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pulled ashore during autumn 2000. In order to
minimise land damage trenching of the cables
was started in the spring of 2001. The jointing
on land started in 2000 and was finished in
summer 2001.

The submarine cables were transported in
complete 55km lengths and laid by C/S
Skagerrak. 1t is one of the two ships capable
handling and laying such heavy cables in the
assigned cable corridors. The cable laying was
completed in May 2001. Following laying the
cables were embedded with the Capjet. The
Capjet utilises water jets for loosening the soil
and keeping it fluidised while the eable sinks
to the bottom of the trench. Propulsion is
provided by a combination of water jets and
thrusters. The jetting technique makes the
Capjet light and responsive as compared to
surface towed burial machines as ploughs. It is
also a minimally invasive technique. This
operation was finished in autumn 2001.

Control of the link

The control and protection systems in each
converter station of the Moyle interconnector
are following the modern concept of a com-
pletely modular and redundant design, which
provides the following benefits:

® modular design which provides optimum
redundant solutions .

® design structured for easy expansion in the
future

® application of well proven standard hardware
and software systems

¢ high integration of all control and protection
systems

o satellite synchronised station master clock
system (time base for fault and event
recording)

e modern redundant fibre-optical fieldbus
systems and local area networks

¢ standardised telecommunication systems
and protocols for inter-station communica-
tion as well as for communication to control
centres for remote control

® 1/O units with redundant field bus interface.

Fig. 12 shows the various levels of the HVDC
control hierarchy for the two converter stations
of the Moyle interconnector. Basically there are
three main levels in each converter station:

® operator control level
e control level
® process level including interfacing.
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The operator control level in each converter
station consists mainly of the fully redundant
station initiation and monitoring system. The
interfaces to the remote control facility at the
higher network control level (e.g. the dispatch
centre) and the telecommunication interface
to the corresponding converter station for
exchange of monitoring data are also part of
that level. To have a common time base for all
station equipment a central master clock
system (GPS synchronised) is provided.

The control level comprises the station
control system and the pole control system
including the thyristor gate control system
(valve base electronic). The telecontrol system,
which exchanges fast control and protection
data between the stations, is directly connected
to the related pole control. The event recording
is integrated within the controls. The transient
fault recorder as an independent recording
equipment is not explicitly shown in Fig. 12.
All the control systems at the control level are
fully redundant.

The process level mainly consists of the
HVDC converters (transformers and valves),
the AC filters/shunt capacitors, the complete
AC and DC switchyard and the auxiliary
systems (auxiliary power supply, valve cooling,
fire protection etc.). The respective /O inter-
faces are also part of the process level.

Information exchange between the operator
control level and the control level is provided
by a redundant local area network (LAN). The
required information exchange between the
control level and the process level is achieved
via a redundant fieldbus system.

The measured DC values (current and
voltage) are redundantly transmitted via fibre-
optic links from the measuring point to the
related control and protection cubicle. This fast
digital (numerical) light signal is insensitive
to electromagnetic noise and therefore an
excellent solution for data transmission in the
high-voltage yard.

The protection systems are totally indepen-
dent of the control systems and located in
separate cubicles to avoid any interference (not
shown in Fig. 12).

Operation of the Moyle interconnector

Operation of the Moyle interconnector will be
performed according to a clearly structured
control location hierarchy with different
control function groups under consideration of
the two control levels (for HVDC control)
system control level and station control level.
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Since the converter stations will be unmanned,
the control systems are designed for fully
remote operation of both converter stations.
The remote control will primarily be from
Northern Ireland Electricity’s control centre
(NICQC), but full remote control is also possible
from NIE’s emergency control centre (ECC) or
ScottishPowers dispatch centre. The HVDC
link can also be controlled from the operator
control rooms at the converter stations, but
this will only take place during commissioning
and maintenance due to NIEs operational
philosophy.

In Northern Ireland the remote-control of
the converter stations is fully integrated into
the existing energy management system (EMS)
at NICC and ECC. All data related to the AC
control is transmitted from the remote control
interface (RCI) in BallycronanMore to the front
ends of NIEs EMS in NICC and ECC using the
IEC870-5 101 protocol. All data related to the
HVDC control is interfaced via a gateway
computer in BallycronanMore to the front ends
in NICC and ECC. Data exchange is provide
via ELCOM90 protocol. :

The communication between the Bally-
cronanMore converter station in Northern
Ireland and the NIE’s dispatch centre for RCI
and ELCOM90 gateway are provided via two
redundant 2 Mbit/s circuits, which are routed
via diverse routes to improve the reliability. The
two circuits are at the dispatch centre
connected to the redundant front ends, which
are then connected to a LAN of NIEs
EMS system. The communication between
BallycronanMore and the emergency control
ECC centre is via one 2 Mbit/s circuit.

In Scotgnd the remote control from SP%s
dispatch centre is carried out from a stand-
alone system (one operator station). The
standalone system is interfaced with a WAN
connection via routers and telecommunication
equipment to the LAN of Auchencrosh con-
verter station. The communication between
Auchencrosh and SPs dispatch centre is
provided via a 2Mbit/s circuit and is also
routed via diverse routes.

The inter-station communication between
the two converter stations is via two redundant
8 Mbit/s circuits over the optic fibres in the IRC
cable.

The control system is fully redundant in
order to meet the very high demands on
availability and reliability of the installation.
The control system combines the functions
for control, supervision and protection of the
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link. The normal operating mode of the link
is absolute power control. In addition other
control functions which are typical for modern
HVDC transmissions are available, including
delta power control, emergency power control,
direct current control, frequency limit control,
stability control functions and automatic
reactive power control.

The main design objective of the Moyle
interconnector is to establish an electricity
interconnection with low losses and a very
high availability and reliability combined with
a low maintenance requirement throughout
the expected life time of more than 30 years.
This is reflected in a state-of-the-art design
using a high degree of redundancy and a
combination of the latest HVDC technology
and components with a long time record of
operation experience. The high performance
of the converter stations is reflected in the
guaranteed losses of less than 1-35% and a
guaranteed value for the energy availability of
more than 99-6 %. The converters are designed
for a biannual scheduled maintenance. A
safe and reliable operation will be achieved
by experienced and skilled operating and
maintenance personnel well trained in
Siemens’ training program.
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