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1 EXECUTIVE SUMMARY

London Offshore Consultants (LOC), a part of the AqualisBraemar LOC Group (ABL), performed a
nautical risk study in the area of the North Sea, with particular interest in the current and future
offshore windfarm development between 2020 and 2040. This work is commissioned by the German
Federal Ministry of the Interior, Building and Community. The main objective of the study is to identify
the significant shipping routes in the North Sea based on current traffic patterns, and in parallel
consideration with the existing and future offshore windfarm developments and other aguaculture

installations, develop proposals for a coherent system of shipping routes in the North Sea.

The work included a traffic study, for the identification of the main shipping routes, and the
identification of the qualitative characteristics of the traffic that uses them. The study identified the
different patterns between merchant and work/support vessels, and the extent to which they utilise
the same space. The main shipping route in the North Sea, is the N-S route from the Dover Strait
along the West coast of the European Continent, through the German Bight and into Skagerrak. This
is the main merchant traffic route that conveys trans-continental traffic to the European hub ports
and the Baltic Sea, with a tear diverging to the Arctic Sea. Secondarily, there are the UK coastal
shipping route that carries traffic from the main N-S route along the East coast of the UK and the
Norwegian Coastal corridor that connects the Baltic Sea to the Northern corridor. Additional routes
crossing the central parts of the North Sea and English Channel are used by Ro-Ro and General
cargo vessels that connect the Continent to the UK. Work vessels use these corridors to mobilise,
however for most of the time operate between a project home-port and specific project locations,

with long periods of time spent offshore at the latter.

The observations of the traffic study were subsequently combined with the insight provided by the
North Sea Statesdé authorities in terms of the fu
current maritime spatial plans (or forming parts of the relevant discussions where the latter are still
under development/review) and were developed into a projection of the North Sea (excluding
Kattegat) developments layout for the year 2040. As accurate information in most cases is not
available as to the exact footprint of future developments, but rather study/tender areas, the study
conservatively assumed the full footprint of these areas in the modelling and navigational analysis

exercises.

A risk study was undertaken to identify the areas in the North Sea with the highest concentration of
collision, allision, and grounding risk. This included the modelling of the traffic corridors in the North
Sea, and the traffic quantities observed in 2019, to identify the areas in the top 5th and top 10th
percentile of risk. This formed the benchmark case for the rest of the exercise, that considered the

impact in this risk profile of initially the traffic increase anticipated between 2020 and 2040, and
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subsequently that of the change in the traffic routes induced by the development of future offshore
renewable installations. The aim was to note the areas with the most notable increases in the risk
profile. The study noted that the risk intensity in the North Sea is predominantly concentrated on and
around the main N-S traffic corridor from the Dover Strait to Skagerrak and the Baltic Sea, and the
approaches to the main hub ports of Rotterdam and Antwerp. The risk increases with the introduction
of additional traffic, and in most cases with the introduction of offshore renewables developments
that understandably reduce the space available to navigation and induce route changes.

Examined individually, the traffic increase is noted to have a more significant impact to the risk
increase compared to the traffic routes alteration. This signifies that in line with the actual fluctuation
of traffic in the coming years, the risk increase may develop sooner or later than the time assumed
in the present study. Whilst the study considers two shapshots in time, 2019 and 2040, changes in
reality will happen gradually, and thus there are opportunities for cross-country coordination and
subsequent intervention and adjustment to mitigate risks in the areas where these are found to

concentrate.

In addition, the time and sequence in which the future offshore renewables developments will
materialise will have a significant effect in the way navigation will adjust around them and the
development of risk with time. As such developments will be preceded by targeted, area-specific,
probabilistic navigational risk assessments (on up-to-date vessel traffic and intended footprint) the
authorities will have the opportunity identify and implement the interventions required safe

navigation.

On the larger scale, with marine traffic not expected to stop its growth in 2040, the North Sea states
would benefit from the promoting a denser collaboration regime for managing this change. Especially
so, as the risk introduced to the system by a change does not necessarily occur at the location of
the change, and it may thus well be transferred into a different jurisdiction. This can be as simple as
regular periodic communication between authorities on upcoming developments and observations
in the change of marine traffic and renewable industry trends, or as advanced as a joint plan
preparation, with outlined interventions to be triggered by predetermined conditions in space and

traffic.

The study concludes with risk mitigation measures in the order of route alternatives where the
planned offshore installations disrupt the current traffic pattern. Most of the routeing adjustments
regarded alteration made to circumnavigate obstructions, with little impact on the overall routeing
system of the North Sea and risk associated. The English Channel and southern section of the North
Sea are characterized by several IMO traffic separation schemes and therefore the maritime spatial

plan expected in those areas does not represent an obstruction requiring course deviation. Moving
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northward to the German Bight, the complexity of the designated areas for future developments in
the German and Danish Economic Exclusive Zones requires actions to mitigate the risk of erratic
traffic within their area of interest. This mitigation might be reached with the introduction of
recommended routes joining existing paths or with the establishing of a traffic separation scheme.
However, these mitigations involve the decision of several coastal States to proceed towards a
common objective, and it can be said that one of the present study outcomes is that better co-
ordination and consensus in the decision-making process would facilitate possible mitigation
measures and guidelines homologation amongst the various maritime authorities of the North Sea,
to facilitate consensus in the decision-making process.

The present study aspires to be a contributor in strengthening close collaboration between the
coastal States of the North Sea and a starting point in a collective approach aimed at identifying and

resolving future challenges in a productive and timely manner.
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2 INTRODUCTION
2.1 GENERAL

The Eur opean Uni on 2030 Climate and Energy Fr ame
compliance with set EU-wide targets and policy objectives for the period from 2021 to 2030. This
framework requires that by the year 2030:

1 Atleast 40% cuts are achieved in greease gas emissions (from 1990 levels)

1 Atleast 32% share of the energy comes from renewable sources

1 Atleasta 32.5% improvement is achieved in energy efficiency
The achievement of these climate targets by the EU-member countries is expected to involve heavy
investment in renewable energy, most of which is anticipated to come in the form of offshore wind
turbines. To achieve the required output, the new offshore wind developments would have to cover
a significant area in the North Sea. With the east coast already very heavily trafficked by merchant
and work vessels, spatial demand is expected to become an important issue and a balance is sought
between attributing space to offshore wind developments and maintaining safe and effective
shipping traffic. The spatial demand may also increase due to other developments with spatial
requirements, such as aquaculture. It is noted however that what is currently envisaged is that in

most cases there can be an efficient overlap between offshore wind and aquaculture.

