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1. Abstract

The Dynamic Positioning (DP) control system was originally developed for station keeping of a single
unit. As is commonplace today, the typical use of a DP system for service, support, and logistics
operations, is to perform station keeping relative to an installation, piece of equipment, or structure;
meaning the DP system should be used to position the vessel nearby a 2" body and hold station relative
to the motions of the 2" body. This type of operation is typically found in offshore activities during
loading of shuttle tankers, supply vessels working with installations, construction and decommissioning
of production units, and more recently offshore wind service and installation. It is important for each
operation to consider the risks associated with the industrial mission. This paper will describe risk
considerations, challenges, and potential mitigations associated with this type of industrial mission.

When performing operations relative to other bodies (units and/or equipment), decisions should consider
the potential impact of unmitigated risks and appropriate use of mission critical equipment. For example:
e Transferring loads (lifts) can affect the relative vertical motions between the two units which can
be misinterpreted as motion if relative PRS (Position Reference System) are used, and the control
system is not informed that the relative PRS is mobile (not fixed to earth). (Logistics)

e  When two coupled bodies are attached by moorings, winch wires, physical mechanisms, wind,
hull interaction, and equipment forces will be transferred between the bodies. As the bodies
interact this can lead to unwanted motion, model errors, and potentially impart damage.
(Attached Lifting Operations)

e Setpoint changes and motion caused by external forces on a relative body can result in
unpredictable station keeping on DP logistics vessels. If the PRSs are setup incorrectly,
experience unforeseen noise and or shadowing. Additionally, if the DP software lacks the
functionality to properly handle mobile PRSs in combination with fixed e.g., GNSS system.
(Tandem Moves, Target Motion)

e Performance limitations are misunderstood due to lack of consideration of the physical effects a
2" body may have against the primary DP vessel. (Multi-Body and Equipment Interaction)

The risk profile of the industrial mission should be addressed through:

e Defined operational parameters and procedures, including operations violating redundancy
philosophy

e Mission critical functionality within the DP system such as: Follow Target, FSU Position (Shuttle
tanker specific function), etc.

e Training of operators with a basis on critical phases in the way they operate and functionality of
the control systems they use.

e SimOps coordination, and Communication planning

In 2016 Teekay and Kongsberg presented a study from shuttle tanker operations where DP Incidents had
been reduced from “seventeen to zero:17/1000 offloading operations after a Joint Industry Project (JIP).
The fundamental basis of the JIP findings are: a clear operational process, control system with
functionality to support to industrial mission for the site, and operators with dedicated, type-specific
training. Additionally, on-the-job professional development which has been aligned with the industrial
mission.

The focus of this paper is to present past learnings, and address challenges and risk management in wind,
construction, and logistics operations.
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2. Introduction:

DP systems use a combination of thrusters, sensors, Human Machine Interfaces (HMIs) and controllers to
manage a vessel's position and heading. In multi-body DP operations, several vessels work in concert.
Often, they must maintain a position relative to one another and/or other structures. These operations are
common in the Energy Sector, where multiple vessels collaborate to execute complex tasks efficiently
and effectively. However, the increased complexity of multi-body DP operations introduces a range of
risks that must be carefully managed to ensure the safety of personnel, environment and assets.

Multi-body DP operations, sometimes referred to as simultaneous operations (SimOps), refers to
scenarios where two or more vessels simultaneously work together in close proximity or coordination.
Often, at least one vessel is under DP control. Defining multi-body DP operations involves understanding
the core components and principles that differentiate it from conventional single-vessel DP operations. In
single vessel operations, the risk and mitigation methods are achieved through management of a single
unit; whereas with multiple vessels, communication and effective processes must be established and
maintained. The coordination of tasks, and considerations of vessel to vessel interactions due to the
additional complexity of a combined industrial mission is essential.

