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Abstract

The use of thrusters in the various Pipelaying vessels activities during operations in Dynamic
Positioning (DP) mode is essential to ensure manoeuvrability and precise control of position

and heading during operations in restricted areas or challenging environments.

However, the use of all thrusters during operations results in high costs of operation,
maintenance, and energy consumption. In this article, we will explore alternatives that allow
the reduction of the number of thrusters during operations in DP mode, without compromising
the performance and operational safety of vessels. Optimization methods, dynamic positioning
systems, and the use of the TAM table (Task Appropriate Mode) will be discussed, aiming at

efficiency and resource-saving.
1. Introduction

In the maritime industry, pipelaying operations involve a complex interaction between technical
precision and economic efficiency. These operations are conducted by highly specialized ships
known as PLSVs (Pipelaying Support Vessels), which are equipped with a range of advanced
technologies, with the dynamic positioning (DP) system being one of the most crucial among
them. This system, which makes intensive use of thrusters, ensures maneuverability and precise
control of the ship's position and heading, an imperative necessity for maintaining the vessel's
station during operations. Currently, PLSVs have large power generation plants and a
significant number of high-power thrusters that operate at low loads for a considerable part of
the time. However, the continuous operation of all available thrusters incurs significant costs,
not only in terms of energy consumption but also regular maintenance and operational wear and
tear. Therefore, operating with fewer thrusters in favorable sea conditions can result in
significant fuel savings, reduced emissions, and extended life and maintenance efficiency of

the associated equipment.

Given this scenario, this article proposes to delve into potential strategies that could facilitate a
reduction in the number of active thrusters during DP mode operations, without compromising
the fundamental pillars of performance and operational safety that are required in this highly

demanding context. The approach is anchored in a meticulous and careful analysis, exploring
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optimization methodologies, nuances of dynamic positioning systems, and the effective
application of the Task Appropriate Mode (TAM) table.

The primary goal of this research is to carve out a well-articulated strategy, aligned with the
guidelines established in "IMCA M 220 - Guidance on operational activity planning,” to
facilitate safe operations where ships can operate with a reduced number of active thrusters
while preserving the redundancy concept during DP operations. The goal is to establish a
paradigm where asset preservation reliability is a guarantee for the client, without sacrificing

the economic viability and environmental responsibility of the industry.

By undertaking this research journey, we aspire not only to open new horizons for operational
efficiency but also to contribute significantly to the environmental sustainability of the maritime
industry, outlining practical solutions that can reduce the carbon footprint and promote greener
and cleaner operations. This study, therefore, is not just a technical exploration but a directed
initiative to forge the path for a more responsible and sustainable maritime industry.

2. Abbreviation / Definition

Term Description

ASOG Activity Specific Operating Guidelines

CAM Critical Activity Mode

IMCA International Marine Contractors Association

FMEA Failure Mode And Effect Analysis

PLSV Pipelaying Support Vessel
PLV Pipelaying Vessel

SFC Specific Fuel Comsumption
TAM Task Appropriate Mode
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WCF

Worst Case Failure

WCFDI

Worst-Case Failure Design Intent

3. PLSVs Layout

This study centers on the fleet of PLSVs operated by TechnipFMC in Brazil, which comprises

the following vessels:

Skandi Vitoria:

PLSV Skandi Vitoria

Vessel Skandi Vitdria
DP Class 3
Length Overall 150.2m
Breadth Moulded 27.0m
Operational Draft 7.0m
Gross Tonnage 15183t
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Main Engines 2 X 3861kW
4 x 2898kW
Bow Tunnel Thrusters 2 x Controllable Pitch, Variable Speed —
1900kwW
Retractable Azimuth Thrusters 2 X Fixed Pitch, Variable Speed — 1500kW
Main Propulsion Azimuth Thrusters | 2 x Fixed Pitch, Variable Speed — 3700kW

Coral do Atlantico:

PLSV Coral do Atlantico

Vessel Coral do Atlantico

DP Class 2
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Length Overall 145.9m

