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channels for approval. No event will be allowed on
a DWA waterway without this approval.

3.9 Business Intelligence (Bl) Reports

Business Intelligence (BI) Reports would assist the
CIWSP Steering Committee members to be kept
up to date with happenings on all waterways. It
would also be a great tool in collecting data in
order to make well-informed decisions in order to,
amongst others, take necessary action, or fine-tune
the programme.

3.9.1 UPN Report

This report would indicate the following regarding
incident management at a waterway:

® The contact details of the current Gatekeepers

Committee members

The contact details of all previous Gatekeepers
Committee members

State of readiness following “test sms™ sent and
the percentage of responses received

Names of response team members who hasn’t
responded to Test sms’ three times in a row

List of UPN incidents activated at the relevant
waterway

3.9.2 Invasive and alien species report

This report would keep track of the actual
situation of invasive and alien species (fauna and
flora) at the relevant waterway. The report
parameters still to be defined.

3.9.3 Water Quality Report

Specific water quality monitoring points on a
waterway would contribute towards keeping track
of the water quality at a relevant waterway. The
resultant reports to be used to take pro-active
measures in warning the community should the
water be determined to detrimental to their health.
These reports would also be tabled at Gatekeepers
Committees.

3.9.4 Reports on the spreading of invasive
and alien species

The reports will be compiled in order to get an
overall picture of the current and projected
situation regarding invasive aquatic species at the
relevant waterway in order for the necessary
counteraction measures to be taken.
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3.10 Touching the lives of the community
in more ways

3.10.1 Career development opportunities

In addition to job creation — by appointing Wash
Bay Officers - the CIWSP would also be a platform
for career development opportunities for these
officers. The aim is to make the Wash Bay Officer
job a sustainable career by adding responsibilities,
such as to make the wash bay a one-stop-point for
CoC training and CoF surveying at a waterway.
This would make it easier for skippers to obtain the
necessary certification, while at the same time assist
in creating real sustainable jobs within the
community.

Other opportunities for the wash bay officers
could be in the various disciplines that they would
be getting exposure to, e.g in municipalities’
disaster management or tourism sections, a
SAMSA surveyor, or within the DWA, or DEA
structures.

3.10.2 Community sport development

It is the intention that sporting clubs next to a
waterway would have to partake in the South
African Sports Confederation and Olympic
Committee’s  (SASCOC)  development  and
transformation programmes. With the aim of local
community development and integration through
sport, it is intended that lease agreements of sport
clubs on state land at waterways be concluded
between the relevant SASCOC accredited National
Sport Governing Bodies of the different sports
and DWA. These National Sport Governing
Bodies then become responsible for the
developmental performance of all their relevant
affiliated clubs on state property.

These affiliated clubs on state land would become
sport specific Training and Development Centres
and have to implement their National Sport
Governing Body’s development and training
programmes as accredited by SASCOC.

3.10.3 Community eco—tourism

The CIWSP also lends itself to community eco-
tourism by developing lawful areas on the shore of
a waterway where the public can access from the
waterside for recreational activities like fishing,
picnicking, camping, etc. These facilities would
have the necessary infrastructure e.g ablution
facilities, waste and refuge management, incident
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management support, etc. to accommodate the
visitots.

3.10.4 Incident Management System —
informal settlement

The principles and technologies being used by the
CIWSP is being tested in rural informal settlements
in order to be rolled-out to other rural and
informal settlements where, eg an incident
management system, using the UPN system would
be very beneficial, e.g. as runaway fires regularly
affects a community.

3.10.5 SA Scout programme

In order to make the CIWSP a way of life at
waterways and ensure future evolution of it
according to developed benchmarks and principles
within communities, a representative of the Scouts
has now joined the CIWSP steering committee.

The intention is for the CIWSP to be part of the
Scouts’ training. The Scouts would also be able to
contribute by doing certain activities to promote
the CIWSP and to complete certain safety and
environment tasks in order to get certain badges or
certificates.

3.10.6 Basic rescue capacity development
— NSRI WaterWise programme

The largest number of drowning taking place in
South Africa involve children that live close to rural
waterways. This is due to children not being able
to swim, get caught up in vegetation, flash floods,
etc.

The National Sea Rescue Institute’ (NSRI) has
initiated a programme called WaterWise, with a
vision to proactively prevent drowning tragedies.
The primary focus is on children between the ages
of nine (9) and fourteen (14) from underprivileged
communities, as they are most at risk of drowning.
Competent swimmers can also drown, so instead
of teaching kids only to swim, they also teach them
in practical ways to rescue their peers.

By using the Wash Bay Officers as trainers, the
CIWSP would enhance the NSRI WaterWise
programme in the communities at the inland
waterways.

3.11 Awareness and communication

3.11.1 Inland Maritime Boating Guide

It is the intention to compile and print a
comprehensive and user-friendly boating guide
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addressing all aspects of inland boating in South
Africa, which will amongst others, feature the
CIWSP.  This publication to be distributed as
widely as possible.

3.11.2 CIWSP Awareness Programme

An official CIWSP Awareness programme will be
launched to make the public aware of CIWSP and
its objectives. The critical aspect would be to
develop a standard content that the various
partnering institutions can use in their different
awareness initiatives. This will ensure the public
receives a standard message.

3.11.3 Social media

In addition to the CIWSP web site, which would
focus on activities related to recreational and
commercial inland waterways and the safety,
incident management and environment issues that
goes with it, it is intended to make use of the
following media in order to get the necessary
exposure.

3.11.3.1 CIWSP. Facebook

This would be the social media tool where
government and relevant community role-players
can share information and experiences through
comments, photos and video material. The idea
would be to share constructive comments, criticism
and ideas in order to find solutions.

3.11.3.2 CIWSP Twitter (public)

This would be the social media tool where
government and relevant community role-players at
a waterway can quickly share information and
experiences through short comments.

3.12 Current and future innovations

The CIWSP would also be used as a platform to
implement, test, or develop new innovations.

3.12.1 M-=Strat Task Management System

One of the challenges in South Africa is
implementation. An M-Strat Task Management
System is a model that the CPSI is developing in
order to enhance innovation, alignment and the
sustainable implementation thereof, through a
simplistic, visual approach in order to involve all
levels of the communities, including those in rural
areas, to be meaningful and which will empower
them through information sharing.

In order to support the implementation and
monitoring of the CIWSP over a wide
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geographical area, it would be important to keep
track of all tasks given and the execution thereof.
The M-Strat Task Management system, once
completed, should cater for this.

3.13 Future innovations

3.13.1 Disaster Management System at
pilot waterways

The Council for Scientific and Industrial Research
(CSIR) is cutrently developing a localised electronic
disaster management system where all information
pertaining to weather, pollution, fire, incidents and
geographical data are to be integrated in such a way
that it provides live, early warnings and incident
management support to local response teams. This
will also ensure a coordinated and integrated local
response by the community to an incident. The
data would be fed from the CSIR Satellite Pollution
Monitoring System, its Fire Information System,
Water Quality Analysis System, Satellite images
monitoring, Weather system, etc.

The DWA’s geographic information system (GIS),
underwater mapping, water monitoring system and
the UPN system could all be linked in order to
provide the necessary data input.

3.13.2 Potential solutions box
3.13.2.1 AIS-SART

An Automatic Information System (AIS) and
Search and Rescue Transmitter (SART7) system
(AIS-SART) was one of the technologies that was
tried and tested at one of the pilot sites was. A
local company approached the CIWSP team to test
their integrated system of hardware made in
Germany and software created in India. Their
system comprises portable, handheld watertight
AIS transmitters (it starts transmitting on AIS
frequencies once the emergency button has been
activated) that could be used for emergency
purposes, along with a base and monitoring
stations.

Although the system allows for the tracking of
persons or vessels, it was not deemed to be
practical and Thence affordable as various
transmitter antennas would have had to be erected
in order provide coverage of an inland waterway.

This resulted in the final decision to incorporate
the UPN system.

3.13.2.2 Incident Response Vessel victim board

It is intended to develop a device on which a victim
in the water can easily and safely be put on in order
to get him/her out of the water and, if need be, be
transported to a safer area by the Incident
Response Vessel.

3.13.2.3 DWA waterway mapping (Garmin,
TomTom, etc.)

In cooperation with companies like Garmin,
TomTom, etc., develop inland waterways software,
which incorporates, amongst others:

e Dam layout and related information
e AtoN

e Location of the wash bays

e Launch points

e ROP

e Relevant rules, etc.

By making this information available electronically
to the public, they could in turn use it to access the
waterway virtually in order to see how to navigate
the waterway if the water is at a specific and where
danger areas are.

3.13.2.4 Underwater 3-D mapping of pilot
waterways

By compiling underwater 3-D maps of a waterway,
this would assist with the rescue and recovery by
response team members. It will also have a
commercial value for anglers and divers.

Image 19: Result of the underwater 3-D surveys that
was done at the Theewaterskloof Dam

3.13.2.5 CIWSP cell application (App)
developments

Develop CIWSP cell phone App for:
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e Teaching children to steer /sail a vessel on a
waterway, while being exposed to safety and
environmental that they need to
overcome to in order to “win the game”.

issues

Tourists — to provide tourism, safety and
environmental  information of specific
waterways

3.13.2.6 International vessel border crossing

In order to protect SA waterways from invasive
fauna and flora from other countries it is foreseen
that wash bays based on the CIWSP design, and
management principles be constructed at
international border points.

3.13.2.7 Sailing simulator

Under the guidance of the yacht club, build a
simple sailing instruction simulator that will teach
the basic sailing principles on land, thus proactively
assist in preventing potential incidents on the
water.

3.13.12.8 Drone incident support

Enhance rescue capabilities at larger waterways by
using unmanned aerial vehicles (UAVs), also known
as drones, to be operated from the Incident
Response Vessel to search for victims in different
areas while the Incident Response Vessel makes its
way to the area.

Future developments can be that the drone can
carry cell phone signal enhancing equipment, first
aid packages, life jackets, etc.

4. CONCLUSION

Given its unique co-operative government
integrative nature, the CIWSP model aims to create
a single point for inland maritime information for
the public, thus promoting transparent, uset-
friendly information, accessibility and
empowerment. Recreational and commercial water
would further receive additional value
through the integrated incident management and
response system, aids to navigation and improved
environmental management.

users

The CIWSP is a pilot project where solutions are
conceptualised, developed and tested before
exposing them to the community. It furthermore
provides opportunities:

To build meaningful and

government partnerships

community
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e To develop a toolbox of excellence (best

practices)

To instil good habits that will enhance a
constructive inland waterway culture

To ensure user-friendliness
standardisation, alignhment,
synergy building and cooperation
For the CIWSP model to form a basis for
continuous innovation and orientation

through
integration,

To touch the lives of the community through
developing career and sport opportunities,
eco-tourism, informal settlement incident
management systems and basic rescue
capacity. ll

! The CSIR in South Africa is one of the leading
scientific and technology research, development and
implementation organisations in Africa. It undertakes
directed research and development for socio-economic
growth.

: Dams having a safety risk is described in Article
117 of National Water Act, Act No 36 of 1998

8 Mobile government, or m-Government, is the

extension of e-Government to mobile platforms, as well
as the strategic use of government services and which
are only possible using cellular/mobile telephones,
laptop computers, personal digital assistants (PDAs)
and wireless internet infrastructure.

* Invasive alien species are causing billions of Rands
of damage to South Africa’s economy every year and
are the single biggest threat to the country’s biological
biodiversity. The fight against invasive alien species is
spearheaded by the Working for Water (WfW)
programme, launched in 1995 and administered
through the Department of Environmental Affairs. This
programme works in  partnership with local
communities, to whom it provides jobs, and also with
Government departments, including the DWA and
DAFF.

s A PLB is an emergency beacon that works on the
same principle as an EPIRB (Emergency Position-
Indicating Radio Beacon). It is a tracking transmitter,
aiding in the detection and location of boats and
people in distress. It interfaces with the worldwide
offered service of Cospas-Sarsat, the international
satellite system for search and rescue (SAR). When
manually activated, it sends out a distress signal. The
signals are monitored worldwide and the location of the
distress is detected by non-geostationary satellites,
and can be located by some combination of GPS
trilateration and Doppler triangulation.