The North Sea constitutes a central transport hub for all countries bordering the North and Baltic
Seas, through which the vast majority of exported and imported goods to and from those countries
are being shipped. It is therefore imperative that navigational safety and route efficiency is ensured

as new offshore windfarm and other offshore developments are planned.

This wildl require effective coordination between
and permitting procedures for new offshore wind developments, as well as the maintenance,
formation, and potential alterations to navigation routes. To facilitate this liaison between the North

Sea Statesd6 authorities, a holistic analysis of t
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The present work is intended as a first step to set the basis for this liaison between the North Sea
states. The area of concern of the subject study is presented in Figure 1.

Figure 1: North Sea i Area of present study.
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2.2 SCOPE OF ABL STUDY

The scope of work for the study is split into four work packages, and includes the traffic study, liaison
with authoritiesd rNerfhiSeacantriesin termeof receiving mput oh Riture
offshore renewable developments and capturing particular interests and comments, and the
preparation of a final report constituting the culmination of the above. The work packages comprising

the scope of the study are:

1 WP 1: Traffic analysis

1 WP 2: Estimate of plans for offshore renewables or other offshore installations (incl.

aquaculture)

1 WP 3: Description and evaluation of risks for shipping traffic arising from offshore

installations according tav/P 2
1 WP 4: Proposals for safe traffic flows, including options for routing measures.
2.2.1 WORK PACKAGE 01

LOC performed a comprehensive traffic analysis in the complete North Sea. This analysis is focused
on the observed traffic of merchant and work vessels in the study area and excludes port and fluvial
areas. Also, due to the number of vessels captured in the area, the study is focused on IMO vessels,
with small work, small fishing and pleasure craft filtered out of the working datasets.

Counting lines are used in the analysis to capture the relevant traffic routes. The intention is to
provide an overview of the traffic volumes at different parts of the North Sea, and briefly comment
on the qualitative characteristics of this traffic. Where there is a need, this information is used in

further commentary in subsequent work packages.
2.2.2 WORK PACKAGE 02

LOC liaised and obtained information from th
Federal Maritime and Hydrographic Agency (BSH) on the areas considered for new Offshore Wind
Farm (OWF) developments between 2020 and 2040. The information obtained from the state
authorities was supplemented with information from online databases and, where pertinent,
discussions and literature that form part of the public domain. Hydrogen and oil & gas platforms to

be installed or decommissioned by 2040 are considered where relevant.

It is worth noting that not all such information was provided or accessible at the time of the study, as
some such developments are either still under the subject of internal debate or deemed politically
sensitive by the pertinent states and thus not shared on record for the purposed of this study. The

developments captured in this report represent best endeavours and best current information.
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2.2.3 WORK PACKAGE 03

LOC used reasonable assumptions to forecast the marine traffic volume development in the North
Sea in the next 20 years, and on this basis considered the future OWF development areas, and their
potential effect on the navigation routes in the study area.

The current risk in the main traffic corridors is obtained from a high-level risk analysis performed for
the base case, being the current condition, obtained from actual traffic data from 2019. The analysis
model used, considers the accident types presented in the breakdown of Table 1.

Table 1: Risks to be considered in study.

Vessel to vessel collisions Vessel groundings Vessel allisions to
fixed/floating objects

I Overtaking collisions M Powered Groundings M Powered Allisions
b Headon collisions o Drifting Groundings o Drifting Allisions
I Crossing collisions

 Merging collisions

M Bend collisions

It is understood that different countries have different assumptions when it comes to the causation
factors used in risk analyses. However, to homologise, the present assessment is using the
International Association of Lighthouse Authorities (IALA) accepted factors. This facilitates a direct
comparison between the identified high-risk areas and thus provides quick insight on the locations

where risk is currently concentrated.

The risk analysis is then repeated using the projected traffic for 2040, to examine how the risk profile
changes (i.e., if there are areas where the risk increases disproportionately compared to the rest) as

a direct result of increased traffic (still on the basis of existing and authorised projects).

With the completion of this second risk analysis, the areas reflecting the future developments as
identified in WP2 are added to the risk model, the traffic routes are adjusted around them, and the
analysis is repeated one last time. Where there is an overlap of existing routes with the footprint of
future developments, reasonable alterations are made to the routes to reflect the most likely reaction

of navigating vessels and thus alteration of the traffic routes.

The outcome of this high-level assessment was presented to the stakeholders on 10 December
2020.
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2.24 WORK PACKAGE 04

Based on the conclusions of WP1 and WP3, LOC performed a review of the areas identified to
concentrate risk. Considering the requirements of rulesets as laid out by UNCLOS, IMO, COLREGS,
and IALA LOC proposed options for the potential mitigation of the risk in such areas where identified.

The intention of this work package is to facilitate the conversation between authorities and their
involvement laying down the foundations for further discussions. Considering the magnitude of the
present study and the time constriction, additional recommendations for further work are provided
as and where required.
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3 METHODOLOGY

3.1 ASSUMPTIONS AND LIMITATIONS

The risk analysis is based on the current maritime traffic condition based on Automatic Identification
System (AIS) data from the year 2019 and on an estimate of future traffic. The latter was projected
based on the information included in the International Transport Forum (ITF) Transport Outlook 2019
published by the Organisation for Economic Co-operation and Development (OECD) [01].

Maritime traffic information was sourced through the availability of historic AlS data for the North Sea
made available by BSH. Further information on the dataset is provided following sections of the
present report.

