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Abstract

As GKSS intends to operate the research reactor FRG-1 safely and reliably for many
years to come, the plant is constantly refurbished and upgraded both in the interests of
safety and operational reasons. The following electronic and electrical systems have
been replaced or improved since 1990:
-Information and signalling systems

-Emergency power plant (permit applied for)

-External and internal lightning protection system

-Reactor protection system (in part)

-Safety fighting

-Alarm and staff locating system

-Control room telephone system
-Closed-circut television system
-Beam tube controls
-Storage plant for radioactive liquid waste
-Ambient dose rate measuring system
-Meteorological measuring system
-Controi and measuring system for the primary cooling circut
-Conrol rod drives
-Control rod control system
-Soft start for the secondary pumps
-Control and switching devices for the emergency power plant
-Trailing cable installation for the reactor bridge
-Main-voltage distribution systems / cable routes

As GKSS intends to operate the research reactor FRG-1 safely and reliably for many
years to come, the plant is constantly refurbished and upgraded both in the interests of
safety and for operational reasons. Table 1 shows the electronic and electrical plant and
systems that have been replaced since 1990. Some of these measures are described in
detail below.

Information and signalling systems
The information and signalling system, the control room and the control desk for the
research reactor FRG-1 were replaced in 1990. The aim was to considerably improve the
operating crews' overview of the status of the plant by enabling optimum presentation of
information and messages in mosaic mimic diagrams and on visual display units
integrated in the console. In April 1991 it was decided to install a further independent
information and signalling system for all the auxiliary facilities in order to make
additional information available to the operating crews and handle modifications and
additions in a more flexible manner.
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Plant and Systems Replaced since 1990

* -Information and signalling systems
-Emergency power plant (permit applied for)

* , " -External and internal lightning protection system
-Reactor protection system (in part)
-Safety lighting
-Alarm and staff locating system
-Control room telephone system
-Closed-circut television system
-Beam tube controls
-Storage plant for radioactive liquid waste
•Ambient dose rate measuring system
-Meteorological measuring system
-Control and measuring system for the primary cooling circut
-Conrol rod drives

" -Control rod control system
-Soft start for the secondary pumps
-Control and switching devices for the emergency power plant
-Trailing cable installation for the reactor bridge
-Main-voltage distribution systems / cable routes
* covered in this paper, ** to be completed in 1996

Table 1

The information and signalling systems shown in Fig. 1 are divided into the systems
research reactors, test facility and auxiliary facilities. The components, which include the
operating and monitoring system (OS 262), the automation system (AS 230) and the long-
term memory, are connected to each other by bus 1 in the case of the "research reactor"
system and by bus 2 for the "auxiliary facilities" system. The test facility, which can be
switched on to bus 1 or bus 2, corresponds with both systems.

The binary signals arriving from the reactor are received by the automation system (AS
230) by way of binary input units, processed according to the function in the program
memory and sent out as messages by output devices. The messages are announced by a
flashing light on the annunciator panel, signalised audibly by a horn, displayed on the
screen and registered on the message recorder. Every signal change at a binary signal
input creates a binary word. The binary word contains the signal address, an identifier
"signal arrived" or "signal disappeared" and the date and time and is sent as a telegram via
bus 1 to the OS 262 operating and monitoring systems and the long-term memory.

The analogue signals arriving from the process are received cyclically by analogue input
devices, digitised with 10 bit resolution, labelled with the date and time and also sent as a
telegram via bus 1 to the OS 262 operating and monitoring systems and the long-term
memory.

Using the light pen attached to the monitor it is possible to call up various views of the
plant and display them on the monitor. Fig. 2 shows the primary cooling circuit of the
research reactor with the reactor in Pool 1, the primary piping system, the delay tank, the

102



Annunciator pane!

Operation and
monitoring

systems

printer

Automation
systems
AS 230

400
signs! slgits!

outputs Inputs Inputs

Research reactor

AuxlUary teeilttles

F3g.1: informatfon and signalling systems

8S«5«or ffisplay, primary cooSng circuit

primary pumps, the heat exchanger and the shutoff valves. The analogue measurements
such as temperature, motor current, pressure, flow, and the difference in temperature
across the heat exchanger are shown on the monitor display at the place where the
measuring point is situated in the system.