6 The National Sea Rescue Institute (NSRI) is a
volunteer rescue organisation

An AIS-SART is a self-contained radio device
used to locate a survival craft or distressed vessel by
sending updated position reports using a standard
Automatic Identification System (AIS) position report.

7
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14 ROUTE TOPOLOGY MODELLING AS A POTENTIAL MEANS TO RECONCILE
MARINE SPATIAL PLANNING WITH DEMANDS OF SEA TRAFFIC — THE NORTH
SEA REGION EXAMPLE

. Federal Waterways and Shipping Administration, Germany

With the advent of, in particular, many offshore renewable energy installations in coastal states’
national waters and in coastal states’ Exclusive Economical Zones (EEZ) there has emerged the
need for Marine Spatial Planning (MSP). At best, MSP will assist in the negotiation of interests
of different stakeholders, both ashore and onboard. As a result, sea areas formerly considered
“open sea” for shipping may not be that open for shipping in the future any more; rather MSP
will likely render the available sea space just a grid of “lanes”, as soon as the plans materialize.
Such a situation can clearly be foreseen in the North Sea Region (NSR) which is one of the most
crowded shipping areas globally. While there is a positive attitude towards offshore sea area usage
for renewable energy installations, there must to be taken into account the needs of shipping in
the remaining sea areas in regard to both an individual vessel’s safe navigation as well as safe and
efficient traffic flow.

A fundamental and therefore powerful tool to that end may be Route Topology Modelling (RTM).
RTM builds on the fact that most traffic flows through clearly recognizable routes not only when
the available waterways and fairways are constrained by limitations such as those introduced by
MSP. By RTM, the routes where vessel traffic may take place are abstracted into a description
model, which is composed of discrete legs, junctions, and nodes (e.g. ports), to each of which a set
of appropriate attributes representing relevant static and dynamic features is attached. Thus, as a
first step, a generic RTM is created. According to a specific rule base, the RTM of any given sea area
can be constructed for a given point in time. The RTM derived for a specific sea area may then be
used for a variety of applications, both shipboard and shore-based. Since the RTM is an application
to the maritime domain of the mathematical graph theory, the associated findings and tools for
optimization as developed by mathematics may be employed in the maritime domain as well.

The paper introduces the features of RTM both generically as well as by a live example, namely the
emerging RTM in the North Sea Region in Northern Europe.

Con la aparicién, en particular, de muchas instalaciones de energias renovables mar adentro
en aguas nacionales de estados costeros y en Zonas Econdmicas Exclusivas (ZEE] de estados
costeros, ha surgido la necesidad de una Planificacion del Espacio Marino [MSP). En el mejor de
los casos, laMSP ayudara en la negociacion de los intereses de las diferentes partes interesadas,
tanto en tierra como a bordo. Como consecuencia, areas marinas anteriormente consideradas
«mar abierto» para el trafico maritimo puede que nunca mas estén abiertas para la navegacion
en el futuro; més bien, la MSP probablemente representara el espacio marino disponible como
una parrilla de «rutas», tan pronto como se materialicen los planes. Esta situacion puede ser
claramente prevista en la Region del Mar del Norte (NSR), que es una de las areas de tréafico
maritimo mas concurrida de todo el mundo. Aunque existe una actitud positiva hacia el uso del
area marina mar adentro para instalaciones de energias renovables, deben tenerse en cuenta
las necesidades del trafico maritimo en el resto de areas marinas respecto tanto a la navegacion
segura de cada buque como a un flujo de tréafico eficiente.

Una herramienta poderosa y fundamental para este fin puede ser el Modelado de Topologia
de Ruta (RTM]. EL RTM se basa en el hecho de que la mayoria del trafico fluye a través de
rutas claramente reconocibles no solo cuando las vias y canales navegables disponibles estan
constrenidos por limitaciones como las introducidas por la MSP. Mediante el RTM, las rutas
donde puede realizarse el trafico de buques se condensan en un modelo de descripcion, que
estd compuesto por etapas, confluencias y nodos (p. ej. puertos) discretos, a cada uno de los
cuales se incorpora un conjunto de atributos apropiado que representa caracteristicas estaticas
y dindmicas relevantes. De este modo, en una primera etapa, se crea un RTM genérico. De
acuerdo con una base de normas especifica, puede construirse el RTM de cualquier area
marina dada para un punto y un momento determinado. La RTM derivada de un area marina



determinada puede después utilizarse para diferentes aplicaciones, tanto con base a bordo
como en la costa. Como el RTM es una aplicacion de la teoria de graficos matematicos al dominio
maritimo, los resultados asociados y las herramientas para la optimizacion desarrollados por
los matematicos también pueden emplearse en el dominio maritimo.

La ponencia presenta tanto las caracteristicas genéricas del RTM como un ejemplo de
actualidad, concretamente el RTM emergente en la Regién del Mar del Norte, en Europa del
Norte.

Avec larrivée, en particulier, de nombreux sites de production d'énergie renouvelable en mer
dans les eaux territoriales des pays cétiers et dans les zones économiques exclusives [EEZ), a
émergé le besoin d'une planification de environnement maritime (MSP]. Une telle planification
pourrait aider les négociations entre parties prenantes, a terre et en mer, de sorte que les zones
jusqu’a présent considérées comme « ouvertes » a la navigation pourraient ne plus étre aussi
ouvertes dans l'avenir. On pourrait plutét aboutir a une sorte de réseau de couloirs navigables.
Une telle situation peut tres bien étre envisagée en mer du Nord, qui est une des régions du
monde ou la navigation est la plus dense. Bien qu'il existe une attitude positive vis-a-vis de
['utilisation des espaces maritimes pour la production d'énergie renouvelable, il faut aussi
prendre en compte les besoins de la navigation maritime dans les espaces restant, tant en
sécurité de la navigation du navire lui-méme qu’en sécurité et efficacité du trafic.

Un outil fondamental, et donc puissant, d'y arriver pourrait étre un Modéle Topologique de Route
[RTM), reposant sur le fait que la plupart du trafic suit des routes clairement reconnaissables, at
pas seulement lorsque ces routes sont soumises a des contraintes telles que celles introduites
parla MSP. Par le RTM, les routes que peuvent suivre les navires sont résumées dans un modéle
de description qui comprend de petits passages, des jonctions et des nceuds [par exemple des
ports), avec pour chacun une série d‘attributs représentant des traits caractéristiques, statiques
ou dynamiques. Ainsi en premiere étape, un RTM générique est créé. Suivant une régle de base
spécifique, le RTM d'une zone donnée peut étre construit pour un moment donné. Le RTM
créé pour une zone maritime donnée peut étre utilisé pour différentes applications, a bord et
a terre. Comme le RTM est une application au domaine maritime de la théorie du graphique
mathématique, les découvertes et outils associés destinés a ['optimisation telle que développée
par les mathématiques, peuvent aussi étre utilisés dans le domaine maritime.

Le rapport présente les spécificités du RTM aussi bien de maniére générique que par un
exemple vivant, celui du RTM émergeant en du Nord, au nord de ['Europe.
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Route topology modelling as a potential means to reconcile marine spatial planning with

demands of the sea traffic — The North Sea example
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1. MOTIVATION

This chapter presents the motivation to engage
with Route Topology Modelling (RTM). Basically,
the advent of several new developments has led to
that engagement.

1.1 The advent of Marine Spatial Planning
(MSP)

With the advent of, in particular, many offshore
renewable energy installations in coastal states’
national waters and in coastal states’ Exclusive
Economical Zones (EEZ) there has emerged the
need for Marine Spatial Planning (MSP). UNESCO
defines MSP as follows: “Marine spatial planning is
a public process of analyzing and allocating the
spatial and temporal distribution of human
activities in marine areas to achieve ecological,
economic and social objectives that have been
specified through a political process” [1].
Stakeholders of that process are, by default, any
and all stakeholders involved in marine activities,
“including  energy, industry,  government,
conservation and recreation” [2]. “Industry” could
be construed to contain in particular shipping,

At best, MSP therefore will assist in the negotiation
of interests of different stakeholders, both ashore
and onboard. As a result, sea areas formetly
considered “open sea” for shipping may not be
that open for shipping in the future anymore;
rather Maritime Spatial Planning will likely render the
available sea space just a grid of “lanes”, i.e. a grid
of lines, as soon as the plans materialize.

TALA has also recognized the above challenges and
therefore entertained a Workshop in 2013 to
discuss the bearing of MSP on the Aids-to-
Navigation (AtoN) in general and Vessel Traffic

Services (VIS) in particular. The Workshop
demonstrated that MSP is a global topic and
arrived, amongst others, at the following
conclusions:

e “EHarly and widespread stakeholder involvement
and buy in to the Marine Spatial Planning
process is essential;

® Marine Spatial Planning requires a single point
of leadership for facilitating engagement in the
process and assist with inter-stakeholder co-
operation at the national and international level.
® Geographical information that aligns with
standards contained in the IHO’s developing S-
100 Geospatial Information Registry will be

increasingly helpful for Marine Spatial Planning,
noting that IALA is working on two S-100
domains, VTS and AtoN.

e Marine Spatial Planning benefits from the
sharing of information across international
botrders;

e JALA members are recommended to participate
in the Marine Spatial Planning process and
encourage other relevant stakeholders to liaise
with the appropriate Marine Spatial Planning
body; (...)

e Risk mitigation control measures, such as VTS
and other AtoN, may need to be amended as a
Marine Spatial Plan continues to develop, to
ensure safe and efficient use of the sea for all
stakeholders” [3].

In Europe, the EU now has legislation and
regulation under way to harmonize the MSP efforts
and regulations along the European coasts [4].

The challenge for shipping as identified above can
cleatly be foreseen in the North Sea Region (NSR)
which is one of the most crowded shipping areas
globally. Germany, for example, which has
ambitious plans to harvest off-shore electrical
energy as part of its “Energiewende” scheme, has
already undergone a MSP for the German EEZ
which resulted in appropriate domestic legislation
[5]. Foreseeing a full deployment of the presently
planned offshore activities, the German legislation
renders a MSP plan regarding its impact on
shipping as depicted in Figure 1.

Danemark
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Cuxhaven
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Figure 1: Marine Spatial Planning in the North Sea region, the

German example [5]
Note that the numbered corridors reserved for shipping even with the advent of all
projected offshore usage. The precise coordinates for those shipping lanes are also
available in the German legislation.
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The EU-part funded project ACCSEAS
(Accesibility for Shipping, Efficiency Advantages
and Sustainability), the membership of which in
particular consists of the shipping and waterways
administrations around the NSR, started its work
with an assessment of the known present and
future plans for sea usage in the North Sea Region,
taking into account in particular the MSP activities
of the countries surrounding the North Sea region.
As a first result, ACCSEAS has produced a
composite picture of that situation as seen from
the point of view of vessel traffic (compare Figure

2; [6]).

1.2 The advent of Maritime Service
Portfolios (MSPs)

In 2008 the International Maritime Organisation
(IMO), after some consultations with IALA, agreed
on a so-called “e-Navigation” strategy [7]. Later
on, while working on the overarching e-Navigation
architecture, IMO has identified, amongst other
key elements (compare Figure 3), the
establishment of so-called “Maritime Service
Portfolios (MSPs)” as a key element for the success
of their e-Navigation strategy.

A Maritime Service Portfolio is generically defined
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as “a set of operational and/ or technical
services which are bundled together for a

specific purpose” [9/.  Figure 4, ie.
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shows the MSPs as a dotted line at
the interface between the shore side
and the “links” to the shipboard
side: Each and every service, both
L operational and technical, crossing
that line will eventually need to be
represented digitally in one or
several (generic) MSPs. Employing
the imagery of physics one can
speak of a spectrum of services or
of spectra of operational and
technical services from which the
different MSPs can be assembled.
From that architectural diagram it
can also be inferred, that there will

Figure 2: Marine Spatial Planning in the North Sea Region, the ACCSEAS
findings
Note: The present traffic as based on the AIS footage gathered by the administrations’ coastal AIS shore
networks around the NSR is depicted in red. The numbers at the gates denote the vessel movement forecasts
for 2020+, and in brackets there are given the AlS footage based vessel traffic figures for the present (2012). A

be a cascade of dependencies
between operational services and
technical services and amongst
technical services.