Breadth Moulded 30.0m

Operational Draft 7.0m

Gross Tonnage 17602

Main Engines 2 X 3800kwW
4 x 3300kW

Bow Tunnel Thrusters

2 x Controllable Pitch, Variable Speed — 2200kW

Retractable Azimuth Thrusters

2 x Fixed Pitch, Variable Speed — 2000kW

Main Propulsion
Thrusters

Azimuth

3 X Fixed Pitch, Variable Speed — 3000kW
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4. Active thrusters during DP Operations

In the realm of dynamic positioning (DP) operations involving Pipelaying Support Vessels

(PLSVs), the utilization of all available thrusters is standard practice, a strategy grounded in the

guideline IMCA M 220. This guideline stipulates that vessels classified under DP Class 2 and

3 should be orchestrated to operate with the highest degree of fault tolerance within the DP

system, a critical provision to safeguard against the effects of the Worst-Case Failure Design
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Intention (WCFDI) exceeding its threshold in singular failures scenarios, provided the vessel

operates within the defined Activity Specific Operating Guidelines (ASOG) parameters.

To facilitate this, a meticulous configuration is planned based on the insights derived from the
Dynamic Positioning Failure Mode and Effect Analysis (DP FMEA), a comprehensive
analytical approach that examines potential failure modes and their consequential effects on the
system. This analytical basis paves the way for the formulation of the Critical Activity Mode
(CAM) table, a pivotal tool that delineates the operational blueprint for the DP system, ensuring

a harmonized integration of safety protocols and operational efficiency.

Despite strict adherence to these established standards, our proposition ventures to explore the
viability of reducing the number of active thrusters during DP operations, a strategic shift aimed
at enhancing operational efficiency without compromising the safety requirements. This
initiative is founded on a solid understanding of the operational dynamics and the associated

risk parameters, promoting a strategy that carefully balances safety and efficiency.

In this endeavor, we propose a recalibration of the operational strategy, where a selective
reduction of active thrusters is implemented, a move predicated on a detailed risk assessment
that meticulously evaluates the operational landscape, identifying scenarios where this
reduction would not infringe upon the safety benchmarks set by the industry standards.

To ensure a successful implementation of this strategy, we outline a roadmap that encompasses

the following key steps:

e Detailed Risk Analysis: Conduct a comprehensive risk analysis to identify the operations

where a reduction in active thrusters can be safely implemented.

e Identification of Low-Risk Operations: Categorizing operations with naturally lower
energy demands and where vessel maneuvering is not critical, thus allowing for safe

operation with fewer thrusters.

e Development of Operational Protocols: Creating detailed protocols for the safe
activation and deactivation of thrusters, ensuring that DP operators are fully trained to

implement these changes safely and efficiently.

e Simulations and Testing: Undertaking extensive simulations and real-world tests under

controlled conditions to validate the efficacy and safety of the strategy.
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e Gradual Implementation: Rolling out the strategy gradually, starting with low-risk

operations and expanding to more complex operations as confidence in the strategy builds.

e Continuous Feedback and Adjustments: Establishing a continuous feedback system to

monitor the performance of the strategy and make necessary adjustments to ensure ongoing

safe and efficient operation.

By embarking on this path, we hope to develop a model where operational efficiency is not at

odds with safety, but rather walks hand in hand, paving the way for a future where the maritime

industry can witness a harmonious blend of safety, efficiency, and economic viability.

5. PLSVs Operations and their risks

We have categorized the PLSVs operations as per the table below:

