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Abstract

This paper shares experience on "Walk to Work’ (W2W) operations and prediction of operation availability
of Service operation vessels (SOVs) by using digital twins. The term "'Walk to Work’ is used to describe
the operation where people are transferred via a motion-compensated gangway from an SOV (service
operation vessel) to a wind turbine or an oil installation, typically for commissioning, maintenance or crew
change. The aim of the paper is to show what aspects are important to consider for W2W operations and
their effect on the availability for transferring people safely and effectively. The paper aims also at
providing a guideline for understanding and performing W2W operation availability studies for managing
risk and having predictable cost and effective operational planning. The paper will present the relevant
aspects for W2W operations with example cases.

Abbreviation / Definition

Abbreviation Description

ASOG Activity Specific Operating Guidelines

CAPEX Capital Expenditure

DP Dynamic Positioning

DPO Dynamic Positioning Operator

Hs Significant wave height

LF Low Frequency

NUI A Normally Unmanned (or Unattended) Installation

OPEX Operating Expenditure

RAO Response Amplitude Operator

SOV Service operation vessels

W2WwW Walk 2 Work

WCSF Worst-case single failure

WF motion First-order wave-induced motion
Introduction

As the world redoubles its efforts to decarbonize its energy supplies, the next wave of major offshore wind
farm projects is fast approaching, see Figure 2 from [5]. The demand for wind farm installation and
maintenance vessels is soaring. At the same time there is an increase of number of projects and deployment
of normally unmanned installations (NUIs) for oil and gas, typically wellhead platforms [9]. These
platforms replace more expensive subsea installations, and they become attractive for small fields.
Commissioning and maintenance of offshore wind turbines and NUIs is crucial to minimize downtime in
electricity production from wind turbines or oil and gas output from production platforms. Maintenance is
done by sending specialized personnel from Service operation vessels (SOVs) to the installations.
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Figure 1: Simulation of a SOV with a gangway connected to an offshore wind turbine.

SOVs are increasingly being equipped with W2W motion-compensated gangways for deployment of work
crews in support of more efficient logistics to reduce costs and greenhouse gas emissions. A key priority
for offshore operators is to extend the operational window for safe W2W transfers and thereby facilitate
more transfers each year to gain access to offshore installations.
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Figure 2: World grid-connected electricity generation by power station type.

To ensure a W2W vessel is designed and built with the correct specifications to meet operational
requirements, multiple factors need to be taken into consideration in the design phase. These include
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environmental conditions and the technical capabilities of both the vessel and gangway [1][2]. Transfer of
people between the SOVs and installations is typically limited by the gangway operating limitations
(mechanical limits), vessel station-keeping and motion performance, limits given by the energy companies
for the comfort and safety of people when walking across (often referred as human factors), and the
receiving facility layout (number of gangway landings, height of the landing, steel-to-steel distance
requirements, type of connection, etc).

Having all these components involved and intertwined shows that the planning of Walk2Work operations
cannot be done by only looking to the individual component but it should be done by looking at it as a
whole system, by considering all the elements including environmental conditions and risk/safety related
aspects.

A system approach

To avoid unnecessary costs, failed attempts or even accidents, SOV operators need to be able to predict as
precisely as possible whether a given vessel will be able to carry out the intended operation within the
desired time window based on the weather forecast. This is a highly complex task involving a multitude
of systems. In other words, tools and methods that should be used for the estimation of the weather
window for transferring people should consider the “whole system” behavior as it is not sufficient to
assess the quality and performance of individual components and systems. Here an example: SOVs are
typically equipped with motion compensated gangways which goal is to stabilize the motion of the
gangway despite the motion of the vessel they are mounted on. This is done for providing a stable
platform for the workers to walk on. One could buy the best motion compensated gangway in the market
but if the gangway is placed on the stern of a vessel which may result in large heave (vertical) and yaw
motion, the overall operability can be poor. Large vessel heave motion can result in large gangway
steepness (too steep for a person to walk on) and vertical speed/accelerations while a large roll motion
(and yaw motion when the gangway is mounted on the vessel stern) can result in large gangway
telescopic motion which may exceed its operating limits. On the contrary, a vessel with excellent motion
performance (very stable with large sea states) can still have poor people transfer availability if it is
equipped with a gangway with poor performance in terms of motion compensation.