3. Core Components of Multi-Body DP Operations

e Shared Objective: Two or more vessels participating in a singular or common industrial mission
within close distance with at least one under DP control.

e Coordination: These operations require vessels to work together in a coordinated manner to
achieve specific objectives.

e Sensors: Advanced sensors, such as position-reference systems (PRS) and environmental sensors,
are vital for ensuring precise positioning, offset distances, and safe operations.

e Control methods and special functionality: Complex control algorithms are used to calculate and
adjust the thrust and propulsion of each vessel to maintain position and heading. The appropriate
methodology should be well tuned, and purpose designed for its industrial mission application.

e Collaborative Control: Vessels in DP operations may share control inputs and information to
optimize their positions and movements. Additional special purpose sensors and reference
systems may be employed for monitoring of assets.

o Increased Complexity: Managing multiple vessels in a coordinated manner introduces a higher
level of complexity compared to single-vessel DP operations.

e Physical connections and the constraints that may exist between vessels.

Section 8 gives examples of some industry experiences and insights in the complexity and means to
address risks associated with these types of operations.
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4. Applications and Industries

Multi-body DP operations are utilized in a range of maritime sectors, each presenting distinct demands
and challenges. The application of the DP system is necessary to be operated in a manner aligned with the
activity planned for the vessel(s).

4.1. Offshore Oil and Gas

Subsea Installation: installation of subsea infrastructure, such as mooring lines and anchors,
production manifolds, pipelines, risers, and supporting structures to platforms.

Drilling Operations: DP-equipped vessels collaborate to maintain precise positions during drilling
activities. Further, they are supported in many different types of logistics activities such as
equipment handling, cargo transfer, personnel transfer, and well stimulation tasks.

Offshore Loading: DP-equipped vessels often shuttle tankers, facilitate safe and efficient oil and
gas transfers between ships, platforms, or dedicated loading buoy.

4.2. Offshore Renewable Energy

Wind Farm Construction: DP operations are essential for assembling and maintaining offshore
wind turbines which are fixed or floating.

Simultaneous Operations: Throughout the construction phase, a variety of activities such as
towing, heavy lifting, monopile handling and driving, deployment of bubble curtains, and seabed
infrastructure installation may take place. Offshore wind fields represent one of the most complex
maritime endeavors, involving multiple vessel types and industrial tasks performed
simultaneously in close proximity.

Inservice Wind farms often experience multiple units navigating throughout the field. Compared
to fixed windmill installations, Floating wind farms represent a significant challenge due to
windmill motion

4.3. Ship-to-Ship Transfers

Bulk Cargo Transfer: DP is used for transferring bulk cargo, such as fluids, materials or
equipment, between vessels at sea.

Construction Equipment: Heavy lift operations where heavy equipment is moved from or to DP
and non-DP lift vessels and barges. This is often performed at open sea unprotected from
environmental forces.

5. Advantages and Challenges

Multi-body DP operations offer numerous advantages, especially when DP vessels can complete parallel
tasks simultaneously. However, it also comes with a set of challenges that must be addressed to ensure
safe and effective execution.

5.1. Advantages

Enhanced Efficiency: Faster and more efficient completion of tasks, hence reducing downtime.
Improved Safety: Precise positioning and coordination minimizes the risk of accidents and
collisions.

MTS DP Conference - Houston October 10 - 11, 2023 Page 3



Clark, Korneliussen, Anglade, ADVANCEMENTS IN Risks Associated with Multi-Body
Viswanathan, Pletikapa WIND OPERATIONS: Dynamic Positioning Operations
OPTIMIZING EFFICIENCY
AND MANAGING RISK

e Flexibility: Operations can adapt to changing environmental conditions and project requirements.
e Reduced Environmental Impact: DP systems reduce the need for traditional anchoring, hence
minimizing seabed disturbance.

5.2. Challenges

e Collision and Allision Risk: Close proximity increases the risk of collisions, demanding rigorous
collision avoidance measures.

e Complex Coordination: Managing multiple vessels in real-time requires effective communication
and coordination.

o Equipment Reliability: Maintaining the reliability of DP systems and sensors is critical to prevent
failures.

o Human Factors: Operator fatigue, stress, and training are essential considerations for safe multi-
body operations.

e Reference System and Sensor Management: Errors and improper configuration of observer
sensors can degrade the performance of the controlled DP vessel

e Industrial Mission Specific Functionality: The DP system implemented on board may have been
designed as general purpose thus creating added cognitive burden or ineffective functionality to
support the operation.

e Communication: Due to multiple vessels operating near and in in cooperation, communication is
key to ensure operators are aware of actions taken by nearby vessels.