Safety of Life at Sea Convention requires all vessels of 300 gross tonnage or more employed in
international voyages are equipped with an AIS transceiver since 2002. In the recent years, given
the improvement of technology and reduced cost of transmitter and receiver equipment, together
with the introduction of an additional AIS class standard, several units with a gross tonnage <300
voluntarily became AlS-compliant. However, a certain number of vessels such as pleasure craft,
military operation involved units and small (non-IMO) fishing boats were not included in the AIS
historical plots, and therefore not assessed. Although this constitutes a limitation on the overall
number of vessels, the erratic transit of a variety of smaller units would not be representative of the

commercial marine traffic in the area of analysis.

3.2 ANALYSIS SOFTWARE

The traffic and risk analyses were performed using the IWRAP (IALA Waterway Risk Assessment
Program) Mk2 Version 6.4.1.

IWRAP is a collision/grounding frequency calculation tool recommended by the International
Association of Marine Aids to Navigation and Lighthouse Authorities (IALA). It is also used to extract

and process information from AIS data to provide a traffic description for the model area.

3.3 MODEL DEVELOPMENT

This section intends to familiarise the reader with the modelling assumptions and parameters used

in developing the environment for the present study.

3.3.1 AREA BOUNDARIES
The model covers the main body of the North Sea, as depicted by the red contour in Figure 1. The
model area includes part of Skagerrak, however, excludes Kattegat. The reasons for the exclusion

of the latter, is the small number of OWF development prospects, and the fact that it constitutes an
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area with a clear passage in international waters between Denmark and Sweden that serves as the
main access corridor to the Baltic.

The model area also excludes inland navigable waters as well as port approaches, harbours,
anchorages, and roads. These particular areas are regulated by the pertinent port authorities. In
addition, pilotage waters are subject to a regulatory regime which might differ from coastal waters
and high seas, and as such, it might mislead the overall analysis of the marine traffic in said specific

areas.

3.3.2 OFFSHORE WINDFARM AREAS
The first stage of the assessment, that covers the analysis of existing traffic, considers all existing
OWF developments in the study area.

Existing developments comprise all offshore developments that currently occupy space in the North
Sea. These are OWFs that are presently operational, and OWFs or extensions to OWFs that are

currently under construction.

Existing OWFs are incorporated in the model as polygon areas representing the footprint of the
developments. A full list of the OWFs that were included in the model is presented in Table 2 overleaf.
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Table 2: Existing and under construction OWFs in the North Sea.
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3.3.3 METOCEAN CONDITIONS

The metocean conditions are important in terms of both determining the drifting parameters for
vessels not under command (e.g., subjected to engine breakdown or blackout) following aberrant
courses that can lead to a collision, as well as the potential of collision aversion through the

intervention of tugs in the case of drifting vessels.

In the case of the former, the distribution of wind and current directions is important in determining
the direction of drift, that takes part in the geometric probability calculation within the software.
Metocean data are also significant in terms of determining the drifting speed of the vessels.

The North Sea, a semi-enclosed basin within the north-west European shelf sea, is one of the most
productive regions of the world ocean.

An important factor for the marine weather of the North Sea are the inflowing water masses from the
Atlantic and the continental freshwater run-off. The salty Atlantic water and the fresh water drained
via a number of rivers and via the Baltic Sea from the huge hinterland of western Europe are merged
and mixed by the action of the tides and of the atmospherically induced turbulence of waves and

currents.

The dominant atmospheric forcing of the North Sea is provided by the spacetime distribution of the
winds and the air pressure. The most energetic situation is found in winter, with strong wind blowing
up to 28-30 m/s.

The general direction of the current circulation varies only little between the seasons, and it is

characterized by a cyclonic (contraclockwise) pattern.

Fog is associated with wind directions of between south-east and south-west and can reduce
visibility to less than 1km 3-4% of the time. Radiation fog can form for 3-6 days per month between
October and April and tends to occur during the night, being dispersed by the sun on all but the
coldest days (UKHO 2013).

The metocean conditions in different parts of the North Sea differ, and these in turn influence the

calculated risk for drifting vessels.

For the purpose of this assessment, the North Sea area was split into 8 different areas with similar
metocean characteristics, and the metocean parameters were derived for each. These areas are

presented in Figure 2.
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Figure 2: North Sea breakdown for metocean analysis.

Long-term offshore wind and wave time series data were collected from the ECMWF-ERA5

database.

The ECMWEF (European Centre for Medium range Weather Forecasting) is an intergovernmental
organization that uses state-of-the-art numerical models to deliver global weather forecasts in
support of the national meteorological services. Both satellite and conventional data are daily
collected from an extensive data collection network and analysed to set the initial conditions of the
models. Wave data distributed by ECMWEF are simulated by the spectral third generation WAM
model coupled with the wind fields simulated by the global meteorological model. ERA-5 is a global
atmospheric reanalysis from 1979, continuously updated up to end of 2019. Data are provided on
hourly basis over a grid 0.5° x 0.5°. This data is provided over a regular grid fully calibrated and
homogenized against satellite data and (where available) in-situ buoy data. An example is presented
in Figure 3:
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********* Example of Wave field on the North Sea
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Figure 3: Example of Wave Field in the North Sea Basin.

Data on currents was obtained from historical archives of current data hindcasted by means of
HYCOM numerical model (Hybrid Coordinate Ocean Model) in order to assess the typical climate
regime of the selected areas. The HYCOM consortium is a multi-institutional effort funded by the
National Ocean Partnership Program (NOPP), as part of the U. S. Global Ocean Data Assimilation
Experiment (GODAE). HYCOM is a primitive equation general circulation model which is isopycnal
in the open, stratified ocean, but uses the layered continuity equation to make a dynamically smooth
transition to a terrain following coordinate in shallow coastal regions, and to z-level coordinates in
the mixed layer and/or un-stratified seas. It maintains the significant advantages of an isopycnal
model in stratified regions while allowing more vertical resolution near the surface and in shallow
coastal areas. This results to the provision of a better representation of the upper ocean physics.
Surface current climate is provided on the basis of data provided by the HYCOM database. An

example of the currents field in the North Sea basin is shown in Figure 4.
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Example of Current field on the North Sea
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Figure 4: Example of Instantaneous Currents Field in the North Sea Basin.