Figure 3: Examples of motion compensated gangways.

There are mainly three ways the motion-compensated gangways can be connected to the receiving
platforms: Bumper mode, suction connection (typically with an elephant foot), hoovering mode. In
"bumper mode", the goal is to keep a constant force against the receiving structure. The gangway tip is
pushing on a flange continuously, see Figure 4. The gangway system needs to control the position of the
tip of the gangway to be as steady as possible and, at the same time, apply a force toward the receiving
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structure. All this needs to be accomplished despite having the vessel moving in waves. When employing
a suction cone mounted right below the gangway tip, see Figure 5, the suction cone is then landed on a
deck on the receiving structure and locked into it. While the gangway tip is deployed towards the
receiving platform, the gangway has to work with motion compensation activated. After the suction cone
is locked on the deck, the gangway can work in passive mode. In the hoovering mode, there are no forces
introduced in the landing area, no gates required and landing over sea railing can be achieved. The vessel
may be free to choose the optimal heading to maximize the workability as the gangway does not need a
specific gate to land on.

Figure 4: "Bumper mode" connection Figure 5: "Suction cone” connection

Operational main factors

As mentioned above, transferring of people via a motion-compensated gangway is an orchestrated
operation involving many systems and external conditions, including both mechanical and software
components. Below a list of the most relevant aspects and parameters that can affect the people transfer
capability of a W2W vessel.

Gangway mechanical limitations
Gangway systems are typically operated within some margins to their mechanical limits. This is due to
both safety measures and rules and regulations [4]. It is thus very important to distinguish between the
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mechanical limits and the operational limits, see the sketch in Figure 7. For example, the maximum
telescope motion (mechanic limit) is + Sm, but people will be allowed to walk on the gangway when the
actual telescope displacement is within = 3.5-3.8m. When the gangway motion is close to the mechanical
limits, the gangway is typically disconnected (in some cases this is done automatically). When accessing
the ability of the gangway to transfer people, it is important to use the operating limits and not the
mechanical limits otherwise the analysis will provide too optimistic results (for example it can say
workers can be transferred with 3m of significant wave height while in practice this is not possible).
Typical mechanical limits are telescope displacement and velocity, luffing angle and rate, slewing angle
and rate, heave displacement and velocity.

Telescoping

Luffing

Figure 7: Example of mechanical limits (red) and Figure 8: Some of the gangway motions
operating limits (green) of a gangway

Gangway operating limits

Not all the gangway operating limits are depending on the gangway design and its capability. For
example, the vertical and horizontal acceleration of the gangway at the vessel side, and the telescope
velocity limits where transfers are not allowed are typically set by the energy companies for
safety/comfort reasons (human factors). The same reasoning applies to the gangway steepness which is
the slope a person would feel while walking on the gangway. The steepness is not the same as the luffing
angle (it would be if the vessel roll and heave motions were zero). The luffing angle mechanical limits are
typically much larger than the steepness limits set by the energy companies. As mentioned above, all
operating limits, the ones from the gangway producer and the ones from the energy companies, need to be
accounted for when estimating the operating weather window. A list of typical gangway limits is given in
Table 1.

Table 1: Typical gangway operation limit table

Limiting Criteria Personal Staying Mechanical Unit
Transfer Connected limits

Telescoping:

- displacement m

- velocity m/s

Luffing:

- displacement deg
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- velocity deg/s
Slewing:

- displacement deg

- velocity deg/s
Acceleration:

- horizontal g

- vertical g
Steepness angle deg
Steepness rate deg/s

Vessel motion

Vessel motion can be divided into several components, and it is essential to see this in connection with the
chosen acceptance criteria. The first-order wave-induced (WF) vessel motion, typically described by
motion RAO’s', are harmonic motions oscillating about the “mean” or low-frequency (LF) vessel motion.
The WF motion is normally not possible to counteract by use of thrusters and is attempted filtered out in
the DP control system. The WF motions, especially the roll and heave motions, can have a large impact on
the ability to transfer people. Large roll motion will result in large telescope motion especially when the
gangway is high above the mean sea level (when the gangway is deployed 90 degrees from the vessel).
Therefore, in order to minimize the roll motion, anti-roll devices such as roll-reduction tanks, bilge keels,
etc. are employed. Ship designers can also design the vessel in order to shift the roll natural peak period
away from the periods of the waves that the vessel will encounter in operation (this is typically done by
reducing the “spring” effect in roll). The motion RAOs for 2 vessels of similar size are shown in Figure 9
and Figure 10. The vessel with RAOs in Figure 9 will present larger roll motion for wave periods of about
12 s compared to the vessel with RAOs in Figure 10. The roll motion is proportional to the amplitude of
the RAOs for each wave period. The vessel with roll-reduction tanks natural peak period is about 18s,
however, may experience thruster-induced roll motion especially in the case where fast response thrusters
are employed. This can happen when the spring effect in roll is significantly reduced, and the thruster
response is pushed so high (thruster can produce force very quickly) that the thruster action can have a
frequency content with some energy closed to the natural roll period. This will result in roll motion induced
by thrusters. A tight collaboration among the vessel designer, the DP control system vendor and thruster
vendors would help mitigate these issues. Additionally, these issues can be discovered in the design phase
if simulations with a digital twin are performed. See for example [7][10][11][16][18] for digital twin
applications.

! Motion response amplitude per unit wave amplitude. Relationship between wave surface elevation amplitude at a
reference location and the vessel motion response amplitude, and the phase lag between the two.
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Figure 9: Roll Motion RAO Vessel 1 Figure 10:Roll Motion RAO Vessel 2

Vessel Dynamic Positioning capability

The DP control system is to control the vessel positioning and heading as closed as possible to the desired
location (setpoint). Accurate DP performance results in a smaller vessel footprint thus, in turns, small
telescope motion of the gangway. On the contrary, large vessel footprint (poor DP performance) will lead
to large gangway telescope motion which may require the operation to be terminated. The DP control
system typically attempts to control the low-frequency vessel motion as the wave frequency motion is too
fast for the thruster system.

The low-frequency LF vessel motion is due to mean and slowly-varying environmental forces, as well as
thruster and other external forces. For high sea states, the LF motion is typically dominated by the slowly-
varying wave drift forces, which can peak at 6-8 times the magnitude of the mean wave drift force. This
will give temporary position and heading excursions of significantly larger magnitude than the WF motion.
If the mean environmental load becomes too large, then the vessel will be forced off position permanently.
Finally, the vessel may experience temporary excursions due to transients after a failure, before the DP
system manages to re-allocate thrust and regain position.

In the past, DP vessels were often oversized for good measure. But that is no longer feasible and
sustainable. An oversized vessel consumes more fuel then needed during operations. For ships to be
competitive, it is important to optimize the vessel design for the actual environmental conditions in which
they will operate to avoid excessive emissions and fuel costs. In the last years vessel right-sizing has been
one of the main focuses for vessel designers. For the gangway operations the vessel design should meet
the needs of optimal fuel consumption, reduced running costs and sufficiently accurate DP performance,
also after the worst-case single failure.