6. Factors Contributing to Risks:

6.1. Lack of Governance

The absence of standardized procedures and protocols for multi-body DP operations makes it challenging
to ensure consistent safety measures across different projects. In the offloading (Shuttle Tanker) area of
the marine sector, processes, training, and equipment requirements have been standardized by governing
bodies. However, in the remaining areas of the DP industry, processes, controls and appropriate
mitigation methods vary greatly across sectors and regions.

6.2. Human Factors

Human factors, including fatigue, stress, and other psychological considerations, can adversely impact
operator performance in commercial obligation driven high work-pressure environments. This risk is
exacerbated by lack of training and proper introduction to equipment, operations, and processes employed
to carry out successful operations.

6.3. Equipment Reliability

Ensuring the reliability of DP equipment remains a critical challenge due to the complexity of the systems
and the harsh marine environment in which they operate. Redundancy of components is proven to be an
effective method for increasing reliability. However, vessels and equipment are often misconfigured for
single fault tolerance or they are operated in a manner exceeding their post-failure capability due to
commercial pressures and lack of understanding.
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6.4. Mission Critical Equipment

Equipment implemented on board DP Vessels may not have the appropriate functionality to support its
mission. For example, in offshore loading, functionality has been designed to aid the operator to perform
the operation. Effective user interface(UI) and operational limits are integrated into the core functionality
for this type of operation. Heavy Lift and Pipelay operations have special DP functionality for supporting
this type of operation. However, with enhanced DP functionality the operator should also be trained in the
proper setup, use, and emergency scenario handling required to fulfill the operation.

7. Mitigation and Management Strategies

There are some mitigation actions and Management Strategies that should be considered for reducing the
operational risk.

7.1. Risk Management

e Conduct thorough risk assessments before initiating multi-body DP operations.

e Develop contingency plans and emergency procedures to address potential incidents effectively.

e Develop Activity Specific or Well Specific Operational Guidelines (ASOG/WSOG) with a sound
engineering and performance basis.

e Adherence to processes and the ASOG

e Develop appropriate administrative, engineering, and process controls to perform operations
predictably. The basis of all mitigation methods should be to place the vessel into standby when
single fault tolerance is exceeded or if the performance of the vessel is observed as
degraded/unpredictable (oscillations and divergences in expected position, heading, thrust, or
power utilization)

7.2. Training

Establish comprehensive training programs for DP operators and all critical DP personnel involved in
multi-body DP operations. Training should consist of a functionality-based understanding and emergency
scenario handling with integration of vessel specific equipment, functionality, processes, and risk
management tools such as the ASOG/WSOG, CAM and TAM. IMCA 117 Rev 2.4, MTS PDDP2 5

7.3. Enhanced Communication

Implement robust communication protocols and leverage advanced technologies to facilitate real-time
information exchange between vessels, hence reducing the risk of misunderstandings and collisions. Ul
for equipment which provides such information must be easy for the operator to understand and with vital
information always displayed.

7.4. Redundancy and Maintenance

Often redundancy requirements are considered the basis of DP class. However, the redundancy within DP
vessel should follow the fundamentals of single fault tolerance. Effective design must consider the
reliability of the vessel to safely suspend the operation. Regular maintenance to mitigate the risk of
equipment failures must be performed. As part of the maintenance management plan effective tests
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should be performed to validate equipment reliability prior to reinstatement. Maintenance of critical DP
equipment should be performed during phases when the criticality of the operation is low.

7.5. Environmental Monitoring

Set reasonable environmental performance limits. For example, during tender phase or before an
operation consider the maximum operability of the least capable vessel required to support the
operation. The environmental limit is set by the lowest performer while conducting its task. This
should be accounted for during the final preparation and planning phases before the operation.
Continuously monitor environmental conditions and adapt DP operations promptly and
appropriately to maintain safe and effective positioning.