TIALA, being invited by IMO to

detailed description reaardina the forecast is contained in [61. chapter 2.

progress the shore aspects of the

While there is a positive attitude towards offshore
sea area usage for renewable energy installations,
there must to be taken into account the needs of
shipping in the remaining sea areas in regard to
both an individual vessel’s safe navigation as well
as safe and efficient traffic flow. “Accessibility” of
ports, “permeability” for waterways (natural and
artificial) as seen from a vessel traffic perspective,
while maintaining its safety and efficiency and the
protection of the environment, are therefore key
terms for the abovementioned ACCSEAS project.

e-Navigation strategy, started work to better
understand the nature of the MSPs, in particular
their structure (compare [9] for tentative
results). It is clear already from that initial work
that the MSPs will be key to a defined electronic
delivery of shore-based digital services at “open”
sea and at waterways (natural and/or artificial),
including the digital representations of both
existing operational and technical services in the
many fields already represented in an initial top-
level MSPs list tentatively defined by IMO,
such as “VTS
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Information Service IS)”, “VIS Navigation
Assistance  Service  (NAS)”?,  “VIS  Traffic
Organization Service (TOS)”, “Local Port Service
(LPS)”, “Maritime Safety Information (MSI)
service”,  “Pilotage  service”, “Vessel shore
reporting”, “Nautical Chart Service”, “Real-time
Hydrographic and environmental information
services”, and “Search and Rescue (SAR) Setrvice”
[(11].

The international
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IMO e-Navigation Strategy (MSC85 /26,

Figure 3: Mapping of key elements to fields of work,
i.e. the “7 pillars-model” as developed by IALA /8]

TALA, being invited by IMO to progress the shore
aspects of the e-Navigation strategy, started work
to better understand the nature of the MSPs, in
particular their structure (compare [9] for tentative
results). It is clear already from that initial work
that the MSPs will be key to a defined electronic
delivery of shore-based digital services at “open”
sea and at waterways (natural and/or artificial),
including the digital representations of both
existing operational and technical services in the
many fields already represented in an initial top-
level MSPs list tentatively defined by IMO, such as
“VTS Information Service (IS)”, “VTS Navigation
Assistance  Service (NAS)”, “VTS  Traffic
Organization Service (TOS)”, “Local Port Service
(LPS)”, “Maritime Safety Information (MSI)
service”, “Pilotage  service”, “Vessel shore
reporting”, “Nautical Chart Service”, “Real-time
Hydrographic and environmental information
services”, and “Search and Rescue (SAR) Service”
[11].

IMO has stated tentatively that MSPs should be
applied to (large) areas such as “port areas and
approaches”, “coastal waters and confined or
restricted areas”, “open sea and ocean areas”,
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Figure 4: The Maritime Service Portfolio(s) in their context within the overarching e-Navigation architecture
as defined by IMO [70].



Route topology modelling as a potential means to reconcile marine spatial planning with

demands of the sea traffic — The North Sea example
Jan-Hendrik Oltmann, Federal Waterways and Shipping Administration, Germany

“areas with offshore and/or infrastructure
developments”, “polar areas” and “other remote
areas [12]. It is suggested by IALA’s

abovementioned initial work that the concept of
the MSPs may be more effectively and/or
efficiently employed when applying it to
shipping lanes at “open” sea and to waterways
(natural and/or artificial), i.e. to lines and
their respective start/end points instead of
(coverage) areas. This holds true in particular from
a shore-based vessel traffic management and shore-
based service provider point of view. Le. it is
expected that the concept of the MSPs, as
developed within the e-Navigation initiative, has
thus also the power to provide solutions for the
above challenges of Marine Spatial Planning.

1.3 The Advent of IMO’s Concept for a
‘Sustainable Maritime Transportation
System (SMTS)’

On the occasion of the World Maritime Day 2013
in September 2013, the Secretary General of IMO
presented a “Concept of a Sustainable Maritime
Transportation System (SMTS)” [13]. This
concept attempts to sketch an answer from the
transportation angle of perspective to the challenge
recognized by eg the World Summit on
Sustainable Development (2002, Johannesburg) as
“ensuring the conservation of natural resources
through their balanced management and use and
the protection of the environment” [13, 4], which
also is the reason for Marine Spatial Planning. The
concept mentions specifically e-Navigation and
finally derives expressively the consequential goals
and resulting activities from a point of view of a
Sustainable Maritime Transportation System, i.e.
from a sustainable logistics chain towards vessel
traffic management.

Specifically, under the heading “Maritime Traffic
Support and Advisory Systems” the following goal
is  derived: “A  Sustainable  Maritime
Transportation System requires co-operation
and harmonization in the development of
optimal systems for navigation, including
pilotage and ice breaking services, where necessary,
the use of intelligent routeing systems and aids
for weather routeing, including e-naviga-tion, so
as to optimize safety and fuel efficiency, without
undermining  the  Master’s authority  and
competency in the operation of the vessel. Reliable
charts, based on up-to-date hydrographic,
oceanographic and environmental data are of

paramount importance. Consideration should
also be given to further expansion of traffic
information systems the Marine
Electronic Highway concept” [13, page 6;
emphasis mine].

such as

Maritime transportation traditionally takes place
within a grid of “shipping lanes” with the ports as
terminal points or nodes, i.e. which is where the
term originally was coined. The IMO SMTS now
takes the traditional concept of the logistics chain,
including its maritime part, to the domain of
sustainability ~ considerations. This in turn
introduces certain requirements for e.g. vessel
traffic management efficiency in regards to e.g.
energy consumption efficiency due to optimal
routeing of vessel traffic within the lane- or line-

shaped grid of “shipping lanes”.
1.4 Summary of resulting task

From the above introductions the motivation for
the Route Topology Modelling may be concluded
as follows: A #o0/ is required which is capable to map the
connectivity of lane- or line-shaped wvessel traffic
and thereby maritime transportation relations,
both past, present and projected future ones, into a easy-to-
handle abstract domain and thereby enabling the application
of powerful management and optimisation tools from that
abstract domain to the vessel traffic flow.

In addition, the desired tool should be capable to
support defined electronic delivery of shore-based digital
services, as implied by both the IMO concept on Sustainable
Maritime  Transportation  System and the IMO e-
Navigation Strategy, i.e. it should be possible to easily
render the above abstract representation into an
electronic ~ and, more  precisely,  digital
representation for use by shipboard and shore-
based IT systems.

2. ROUTE TOPOLOGY MODELLING AS
A POTENTIAL SOLUTION

The previous chapter introduced the motivation to
search for a tool which would be able to map the
connectivity of lane- or line-shaped vessel traffic
and maritime transportation relations into an
abstract representation which would be feasible to
be handled in the digital domain by IT systems and
their conceptual correlates such as data models and
machine-to-machine interfaces or data exchange
protocols.

When looking for abstract tools, system
engineering and informatics tend to look for
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mathematics for foundational answers. The
concept of a line together with a associated end
points of that line is called a “graph” within
mathematics. The theoretical framework of
mathematics dealing with graphs is called “graph
theory.

There may be a flow direction associated with a
graph, thus rendering it a “directed graph” or
“vector.” There may be associated additional so-
called “attributes” both to the line and to its end
points, thus allowing qualifying the graph further as
required by the application in mind. It is the
application domain — in our case the maritime
transportation and the vessel traffic management
domains — which determines terminology, scope
and extension of attributes, as well as the
appropriate digital representation of the graph
“models” developed for the application domain
under consideration. In the maritime domain,
meaningful terms to be used are eg. ‘“leg”,
“waypoint”, “Junction”, “node”, “route”, and
“voyage”. Any grid of graphs exhibits a certain
“topology”, which may be analyzed due to certain
features of that topology.

Therefore, from an application point of view it is
here deemed an appropriate name to call the
desired tool a Route Topology Model (RTM) of
the wvessel traffic and maritime transportation
relations, thus making use of the above introduced
fundamental terms. In the following the short
terms “Route Topology Model” for the “product”
or “Route Topology Modelling” for the associated
activities are used, both abbreviated by “RTM”.

More sophisticated maritime concepts within the
well-defined class of IMO described “Routeing
Measures” which are clearly graph-related, such as
a Traffic Separation Scheme (TSS), may be

described by these terms as a compound, too.

Within mathematics, graph theory is a well
established field, and it provides a wealth of
abstract optimization methods developed over
time. Graph theory is already therefore employed
by other modes of transport and by the logistics
domain to their benefit.

Hence the central proposal of this paper is: The
mathematical graph theory together with its
correlated optimization methods should be
transferred to the maritime domain of shipping
and in particular to the domain of vessel traffic
management in an appropriate way, taking

into account the specifics of the maritime
domain. This transfer process should be called
Route Topology Modelling, which renders both
generic and/or sea area-specific instances of
Route Topology Models.

The RTM of the vessel traffic and maritime
transportation relations, when considered in the
terminology and architectural framework of the
overarching e-Navigation architecture, would be an
integral part of the IMO defined Common
Maritime Data Structure (CMDS) (compare
Figure 4 above). This would allow many maritime
applications to access the very same data structure
regarding RTM in a globally
harmonized manner (which is the point of the e-
Navigation  strategy). Regarding the digital
representation format, the IMO has decided that
the CMDS should be expressed by using the S-
100/8-99 framework and standards developed
and maintained by the International Hydrographic
Organisation (IHO) [14].

definitions

When considering the relationship of RTM to the
CMDS using Figure 4, it should be noted, that the
Maritime Service Portfolios (MSPs) as also defined
in Figure 4 also directly tap into the CMDS
whenever data objects are referred to. Thus, it is
now demonstrated, that there is a clear
architectural relationship between MSPs and RTMs
via the CMDS. Thus, the RTM qualifies as the
desired tool for MSPs as stated above.

In theoty, there may be several gemeric RTMs
developed, but ideally there should be just one as
part of the above global overarching e-Navigation
architecture eventually. When it comes to the
“instances” of the generic RTMs, ie. to RTMs
developed for specific sea areas based on the
(same) generic methodology, then there may be at
least as many sea area specific RTMs as there are
sea areas under consideration. An instance of the
generic RTM developed for the North Sea Region
may be called NSR-RTM appropriately, for
instance.

Finally, it is important to note here, that the
(digital) abstract representation of the RTM does
not imply any specific application and/or any
regulatory force whatsoever. The other way
round: The RTM is to be construed as a powerful
tool, however, which may be used by several
applications to their benefit; any regulatory force, if
at all, lies with those applications and with those
applications alone. It should be also noted, that the
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RTM does not imply any constraints in time, so
that a generic RTM or a RTM developed for a
specific sea region may be used for both strategic
(long term) and tactical (short term) purposes of
ship/vessel traffic management. Again, it is the
application which determines the time duration and
constraints.