Layout of the receiving platform

The number and location of landings (also called gates) where the gangway can be connected on the
receiving platform will significantly influence the workability of the gangway (in bumper mode and
suction mode connections). See for example [8]. Typically, SOVs will position, when possible, against
the prevailing weather direction in order to minimize the roll and sway motion due to waves and also
achieve the best DP performance. This is because the loads from wind, current and waves will increase
for quartering and side weather directions. When a vessel needs to connect a gangway, the larger the
number of gates on the receiving platform the more choices will the DP Operator have to position the
vessel heading optimally to minimize both the DP and the WF motions. Figure 12 shows the gate
selection for given the prevailing environmental directions. The green sectors in Figure 12 shows where
the vessel can position the bow against the prevailing weather direction. If the weather direction comes
from the blue sector in the figure, the vessel cannot position the bow against the weather which may
reduce the workability.
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For a single platform, having 4 gates may not be a significant increase of cost compared having 2 gates.
For a wind park where there are many turbines, the cost for increasing the number of gates may escalate
to unfeasible sums. It may be that a more expensive vessel and two gates will provide the same
workability of a cheaper vessel with 4 gates where to land the gangway. Simulations of these scenarios
combining the vessel motion, gangway model and the platform model with an accurate digital twin is
paramount for predicting workability, CAPEX and OPEX [8][10][12]. When looking at the workability
and possibility to select the optimal vessel heading, the minimum requirements for steel-to-steel distance
between the vessel and the receiving structure need to be accounted for, see Figure 11.

\'10[';1 safety . %

one ——
Figure 11: Vessel heading envelope for a given gate and Figure 12: Gate selection based on prevailing environmental
steel-to-steel limit direction

Environmental conditions

All the elements described previously in the paper need to be analyzed with the environmental conditions
where the vessel will operate. This is very important. Here an example: DNV has received data from a
vessel where a gangway automatically disconnected at significant wave height Hs 2.2 m due to a poor DP
performance (large vessel footprint led to exceeding the telescope limits). The vessel owner mentioned
that the vessel used to transfer people up to Hs 2.5 m without problems. By analyzing the full-scale data,
it was discovered that the wave period when the gangway was disconnected was about 6s. The owner
mentioned that usually the wave period was normally in the range of 8-10 s in that location. By looking at
the vessel specific wave drift coefficients (see an example in Figure 13), where the slowly-varying wave
loads are proportional to the coefficients for a given period, it could be derived that the large DP footprint
was due to the wave loads. The low wave periods were never analyzed or simulated. It is essential to
highlight that the environmental conditions present a multi-dimensional space where Hs, wave periods,
wave directions, directional wave spreading are some of the axes. This shows again the importance of
analyzing the vessel performance with the actual conditions that the vessel will encounter.
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Figure 13: Example of wave drift coefficients of an SOV

Vessel availability and reliability
Most of the workability assessments that are performed nowadays assume that the vessel will be available
to transfer people to a platform or a turbine. Typically, the energy companies then will account for some
days of maintenance each month. But not all the SOVs are the same when it comes to availability and
reliability. The effect of single failures on the total redundancy may have different effects based on the
vessel system and components segregation. One way to improve the reliability is to apply, for example,
the principles of autonomy, independence and segregation embedded within the Low Impact Failure
Effect (LIFE) Concept [6].
The LIFE concept utilises the principle of critical and non-critical redundancy to increase the reliability of
each independent DP equipment group. The terms are defined as follows:

o The loss of critical redundancy will impact the vessel’s post failure DP capability.

e Non-critical redundancy has no effect on post failure DP capability but improves the reliability

and maintainability of the independent or redundant DP equipment group to which it is applied.

The idea is to minimize the impact of single failures by identifying equipment which has certain
probability of failure and avoid sharing its functionality within the redundancy group. An example is
providing dual pumps arranged from separate power distribution rather than from one 24 V power supply.
Other examples include cooling systems and lubrication systems.

Vessel degradation

Another important factor to consider is the vessel performance degradation over time. The majority of
workability assessments are performed with the vessel conditions “as built”, considering a perfectly clean
hull, all machinery that can run at 100% and no other equipment degradation. There have been cases of
vessel reduced performance due to a marine growth. A vessel painted with a coating suitable for the North
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Sea was operating in warmer water which led to an increase of 20% resistance due to marine growth.
Since the vessel was operating in a high ocean current environment, this had a significant impact on the
station-keeping performance and fuel consumption. In another circumstance, a vessel could operate with
the bow tunnel thrusters up to 80% due to vibrations. On another vessel the generators could reach 85%
of their maximum power. For long-term contracts especially, a sensitivity analysis of the workability
should be performed considering vessel equipment degradation.