Consider placement of vessel, The least robust vessel should be preferred to operate in the drift
off zone. Where not possible, addition configuration should be required to ensure higher
reliability. Such as: opening tie breakers, suspending noncritical activities, additional margin is
performance limits, and higher level of segregation.

7.6. Sensors

Develop and deploy advanced sensor technologies, such as sensor and reference systems with less
susceptibility to external impacts and the ability to validate which sensor is being used:
Transponder ID.

Validate effective placement of targets so that the visual field of view will not be impacted. Such
as clear site from/to target and transceiver, limited potential for shadowing and multipath.
Utilize position references which can provide additional information, such as position and
heading of nearby assets allowing for a higher resolution of control methodology by supporting
assets.

Wind sensors blocking can limit the ability for the DP system to effectively compensate for
sudden changes in the wind force. In addition, error due to shadowing and blocking of wind
sensors will effect the external force calculation (DP current) creating potential for ineffective
station keeping control.

7.7. Autonomous Systems and Autonomous components

Explore the integration of autonomous technologies to enhance vessel coordination and collision
avoidance.

Autonomous vessels can reduce the cognitive load on human operators, such systems should be
developed with the operation in mind as an aid to the operator.

Decision support tools can be developed to either automate the task or aid to inform the operator
of necessary configuration changes to systems. Such as suggestion to prefer or use of certain
sensors and references, inform the need to enable/start and/or disable/stop certain equipment, and
interlock equipment that would degrade vessel performance.

Components supporting critical equipment and the vessel operation should be configured and
engineered in a way that little operator intervention is necessary. For example, post failure
equipment should be segregated in a manner that it cannot propagate into additional cascading
failures automatically.
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8. Case Examples

8.1. Offshore Logistics

A common example of the need for scenario based training and appropriate functionality designed and
implemented for the operation is exhibited by the number of near misses and incidents which have
occurred due to mixing of PRSs.

When performing operations nearby a drilling or production facility, common motions between the
logistics and offshore asset are observed. During this type of operation, it is critical that the logistic vessel
is configured appropriately with the correct type of industrial mission specific functionality to ensure that
a drive off cannot occur due to relative PRS motion. Where PRSs are involved, the typical root cause for
a drive off comes from two primary causal actions: misconfiguration of PRSs, and/or mismanagement of
PRSs when unexpected degradation, faults, or failures are experienced. The degraded DP system
performance is often caused by using a noisy relative reference system attached to the drilling/production
or otherwise floating facility as a fixed target. The mobile (relative) PRS target will be interpreted by the
DP system as own vessel motions, and frequent recalibration (zeroing of PRS) measurements into the
system, which is often the first action an operator will take, further degrades the DP Vessel Model. The
reference system information used by the DP system should be tested by various quality checks and
depending on the outcome the vessel could begin to oscillate or drive off if an error PRS is preferred by
the system. Ultimately, it is often up to the DPO to recognize and confirm the DP system has identified
the PRS which is in error through external means (often by looking out the window or comparing data
against other known reliable PRSs). When unpredictable and unexpected performance is experienced, it is
better that the erroneous system not be used (disabled or monitored), or the vessel move to a safe zone
rather than attempting to remain, due to the increased collision risk.

Figure 1. DP collision Incident in full mission simulator caused by reference system failure, misuse
of PRSs and lack of suspension of the operation when ASOG Criteria was exceeded.
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The most effective mitigation for interaction due to relative PRS motion is to utilize functionality to
maintain a position relative to such PRS motion. However, the functionality which is often known as
follow target should have sufficient capability to follow motion expected for the work site. As example,
follow target or follow sub which was originally designed for ROV and trencher motion may not have
response control functionality that is fast enough to deal with high velocity motions observed at Spar,
FPSO, and TLP units.