3. APPLICATIONS OF ROUTE
TOPOLOGY MODELLING OF VESSEL
TRAFFIC AND MARITIME
TRANSPORTATION RELATIONS

Within the abovementioned ACCSEAS project,
the following applications of a generic RTM as well
as the North Sea Region instance of it (i.e. the
NSR-RTM) have been identified tentatively:”

o (NSR-)RTM supports the Maritime Service Portfolios
(MSPs): The (NSR-) MSPs can be associated
with the (NSR-)RTM in order to arrive at a
service provision scenario tailored to the need
of specific (NSR) routes (both shipboard and
shore-based stakeholders and users);”

o (NSR-)RTM may enable (NSR) transport and traffic
pattern analysis for policy making: based on (NSR-)
RTM the (NSR) transport volumes, the cargo
flows, and the development of the (NSR) vessel
fleet can be assessed (shore-based stakeholders);

o (NSR-)RTM may assist in the Marine Spatial
Planning of a given sea area (shore-based
stakeholdets);

o Traffic planning and management in strategic and
tactical terms for parts of the NSR or for the NSR
as a whole may be supported (shore-based);

o Transport management by employing an improved route
and voyage planning on the basis of RTM, both
regarding initial (pre-trip) and en-route (re-
)planning (logistic chain stakeholders, ship-
owner and shipboard application);

®  Maritime information dissemination can be tailored to
the specific needs of different user groups based on
RTM (shipboard and shore-based users and
stakeholders, such as service providers, alike);

®  Just-in-time arrival processes and planning may be

supported by  (NSR-)RTM  (logistic ~ chain
stakeholders,  shipboard and shore-based
stakeholders);

® By establishing a RTM for a given sea atea, #he
Jfeatures of that instance of the KTM are being agreed by
all participating parties. Thereby, the features are

harmonized (all stakeholders);

®  Improved risk assessment by basing the risk assessment
on defined romtes within the sea area under
consideration (as opposed to area-based risk
assessment), which in turn supports several of
the above applications and may facilitate
decision making regarding the implementation
of safety measutes(shore-based stakeholders);

o NSR-RTM may assist in establishing  improved
Routeing Measures, in particular an improved TSS
scheme, for the NSR (via the usual IMO
procedures);

® (NSR-)RTM may assist in extensive or more precise
cost | benefit analysis for the area under
consideration. Costs/benefits could be applied
both to commercial operators and authorities.

It should be noted that the above identified
potential applications of the (NSR-) RTM provide
a strong justification for creating them.

4. DEVELOPING A GENERIC ROUTE
TOPOLOGY MODEL AND A NORTH SEA
REGION SPECIFIC EXAMPLE

The ACCSEAS project has now set out to
develop both a generic Route Topology Model and
a North Sea Region specific example, i.e. the NSR-
RTM. The results of this work together with
precise proposals for the development of S-100
based “products” and standards would be
contained in a so-called “RTM Description”
which would be publically available at the end of
the ACCSEAS project (i.e. in February 2015).

The above applications requite appropriate
presentation of the (NSR-)RTM data to a specific
user; hence there is a need for a specific portrayal
mode for an application from the above list.
Eventually, the different requirements of the above
applications will result in a variety of portrayal
modes. The ACCSEAS project so far has identified
three fundamentally different portrayal modes
for RTM data each of which addresses different
fields of applications and user needs:

o the London tube map portrayal mode, as
originally developed by Harry Beck (1902-1974)
for London Transport in the 1930’ [15],
which is “reduced-to-the-max” in that it only
shows the fundamental features of the vessel
traffic relations, ie. it deliberately omits e.g.
geographical references and details of the
precise course of navigation. The London tube
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Figure 5: Initial transfer study for the RTM of the German Motorways of the Seas grid (top level waterways) into the
London tube map portrayal mode [Ongoing work within the ACCSEAS WP4 MSP-Stream; study by the present author]

map portrayal mode, therefore, is best suited
for any strategic purpose where those features
are of no importance. Figure 5 gives an
example of a resulting RTM for the
“Motorways of the Seas” level of the German
coastal waterway system.

o the ECDIS portrayal mode, which presents
the RTM in an ENC layer. Therefore, this kind
of portrayal mode would be required for more
tactical applications but could also be used for
some strategic purposes. Figure 6 gives an
initial impression of a NSR-RTM in the ECDIS
portrayal mode.

o the Head-Up-Display portrayal mode,
embedded in a shipboard Augmented Reality
Environment: Here the RTM data would be
used to project trajectories, upcoming junctions,
nodes (and associated service options, when
combined with Maritime Service Portfolios)
within the windscreen image of the ship’s
bridge crew (compare Figure 7). Obviously,
this portrayal mode would be essentially geared
towards tactical ship handling applications.

It should be noted, that the supporting data for
all the above RTM portrayal modes would be
the same for the same sea area, and that all three
different portrayal modes could co-exists at the
same time at the same work place, although for
different purposes and tasks.

5. TRAFFIC SITUATION DEPENDENT
MARITIME SERVICE PORTFOLIOS AND
SERVICES PROVISION USING ROUTE
TOPOLOGY MODELS

It was stated above that the lane- or line-oriented
application of MSPs, as supported by RTM, may

Figure 6: Initial Identification and depiction of Vessel
Routes in the North Sea Region [Ongoing work within the
ACCSEAS WP4 MSP-Stream; courtesy Maritiem Instituut

Willem Barentsz, Mr. Stephan Procee]

Figure 7: Conceptual Study for Portrayal of a vessel’s
route based on the RTM data to the brigde team using
Head-Up-Display portrayal mode (dotted line) [Ongoing
work within the ACCSEAS WP4 MSP-Stream; courtesy
Maritiem Instituut Willem Barentsz, Mr. Stephan Procee]
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have benefits compared to the blanket area
coverage application of services and/or MSPs in
certain cases.

e RTMs are, by definition, traffic oriented, i.c.
they map where there could be any meaningful
traffic and where there is traffic (if based e.g. on
AIS footage). Thus, an application of the
services and/or MSPs can be tailored to the
specific service needs of a certain leg, a certain
route, a certain shipping lane as well as to a
certain node, a certain junction or a certain
terminal point.

® Thus the service/MSPs deployment by shore-
based service providers can be tailored
specifically to the need of the traffic on that
particular part of the RTM, i.e. differentiated.

e This in turn allows for the definition of
different classes of shipping lanes — what is e. g.
the distinction between a “Motorway of the
Seas” or “Marine Electronic Highway” and an
“ordinary” road of the sea in terms of services
and MSPs, i.e. in functional terms? By analogy
with the roads ashore, one expects different
MSPs also operating at different levels of
service quality parameters from an “Autobahn”
(highway, motorway) than from a national road
and again from a local road or even track.

® There could be established a differentiated and
fully transparent derivation chain from user
needs via user requirements to setvice/MSPs
provision requirements, even to the extent of
different service levels for the same generic
service/MSPs at different routes, legs, or nodes
within the grid, thus allowing “traceability” of
the requirements and fulfilment relations.

e For the same reasons, from a service providet’s
management point of view, the tailored
deployment of services/MSPs may be highly
efficient as opposed to the blanket coverage
concept in terms of resources used, depending
on the nature of the services under
consideration.

These benefits, and potentially more, can be reaped
in the MSPs domain when attaching the provision
of MSPs and services to RTMs.

It should be noted, that MSPs may also contain
services geared specifically to the needs of a
Sustainable Maritime Transportation System as
envisaged by IMO. Thus, the RTM-based
deployment and application of the MSPs may be

beneficial or even key to deliver those logistics
chain related services where needed most.

Having said this, there is still margin for a blanket
coverage concept as blanket coverage areas in most
cases cover some or several routes, legs, nodes and
junctions of a RTM in the area under consideration
simultaneously. The point which is made here is
that there should not be made any regulation which
excludes any of the two by default. The two
options to the application of the MSPs should
rather be construed as co-existing. This principle
should be taken into consideration when further
defining the generic MSPs and services
internationally.

6. CONCLUSION

Turning back to the title of this paper — ,,Route
Topology Modelling as a potential means to
reconcile Marine Spatial Planning with Demands
of Sea Traffic — the North Sea Region example —,
it was the aim of this paper to demonstrate that the
introduction of the mathematical graph theory and
its associated optimisation methods into the
maritime domain, as appropriate, in the shape of
Route Topology Models, has the potential to
render an adequate solution, due to its lane- or line-
shaped method of working, to the lane- and line-
shaped traffic situations in shipping which are
there traditionally or which are the residue of the
previously “open sea” left to shipping as a result of
Marine Spatial Planning in intensively and diversely
used sea areas.

This was illustrated by looking at the example of
the North Sea Region as a region where there is
both dense vessel traffic as well as Marine Spatial
Planning throughout.

If the emerging Maritime Service Portfolios, which
would also include setvices specifically supporting
the maritime part of the logistics chain and in
particular the aspirations of the Sustainable
Maritime Transportation System as projected by
IMO, would also be applied to the lanes rendered
by Marine Spatial Planning and described by the
RTMs eventually, there could be achieved a
convergence of mutual benefits between the
different stakeholders involved.

Thereby, true reconciliation of shipping interests
and practice with Marine Spatial Planning may be
achievable, as implied by the title of this paper.

Finally, it is concluded that an international generic
RTM, which would be part of the IMO envisaged



Route topology modelling as a potential means to reconcile marine spatial planning with

demands of the sea traffic — The North Sea example
Jan-Hendrik Oltmann, Federal Waterways and Shipping Administration, Germany

Common Maritime Data Structure (CMDS), would
lend itself as a common reference point for the
description and consequential implementation of
several maritime transportation, vessel traffic, and
ship handling applications, thus fulfilling from the
outset the global harmonisation desired by IMO’s e-

Navigation
instrumental

strategy. RTMs
to implement

may thus be
the e-Navigation

paradigm [7]. W
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4018 INTRODUCTION OF AN OPERATION & MAINTENANCE FRAMEWORK FOR
THE COASTAL-WIDE AIDS-TO-NAVIGATION NETWORK AT THE GERMAN COAST
AND INTEGRATED MANAGEMENT SYSTEM FOR MAINTENANCE PROCESSES

. Federal Waterways and Shipping Administration, Germany

The implementation of a new coastal-wide service oriented system architecture at the German
coast introduced not only state-of-the-art technology but also lead to coastal-wide standardisation.
This system comprises three data processing centres as nodes, many remote shore stations for
various Aids to Navigation technologies, such as radar and AlS, and supports nine VTS centres. It
replaced nine proprietary VTS systems. As a consequence, the structure and the operations of the
technical operation and maintenance also needed to be adapted. The concept of many different,
discrete services coordinated by the overarching service oriented system architecture is instrumental
for governance of the system at large and supports both an effective and efficient run-time system
management: Each of the different services has certain stand-alone capabilities and is, by default,
separated from other services both in terms of data processing and physically. Each service also
has its own service management by means of which the intricacies of each service’s technology
are encapsulated. The introduction of the new coastal-wide service oriented system architecture
required the technicians, who were working independently formerly, to co-operate closely, although
they still belong to different bodies of the administration and although they are still residing at
several locations all over the German coast. This challenge was tackled by subdividing the different
maintenance tasks into two groups, namely those which can only be done at one central point and
those which need to be done at various locations similarly. This assignment resulted in synergies
regarding the governance of the whole of the system from one site without grossly increasing work
load at the decentralized sites. There were also synergies regarding the deployment of personnel
due to the introduction of standardisation throughout. The consequential new work processes
were introduced in and by a so-called Operation & Maintenance Framework, which essentially
is a rule book and which is binding for the different bodies of the administration involved. Thus,
a harmonisation of the technical operation and maintenance for the coastal-wide system was
achieved, which in turn may lead to further synergies in terms of e.g. improved service quality. The
paper will discuss the O&M Framework, the challenges encountered, and report on experiences
gained.