There are other aspects and elements to consider when looking at gangway operations such as decisions
support tools, crew competence and training, operating guidelines. These are not treated in the paper.

DNV 2-step approach for workability analysis

DNV has developed a two-step approach for analyzing the gangway operability, see Figure 14. The first
step of the process involves a thorough static vessel DP capability analysis along with the investigation of
the gangway motion due to waves (WF motion). This first step provides an initial estimate of the weather
window and operability. The analysis involved in the first step is of limited complexity and can be
performed in relatively short time.

The second step involves a more detailed operability evaluation to be performed by running dynamic
time-domain simulations of the whole system and elements as described in the section Operational main
factors. This gives more realistic results, but it requires more advanced models and it takes more time to
run.

STEP 1 - First Vessel performance evaluation

Combined Site-specific and vessel specific Motion analysis + DP Capability
Employ Static DP station-keeping capability: DNV-ST-0111 Level 2-Site —
DNV web-app available on www.veracity.com

Motion analysis based on frequency domain

Results: Provides an initial estimate of weather limits and operability,
typically used for tenders and preliminary design

STEP 2 - Detailed vessel performance evaluation

+ Full dynamic time-domain simulations including gangway
motion limitations, vessel motion and DP station-keeping
performance: DNV-ST-0111 Level 3-Site

+ Results: more realistic operability, input to vessel
design, operating procedures, risk assessments

Figure 14: DNV 2-step approach to gangway workability analysis

Step 1 — Static DP Capability combined with a motion analysis

In step 1, a site and vessel/gangway specific motion analysis in combination with a static DP capability
shall be performed. A gangway operation is deemed as feasible (personnel can be transferred) if the
vessel is able to maintain station-keeping and, at the same time, the gangway operating limits for people
transfer are not exceeded. The environmental directions at which the analysis should be carried out have
to be set according to the prevailing environmental directions and the ability of the vessel to choose the
optimal heading, as described in the section Operational main factors.

The station-keeping capability analysis is performed according to DNV-ST-0111 Level 2-Site [3]
[13][14]. DP Capability Level 2-site sets requirements for a comprehensive quasi-static method. It allows
for the use of vessel specific data and characteristics in the calculations. The calculation is based on a
static balance of environmental forces and the vessel's actuator forces. DP Capability Level 2-site is
based on site-specific environmental conditions. The assessment can be performed with the
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accompanying web-based DP Capability Assessment tool provided by DNV. The tool is available on
WWww.veracity.com.

The analysis can be performed in intact conditions with the operation limitations (typically ASOG limits).
The gangway motion due to the first-order wave load (wave frequency effect) can be performed in the
frequency domain, typically computed from motion RAOs obtained from hydrodynamic software.
Typical results from such analyses are the limiting significant wave height/wind speed for given
environmental directions (wave or wind envelope). And an example is given in Figure 15 where the
limiting weather condition from the station-keeping analysis (DP Capability) and the motion analyses are
showed at the same time. The resulting limiting operating weather is the smallest between the two for
each environmental direction. In this example wind, current and waves are coming from the same
direction and rotating together. The relative directions between the weather components should be set
based on the site-conditions.

Current speed: 0.77 (m/s) 0 Hsin m, direction in degrees

DP Capability limits g }¥/€. ......... N

¥ Gangway
/... motion
Result limits
P () QR N— I ceeeo| 90

..................

180
Figure 15: Wind envelope from step 1

The results from step 1 can also be calculated for a series of fixed weather conditions. In this case the
station-keeping analysis and motion analysis show if people can be transferred via the gangway for each
case.

As described in [3][8][17], a static DP Capability analysis does not provide the low frequency vessel
motion due to the DP control system. Therefore, in step 1, it would be required to perform the workability
analysis by assuming different maximum vessel motion due to DP (vessel footprint), for example 1m, 2m
and 3m.