RISK
(Low,
AREA OPERATIONS EXAMPLES ) NUMBER
Medium,
High)
= Pipeline inspection
pd
D
UEJ Only ROV in water Valve intervention Low 1
=
@ Spill monitorin
z p g
=
< Deadweight
o .
% positioning
@) Crane and/or A&R winch and/or ]
N _ o CVD without
S ROV in water not connected in fixed ] Low 2
S launching
e} structures
L
E Equipment
E installation
7
|_
3 Pipeline lauching High 3
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Pipeline recovering
Crane and/or A&R winch and/or
ROV in water connected in fixed DCVD
structures
2nd CVD
Pipeline inspection
Only ROV in water Transponders 4
Installation
Deadweight
Crane and/or A&R winch and/or positioning
ROV in water not connected in fixed 5
Installation
Pipeline lauching
Pipeline recovering
Crane and/or A&R winch and/or
ROV in water connected in fixed High 6
structures PULL-IN
PULL-OUT
Cargo transfer — one
cargo
Fast operation without any )
) ) High 7
equipment in water
Transfer of PRSs
targets
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Long operation without any Cargo transfer — )
) ] ) High 8
equipment in water diverse cargos
Fast operation without any Cargo transfer — one Hiah 9
. . 19
equipment in water cargo
S
(%2]
i Cargo Transfer with vessel without
5, DP and with no subsea operation Cargo transfer — one 10
a4
~ undergoing (Vessel on leeside) — No | cargo
e SIMOPS
zZ
O - -
= Long operation without any Cargo transfer — )
< ) . . High 11
% equipment in water diverse cargos
o
(@)
o Long operation without any
I
0 equipment in water — No SIMOPS - | Fresh Water Loading 12
O
E DP Class 2 Vessel
T
@ Long operation without any _ _ _ _
) ] Diesel Oil Loading High 13
equipment in water

This categorization was performed by a multidisciplinary team, including offshore and onshore

personnel using some support documents as “Risk Assessment of DP Degraded Status Criteria”,

elaborated by DNV GL Brazil for TechnipFMC vessels operation.

From January 2023 to August 2023, we monitored the vessels operations analysing 242 reports

per vessel. These reports are included in the following operations database, which takes into

account only the offshore period:
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AREA NUMBER PERCENTAGE
0* 9%
0,
OUTSIDE THE 500M ZONE ! 18%
OF A MARITIME UNIT 2 5%
3 11%
4
5
6 49%
7
8
9
10
SHIP TO SHIP OPERATION
11 8%
(PSV, RSV, PLSV)
12
13

*Stand by period
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6. Reduction of the number of active thrusters during DP Operations

Over a span of 30 days, it has been observed that the vessels are actively engaged in offshore
activities for approximately 22 days, operating in DP mode. This translates to a substantial 528
running hours for each thruster. A significant portion of this time, precisely 32% or 168 hours
per vessel, is allocated to activities classified as low risk according to the risk assessment
parameters defined in collaboration with industry experts and based on historical data and

operational insights.

The DP Assurance Team carried out a rigorous analysis, delving deep into the operational data
to carve out a strategy that stands on the pillar of safety while embracing efficiency. The team
identified a viable pathway to maintain the essential vessel redundancy and uphold the stringent
safety standards that govern the operations. The basis of this strategy is the temporary
deactivation of the bow tunnel thrusters during specified low-risk operations, a move facilitated
while retaining the engagement of both retractable azimuth thrusters along two aft azimuth

thrusters.

7. Fuel Saving and Reduced Emissions

In the highly complex domain of Dynamic Positioning (DP) operations, every kilowatt-hour
consumed not only represents a cost but also an environmental footprint. One of the primary
energy consumers on a vessel is its thrusters and understanding their consumption patterns can

lead to significant operational efficiencies.

When analyzing the energy consumption of the bow tunnel thrusters, it's observed that even
when operating at a pitch of 0%, each thruster consumes an approximate power of 340kW. To
quantify the potential savings, we employ the following formula where 'Cons' represents the

fuel consumption:
Cons = (SFC x Power) / 1000

Examining the operational dynamics of both vessels under analysis, it is observed that the
maintenance of each bow tunnel thruster in operation requires around 1.75 m? of fuel every 24

hours, translating into a daily consumption rate of fuel of 1.75 m3/24h.
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By strategically stopping the use of these thrusters during activities labeled 0, 1, and 2, which
are characterized as low-risk operations, a substantial reduction in fuel consumption can be

achieved. The calculation delineated below illustrates the potential savings per vessel:

Fuel savings = (2x1.75 m3/dayx168 hours)/24 hours/day=24.5 m3/month

This strategy culminates in a notable reduction of approximately 5.5% in fuel consumption,
presenting a significant advance towards enhancing fuel efficiency and mitigating
environmental impact through the reduction of emissions. It is a testament to the tangible
benefits that can be achieved through intelligent energy management, fostering a sustainable

operational framework in the maritime industry.