Metocean parameters were analysed in order to provide seasonal statistics (in table and graphical
format), suitable for a correct drifting vessel assessment, at each part of the North Sea. These

derived statistics are presented in Appendix A.

For the initial, high-level risk benchmarking for the whole North Sea area, a homologated set of
parameters was developed and applied throughout the model. Two separate sets of parameters
were derived, one based on all 8 areas of Figure 2, and the second just on areas 3, 4, and 5 of the
same figure, that carry the heaviest traffic. The latter, being the most conservative of the two was
adopted for the whole model. The drift directionality and speed assumptions associated with this set

are presented in Table 3.
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Table 3: Drift parameters applied on high-level risk analysis.

| North Sea Overall I

Current Wind Drift
CURRENTS WIND DRIFT o
Dir (°N) Dir (°N) Dir °N) 25
0 22 0 9 0 14 s 20 45

45 13 45 7 45 10 15

90 9 2 9 90 9 7

135 17 135 10 135 13 5

180 18 180 14 180 15

225 6 225 20 205 14 270 0 9

270 4 270 17 270 12

315 11 315 14 315 13
Mean Speed: 0.70 (kts) Mean Intensi 5.83(B) 225 135

Mean Speed 11.79(m/s)
22.92 (kts) 180
Drift speec 181

Fog in the North Sea is associated with the wind direction and temperature difference between the
atmosphere and the sea. Whilst individual areas have different characteristics, on average, visibility
is less than 1km during 3-4% of the time.

3.3.4 BATHYMETRY

Bathymetry is used to assess the risks of vessel grounding, for controlled and drifting vessels.
However, the timeframe and magnitude of this assignment, deems a full and detailed consideration
of the bathymetry non-feasible.

To address the issue of grounding risks, a single contour is included in the model, in most areas
parallel to the coastline profile. In areas where known shallow waters are situated near main traffic
arteries, this line is further offset from the coastline to represent these particular grounding risks.
Separate contour lines were added to represent shallow areas within the main basin, at a depth of

5m, for the effect of these obstructions to be considered.
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Figure 5: 5 metres bathymetry (red contour).

The IWRAP Mk2 algorithm uses bathymetric contours to determine the ability of a drifting vessels to
use its anchor (depth < 7 x Draught). With the approach adopted for this study, the software
conservatively assumes that a drifting vessel cannot benefit from using its anchor, thus the estimated
allision and grounding risks considered are on the conservative side.
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3.3.5 TUGBOAT STATIONS

Identifying Emergency Towing Vessel (ETV) tugboat stations in the area associated with the model
and defining the available tugboats parameters allows the software to consider tug intervention in
cases of drifting vessels, to potentially avert allisions. The study considers nine tugboat stations,
based on information obtained from the public domain and North Sea costal States. These are

presented in Table 1.

Table 4: Emergency tug stations.

Tug Base Bollard Pull| Maximum Displacement | % Mode|
©) (M) Fleet

2 Nordic Cuxhaven 201 268,333 99%
c
% Mellum Helgoland 100 100,000 88%
© Neuwerk Cuxhaven 113 121,667 89%
S
S Guardian Den Helder 120 133,333 92%
@
£ W 1pp 2021 TBA 130 150,000 94%
< TBA
é TBA 2021 130 150,000 94%
> KV Sortland Stavanger 100 100,000 88%
c .
% HiEm KV Bergen Egersund 100 100,000 88%
Z

KV Harstad Olen 111 118,333 88%
g
2 BB poseidon Gothenburg 100 100,000 88%
N
€
o
©
=
S L .
< ==k |evoli Black Shetlands 139 165,000 94%
(0]
=
=)

In our liaison with the Dutch authorities, we were advised that two more ETVs with 130T bollard pull
capacity are expected to be provided in addition to the currently deployed 120T capacity ETV. They
are expected to be patrolling the area of the new OWF developments at the northern part of the
Dutch EEZ. For the purpose of the study, these two ETVs were considered at assumed offshore

positions.
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We are aware that there is further availability of private tugs in the North Sea, and also that the
United Kingdom currently considers enhancing their emergency response capability, however for
the level of looking at risk in this study, using the aforementioned nine stations is a realistic approach

that remains on the conservative side.

3.3.5.1 TUG AVAILABILITY AND RESPONSE TIME

In lack of more accurate information, the study assumes that the tug availability is 7 days per
calendar week. However, the tug availability is conservatively assumed to be at 96% based on data
from previous studies. This converts to a cumulative downtime of 15 days per year.

Report SO-ER2010.095 - Offshore wind farms - parameters for risk analyses in the approval
procedure and effectiveness of collision prevention measures [02] advises that there is a 98%
probability of a drifting to be tracked by the authorities using a detective combination of AlIS & Radar
detection.

The study assumes a response time of 30 minutes, from the time the tug receives the call to the time
it mobilises. This is a reasonable response time for an ETV to set off on a rescue mission.

3.3.5.2 BOLLARD PULL CAPACITY

The capacity of ETVs is measured by their rated bollard pull which is the tractor force a tug can exert
at zero forward speed in calm water conditions, with the main engine running at 100% of the

maximum power output the engine can safely generate continuously.

There are different factors affecting the capacity of a tug to tow a determined object. These are
primarily relatedtot he t ugds propul si on temtureohtheatowdits size and

shape, and of course the prevailing weather conditions.

Using the bollard pulls capacity above, the study set a limit to the largest vessel the tug can be
effective against. This was hence used to work out the percentage of the model fleet each tug would

be able to successfully intercept.

Requirements for the minimum bollard pull are defined by the DNV Rule for planning and execution
of marine operations 2015 [03] as the minimum towing force required for open sea towing to maintain

zero speed under the following conditions:

T Wind 20 m/s
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1 Head current 1 m/s

1 Significant wave height 5 m

For the present study, tugs are be considered effective for the weather window that is equal or milder

than the above parameters.