The manners in which this type of error is addressed varies significantly by vessel, operator and DP
OEM. The causes and mitigations of these phenomena have been documented in a recent IMCA Safety
Bulletin:3. The effects of mixing references and the industrial mission should be integrated into operator
training, function of the DP software, and the operational processes. Additionally, it should be recognized
that attempting to remain in station and using unrecommended methods to force the DP system to
continue to use a degraded PRS raises the risk potential.
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8.2. Offshore Loading

Offshore loading is an operation where there are strict operational requirements to the vessels and their
control systems. The mission is to load oil offshore and bring it to the next step in the chain. The
operation is a DP2 operation and is mainly performed toward 6 different types of loading buoys:

e TANDEM (Turret moored FSU/FPSO)

e Spread Moored/ Direct offloading (FPSO / platforms with a fixed heading)

e OLS (Offshore loading system UK-OLS)

e SAL (Single Anchor Loading)

e SPM (Single point mooring)

e STL (Submerged turret loading)

The DP offshore loading operations started back in the mid-eighties. The number of operations increased
into the 1990’s. As the number of in service shuttle tankers increased it was also experienced that the
number of incidents increased exponentially. A JIP 13was initiated in 2000, with the goal to reduce the
number of incidents experienced by this sector. In the following graphic it can be observed that mitigation
measures identified through the JIP is a strong success case.
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Figure 2. Results of how this JIP and the actions from it succeeded in reducing the incidents.

The key criterion for this success is mission specific software with a high grade of interlocks and
restrictions for the operator.
e PRS handling and interlocks depending on the type of offloading buoy.
E.g., not allowed to mix GNSS (Earth fixed) and relative PRS’s if the loading buoy is a floating
unit.
e Operational sectors with operational limits and setpoint limitations.
e Removed all unnecessary functionality from the DP system.
e Auvailable relative PRS to comply with DP requirements.
e Mission specific training programs for the DPO’s has been developed and introduced.
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8.3. Wind Farm Maintenance: Predictability, Personnel and Asset Risk

A fairly new and booming industry is the offshore wind service. Traditionally, this industry has mainly
been bottom-fixed wind turbines, however, the industry needs to get into deeper waters and the need for
floating wind turbines is rising. The floating wind turbines will be moving around within a limited area.
The extent and speed of this movement will depend on water depth, mooring system, local environmental
forces, and the specific turbine platform. Deploying service engineers onto a turbine via a gangway
system is challenging enough for a bottom-fixed turbine, but when the asset is floating, the combined
horizontal and vertical motion is even more challenging.

Forehand engineering needs to be considered thoroughly to determine operability criteria, as is becoming
common practice in the industry. In addition to a weak point analysis to determine what aspect of the
system is limiting the performance of the vessel. For gangway operation, this can be the vessels own
performance, as well as the limitation linked to the gangway system itself. The vessels performance can
be well represented in simulations by utilizing the vessel’s specific DP software, hydrodynamics, and
thruster models.

The gangway system is also critical in determining the operability limits of the system, as different
technologies are available which will perform differently. The gangways can be fixed on a pedestal,
heave compensated or even fully motion compensated. It could be the stroke, elevation, stroke velocity,
slew velocity or other gangway parameters that limits the operation. The performance and limits of the
gangway should also therefore be accounted accordingly within the simulation scope.

A recent study was performed on the operability limits of an logistics vessel equipped with a motion
compensated gangway. A snapshot of the analysis model is shown Figure 3The station keeping
capability of the vessel was simulated against a large number of environmental conditions and heading to
define operability limits of the vessel at the specific location.

Figure 3. Operability limits represented as Tl O e
polar based on equipment o
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operational criteria, limited by significant wave height for the studied environment
headings.

To optimize these operations, special vessel and gangway systems have been designed to meet the
requirements for operability and maneuverability. In many cases, larger and more sophisticated gangways
have been employed. However, it is possible to improve operability with appropriate consideration in the
management of the windfarm maintenance vessels and the with appropriate functionality in the control
systems managing the vessel equipment. It is necessary that the DP operators and other critical personnel
be trained in the functionality, equipment, and appropriate management of ancillary systems.
Additionally, control systems and equipment which have direct impact on the industrial mission, require
wholistic integration approach where systems do not interact in a manner that degrades performance or
causes failures.