Environmental Impact: The 5.5% reduction in fuel consumption equates to a substantial
decrease in carbon emissions, fostering a cleaner environment. To quantify this, we can
calculate the reduction in CO: emissions based on the fuel savings achieved. Given that each
cubic meter of diesel fuel consumed results in the emission of 2.71 metric tons of CO, the

monthly reduction in CO: emissions per vessel can be calculated as follows:

CO: emission reduction = 24.5 m3*/month x 2.71 te/m? = 66.445 te/month

This reduction in CO: emissions not only contributes to mitigating the effects of climate change
but also represents a step towards fulfilling global commitments to reduce greenhouse gas
emissions. Moreover, this strategy aids in diminishing the emission of other pollutants such as
SOx, NOx, and particulate matter, thereby enhancing air quality in the operational regions and
safeguarding marine ecosystems. This initiative, therefore, stands as a testimony to the maritime

industry's potential role in steering towards a greener and more sustainable future.

Economic Implications: The tangible fuel savings achieved through the proposed strategy can
be translated into significant monetary savings, especially when viewed in the context of the
current market dynamics. In Brazil, the price of marine diesel fuel stands at R$6.15 per liter.
Given that there are 1,000 liters in a cubic meter, the monthly savings per vessel, based on our

earlier calculation of 24.5 m3/month, can be computed as:
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Monthly savings per vessel = 24.5m3month x 1000liters/m?® x R$6.15/liter =
R$150,675/month

This translates to a monthly saving of R$150,675 per vessel. Over an extended operational
period, these savings can accumulate to a substantial amount, highlighting the economic
viability of the proposed strategy. Such cost efficiencies not only enhance the profitability of
maritime operations but also provide an incentive for other players in the industry to adopt

similar energy-efficient measures.

Annual Fuel Consumption

1¥5 - “
Fuel w— e Days
% Time / Mode % Fuel / Mode
p DF
= Stby / Main A 4
= Mob / Demo E(
» Trans 6%
days/yr m3 / day

DP Working, WoW, Tnals 213 242
Maintenance, Breakdown, Standby (On/Offshore) 64 71
Mob / Demob, Bunkering, Port Manoeuvring 38 109
Transit, Regional, In-Field, Intercontinental 50 401

CDA Sister vessel
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8. IMCA M 220 and the Task Appropriate Mode

The IMCA M 220 guideline delineates the conditions under which the Task Appropriate Mode
(TAM) can be employed during DP operations. It stipulates:

“There are two main reasons why a decision to operate in TAM may be made, one is to achieve
fuel efficiency and the other is to maintain equipment whilst still operating in DP. It may be
appropriate in certain situations, following a detailed risk assessment, that the consequences
of a loss of position and or heading are considered to be low enough to permit operating with
a level of redundancy that is lower than is achieved in CAM. The basis for such decisions should
be documented in the form of a detailed documented risk assessment acknowledging the
potential for a loss of position and or heading and the consequences deemed acceptable and
signed off by the risk owner.

Whenever TAM is used, there should be no danger to personnel, the vessel, structures
(Including subsea), 3rd party vessels or the marine environment by the vessel’s loss of position
and or heading.”

Considering this, a meticulous series of analyses was undertaken to ensure the safety of
operations while utilizing TAM. These analyses, based on a deep understanding of potential
risks and the precautions needed to mitigate them, form the basis of our strategy to implement
TAM in a manner that maintains the highest standards of safety and efficiency. In the
subsequent sections, we will delve into the specifics of these analyses, illustrating the careful
consideration and detailed planning that underpins our approach to employing TAM in DP

operations.