As seen above there are several factors involved in a tow that requires an accurate assessment for
a sound and safe result. However, it is possible to use a simplified formula for the rough calculation

of the required bollard pull as follows [04]:
Bollard Pull = (Displacement (t) x 60 /100.000) + 40

From the above formula the maximum displacement of the tow at a given bollard pull as presented
in Table 5 was calculated.

3.3.5.3 TUG SUCCESS PROBABILITY

The success probability of each tug, is calculated based on the following equation:

Ps.wug = (% time availability) x (% Probability of identification of drifting vessel) x (% fleet it can intercept) x (Y%oweather

window)

The calculated success probabilities for the tugs in terms of intercepting drifting vessels are
presented in Table 5:

1 | MO Resolution MSC/Circ.884 fnGuidelines for safe ocean

environmental conditions.
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Table 5: Tug success probability.

Tug Base Bollard | % Model| Availability| Tracking | Area(s) off Operation| Interception
Pull Fleet % Time | Probability| Operation| Window | efficiency
(T) % % Time

§ Nordic Cuxhaven 201 99% 96% 98% 4,5 99% 92%
£ M vellum Helgoland 100 88% 96% 98% 45 99% 82%
Q
(O] Neuwerk Cuxhaven 113 89% 96% 98% 4,5 99% 83%
=
S Guardian Den Helder 120 92% 96% 98% 4 99% 86%
E —
% owmmm TBA2021  TBA 130 94% 96% 98% 4 99% 88%
z
,-GE) TBA 2021 TBA 130 94% 96% 98% 4 99% 88%

KV Sortland Stavanger 100 88% 96% 98% 6,7 94% T7%
1|
g mlmm KV Bergen Egersund 100 88% 96% 98% 6,7 94% 7%
< KV Harstad Olen 111 88% 96% 98% 6,7 94% 78%
S mmm
g E BN Pposeidon Gothenburg 100 88% 96% 98% 6 99% 82%
D
=]
o
°
g
g S L1 .
o Zahs levoli Black Shetlands 139 94% 96% 98% 1 99% 88%
£
)

336 VESSELSS6 TRAFFI C AND AI'S DATASET
LOC was provided with two separate datasets of AlS terrestrial data for the year 2019.

The first dataset was made available by Kystverket (Norwegian Coastal Administration). This dataset
comprised of static and dynamic AIS terrestrial data fed into the Norwegian server by the North Sea
and North European Coastal States Administrations (including Baltic sector). However, data was not
reported in its raw format but in csv files (stored separate for each day) with position reports at
interval of approximately 15 minutes for the dynamic data and a separate csv files of static data
subdivided again per single day. Having stored dynamic and static data in separate files the
combination of the two datasets in a single one turned out to be excessively laborious as the
timestamp of the two files were found to be different. Dynamic data was combined with static
information pulled out from Lloyds vessel database, however the trip-count produced was

substantially smaller than that of the EMSA dataset.

Report No.: 025057.00-RPT-ABL-001 Page 26 of 163



]
SHIPPING ANALYSIS OF THE NORTH SEA A -].

AqualisBraemar LOC Group

Dynamic Data

Timestamp OriglD AlSType MMSI Lat Lon SOG IMO ShipName Callsign  ShipType Draught Length Width Destination NavStatus
01/01/2019 00:05 SWE 1 265617170 59.305 17.43992 HARRY SGUL 15
01/01/2019 00:05 SWE 3 230987870 60.1118 19.92473 8634754 BARO 0Ol 6065 5
01/01/2019 00:05 DNK 1 219798000 56.37041 8.119995 8813013 TOENNE QOUIH 15
01/01/2019 00:05 DNK 18 219004054 55.06067 10.61748 15
01/01/2019 00:05 SWE 3 235065925 57.68575 11.8865 0.1 SEABEAM 2BGN2 5
Static Data

Timestamp CriglD AlISType MMSI Lat Lon SOG IMO ShipName Callsign  ShipType Draught Length Width Destination NavStatus
01/01/2019 00:05 DNK 5 2565944000 9363053 SIDARI SHGGY 70 13.1 225 32 NORDENHAM GERMANY 15
01/01/2019 00:05 SWE 5 219024675 9839569 DANPILOT JULIET 0x3123 50 1.5 15 5 15
01/01/2019 00:05 DNK 5 211360780 SANTA BARBARA ANNA DBRO 36 3.7 46 8 ROSTOCK 15
01/01/2019 00:05 DNK 5 219387000 9588122 NJORDR oyoz2 33 4.3 111 19 DREDGING OPERATION 15

Figure 6: Sample of Kystverket data.

The second dataset was provided by the European Maritime Safety Agency (EMSA) and
downloaded from the BSH server. This dataset is also comprised of daily records; however, line
entries also include the state origin of the entry, AlS type, speed over ground and vessels name for
most entries. This dataset also appears to have undergone some process. Whilst the reporting
intervals on this dataset are denser than the Kystverket dataset, it is still not at regular intervals, and

contains a notable number of degraded or warped entries.

LOC examined and worked with both datasets in an attempt to filter out irregularities and merge the
two sets to improve the overall record. However, this resulted to a notable number of MMSI
duplications perceived as vesseld gpimps. This is most likely attributable to incomplete or corrupted
NMEA sentences received with extra or missing digits in the MMSI or geographical coordinates fields

with most encountered in the EMSA dataset.

Static Data
utc port mmsi msg_nr imo callsign name type dim_a dim_b dim_c dim_d eta draft destinatic date_time_utc length width

43515.0002 661 525024412 5 9567855 YBKP2 TERAS CONQUEST 99 6 72 33 11 144704 33 LAGOS 2019-02-21T00:00:17 78 a4
43515.00043 661 538005574 5 9296391 V7FA2 RIDGEBURY MARYSELENA 80 232 42 20 28 832448 144 TEMA 2013-02-21T00:00:41 274 43
43515.00068 656 373541000 5 9500754 3FNB6 HUBERT FEDRY 70 262 30 29 16 200705 176 SUEZ CAN 2019-02-21T00:00:39 292 45
43515.00076 661 371275000 5 7900481 HO4569 SOMANG 70 a7 15 8 4 1596 50 HIGHSEA 2019-02-21T00:01:06 62 12
Dynamic Data
immsi date_time_utc  lon lat status  sog

220182000 01/01/2019 23:59 8.220163333 56.70250833 0 0.021382234

230112970 01/01/2019 23:59 21.034165 60.30405667 0 0.021382284

244140089 01/01/2019 23:59 4.9127 52.37385167 0 0.001943844

244633000 01/01/2019 23:59 4.854608333 53.04338833 0 0.0485361

Figure 7: Sample of EMSA data.