La implementacion de una nueva arquitectura de sistemas orientada al servicio costero en la
costa alemana no solo ha introducido la tecnologia mas moderna, sino que también ha conducido
a la estandarizacion en toda la costa. Este sistema incluye tres centros de procesamiento de
datos que funcionan como nodos, muchas estaciones terrestres remotas para diferentes
tecnologias de Ayudas a la Navegacién, como radar y AlS, y presta apoyo a nueve centros VTS.
Ademas, sustituyo nueve sistemas VTS patentados. Como resultado, también fue necesario
adaptar la estructuray las operaciones de funcionamiento y mantenimiento técnico. El concepto
de muchos servicios discretos diferentes coordinados por la arquitectura global de sistemas
orientada a servicios contribuye a la gobernanza del sistema en general y respalda una gestion
efectivay eficaz del funcionamiento del sistema: cada uno de los diferentes servicios tiene ciertas
capacidades independientesy estd, por defecto, separado de otros servicios tanto en términos de
procesamiento de datos como fisicamente. Cada servicio también dispone de su propio servicio
de gestion por medio del cual se encapsula la complejidad de la tecnologia de cada servicio.
La introduccién de la nueva arquitectura de sistemas orientada al servicio costero requirié que
los técnicos, que anteriormente trabajaban independientemente, cooperaran estrechamente,
aunque continuaran perteneciendo a distintos organismos de la administracion y residiendo en
diferentes localizaciones a lo largo de toda la costa alemana. Este reto se afrontd subdividiendo las
diferentes tareas de mantenimiento en dos grupos, a saber, aquellas que solo pueden realizarse
en un punto central y aquellas que necesitan realizarse en diferentes localizaciones igualmente.
Esta asignacién produjo sinergias respecto a la gobernanza del conjunto del sistema desde un
lugarsinincrementar exageradamente la carga de trabajo en las localizaciones descentralizadas.
También hubo sinergias en relacion con la utilizacion del personal debido a la introduccidn total
de la estandarizacidn. Se introdujeron los consiguientes nuevos procesos de trabajo mediante
un denominado Marco de Funcionamiento y Mantenimiento, que esencialmente es un libro de



normas vinculantes para los diferentes organismos de la administracion implicados. De este
modo, se consiguio6 la armonizacion del funcionamiento y mantenimiento técnico del sistema
costero, lo que a su vez puede originar otras sinergias en términos, por ejemplo, de mejora de
la calidad de servicio. La ponencia analizara el Marco de Funcionamiento y Mantenimiento, los
desafios encontrados e informara sobre la experiencia adquirida.

Linstallation d’'une nouvelle architecture de systeme cétier orienté vers le service le long de la
cte allemande a non seulement introduit une technologie de pointe, mais aussi conduit a une
standardisation cétiere. Ce systeme comprendtrois centres de traitement de données en tant que
nceuds, beaucoup de stations éloignées a terre pour des aides de diverses technologies comme
le radar et [AIS, et dessert neuf centres VTS. Il remplace neuf systemes VTS indépendants. En
conséquence la structure, le fonctionnement technique et ['entretien devaient étre adaptés. Le
concept de plusieurs services différents, un coordonnés par un systeme dominant orienté vers
le service, contribue a la gouvernance du systéeme en générale et aide a la gestion effective d'un
systeme de gestion efficace. Chacun de ces services a des possibilités individuelles et est, par
défaut, séparé des autres physiquement et pour le traitement de données. Chaque service a
sa gestion propre, ou les complexités des technologies sont enfermées. Lintroduction de cette
nouvelle architecture de systéeme cétier orienté service, demande aux techniciens qui auparavant
travaillaient indépendamment de coopérer, méme s'ils appartiennent toujours a différents
services de l'administration et méme s'ils sont sur différents sites de la céte allemande. Le
défi a été relevé en subdivisant les taches d’entretien en deux groupes : celles qui ne peuvent
étre réalisées qu'en un seul site central et celles qui doivent étre effectuées sur différents sites.
Cette décision a fait naitre des synergies de gouvernance de tout le systeme sans augmenter la
charge de travail des sites décentralisés. Il y a eu aussi des synergies concernant le personnel
dues a lintroduction de la standardisation. Les nouveaux processus de travail en découlant
furent introduits dans et par un Cadre de Fonctionnement et d’Entretien qui est essentiellement
un recueil des regles qui engage les différents corps de ['administration concernés.

Donc, une harmonisation des fonctionnements technique et d’entretien pour le systeme cétier
était achevée, qui pourrait conduire a d'autres synergies, par exemple en termes de qualité de
service. Le rapport discutera du Cadre de fonctionnement et d'entretien, des défis rencontrés
et de l'expérience acquise.
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navigation network at the German coast and integrated management system for
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HISTORY

The VTS service at the
German Coast consisted of
nine individual ~ VTS-
systems. Hach VTS-Centre
had its own operational
personnel. These nine VTS-
Centres did not do any data
exchange or only in a
limited way via proprietary
interfaces, see figure 1. The
transferred data consists of

.
probeetary binary data
axchange interface

static and voyage related
ship data but there was no
exchange of radar tracks.

Figure 1: Intercommunication of VTS-Centres before the Maritime Traffic

Technoloay Svstem

For that reason each VTS-
Centre had to correlate the
radar tracks with the ship
data every time a traffic
object came in sight of the
VTS-area. To equalise the
different quality levels of the
different VTS-systems and
to get the possibility, to
develop new functionalities
for the whole German coast
in a short time the idea of
the Maritime Traffic
Technology  System  was
born, see figure 3.
Simultaneously it was of
high importance to
reorganise  the  technical
operations of the VTS-
systems along the German
coast because of necessary
staff reductions in the
future.

$Y
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Figure 2: The same data for all VTS centres

THE MARITIME TRAFFIC TECHNOLOGY
SYSTEM (MTTS)

Technical Structure of the MMTS

The MTTS is a coastal wide distributed system
with three data processing service centres called
“nodes” collecting, processing and distributing
data. Data is received on the coastal wide
distributed remote stations and is transferred to the
nodes to be stored and processed. Because of data
replication between the nodes a high level of data

integrity is reached. It is guaranteed that all nine
VTS-Centres can get all these data in the same level
of quality for operational use, see figure 2. The
services of the MTTS are redundantly installed in
all three nodes. In case of a breakdown of one of
the nodes, another node will take over and will
provide the missing functionalities.

Architecture of the MTTS

The basic idea of the MTTS is to arrange the
collection, the processing and the display of
coastal-wide required information and functions in



Introduction of an operation & maintenance framework for the coastal-wide aids—to—
navigation network at the German coast and integrated management system for

maintenance processes
Sascha Heesch & Thomas Kuckling, German Federal Waterways and Shipping Administration

independent operating, functionally and physically
seperatedservices. At present there is a plan to
realize about 30 services, see figure 3. Each service
has accurately specified and open interfaces to
interact with other services and its functions. This
consequent segregation of functional areas allows
further technical and functional development of
services without direct effects to other depending
or interacting services (functions) of the MTTS
(black box principle). The advantage of dividing
functions in independent services is the possibility
to focus the development on the field of expertise.
This guarantees an optimum while development
and later in operational work.

The services of the MTTS are seperated into four
groups. The Data Collection Services are the
interface to environment and shipping, e.g. AIS,
Radar, VHF, visual aids-to-navigation and
environmental sensor service. The processing of
this information is done in the group of Value-
added Data Processing Services, e.g. position
determination service, ship data consistency service
within the nodes. The nautical personnel of the
VTS-centres utilise the functions of the User
Interaction Service. With this service data from the
radar systems, tracks determined from radar and
AIS and the ship data are available. The operations
diary can be written online furthermore.
Environmental data like water gauges, wind speeds

and visibility ranges are displayed. Communications
with the nautical personnel onboard is done by
VHF.

Data exchange to external users like other agencies,
harbours and so on is enabled by the Gateway
Service.

For data transport from the remote sites to the
nodes the German Administration runs an own
wide area network. The operation of this network
is done by regional distributed personnel. The
demand on high available and data
transmission is caused by the high relevance of the
information belonging to the safety of traffic
alongside the German coast.

secure

Figure 3 illustrates the logical structure of the
MTTS as an overview.

Operational Challenges

The transformation of the technical structure of
the Maritime Traffic Technology Systems and its
start of operations causes a reorganisation of the
operational personnel.

In the historical grown structures there was one
pool of technicians per VTS-location responsible
to run the systems of the VTS-centre. A
breakdown of the systems or a failure during
operations had only local consequences; only the
local VTS-centre was affected.
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Figure 3: Structure of the MTTS
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In the new Maritime

Traffic Technology
System all data s
centrally collected and
processed  and  the

functionality  for  the
users of the VTS-centres
are centrally provided by
the mentioned services.
This central approach
means that any
intervention to a service
can have a coastal wide
impact. This
circumstance is
compensated by the
redundant provision of the services through the
three nodes and by the great advantage of service
division: the failure is limited to the functions of
this service; all other services can be used as usual.

Because of the coastalwide homogeneous
technical equipment the MTTS provides a high
potential of uniform technical operation including
knowledge transfer between the colleagues along
the coast. The diversity of spare parts is limited by
the homogenous equipment to a necessary
minimum. By the use of custom-of-the-shelf
products the replacement of computer hardware
can be done across service borders.

But how all these services with all these coastal-
wide functionalities can be operated effectively
with ten different pools of technicians?

This is a big challenge!

OUR SOLUTION

The solution of the German Federal Waterways
and Shipping Administration consists of a personal
and a technical part.

Personnel Implementation

While introducing the “MTTS” a “coastal-wide
technical operation” was installed. The “coastal-
wide operational personnel” fulfils its tasks at a
central location by using remote access and
infrastructure monitoring tools to get an overview
across all running equipment along the German
coast (see “Technical Implementation”). The
technicians at the VTS-sites remain as “local
operational personnel”. These colleagues maintain
the components of the services located at the VTS-
sites and the remote sites along about 3,660 km of
the German  coastline. The  coastal-wide

Jocal’ Operational
Personell

& -

Figure 4: Paths of communication

distribution of the technicians retains short

reaction times by short ways.

The first-level-support changes for the nautical
employees in the VTS-Centres. While the local
technician was the first contact in the previous
system, now the costal-wide operational personnel
is contacted at first, because only those colleagues
have an overview about all actions made along the
coast. With this central point of contact we ensure
the coastal-wide coordinated execution of required
tasks, planned or unplanned.

The close collaboration between “costal-wide” and
“local” operational personnel is regulated by
processes according to DIN 31051. The tasks of
scheduled service, first-level-support and fault
clearance have to be mentioned. As
aforementioned clear rules for communication
from and to the user of the system and between
“coastal-wide” and “local” operational personnel
are very important.

Beside the rules of teamwork between “coastal-
wide” and “local” operational personnel also local
operational concepts were developed defining the
work of the local organisational units. These
concepts ensure that all tasks, planned and
unplanned, can be done with the available staff in
the same level of quality. Furthermore these
concepts permit a knowledge transfer to new
employees and a fast training of the new colleagues
because they show mandatory code of practice of
the internal processes. The periodic update of the
concepts is done to ensure optimal processes to
maintain the system.

Technical Implementation

The Maritime Traffic Technology System consists
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of about 30 services which are delivered by partly
different manufacturers. For this reason the
management interface of the services are generally
different. Of course it is possible for the
operational personnel to use cach management
interface of each single service but this reduces
ergonomics and actionability. The necessary
operational tasks must be supported by another
technical application. The markets offer a wide
range of applications and software product to help
in the daily work.

The ambition of the technical operations of the
MTTS is a smart and compact solution. This
solution has to be flexible to enhancements, shall
be usable from all locations within the system and
it shall be clearly laid out in face of all the various
functions.

From these requirements the “Toolsystem” was
developed. This is a toolbox that meets the
following requirements:

e Modular structure (basic module with modules
for specialised and system tasks)

® Open interface for services and other, perhaps
unknown modules

® Loose coupling of the modules for data transfer
® One central data storage for all modules

® The same “look-and-feel” for all graphical user
interfaces of all modules

e Web-based user interface

What do terms like “basic module”, “specialised
module” and “system task module” mean?

The “basic module” controls the communication
between the other modules. It provides interfaces
to the other modules and to the services of the
MTTS. The “system task modules” provides
functions like persistent data storage, the
framework for the user interface and a part of self-
monitoring. “Special modules” realise specific
requirements of displaying data received from the
services and provide functions to map the working
processes into the application.