9. DP Capability Analysis

To validate the efficiency and viability of operations under the Task Appropriate Mode (TAM),

a comprehensive series of simulations were conducted, involving both vessels under analysis.

The simulations were based on the following critical considerations:
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9.1 Weather during the year

The Pilot Chart Atlas, a publication endorsed by the Brazilian Maritime Authority, was
employed as a primary resource. This atlas offers a wealth of meteorological and oceanographic
data specific to Brazilian waters. Simulations were meticulously carried out for each month,
considering the specific operational areas of the vessels, namely the Campos and Santos Qilfield
Basins. This approach ensured that the simulations accurately reflected the diverse
environmental conditions these vessels might encounter throughout the year, providing a robust
foundation for the DP capability analysis.

No. 14200 FEVEREIRO

No.11 200

OCEANO ATLANTICO
CARTA PILOTO
DE TRINIDAD A0 RIO DA PRATA

Observasies leruadas pola Mo il de 1985 o 2013

Escala natural
Proi

INSTRUGOES

9.2 Client contractual parameters

Used the client contractual parameters for construction the DP Capability Analysis.

9.3 DNV Web App

Used the Premium version of the software to simulate all cases of operation.

MTS DP Conference - Houston October 10 - 11, 2023 Page 15



Raphael Aureliano DP Sector Updates and Reduction in the Number of Active
Applications Thrusters During PLSV's DP

Operations: Consumption

Optimization and Operational

Efficiency

THRUSTER POWER CONFIGURATION - % OF MAX THRUSTER POWER FROM EACH 5OURCE
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Limiting wind speed in m/s

For L1 and L2 analyses the values are converted from the Beaufort scale
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9.4 K-Pos Simulator (Onboard)

Used K-pos simulator to compare with DNV Web App Analysis to check for possible gaps

within the dynamic analyses.

10.Conclusion

In the dynamic and ever-evolving landscape of maritime operations, the pursuit of efficiency
and safety stands as a beacon guiding the industry towards sustainable and responsible growth.
This research embarked on a journey to explore the potential harbored in the strategic reduction
of active thrusters during DP operations, a voyage that has culminated in findings that are both

promising and transformative.

At the heart of this endeavor lies the visionary approach of leveraging the maneuverability of
azimuth thrusters, thereby facilitating operations with a reduced number of thrusters, with a
primary focus on the deactivation of bow tunnel thrusters. This strategy, based on meticulous
analysis and adherence to the stringent IMCA M 220 guidelines, unveils a pathway to
operational excellence where safety and efficiency are not just parallel objectives but are

intrinsically intertwined, promoting a harmonious operational scenario.
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The journey was not without its challenges, the foremost being the onus to substantiate the
efficacy of the TAM mode in a manner that is both robust and unequivocal, meeting the dual
objectives of safeguarding operational integrity and enhancing efficiency. This necessitated a
deep dive into the complexities of DP operations, a journey that has been richly rewarding,
unveiling a strategy that stands tall on the pillars of safety, redundancy, and compliance with
the revered guidelines encapsulated in IMCA M 220 and IMCA M 117.

As we stand on the cusp of a new era, we introduce a CAM/ASOG grounded in precision and
foresight, delineating clear start limits for stopped thrusters and ensuring a seamless
orchestration of operations through comprehensive field arrival checklists and a team of DP
personnel who embody the highest standards of professionalism and expertise as outlined in
IMCA M 117.

The empirical strength of this research is mirrored in the remarkable success rate of the
simulations, with a staggering 92% showcasing the vessels' adeptness at maintaining station-
keeping, a testimony to the viability and transformative potential of this strategy in the realm

of PLSV operations.

As we write the concluding remarks of this groundbreaking research, we extend an invitation
to the industry leaders, the visionaries, and the custodians of maritime excellence to embrace
this path of innovation, a path that promises not just economic viability but a future where the
maritime industry operates in harmony with the environment, nurturing a legacy of

sustainability, safety, and efficiency for generations to come.
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