. Finally, the purple dashed line marks the collision limit

According to the Safety-I approach, through the application of rules and standardizations, it is expected that
the curves representing day-to-day activities are well-defined, approaching the X-axis as more standards
and rules are applied. However, this approach has limitations and is not suitable for a complex socio-
technical system. According to the Safety-II approach, such variabilities present in day-to-day activities are
inherent and necessary for the development of operations, and safety is achieved through the development
of capabilities to deal with these variabilities.

9 — The concept of Safety-Il into the DP Assurance

In this section, we summarize the current limitations of our DP operations within a Safety-1 and Safety-II
framework (Hollnagel et. al, 2015).

Table 1 shows the current frequency of the two indicators, demonstrating how rare these events are within
our fleet under our safety management.

Table 1 — DP Indicators to the Subsea Fleet

Indicator | Occurrence Frequency
in operations hours

UDPE 0,000070
DPI 0,000006
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Figure 7 illustrates how our indicators UDPE and DPI are reactive, representing extremely rare events,
along a normal probability distribution. Naturally, shifting the focus towards Safety-1I would create greater
opportunities and provide more straightforward solutions.
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Figure 7 — Normal probability density function and the DP rare events composed by ISD and IPDP.
Adapted from (Hollnagel et. al, 2015).

10 — The Resilience Engineering to address Safety - ||

If safety is no more de absence of events, a new concept of safety is needed. Safety can be described as the
system’s ability to handle the variabilities present in day-to-day activities. For that, the Resilience
Engineering (Hollnagel, 2017) can be a first step into Safety - II for the DP operations.

Figure 8 illustrates the important interrelations among four the four potentials: Response, Learning,
Monitoring, and Anticipation. One of the ways to develop the safety of DP operations through human
factors is to develop these four pillars of resilience engineering.

Resilience Engineering (RE)
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Figure 8 — The potentials of resilience engineering
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11 - Conclusions

e We are now moving efforts to the implementation of a Safety-II program in contrast with a restrict
Safety-I view;

e We current initiate the studies for tools to underscore and apply the concept of the Resilience
Engineering;

e  We continuously seek not only to reduce the absolute number of DP faults and near missing but to
increase the safety of daily operations through the development of the capacities of the system.

e Measuring safety, not by counting events, but by the potentials of resilience, using the Resilience
Analysis Grid (Hollnagel, 2017)
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