Step 2 — Full dynamic simulation of the whole system
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Step 2 requires a more detailed operability evaluation based on time-domain analysis according to DNV-
ST-0111 Level 3-site [3]. Time-domain simulation implies that the vessel is free to move, and the
analysis is based on the evaluation of a simulated vessel footprint and gangway motion. The Dynamic
Capability is based on a complete 6 degree of freedom vessel model, meaning that the simulation
provides the vessel and gangway full motion in the same simulation.

The simulations are performed with a vessel specific model (digital twin) including dynamic wind and
current loads, 1st and 2nd order wave loads including slowly-varying wave drift, a complete propulsion
system including thrust losses, a power system, sensors, and a DP control system with observer, DP
controller and thrust allocation and a gangway model. By considering the complete vessel, environmental
forces, and control system dynamics, most of the assumptions needed for a static analysis are removed,
yielding results much closer to reality. Figure 16 shows a screenshot from DNV CyberSea Digital Twin
3D animation.

DP motion

: I Mt Gangway motion
Vessel Motion e | — e

Weather

Figure 16: DNV digital Twin 3D animation

Step 2 will produce results in the same format as in step 1, either showing the limiting weather condition
or the operability performance for a given desired fixed weather. In addition, step 2 can provide results in
form of monthly workability. The workability is calculated by considering the site-specific weather
statistics for each month. This will result in several simulations for each month where for each simulation
the DP and the gangway motion performance are evaluated with the set operability criteria, i.e. station-
keeping capability and gangway motion within the operating limiting factors. Each simulation is run for
typically 1 hour (this is assumed to be the time for the transfer) and with different wave patterns or wave
realization (non-repeating 3-hour wave elevation time-series with the same Hs). It is a common practice
also to analyze smaller time-windows for establish the operability. For example, if the personnel transfer
can take place in 10 minutes, statistics can show of how many 10-min windows in 15 hours simulations
can occur where the operation can succeed. The gangway operation can be defined as feasible if, for
example, there are 30 time-windows of 10 minutes in 15 hours where the gangway operating limits are
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not exceeded. The length of simulations and transfer-window time should be established by the energy
companies or vessel owners based on the operational requirements.

Use case — Dynamic Simulations for a SOV

Figure 17 shows a result from a use case obtained from a digital twin dynamic simulation. The scope of
the project was to evaluate how traditional azimuth thrusters with fast response could improve the vessel
footprint and, in turns, provide a wider weather window for transferring personnel via a motion
compensated gangway. As dynamics are not included in a static analysis, a Level 3-site analysis was
performed. The results were obtained with a SOV designed for transferring personnel to a NUI located in
a harsh environment area. For this reason, the landing gate on the platform was very high (such that
waves do not hit the platform). This resulted to the gangway to be very located in a high position on the
vessel, making the gangway telescope motion very sensitive to the ship roll motion. In Figure 17, the blue
curve represents the vessel DP footprint for a fixed weather where a traditional thruster response time in
propeller speed and rotating azimuth was simulated. The red curve in the same figure was simulated with
faster azimuth angle response (3 times the normal rotation rate). This resulted in a much smaller footprint
as shown in Figure 17. However, when pushing the whole control system dynamic to the highest response
as possible (a fast thruster system requires a fast control action to be effective), the gain in the overall
operability was not that significant with respect to traditional thruster response. This was due to the
thruster-induced roll motion (see the example given in the Vessel motion paragraph in Operational main
factors). The best results in term of operability were obtained by having a trade-off between accurate
positioning and contained roll motion. This was discovered by simulating the whole system (or running
expensive model tests) and not by looking at individual equipment performance.
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Figure 17: Example of a vessel footprint with different thruster dynamics

Conclusion

This paper discusses the practical insights gained from Walk to Work operations and the prediction of the
availability of Service Operation Vessels (SOVs). It highlights the critical factors to take into account
when conducting W2W operations and their impact on ensuring the safe and efficient transfer of
personnel. Additionally, the paper introduces a two-step methodology for conducting availability studies
of W2W operations, aimed at risk management, cost predictability, and effective operational planning.
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