Fig. 3 shows part of the redesigned control room from the viewpoint of the FRG-1
operator. The mosaic mimic diagram in the background shows the pool with the two
research reactors FRG-1 and FRG-2, the water-cooling circuits and cleaning circuits, the
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reactor safety panels and the beam tube controls. At the top, the annunciator panels and
television monitors are integrated. The console for the FRG-1 operator with the two
process terminals can be seen in the foreground.

New emergency power plant
It is planned to construct a new emergency power plant for the reactor. The new
emergency power plant is to replace the existing system, parts of which are 30 years old
and faultprone; it will also provide emergency power for the planned new physical
protection installations. At the beginning of 1989, KWU-Siemens was commissioned to
draw up plans. The results of this planning are to be seen in Fig. 4.

Fig. 3 Control room
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The power plant is designed as a two-line (redundant) system with two sets of diesel
generators and the appropriate switchgear and control mechanisms and a third set of
diesel generators as a standby. In normal operation the electric energy is fed into the
emergency supply buses from Station Centre via an 11 kV line and an 11 / 0.4 kV
transformer. If repairs are necessary a second feed is provided from Station South-East,
but with lower capacity. The equipment requiring emergency power is connected to the
emergency supply buses.

Voltage-sensitive equipment (e.g. motors, actuators) is supplied from two voltage-
regulated distributors. The voltage is stabilised on each of the two lines by a constant
voltage transformer which is fed from the emergency supply bus. By isolating this starting
criterion for the diesel generators from the starting voltage and breakdown torque of the
motors it is possible to adjust the diesel-starting criterion to a value that is low enough to
largely prevent unintentional starting of the generators as a result of voltage depressions
in the mains. All the other equipment requiring emergency power, including such that is
not important from the point of view of safety, is supplied directly from the emergency
supply buses.

Each emergency bus supplies a 230V and a 24V d.c. system with batteries and a rectifier.
The 24V d.c. systems supply the control systems of the emergency power loads, the diesel
generator sets and the switchgear. The 230V systems supply the emergency lighting and
the three-phase switchgear.

The power requirement for each redundant line is approximately 220 kW. Taking cable
losses and the degree of efficiency of the generator into account, the power required from
the diesels is approximately 260-300 kW. The emergency power plant is to be installed in
the emergency power supply building shown in Fig. 5, which is designed for two separate
lines. The lines are separated from each other in accordance with Fire Protection Class
F90. Two rooms on the ground floor house the three-phase and d.c. switchgear, the
rectifiers and the control system. A third room houses the control system for the standby
diesel (diesel generator 3). The batteries and the three diesel fuel tanks are installed in the
basement.

The outside walls, ceiling and basement floor of the building have steel reinforcements
and are designed to meet the internal lightning protection requirements of Protection
Zonel. The building itself and the mechanical and electrical installations will be earth-
quake proof (SMK Scale 1=7).

In May 1990 the application for a permit was submitted to the licensing authority. Since
the authorities demand that the emergency power plant be earthquake-proof but have not
yet issued specifications on the nature of the earthquake, which have yet to be decided, it
is uncertain when a building permit will be issued.

External and internal lightning protection
In 1989 GKSS commissioned the preparation of plans for an external and internal light-
ning protection system ensuring that the reactor, and especially the reactor protection
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system that carries out the functions necessary in an operational emergency, are
effectively protected against damage by lightning. These plans take into account all the
measures that have been elaborated in national and international bodies in accordance
with the state of the art and will provide the FRG-1 reactor with a lightning protection
system that can be extended and is sure to meet the requirements of the future. They
include the introduction of a protection zone model of the kind usual in EMC technology
(EMC = electromagnetic compatibility).

Fig. 6 shows a simplified version of the lightning protection zone model. The reactor
building is protected against direct lightning strike by an external system with air terminal
rods and horizontal conductors, down leads and a equipotential bonding ring type. This
equipment passes lightning strikes down into the earth. In conjunction with the external
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lightning protection system, the walls of the building enclose the systems inside and have
the effect of a Faraday cage. Outside is Lightning Protection Zone 0, inside is Lightning
Protection Zone 1. At the interface between Zone 0 and Zone 1, all electric cables are
connected to a arresters which passes lightning stroke current and overvoltage into the
ground. All metal pipes such as gas and water mains, sewers etc. and metal constructions
are connected to each other and to earth by an equipotential bonding conductor (lightning
protection potential equalising). This means that lightning current in pipes and other
constructions is also earthed.