Which specialized modules (SM) are needed for
operations of the MTTS at the German coast?

e SM “Zustand” (“state”): How is the health of
all the components?

e SM “Auftragsmangement” (“order
processing”): This trouble ticket system maps

the working processes between coastal-wide
and local operations personnel into the
application

e SM “Geoinformation” (GIS): location focussed
state of the services displayed in a map and
direct access to related documents and tasks

e SM “Dokumentenmanagement” (“management
of documents”): Here we put and arrange all
data required for operations of the Maritime
Traffic Technology System

e SM “Fehlerdatenbank” (“failute database™):
This module collects failures and the possible
solutions (best-practises)

e SM “Auswertung” (“analysis”): Are the services
running stable? Which kinds of failure occur
very often? Etc.

e SM “Benachrichtigung” (“notification”): Main
function for forwarding error message to the
technical operation personnel

e SM “Komponente” (“component”): in this
module special data of the components are
stored, e.g. manufacturer of a component,
terms of guarantee, type of spare part, firmware
version, etc.

How does this work together?

The individual service of the MTTS connects to
the defined interface of the basic module of the
Toolsystem. Is there a successful connection the
basic module of the Toolsystem interrogates the
service. The main task is to get the states of the
components and their geographical location. The
basic module stores the data and provides it to the
specialized modules for further processing. If e.g. a
technician opens the module “Zustand” in a web
browser the data is transported through a web
server to the client. This principle is the same in all
modules. Information are collected, processed and
provided to the other specialised modules. A direct
communication between specialised modules is
possible; one module connects to the interface of
the event handler of the other module and gets the
requested information. By means of this concept it
is possible to create new functionality by adding a
new specialised module. It is relatively simple to
exchange a specialized module because of the open
interfaces.

Figure 5 shows the interworking of the basic
module and the specialised modules on a logical
basis.
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Figure 5: Architecture of the Toolsystem

How does it look like in real?

The basis for display and use is a Toolsystem-wide
for
interaction. The technician shall have the feeling
that all modules were realised by the same

stock of defined styles and

manufacturet.

The following figure 6 shows the GIS-Module.
The coloured circles show the regional reference to

functions
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the state of the components of the services of the
Maritime Traffic Technology System. In the upper
part of the figure icons of the specialised modules
are shown which can be opened by mouse click.

Figure 7 illustrates a detailed zoom of a location
within the GIS-module. In the box the state of the
components is shown subdivided by the services.

The “Auftragsmanagement” (“order processing”)
for implementation of work and communication
processes in software is shown in figure 8.
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Figure 7: GIS module, detailed view
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Figure 8: Auftragsmanagement (order processing)

CONCLUSION

The division of the technical operational personnel
into “coastal wide” and “local” operational
personnel causes advantages and disadvantages.
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However there are more advantages.

Definitely the combination of personnel with a
coastal-wide overview of the whole system and a
local part of personnel with short ways to the
components of the system is a great benefit.
Because of the homogenous systems the training
on different VTS-systems can be omitted. In case
of emergency technicians are able to help in other
locations.

With the central approach the coastal-wide
coordination of tasks and an effective use of
resources is possible.

The use of coastal-wide homogenous hardware
allows a centralised spare part management with
decentralised storage of the parts for fast access by
the technicians.

The users of the services of the Maritime Traffic
Technology System have a central point of contact

(one face to the customer). The establishment of a
standby duty makes a 24/7-contact possible.

While there is an advantage of short ways through
the distribution of the personnel along the coast,
this circumstance is a disadvantage in daily
communication between the personnel.

Tools and applications like the Toolsystem help the
coastal-wide distributed technicians
overview on the system, to store and update
documentation and to manage the processes to
ensure that the system is running. The main
objective is to assure the safety and efficiency of
vessel traffic on German waterways.

to get an

Last but not least: all the technical equipment and
electronic communication tools do not substitute
the direct human contact with the colleagues, they
are only an addition! M



34 LESSONS ON DISASTER PREPAREDNESS FOR AIDS TO NAVIGATION
LEARNED FROM THE GREAT EAST JAPAN EARTHQUAKE

Kazuyuki Tanaka. Aids to Navigation Engineering Division, Maritime Traffic Department, Japan
Coast Guard, Japan

The Great East Japan Earthquake on 11th March, 2011 caused huge tsunamis as well as earthquakes.
158 AtoNs suffered damages including collapse of lighthouses, shift of lighted buoys, black out of
AtoNs and so on. The Japan Coast Guard (JCG) has been recovering them through 3 steps method
and 72% of them have been completely recovered as of November, 2013.

In the area which recorded the JMA Seismic Intensity 6 upper or more, only 5 of 72 lighthouses
which satisfied the earthquake-proof standards were slightly damaged, and 15% of the AtoNs
which installed stand alone power system blacked out.

The JCG has learned many lessons from past disasters which we faced. We make the best use
of our experience to install the more disaster resilient AtoNs system which ensures the safety of
navigation even when a disaster occurs.

ELGran Terremoto del Este de Japon ocurrido el 11 de marzo de 2011 caus6 enormes tsunamisy
fuertes réplicas. Resultaron danadas 158 AtoN, incluyendo el colapso de faros, el desplazamiento
de boyas luminosas, el apagon de AtoN y otras consecuencias. La Guardia Costera de Japdn
(JCG) las ha estado recuperando mediante un proceso de tres etapas y en noviembre de 2013 ya
habia recuperado totalmente el 72 %.

En el drea donde la Agencia Meteorolégica de Japdn [UMA) registrd una intensidad sismica por
encima de 6 o mas, solo 5 de 72 faros que cumplian las normas de resistencia a los terremotos
resultaron ligeramente danados, y el 15 % de las AtoN que tenfan instalado un sistema de
energia independiente se apagaron.

La JCG ha aprendido muchas lecciones de anteriores desastres a los que nos tuvimos que
enfrentar. Hemos sacado el maximo provecho de nuestra experiencia para instalar sistemas de
AtoN mas resistentes frente a desastres, que garantizan la navegacion segura incluso en el caso
de que se produzca un desastre.

Le grand tremblement de terre a [Est du Japon du 11 mars 2011 a entrainé de grands tsunamis.
158 aides a la navigation ont été endommagées, dont des phares détruits, des bouées lumineuses
renversées, des feux éteints, etc...La Garde cétiére japonaise [JCG] les a remises en état en trois
étapes, et 72% d’entre elles étaient totalement en état en novembre 2013.

Dans la zone ou lintensité du séisme a atteint 6 ou plus, seulement 5 des 72 phares construits
aux normes antisismiques ont été [égerement endommagés ; et 15% des aides a la navigation
équipées d'une source d'énergie indépendante se sont éteintes.

La JCG avait déja retenu les lecons des désastres précédents. Elle a fait de son mieux grace a
son expérience et installé les systemes d'aides a la navigation les plus résistants pour assurer
la sécurité de la navigation méme en cas de catastrophe.
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1. INTRODUCTION

The Great East Japan FEarthquake (hereinafter
referred to “the Earthquake”) on 11t March, 2011
caused huge tsunamis as well as earthquakes, which
brought destructive damage to the areas around the
Pacific coast in the Tohoku region. The Japanese
people were forced, through the Earthquake, to
recognize that there was no upper limit to a natural
disaster.

It is important to learn from the past cases of
disasters in order to take measures for disasters.
Therefore it is significant for the persons who ate
engaged in the AtoN services in the world to share
the lessons from the Earthquake. In this paper, we
describe the damage of AtoNs by the Earthquake,
their recovery status and the measures of reducing
damage of AtoNs by mega earthquakes and
tsunamis in the future.

2. OUTLINE OF THE GREAT EAST
JAPAN EARTHQUAKE

2.1 The 2011 off the Pacific Coast of
Tohoku Earthquake

A massive earthquake of magnitude of 9.0
occurred Friday 11t March, 2011, off the Pacific
coast of the northeastern part of the Japanese
main land (Tohoku Region) and caused devastating
damage. The Japan Meteorological Agency (JMA)
named this earthquake "The 2011 off the Pacific
coast of Tohoku Earthquake".

The summary of this earthquake is shown in
Table 1. Table 2" shows the outline of JMA

Seismic Intensity.
2.2 Tsunami

The Earthquake caused a colossal tsunami. The
JMA issued Tsunami Warnings and Advisories on
11t March, 2011, 14:49 JST (05:49 UTC). Figure 1
shows the distribution of JMA Seismic Intensity
and observed Tsunami of the Earthquake.

2.3 Damage (Source: the Report of the
Japanese Governmental Extreme Disaster
Management Headquarters as of 24th
September, 2013)

2.3.1 Casualties
Deceased: 15,883, Missing: 2,654, Injured: 6,146
2.3.2 Damages of Structures

Completely collapsed houses: 126,578, Partially
collapsed houses: 272,305

Some damaged houses: 742,664

3. OUTLINE OF ATONS’ DAMAGES
CAUSED BY THE EARTHQUAKE AND
THE TSUNAMI

3.1 AtoNs’ Damage Check

The Earthquake gave damage to the Pacific coast
area of Tohoku Region and a land transportation

Date and Time 11t March, 2011 14:46 JST (05:46 UTC)
Magnitude 9.0 (the largest earthquake recorded in Japan)
Epicenter 38°6.2'N, 142°51.6'E (130km ESE off Oshika Peninsula), Depth 24km
JMA Seismic 7 (Max) Kurihara City of Miyagi Prefecture
Intensity hl
6+ 28 cities and towns in Miyagi, Fukushima, Ibaraki and Tochigi
Prefecture
6- or weaker Obsetved nationwide from Hokkaido to Kyusyu
Table 1: Summary of the 2011 off the Pacific Coast of Tohoku Earthquake
JMA seismic ol 5 3 5 6 7
intensity Lower Upper | Lower Upper
Acceleration gal oo A5 s bs 80 2280 400 1000
[cm/sec?] P ! ' ' : :

Table 2: Outline of IMA seismic intensity
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network was cut apart. The JCG carried out the
AtoNs’ damage check as well as the overall damage
check with our fixed wing airplanes. The JCG
immediately provided this information of damage
through the Navigational Warnings, MICS? and so
on.

Due to the accident at Fukushima Daiichi Nuclear
Power Station, the Government of Japan (GOJ)
established restricted areas. Only one of AtoNs
which the JCG operates existed in the area.
Oragahama Lighthouse, which was located in the
area, was checked in August, 2012 as the radiation
level around the lighthouse decreased. As a result,
we confirmed that the lighthouse was black out
due to a commercial power failure although no
damage was found in the facility When the
commercial power around the lighthouse was
restored due to the reconsidering of the restricted
areas in April, 2013, we recovered this lighthouse
after batteries replacement.

3.2 Number and Distribution of Damaged
AtoNs

Table 3 shows the number of damaged AtoNss.

AtoNs which located from Hokkaido to Kochi
prefecture  were widely damaged by the
Earthquake. Figure 2 shows the distribution of
damaged AtoNs.

The damage of the AtoNs in Iwate and Miyagi was
especially serious because these prefectures were
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near to the epicenter. The 115 of 184 AtoNs (63%)
in both prefectures were damaged.

3.3 Detail of the AtoNs’ Damage
3.3.1 Lighthouses and Lightbeacons

3.3.1.1 Collapse and Tilt

46 AtoNs were collapsed. 44 of them were
breakwaters lighthouses, the breakdown is as
follows: 38 of them were collapsed together with
their breakwaters and remaining 6 were collapsed
alone.

11 AtoNs were tilted. 10 of them were breakwaters
lighthouses and they were tilted due to the
breakwater’s collapse or tilt. Another one, a
lightbeacon tilted due to a land slide at the bottom
of the sea caused by tsunamis.

The causes of AtoNs’ collapse and tilt were seismic
ground motion and shocks of tsunamis.