The study is performed on terrestrial AIS data, and hence the coverage is significantly better near
the coast and AIS stations installed offshore, with very sparse data at the centre of the North Sea
basin. LOC investigated whether supplementing the dataset with satellite AIS data in the North Sea
central region would improve the quality of the dataset, however it was decided that the level of
improvement to be achieved would have not justified the additional cost of purchasing and handling

the satellite dataset.

Where the substantial decrement of AIS data density is noted in a particular area, this is commented

upon in the traffic assessment of the present report.

Based on the above, the final modelling of LOC utilises the EMSA dataset only. The combination of

the two datasets (EMSA& Kystverket), as mentioned above, produced an unusually high number of
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duplicate MMSI that had significant impact to the quality of the trips extracted. Between the two
separate datasets, the EMSA one, having a higher reporting frequency, produced a larger number
of identified trips. Despite the fact that there is a notable number of MMSiIs within the EMSA dataset
that exhibit jumps? (circa 19.5% 0f t he v e s s e lhémmberofjunpsdor theosasmajority
of vessels is very small and thus of acceptable quality to perform the traffic analysis.

The dataset maintained for the study is focused on merchant vessels including those regularly
employed in offshore operations defined as work vessels. Units such as military, patrol vessels,
search and rescue vessels, accommodation platforms, non-propelled barges, lightvessel/buoys,
drilling rigs, research vessels, FSOs/FPSOs, dredgers, museum vessels, pilot vessels, salvage
ships, small fishing vessels, pleasure and recreational crafts and wind turbine generators fitted with

AIS transceivers were filtered out of the AIS dataset used for the present study.

Before their removal, their position and distribution in the area was reviewed for hotspots that may
affect navigation, however no notable such for the level of the study were identified as these vessels
generally do not follow the main shipping routes and adjust their course to avoid larger vessels.
However, AlS transceiver is fitted, as required, on board of ships: <300GT engaged on international
voyages; <500GT not engaged on international voyage and passenger ships irrespective of their

size.

All vessels maintained in the dataset and used in the analysis bear an IMO number, namely and
similarly to AIS requirement, all passenger vessels of 100 gross tonnage or more and all cargo
vessels with a gross tonnage above 300 are enrolled in the ship identification scheme. In 2013, IMO
adopted a resolution to allow the voluntary application of IMO number to fishing vessel of 100 gross

tonnage or more?,

An additional filtering was applied to MMSiIs starting with O and 1 (denoting coast stations and search
and rescue aircraft). Similarly, MMSIs starting with 8 (handheld devices) and 9 (freeform identity)
were also purged from the dataset. A summary of the filtration process is presented in Table 6.

2 AIS data position jump occurs when the information transmitted by several AlS equipment collide  within the
same allocated timeslot or when the transducer are located at the margin of the AIS station reception range, resulting

in incomplete or corrupted information in the NMEA sentence.

3 IMO Resolution A.1078(28).
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Table 6: Data filtering Summary.

Total number of MMSI in identifiers between 2xx and 7xx 59,038
Removed under non-IMO vessels 42,186
Removed under vessel type 1,815

Remaining vessels in model 15,037

The final data timeline is presented in Figure 8 below. The sample consistency is generally uniform,
with roughly 600,000 reports/day. Small inconsistencies include the ones marked in circles, where
the number of samples drops on three days in July 2019 and four in October 2019. Two short data

gaps are noted on the 27" of August and 27" of October.

Tue Jan 12019 (592162)

Figure 8: Data time distribution.

Overall, there is good coverage, with the conversion of the traffic data extracted from the sets into
annual traffic volumes performed with the application of an adjustment factor of 1.00 (i.e., with the
gap corresponding to <1% of the timeline).

3.3.6.1 TRAFFIC GROWTH PROJECTION

For a projection of maritime traffic in the North Sea between 2020 and 2040, LOC based the analysis
on the information included in the ITF Transport Outlook 2019 published by the Organisation for
Economic Co-operation and Development (OECD) [01].

The report states that the global growth of the maritime freight sector is dependent on the parameters
such as international trade agreements, the development of transcontinental inland routes, and
changes in global energy use. Significant contributing factors to the projected traffic in the EU region
are also the Economic Partnership Agreement between the European Union (EU) and Japan and
the Comprehensive Economic and Trade Agreement (CETA) between the EU and Canada. They

are both expected to influence the increase in trade volumes.

At the same ti me, t he OECD -tharegxpected grwthiinniritesnationalt t h a
trade has led to overcapacity in certain maritime transport sectors and locations. Since capital

investments in the shipping industry cannot be easily recuperated, companies may seek to cut costs
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in other ways in order to maintain profitability. This could lead to shipping operators concentrating
on a | imited number

of

ports

and

rout eso. Shoul

in the North Sea area where the main traffic routes are directed to, may see a slight traffic increase

as consolidation may eliminate some of the alternative transport routes.

Based on the current (2019) demand pathway, OECD projects that maritime freight transport is
expected to grow at a compound annual growth rate of 3.3% through 2030, and 3.6% through 2050.

However, this growth rate is not expected to be equally distributed globally, with the projected
growths for individual parts of the world presented in Table 7 below:

Table 7: Maritime trade demand projections by region, 2015-50 in Bn. Tonne-km.

2015 2030 2050
Indian Ocean 22.0 35.8 86.2
North Pacific 24.6 38.4 89.7
North Atlantic 14.9 21.2 38.5
Mediterraneanand Black Sea| 8.9 13.6 27.6
South Atlantic 3.0 4.9 11.6
South Pacific 2.3 3.5 7.2
Artic Ocean <<1 <<1 <<1

The extrapolated trade demand trends, result to the chart presented in Figure 9, that sees an overall

increase in maritime freight demand of 79%.
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Figure 9: Extrapolated N. Atlantic trade demand growth 2019-2050.