When transitioning to floating turbines, it is imperative that the vessel can synchronize its movements
with the turbine. This synchronization is essential to ensure that the gangway stays securely connected, to
maintain a safe working distance within gangway limits, and to prevent potential collisions if the turbine
moves toward the vessel. Achieving this synchronization requires the presence of relative Position
Reference Systems (PRS), introducing the possibility of combining earth-fixed and relative PRS. It is
worth noting that this combination of mixing fixed and mobile references has been a known factor
contributing to incidents in other logistical operations involving floating assets.

Considering these operations, particularly those involving floating turbines, it would be advantageous to
adopt a focus similar to what was done in the shuttle tanker business back in the year 2000. There is
significant potential for learning in this emerging industry, leading to the development of a mission-
oriented DP software and training regimen. Such an approach aims to prevent incidents, enhance
efficiency, bolster safety, and improve overall operability.
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8.4. Lifting Operations: Cost and Safety

In a case where a Flotel (accommodation unit) crane was utilized for offshore lifting operations
performed at the Balder FPU operated by Vér Energi, the environmental limits and DP settings that
allowed for the replacement of a Floating Production Unit (FPU) flare manifold, based on engineering
simulations, were evaluated. The insights gained from these analyses were then utilized to create training
simulations at KM's advanced crane simulator training facility in Trondheim. Subsequently, crane
operators underwent training based on these simulations. The operation itself was executed successfully
by the client in mid-August 2023, with feedback confirming that the environmental constraints identified
in the engineering simulations accurately represented the limiting factors during the real operation.

The analysis encompassed frequency domain and computational fluid dynamics (CFD) assessments to
establish the vessels' hydrodynamic parameters, current, and wind coefficients. Subsequently, time-
domain analyses were conducted using the vessel specific DPSW integrated to the hydrodynamic models
within the time-domain ocean engineering software SIMO [15]. These simulations enabled the
determination of the DP response of the vessels. In this setup, the FPU utilized heading control mode for
DP, while the Accommodation Unit (ASV) operated in follow-target mode, tracking two transponders
affixed to the model of the FPU. The spatial arrangement of the vessels is illustrated in Figure 4 The key
parameter under control was the horizontal separation between the crane tip and the midpoint of the flare
manifold.

o ME "
L = 1k LY}
w
iy
®
Figure 4. Spatial configuration of the vessels and screenshot from simulator

In previous operations involving the replacement of flare manifolds, helicopters were typically used.
However, given the flotel was already located onsite the client noted that the utilization of a flotel crane
not only reduced costs but also enhanced safety and sustainability of the operation. Operators who
underwent training at KM's crane simulator provided feedback, expressing that their familiarity with the
scenario, which was based on mission-specific equipment and realistic simulated environments,
significantly improved their preparedness to handle potential contingencies. For this operation, it was
imperative that the control system, equipment functionality, operational criteria, and operator processes
be integrated as part of the risk assessment and preparation to fulfil the mission.
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8.5. Accommodation Units: Personnel and Asset Risk

An example of an operation involving human transport, is the execution of gangway operations for a
turret-moored FPSO vessel. To determine the operational weather limits and identify the optimal
gangway landing position, a series of time-domain simulations were conducted. The time domain
simulation software OrcaFlex 7 was coupled with the vessel's specific DP software.
The process can be divided into several stages:
1. Gathering Necessary Inputs
Identifying Scenarios for Simulation
Running Simulations
Postprocessing Simulation Results
Identifying Operational Limits
Advise DP system Configuration, Operational Process, and inputs to the ASOG

ANl e

Necessary inputs included vessel-specific characteristics (hydrodynamic data, thruster characteristics,
wind/current coefficients, gangway limitations, etc.) and site-specific metocean data. These inputs were
rigorously verified to create a reliable OrcaFlex 7 simulation model.