3.3.1.2 Burned out

2 AtoNs were burned out caused by Tsunami Fire®,

3.3.1.3 Black out

53 AtoNs were black out. 38 of them were black
out caused by commercial power failures due to the
Earthquake. They had recowered as soon as the
power supply was restored.
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Maximum haght of tsunams

Figure 1: Distribution of the JMA seismic intensity and observed tsunami of the earthquake
(source: the Japan Meteorological Agency Website)
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Collapse 1 29 14 2
Tilt 1 5 2 1 2
Burned out 2
Black out 1 16 22 8 5 1
Shift 6 22 1 2 4 5 1 2
Missing 2
Off-air 1
Total 6 3 50 65 11 6 4 4 5 1 1 2

Table 3: Number of damaged AtoN
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Figure 2: Distribution of damaged AtoN
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Dhtsuchi Lighthouse

Nagasaki-Higashi breakwaters Lighthouse in
Ohunato Port

Figure 3: Examples of damage
(collapsed and tilted lighthouses)

7 AtoN had utilized commercial power sources as a
main power source. The breakdown is as follows: 6
of them were black out due to power failures
caused by troubles of a power line, and another
AtoN was black out due to over-discharging of
batteries caused by a lengthening of the
commercial power failure

The remaining 8 AtoNs had utilized a stand-alone
power system4, but they blacked out due to trouble
of solar power panels or batteries. 3 of them were
black out because the batteries and equipment in
the lighthouse were submersed by tsunamis.

3.3.2 Lighted Buoys

43 lighted buoys were shifted and 2 lighted buoys
were missing caused by the tsunami.

3.3.3 Radio Aids (Differential GPS Station)

Because of a commercial power failure, Kinkasan
Differential GPS station used its private power
generation (the engine driven generator). Fuel for
the generator, however, was all consumed due to a
lengthening of the commercial power failure. It
was hard to supply fuel to the station on an island,

Bansyone light beacon

Ohata breakwaters lighthouse in
Rikuzen‘tomari Port

Figure 4: Examples of damage
(burned out and submerged AtoN)

and we could not continue operation of the
station.

In addition, the crustal movement caused by the
Earthquake shifted the position (latitude and
longitude) of the reference point of Differential
GPS observation; therefore we had to survey and
fix the correct position of the reference point
before we restarted operation of Kinkasan
Differential GPS station.

3.3.4 Other Damages

All the lantern panes at Shioya-saki Lighthouse
were broken due to the seismic ground motion.

7 lighthouses cracked. Although its function as a
lighthouse had maintained, they were scrapped and
will be reconstructed finally.

In addition, damages including dipping of piers for
patrolling AtoNs, falling down the road for
accessing AtoNs and so on occurred. Some AIS
shore  stations and  fixed  stations  for
communication continued their operations using
their private power generation after commercial
power failure, but it became impossible to continue
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Ohtsumisaki Lighthouse

%

Figure 5: Examples of damage
(broken lantern panels and cracked lighthouse)

supplying fuel, so communication lines were finally
disconnected in some cases.

4. RECOVERY OF DAMAGED AIDS TO
NAVIGATION

4.1 Recovery Plan for the AtoNs

The Earthquake had damaged AtoNs over large
area and kinds of damage were vatious, so it was
impossible for us to equally recover whole
damaged AtoNs at the same time. Therefore the
recovery steps were decided as follows: Clarify the
situation of a disaster area, specify AtoNs to be
preferentially recovered and carry out the recovery
according to the “3 steps recovery methods” of

“Emergency Recovery”, “Temporary Recovery”
and “Full Recovery” depending on damage levels.

“Emergency Recovery” means an emergency
action for short term that we install an emergency
light or lighted buoy (LED with Dry Battery)
which has a visible distance of 4km as an
alternative of damaged AtoNs.

“Temporary Recovery” means a temporary action
that we install a lighted buoy near a breakwater
temporary as an alternative of a breakwater
lighthouse which was collapsed due to the
Earthquake or tsunamis, because we cannot install
it to the breakwater until the breakwater is
reconstructed.

“Full Recovery” means an action to recover the
function of AtoNs as it had worked before the
disaster.

Figure 6 shows the scheme for recovery of
damaged AtoNs.

4.2 Present Situation of Recovery

Figure 7 shows the changes of the number of
damaged/recovered AtoNs in the Earthquake.

As of November, 2013, the progress of full
recovered AtoNs is only 72%. The reason why it
has been so late is that the coastal area including
ports, fishing ports etc. have been devastatingly
damaged. Although the GOJ goes on with
reconstruction work for the damaged ports and
fishing ports, it has taken much time because many
of them need large scale improvement to
reconstruct breakwaters, to measure ground
subsidence which was occurred at wide area and so
on. We have to progress recovery of damaged
AtoNs according to progress of improvements of
surrounding environment; therefore it is still
difficult for us to progress recovery of damaged
AtoNs rapidly.

5. REVIEW

When we consider measures against AtoNs’
damages caused by natural disasters, it is important
for us to learn from our past experience against
natural disasters. The JCG has reviewed damage

conditions of AtoNs from the FEarthquake,
efficiency of measures against natural disasters and
implementation processes of

emergency/temporary/full recovery.

5.1 Earthquake—proof Standard, Seismic
Retrofit and Seismic Isolation Device

The ecarthquake-proof standard for AtoNs’
facilities is defined that the strength of a whole
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building  structure  should not  deteriorate
significantly even after the maximum acceleration
of a seismic motion reaches 300-400cm/sec?. We
had installed a seismic retrofit for the facilities
which had not satisfied the earthquake-proof
standard.

In the area (Iwate, Miyagi, Fukushima and Ibaraki
Prefecture) where the JMA Seismic Intensity 6
upper or over was recorded, we had 72 AtoNs

which had installed the seismic retrofit and 5 of
them were slightly damaged. On the other hand,
we had 4 AtoNs which had not installed the
seismic retrofit and 2 of them were damage. This
fact surely shows that to install the seismic retrofit
for AtoNs’ facilities to clear the earthquake-proof
standard is effective to improve the seismic
performance.

At the Shioya-saki Lighthouse, we installed a

. .. . . 5
seismic isolation device” to prevent

Temporary

Emergency oo
Vi

Recovery

M Lighthouse

[ I I

Full Recovery }

Lighthouse was tilted as a result
of the breakwater collapsing

Emergency action
for short term

serious damages to Fresnel lens
from an earthquake. Although the
lantern panes were broken, there
was no damage of Fresnel lens by
the Farthquake. This fact shows
that to install a seismic isolation
system is effective to prevent the
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«Steel
*LED with Solar cell
«Visible Distance:
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Prefecture where 72% (38/53
lighthouses) of the AtoN black out
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massive and long-term commercial
power failure.

In addition, we point out that the
solar power system is easy to
recover rather than the other power
system in case of the facility of
AtoN maintains.
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6. FUTURE PLAN
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Figure 7: Changes of the number of damaged/recovered AtoN

In the Earthquake, it becomes clear
that conventional disaster
prevention measures were
insufficient and unable to cope
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with a natural disaster, especially a huge tsunami,
even if facilities of AtoNs were considerably
strong.

“The Basic Disaster Management Plan”, which the
GOJ amended after the Earthquake, says that the
basic policy of the disaster prevention should be
“damage reduction” which aims to minimize
damages when a natural disaster occurs. It also says
that it should be need for us to take measures
which is combined hardware and software
measures against disasters.

According to this Basic Plan, the JCG will take
measures which is combined software and
hardware measures for ensuring safety of
navigation soon after the disaster occurs.

As regards the hardware measures, we will
implement the measures at 2 levels of “prevention
of damage” and “reduction of damage”. Against
the disaster which may occur frequently, measures
aimed at “prevention of damage” should be taken
for each AtoN to prevent serious function failures.
On the other hand, ”reduction of damage” policy
should be applied to mega disasters such as the
Earthquake and measures should be taken aimed at
continued operation of the critical AtoNs’ facilities
and ensuring rapid recovery systems in the
aftermath of a disaster.

As regards the software measures, we focus on the
information provision to ensure the safe marine
transportation. We will provide the information
such as operational status of AtoNs, progress of
the navigational route elimination, berth
information, floating obstacles and so on. In
addition, we consider that we will use AIS AtoNs
to indicate the anchorage atea of refuge and/or
navigational routes of refuge in an emergency.

The examples of the hardware measures are shown
as follows.

6.1 Measures against the Seismic Motion

6.1.1 Seismic Capacity Evaluation and
Seismic Retrofit

We are carrying out a seismic capacity evaluation
for 1,184 AtoN facilities, among the AtoNs the
JCG has jurisdiction over, including AtoN
heritages or facilities which collapse and injury to
the public in case of an earthquake is a concern. As
of March, 2013, we have already evaluated 1,087
AtoNs facilities and we will go on with evaluation
to the remaining AtoNs facilities. Based on the

result of evaluation, we will carry out the required
seismic retrofit for AtoN’s facility systematically.

6.1.2 Structural Improvement

We found that the joining section of a lighthouse
tower and an adjoining facility tend to be weak
against a seismic motion as the Otsu-misaki
Lighthouses case showed. Therefore we will
improve the AtoNs facilities structures to divide it
to the 2 partition such as a lighthouse tower and an
adjoining facility so that they are structurally robust
against in an earthquake.

6.1.3 Installation of the Stand Alone
Power Source

The JCG has jurisdiction over about 5,200 AtoNs
except daymarks. We had already installed the stand
alone power source for about 4,500 AtoNs of
them (84%). We will push on with installing it for
AtoNs excluding large scaled coastal lighthouses,
projectors, radio aids and VTS, which are not
suitable to install it due to large power
consumption.

6.1.4 Prevention of the Optical System’s
Damage

We will push on with installing a seismic isolation
system for large-scall lighthouses which have
Fresnel lens of over the 3t order.

Now a day, all lighthouses in Japan are unmanned.
When an earthquake occurs, however, there is the
possibility that maintenance personnel might be
injured by broken lantern panes. For their safety,
we will accordingly seal lantern panes with
scattering glass preventing films.

6.2 Measures against Tsunami

6.2.1 Measures against Tsunami which
may occur with high frequency (once in
several decades or hundreds of years)

We will take measures to prevent serious damage
of AtoNs functions.

We  specifically  incorporate  the  structural
consideration against tsunamis into the design
standard of AtoN facilities structure.

In addition, as a measure against submersion of
batteries, a basic policy is to place batteries where
no submersion is expected. However, for
lighthouses where such a measure is impossible, we
will install a buoy float to floor scuppers and/or
vents of AtoN facilities to prevent submersion.
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The measure with a floor scupper is shown in
Figure 8.

Figure 8: Measures against submersion through
floor scuppers (FLC type)

6.2.2 Measures against Mega Tsunami
(only once in hundred years or a
millennium)

We take measures to reduce damages of AroNs or
to facilitate recovering AtoNs’ function.

For example, we prepare materials for emergency
recoveries such as emergency lights etc. and deploy
them on the nationwide in order for an emergency
recovering AtoNs to be smoothly carried out.

7. CONCLUSION

Since the Great East Japan Earthquake, we have
often used the terms “Unanticipated” or “beyond
expectation” to express the enormity of the
disaster when we faced serious damage from the
Earthquake. We have tried to estimate, based on
the various kinds of elements, when, where and
how a disaster will occur, but it is still far from
accurate and highly uncertain.

How should we prevent or reduce the AtoNs’
damage caused by natural disasters which have high
uncertainty? It is not possible for us to find a quick
and final answer at this moment, but we might be
able to find the answer to review estimations of
AtoNs’ damages and measures against natural
disasters over and over again. That is to say,
measures to reduce AtoNs’ damages from natural
disasters should be challenges for us to tackle
continuously and in the long-term although it is
urgent issue for us.

The JCG has learned many lessons from past
disasters which we faced. We make the best use of
our experience to establish a disaster resilient Aids
to Navigation system even more in order to ensure
safety of navigation even when disaster occurs.

Finally we would like to express our sincere
gratitude for all the international cooperation to
recover from the damage of the Earthquake
disaster.
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The reason why US and Canada did not want to
use EWMB is that the blue light has been used on
ships of law enforcement. US generally use lateral
marks to mark new dangerous wrecks, but they feel
the EWMB is distinctive and well designed, and it
can be used to good purposes in many parts of the
world. Canada relies on traditional ways (isolated
danger buoys, cardinal buoys, lateral buoys) to
mark new dangers.

Germany and Portuguese did not want to use
EWMB because until this moment they didn’t feel
the need to use this buoy. The situations they faced
were perfectly solved with the use of cardinal
marks/isolated danger marks/ lateral marks.