In practice though, this 79% demand increase between now and 2040 is not expected to fully convert

to additional vessel journeys, as part of it can be satisfied by changes in the size and design of
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merchant fleet vessels. Whilst the latter are not easily quantifiable, it is estimated that the
replacement of currently ageing assets and improved efficiency of new designs, will allow an
optimisation to the carrying capacity of vessels of roughly 10% without changes in size. The effect
of this will reduce the required growth factor to an additional 63% on the current.

Further to that, vessels are expected to keep increasing in size, however not to the rate of increase
we witnessed in the last two decades. Stock trafficking the North Sea main hubs, where spatial
restrictions are expected to be a limiting factor in adapting infrastructure, is expected to undergo a
milder change in dimensions compared to the overall fleet. Our estimate is that in the next two
decades, this change will not exceed 5% (compared to the 10% - 15% envisaged for the global fleet).

This reduces the vessels number increase requirement by a factor of 1.16.

Hence, the total adjustment factor to merchant traffic to reflect traffic in the year 2040 is expected to

be an increase of 41% on the 2019 figures (i.e., equivalent to 1.65% annual increase).

When it comes to work vessels traffic, the determinant parameters for the projection are the number
of offshore oil and gas facilities that remain in operation by 2040, further automation on the same

facilities during that time, and the service requirements of the new offshore windfarms.

There are different viewpoints on the future of Oil & Gas facilities in the North Sea, with projections
ranging from a 25% to a 70% reduction between now and 2050. This will be the result of the upgrade
and increased productivity of some existing facilities and the decommissioning of others. The former
should most likely reduce the need for work vessel journeys, whilst the decommissioning operations

can have the opposite effect, as they involve rather complex and plant-heavy operations.

The development of the offshore windfarm industry is expected to utilise the existing and additional
forecasted capacity of the construction vyatans
for most future OWFs are expected to change. As new developments move away from the coast into
more remote offshore locations, the viability of using PSVs to carry personnel to and from the
developments for daily maintenance activities reduces. The industry currently envisages that in the
future, the transportation of daily maintenance personnel to the remote OWFs could be performed
by helicopter, and not by sea, and heavier scheduled maintenance operations will see a marine

spread of larger OSVs utilised.

Currently, the average rated capacity of installed offshore wind turbines is 7.2 MW for 2019 [05]
which roughly translates to an average expected blade length of up to 75m. Our estimate is that by
2040 this is bound to increase to a number close to the largest current commercial blade length of
110m (i.e., a 46% increase). This translates to an approximate increase in vessel dimensions of
25%.
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Sea Europe mentioned in their 2018 Market Forecast Report [06] that increased demand in the
scope and complexity of projects may see an increase in the order of 75% for newbuild vessels
globally between 2020 and 2034. This is despite the fact construction support vessels have just
exited a major build cycle. However, the net change in the number of work vessels is expected to be
smaller, as retirement of old units is expected to be quite significant. An increase of 40%-50% can
be expected for the offshore supply and support vessels sector.

Considering the above, an overall increase in the order of 40% in the work vessels traffic between
2020 and 2040 (i.e., equivalent to 1.60% annual increase) appears to be a reasonable assumption.

3.3.7 LAYOUT OF TRAFFIC CORRIDORS

The traffic corridors used in the study were derived on the basis of the filtered AIS data and the
algorithm used by the IWRAP Mk2, that composes individual AlS data points into a time series for
each vessel to subsequently use proximity and speed criteria to extract the pertinent trips for each
vessel. Each trip is a complete and distinct
as it comes out of the points contained in the AIS dataset and contributes to qualitative and
guantitative information for the assessment. However, a limitation in the identification of a trip is the
period of time that lapses between two consecutive data points. In summary when the interval
between the two consecutive timestamps exceeds a pre-selected value, or when due to a jump the
calculated speed exceeds 100 kts, the trip terminates and restarts when parameters normalise and
return within the acceptable thresholds. Thus, the quality of the trip conversion is proportional to the
guality of the datasets provided. Generally, the longest the interval allowed to form a trip segment

between two consecutive points, the lower the accuracy of the trip course assembled.

A density map was hence generated from the extracted trips, at a resolution of 250m x 250m. This

density map is presented in Figure 10:
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Figure 10: Density map generated for North Sea area (resolution: 250m x 250m).

Based on the traffic distribution of Figure 10, a network of

traffic

developed to reflect the current system in place in the area of interest to the study. Each leg was

attributed a specific width, reflecting the zone in which the software looks for vessel trips to attribute

to it. This was chosen on the basis of what appeared to be the requirement to cover the pertinent

path as it is discernible on the density plot. A directional filter angle of 10 degrees was used as the

alignment tolerance for each leg. This means that any vessel trip that intersects the leg

in its defined

width and has heading deviating up to 10 degrees from the direction of the leg axis is added to the

distribution for the particular leg. The network of legs comprising the analysis model and the

coverage achieved by the assigned leg width are depicted in Figure 11.
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Figure 11: Coverage of tracks achieved by modelled legs

3.3.8 LATERAL DISTRIBUTION OF LEG TRAFFIC

The software used in the study, IWRAP Mk2, utilizes trips that are calculated as part of the traffic

density analysis, along with the leg width and calculated true heading of the vessels to assign vessel

trips to the pertinent legs. To compute the lateral distribution of vessels in the lane, it also uses the

distance of the path of the trip from the axis of each leg they are attribute to it. This is numerically

expressed as a composition (summation) of different distributions, which in turn is used to perform

risk calculations. An example of an extracted lateral distribution of traffic on a model leg is presented

in Figure 12.
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Figure 12: Example lateral distribution of traffic from IWRAP MKk2.
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4 WORK PACKAGE 01 7 TRAFFIC STUDY

The aim of this first work package is to derive the traffic patterns in the North Sea, identify the traffic

corridors and its distribution and provide an understanding of the current use of the merchant traffic

corridors in the North Sea. This is done on the basis of converting AlS datapoints into model vessel

trips, and on the basis of those identified trips, the subsequent production of traffic density plots, to

a 250m x 250m grid resolution.