Simulation scenarios were primarily defined based on client requests, with consideration for gangway
landing positions. As this turret-moored is a weathervaning facility without heading control, an additional
verification was added to assess the DP vessel's (Flotel) capability to follow the FPSO's rotation. The
initial batch of simulations was reduced by an assessment (pre-screening) of random simulations to
approximate operational weather limits and determine the optimal DP configuration for the vessel. Based
on the results and available metocean data, a case matrix consisting of approximately 20 different sea
states was established, with constant wind and current speeds considered for all cases. Since the FPSO
weathervanes, weather from the bow was exclusively considered, and environmental forces (waves, wind,
and current) were assumed to be colinear based on the industry standard DNV RP C205. The justification
for defining criteria for colinear weather is to consider the highest level of impact taking into
consideration a level of conservatism into the results.

Fue d

Pas 3

Figure 5. Gangway landing points: ASV Placement

Postprocessing of data focused on variables related to gangway limitations (minimum/maximum stroke,
slewing, and luffing angles) and thruster utilization (total thrust utilization and utilization for diagonal
pairs). Safety margins were maintained by keeping total thrust utilization criteria at 50% for diagonal
pairs and all four thrusters.
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After completing the simulation phase for all three gangway landing positions, relevant data was
postprocessed, and Most Probable Maximums (MPMs) were determined using a Gumbel distribution.
Operational weather limits were established for all analysed gangway landing points based on these
postprocessed results. Additional checks were conducted to assess the DP vessel's ability to follow the
FPSO while rotating at different rates. The insights from this set of analysis helped identify a strong
sensitivity to environmental direction and consideration to be taken during FPSO rotations.

Due to the equipment and control systems complexity and age, it was recognized that considering the
functionality it would be essential to assess the default operating condition and advise on how the
operator settings can impact the industrial mission. This study underscores the significance of leveraging
experience and insights from previous cases to significantly reduce the time needed for completion while
effectively mitigating potential risks. It also highlights the complexity of such operations and the
importance of a strong engineering assessment which combines lessons learned, equipment functionality,
and vessel limitations with operational management to mitigate risks in the unpredictable marine
environment.

9. Conclusion

In conclusion, this paper has provided a comprehensive overview of multi-body DP operations,
emphasizing their significance and the challenges they entail. Multi-body DP operations involve the
coordinated use of DP-equipped vessels to execute complex tasks in close proximity. Key components of
these operations include shared industrial mission, precise coordination, advanced sensors, and
specialized control methods.

To differentiate multi-body DP operations from conventional single-vessel DP operations, factors like
proximity, collaborative control, and increased complexity were discussed. Various applications across
maritime industries were highlighted, including offshore oil and gas, offshore renewable energy, and ship-
to-ship transfers. Five case studies have presented their challenges and concerns. The JIP conducted for
Shuttle tanker operations demonstrates significant learning that incorporating the DP Functionality into
the operation, standardizing the method to operate, and establishing effective mission specific training can
significantly reduce risk. Other cases such as ASV personnel transfers and lifting operations present that a
strong engineering basis and application of simulations can effectively allow the assessment of vessel-to-
vessel interaction. Additionally, the incorporation of insights and lessons learned into the design of DP
functionality and operational process effectively improves the predictability of an operation.

The paper also outlined the advantages and challenges, like collision risk and equipment reliability,
associated with multi-body DP operations. Factors contributing to risks, such as lack of standardization,
human factors, equipment reliability, and mission-critical equipment, were described.

Mitigation and management strategies were presented, emphasizing the importance of comprehensive
training, risk assessment, enhanced communication, redundancy, maintenance, and environmental
monitoring. Technological advancements, including advanced sensors and DP control system
functionality, were proposed to further enhance the safety and efficiency of multi-body DP operations.
In conclusion, multi-body DP operations provide an effective way to meet the commercial and
environmental requirements of marine operations, but their successful implementation requires a holistic
approach that addresses the complexities and risks inherent in such operations. Implementing the
suggested strategies, technological advancements, and risk management controls, will assist in ensuring
safety and efficiency for the industrial mission.
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