3. ANALYSES OF TYPICAL CASES

After a new dangerous wreck happens, the
competent Authority should select an adequate
solution for deploy a number of buoys according
to the specific situation of the wreck, the
environment, trafficking. In view of our
investigation, the number of EWMBs to be
deployed at the time of a new dangerous wreck
should be 1-4. The following is analysis of typical
cases.

3.1 One EWMB Deployment — Great North
East Channel Torres Strait, Australia

On Saturday 12 September 2009 a 17m steel
fishing trawler sank after its nets became entangled
on a seabed obstruction in approximately 30m of
water in the vicinity of the Two-Way Route at
Great North East Channel, Torres Strait, Northern
Australia. Two crewmen were safely rescued by
helicopter.(See Figure 1)

In view of the
proximity of the
dangerous wreck
to the shipping
channel,
Australian
Maritime  Safety
Authority
(AMSA)  issued
Safety Broadcasts
and marked the
position with a
wreck  marking
buoy (See Figure
2). The buoy was
deployed by
AMSA’s dedicated
Great Barrier Reef
/ Torres Strait

Figure 1: Map for the wreck
in Torres Strait

Emergency Towage Vessel

(ETV)  Pacific

Responder (See Figure 3).

Figure 3: The Pacific Responder, the emergency
towage vessel

3.2 Two EWMBSs Deployment —“West
Coastal Sea of Korea

According to the JALA Recommendation O-133,
Korea introduced the EWMB in November 2008
and the first installation of EWMB for new
dangerous wreck was on March 7th, 2009 at the
west coastal sea of KOREA.

The tugboat (Namkwang 2, 18 dwt) sank in the
vicinity of Incheon Port anchorage. (See Figure 4).
The competent Authority deployed two EWMBs

during the time of 7th to 31st March 2009.

Figure 4: The wreck and the EWMBs in Incheon Port
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Figure 5: The EWMB deployed by Korea

3.3 Three EWMBSs Deployment — Changtu
Port of Eastern China Sea

In Changtu Port of Hastern China Sea, three
EWMBs were deployed for one new dangerous
wreck on 3rd Octobet, 2007.

The 45 m long cargo ship MV Zhedai 286 sank in
the vicinity of the entrance channel of Changtu
Port, which constituted a threat to the safety of
navigation (See Figure 6). Three EWMBs were
deployed on 3rd October, 2007 and they are still
there now (See Figure 7).

Figure 6: The wreck and the EWMBs near Changtu
Port

Figure 7: The EWMB deployed by China

3.4 Four EWMBs Deployment — Territorial
Waters of UK

The wreck MV]Jork, (3167 gt bulker, 95 m long, 4.7
in draft, carrying grain) stuck an unmanned gas
production platform and finally sank at Latitude
53° 26'.015N Longitude 02 ° 08'39E with the
surrounding depths in initial reported to be 11.6 m
(See Figure 8). It was marked by 4 EWMBs from
4th to 6th August 2007, (See Figure 9) after which
it was marked by 5 cardinal buoys, the duplicate
west cardinal was a Racon Coded Morse “D”’.

Figure 8: The wreck Jork and' its position in British
territorial waters

3.5 Using virtual AIS AtoN before anything
else—Yangtze River Estuary, East China
Sea

As ecarly as 0038, August7, 2013, the China flag

Haihongda, carrying 13,500 tons of iron ore,
collided with Panama flag the Tourist and sank. 16
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crewmen were rescued with the other 2 missing.
The wreck posed a serious danger to safe
navigation.

At 0500 of the same day, Shanghai Maritime Safety
Adminstation, after being informed of the accident,
sent buoy tender Haixun 167 to the spot at full
speed. At the same time it used one virtual AIS
AtoN (see Figure 10). After that, the passing ships
began to avoid the marked position. At 14:50 that
day, the Haixun 167 arrived at the spot and
deployed four EWMB:s.

Figure 10: AlS virtual AtoN at the position of the
wreck

3.6 Analysis

In view of the case analysis, combined with the
answers to our questionnaire, we conclud that:

e Although the competent Authority always
broadcast Safety message of new dangerous
wreck via NAVTEX or VHF immediately,
there still might not be known by quite a lot of
vessels which are transiting through or will
transit through. So the deploy of AtoN
including virtual AIS AtoN in time is key
important.

® In respect of the choice of marks, the EWMB
become the first choice for most of the

Figure 9: The EWMB used in UK

countries as its high impact and be designed to
special for new dangerous wrecks.

In respect of the pattern of deployment, it is
generally deployed on the side where the wreck
is near the navigation channel when one
EWMB is used; when 2 EWMBs are used, they
are deployed in such a way that the wreck is on
the center of a virtual line by connecting the
EWMBs; when three or more are used, the
wreck is deployed within the virtual lines
formed by the EWMBs.

In respect of the period of establish, some
countries’ regulate 2 weeks ,some others 2
months, some others 6 months. In practice,
the shortest period is 1-3 days, while the
longest, more than one year. When the period
is short, it means the wreck is quickly cleared
away or the EWMB is immediately replaced by
conventional marks. In case of the longer
period, it means in general, the competent
Authority would wait until the new dangerous
wreck information is issued in Notice to
Mariners and all the navigators might have
received such or until the wreck has been
marked on relevant chars.

In respect of the size of the EWMB, it was
decided by the environment of the place where
it should be deploy, small size buoys for
shallow waters, while large and medium sized
ones for deep water.

In respect of the application of AIS virtual
AtoN, It will be considered by competent
authorities when it is impossible to deploy an
EWMB due to some objective factors, such as
the meteorological conditions, or when the
wreck is too far to reach in time, so that the
warning can be sent out as eatly as possible.
Sometimes the virtual AIS AtoN are
withdrawn after the buoys are deployed. But in
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most cases, the virtual AIS AtoN are retained,
even after the wreck has been marked on the
charts.

e In respect of the discontinue of the use of
EWMB , the EWMB is withdrawn generally
when the wreck has been cleared, or when it
has been marked on relevant charts after the
detailed information has been obtained after
careful survey and when the permanent
marking are deployed.

4. RISK ASSESSMENT AND RISK
MANAGEMENT ON THE NEW
DANGEROUS WRECK MARKING

The diagram in Figure 11 provides a guide to the

steps involved in the IALA Risk Assessment and
Risk Management process.

4. Make a

5. Take
Action

Figure 11: The Risk Assessment and Risk Management
process

4.1 Identification of hazards

New wrecks are characterized as
suddenly, and are described as follows,

happening

e The wreck is totally submerged in water, or
totally submerged in high tide, without anything
to be observed or

® Part of the wreck is above water, which can be
observed in daylight, but not at night;

New wreck , that not yet be shown in nautical
documents and publications, is highly dangerous to
passing ships, sometime, due to the failure to
receive information about the new dangerous
wreck, the passing ship may be faced with the great

hazards of collision with the wreck. Many of the
wrecks caused a great deal of maritime accident or
pollution and even injuries of people in history.

4.2 Risk assessment

After receiving information about a new wreck, the
competent Authority should effect risk assessment
on the new dangerous wreck in terms of the
hazards it caused to navigation, relying on charts
and other maritime publications, based on the AIS
Traffic volume analysis, taking into consideration
the environment of the navigable waters, ships
types, navigation density and characteristics, the
depth of navigable waters and navigation rules, and
other related factors.

The risk level is determined by how serious an
accident, and the probability of an accident. The
matrix in Figurel2 shows the basis by which the
risks are ranked.

High

Impact

Medium

Likelihood

High level of risk

Medium level of risk with caution

Low level of risk

Figure 12: Risk matrix

Our research shows that the impact of the hazard
can be expressed by Table 1.

Impact Seriousness of the accident

Major injuries of personnel, serious oil spills
and discharge of dangerous chemical material
due to a collision between the wreck and large
and medium sized special ships, such as
passenger ships, dangerous cargo ships and
tankers, etc. that caused serious biological
destruction or damage to fishery resources.

High

Injuries of personnel, fuel oil spills and lose of
property due to a collision between the wreck
and large and medium-sized ships, exclusive of
passenger ships, dangerous cargo ships and
tankers, etc. that caused biological destruction
or damage to fishery resources.

Medium

Personnel injuries, fuel oil spills and loss of
property caused by collisions between the
wreck and small ships, exclusive of passenger
ships, dangerous cargo ship and tankers.

Small

Table 1: Factors that have impact on the accident

Our research proves that the probability of
accidents may be expressed in Table 2.
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Probability Traffic situation
. The middle of the busy channel or Ship
High .
Routing
Medium Waters where traffic is busy
Low Other navigable waters

Table 2: Factors that may have impact on the
probability of accidents
The risk level of a new wreck can be assessed by
combining the impact and probability.

4.3 Specify risk control options

Our research proves that the option for risk
control that may be adopted based on the risk level
of the new dangerous wreck is shown in Table 3.

Low Medium High
Measures to control level or 9
. level of . . level of
the risks . Risk with .
risk . risk
caution
Immediate broadcast
of initial Safety
message (nawgaponal Yes Yes Yes
warning) concerning
the new dangerous
wreck.
Obtain as much
information as possible Yes Yes Yes
about the new wreck.
Consider deployment
ofa Guard ship on the No Yes Yes
location of the new
wreck
Consider whether
temporary VTS is No Yes Yes
necessary on the new
danger wreck.
Con_3|de_r AlS Yes Yes Yes
applications.
Initial marking of the Yes, but Y Yes, 3 or
o es, two .
wreck position and the generally in general more in
number of the EWMB only one 9 general
Survey the wreck and Yes Yes Yes
Issue updates.
Consider whether
continuation of
temporary VTS is No No Yes
necessary.
Consider whether
removal of the wreck is No No Yes
necessary.
Identify steps to take if
the wreck is not to be Yes Yes Yes
removed—Marking the
wreck in charts.
Generally
Identify steps to take if Generall both
the wreck is not to be raly physical
. Generally | AIS virtual
removed -- Consider : mark and
no mark is
the permanent used AIS
marking of the wreck. virtual
mark

Table 3: Solutions for risk control

4.4 Decision and implementation

It is a must to mark a new dangerous wreck that
poses threat to passing ships. But the
meteorological and sea conditions, and lack of
information of the wreck, etc., would impede the
timely marking of the wreck. However, the wreck
must be marked in time, irrespective of such
factors. It is important that passing ships are
informed of the position of the new dangerous
wreck. After the decision to deploy a mark is made,
the relevant procedure should be commenced as
soon as possible and consider the following
factors:

e Whether the base or the buoy tender has the
right type and number of marks;

e The position of the nearest on-site monitoring
ships (with EWNBSs) or buoy tender;

® Whether the weather and the sea conditions
permit such operation? Generally, the sinking of
a ship happens due to a collision in poor
visibility or sink due to rough weather.
Moreover, it takes some time for a ship to
arrive at the spot. So it is recommended that
AIS virtual marking first be used.

5. CONCLUSION AND
RECOMMENDATION

e Except for some countries that have used the
blue light on Law enforcement ship, most of
countries that have proper experience in
EWMB expressed satisfaction on the effect of
EWMB. Therefore it is suggested that IALA
continue to sum up the experience of EWMB
and promote the application of EWMB.

e In view of the fact that the service cycle of
EWMB are different from country to country, it
is recommended that IALA regulate the cycle of
service. In principle, the cycle should be
consider the time needed to be widely known
by receive Notices to Mariners and is marked
on charts. Generally, it could be 6 months.

® Because of the effectiveness of AIS virtual mark
under rough weather and poor visibility and its
characteristics of being quickly used, it is
suggested that the competent Authorizes
consider the immediate use of AIS virtual mark
and retain it as long as possible when the
meteorological conditions or depth of water is
not favourable or the wreck is too far away so it
is impossible to deploy an EWMB in time.
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Recommend that competent Authorities make full
use of AIS tool in marking a new danger wreck, as
ship historical data are useful for judging the
degtee of risk of new dangerous wreck. M
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