4.1 GENERAL

The traffic density plot reflecting the existing traffic in the North Sea based on 2019 AIS data is

presented in Figure 13 below:
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Figure 13: North Sea Traffic i Density Plot 250m x 250m.
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It is clearly discernible that at the southern part of the North Sea most traffic is concentrated on to
the main N-S corridors and to the corridors formed as the traffic separates to head into the
northeaster main European ports. The former, ultimately merge into Route 10 (Den Helder i Skagen)
at the Dutch-German border, leading into the Baltic Sea, through Skagerrak and Kattegat. The latter
carry traffic to and from the Ports of Antwerp, Rotterdam, Amsterdam, Bremen, and Hamburg.

A second, high-traffic set of corridors follows the UK coast, taking trans-continental and
feeder/shuttle traffic to the Thames Estuary and the ports of Felixstowe, Grimsby and Immingham,
Tees and Hartlepool, and Tyne.

A third major corridor runs along the Norwegian South coast, from Skagerrak and the Baltic corridor

towards the northern ports of Norway and the Northern Sea Route.

4.2 MAIN TRAFFIC DISTINCTION

Before looking into traffic volumes, it is worth pointing out that there are two, very distinct in terms of
their characteristics, types of marine traffic in the North Sea. Merchant vessel and work vessel traffic.

The latter comprises all Support (OSV, ESV) and Construction vessels (CSV, PLSV) that operate in
the main North Sea basin. Support vessels tend to operate out of several medium sized and large
ports in the North Sea, to support the offshore wind and oil & gas industries. Work vessel traffic is

presented in Figure 14 overleaf.

Construction vessels on the other hand, are predominantly based in the Netherlands and Belgium,
and thus use the aforementioned main arteries of the English Channel and the Dutch coastline as
they mobilise and demobilise. Subsequently they spend most of their time on trips between the
project home port and the development under construction/maintenance, with medium to long
durations spent in offshore operations, and repeated periodic trips between the operations sites and

project home ports.

Offshore support vessels (OSVs, PSVs) sail out of specific home ports to the offshore industry, to
and from specific offshore assets. They perform a single pattern of journeys to one or more assets
per trip including standing-by for several days on site, and their trips usually occur in a periodic

pattern, usually only disrupted by weather-related events.

Work vessels on the East coast of the English Channel and southern North Sea, mainly operate out
of Oostende in Belgium, Terneuzen and Vlissingen, Rotterdam, Ijmuiden, Den Helder, Urk and
Lemmer in the Netherlands. Further north, offshore vessels operate out of Delfzijl and Eemshaven
in the Netherlands and to a much lesser extent WilhelImshaven, Bremerhaven, and Cuxhaven in
Germany, for operations in the German Bight. The port of Esbjerg is the main service port for the

Danish offshore sector, whilst Kattegat is primarily served by the ports of Grenaa on the Danish, and
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Halmstad on the Swedish side. The Norwegian offshore assets are primarily served out of Stavanger
and Bergen. On the UK side, the main hub for offshore vessels is the port of Aberdeen, with the
OWEF sector further south served by Teesport, Grimsby, Great Yarmouth and Lowestoft, and

Ramsgate.
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Figure 14: Work vessel traffic in the North Sea.

Merchant traffic travel on the main network of traffic routes, comprising the main traffic arteries
mentioned earlier, as well as the coastal feeder roots, ant the UK-EU ports interconnection. Traffic

patterns are rather consistent, with small exceptions, mainly from fishing and passenger vessels.

Trans-continental traffic uses the main traffic arteries to the large EU and UK ports, or the Baltic Sea

through Skagerrak and the Kattegat. Feeder traffic uses coastal routes along the West coast of the

Report No.: 025057.00-RPT-ABL-001 Page 38 of 163



SHIPPING ANALYSIS OF THE NORTH SEA

A:=1

AqualisBraemar LOC Group

continent and the East coast of the UK. This traffic comprises of smaller vessels with more than one

stops as they navigate up and down the coastal routes.

Another major component of the regular maritime traffic across the North Sea is the link generated

by Ro-Ro Pax and Passenger Ferries which operates along several routes such as those listed as

follows:

Hull to Amsterdam and Zeebrugge

Ramsgate to Ostend
Dover to Calais and Dunkerque

=A =4 =4 =4 =4

Newcastle to Stavanger, Bergen, Kristiansand, Amsterdam, and Gothenburg

Harwich to Esbjerg, Cuxhaven, and Hoek van Holland

Another notable traffic pattern is that of shuttle tankers running on specific routes to and from offshore

oil and gas facilities, moving product to onshore terminals. All the above is discernible in Figure 15

below.
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Figure 15: Merchant vessel traffic in the North Sea.
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4.3 TRAFFIC VOLUME

To extract the traffic volumes associated with the vessels that comprise the dataset for the present
study (refer to the exclusions discussed in 3.3.6), 17 counting lines were placed in the model. Their
intention is to capture the traffic volumes and qualitative characteristics at the main corridors of the
North Sea. The location of these lines is marked on Figure 16 and Figure 18. The former presents
the counting lines at the southern part of the North Sea basin, and the latter at the northern part of

the same.

Figure 16: Traffic count lines at English Channel and German Bight.

4.3.1 COUNTING LINE 1

The first counting line was placed at the southern end of the model, and it is intended to capture the
traffic that enters the North Sea through the English Channel. The geometry of the line was selected
to exclude the traffic heading to Calais, Dunkerque, and Oostende as it is mainly cross-channel

traffic.

The counting line picked up 66,174 trips within 2019, almost equally split between northbound and
southbound crossings (33,265 vs 32,909 respectively).

The traffic mainly comprises general cargo vessels, bulk carrier, container carriers, and product
tankers, with the highest number being in the medium size category. The vast majority of the large
and very large vessels that cross this checkpoint are container carriers and crude oil carriers, with

the former dominating the very large vessels group.
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