Further protection zones can be set up inside the building. At the interface between the
zones, all electric cables are connected to surge voltage arresters and all metal
constructions and pipes are connected to each other by equipotential bonding conductors.

Fig. 7 shows the lightning protection zone model as applied to the reactor facilities. The
buildings belonging to the reactor system (coloured yellow, Lightning Protection Zone 1)
are protected against damage from lightning current and overvoltage by an system
consisting of rods, horizontal conductors and down leads, connection of the electric cables
to lightning current arresters and surge voltage arresters, and equipotential bonding
conductors.

Protection Zones 1A and 2 are created within Zone 1 by means of further surge voltage
arresters for the electric cables and equipotential bonding conductors. These zones contain
the installations that are important to the safety of the research reactor.

Reactor protection system
The reactor protection system shown in Fig. 8 monitors important process parameters of
the research reactor on a redundant and diverse basis. If a process parameter ex-ceeds or
falls below the set limit (on two out of three modes), the reactor is automatically shut
down and further protective functions are initiated if necessary. In order to improve the
operational safety of the research reactor still further, a diversified "flow measurement
device for the secondary cooling circuit" to assist "temperature measurement in the
primary circuit" was added to the protection system, and the three binary transmitters for
the measuring point "water level, basement" were replaced by three analogue, self-
monitoring measuring channels. It is also planned to replace the three redundant
measuring channels for "water level in the pool" by three channels that would not fail in
an operational emergency.

Emergency and safety lighting
Fig. 9 shows the basic structure of the overall lighting system for the reactor facilities.
The overall lighting system consists of normal lighting, emergency lighting and safety
lighting. If the normal lighting fails (power cut), the emergency diesel generator (SSA) is
started automatically and supplies the emergency lighting system with electric power after
about 8 seconds.

The safety lighting, that has to be installed in addition to the general lighting, is part of the
personal protection system. It is battery-maintained for 60 minutes and switched on within
0.5 seconds if the supply from the mains fails. This makes it possible to finish any
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necessary work and leave the premises safely. As the present system no longer conforms
to the current regulations, new safety lighting including the installations for the reactor
building and the Hot Laboratory was planned in accordance with the latest regulations.
The new system has already been constructed; installation will be completed in 1995.

Beam tube controls
FRG-1 has 12 beam tubes, which are shown in Fig. 10. Through the beam tubes the
neutrons pass from the reactor core through the shield to the experimentation hall, where
they are used for neutron beam experiments with the lead gate open. The beam tubes
consist of the tube with the tube flooding system, the collimator with the collimator
flooding system and the control mechanism for the lead gate.

For safety reasons and to enable a quick overview of the operational status, the structure
of the beam tubes and the status messages are displayed on mosaic mimic diagrams in the
control room and the experimentation hall. The signal lamps and the key-operated
switches for "enabling" the controls are shown in Fig. 11. Each beam tube, lead gate and
collimator has signal lamps of different colours for "Leak", "Full", "Open", "Shut",
"Enabled" and "Empty", and each has a keyoperated switch for enabling the controls.

When the experiments were set up again in 1990 it became necessary to reconstruct the
control system for the beam tubes as well. To ensure reliable functioning, contactor equip-
ment was used for the control section and a programmable controller of proven design for
the signalling section.

Control rods
FRG-1, shown in Fig. 12, is situated in a water pool some 9 metres deep and consists
largely of the reactor core with its fuel elements, the frame for the reactor core, the bridge
and the control rods. The control rods are made up of a control element with a fork-type
absorber in the reactor core, a connecting piece to hold the absorber, an extension tube
housing an extension rod, and the control rod drive for moving the absorber in and out.
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It is no longer possible to replace some of the parts of the control rod drives, which have
worked reliably for years. For this reason, and to eliminate some recognised weaknesses,
it became necessary to redesign the control rod drives as well.

Fig. 13 shows the redesigned control rod drive. The forked absorber is coupled to the
control rod drive by an electromagnet The electromagnet with the coupled absorber is
moved up and down by the 25 x 25 mm rectangular tube, the threaded rod and the motor
gear assembly according to the direction of rotation of the motor. The extent of travel,
which does not exceed 670 mm, is displayed in the control room via the torque indicator.
The travel, the absorber coupled to the control rod drive and the restraint are supervised
by limit switches. Moreover, the old relay control system was replaced by a programmab-
le controller.
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Final remark
Optimum operation of the reactor is a necessity for continuous research work with
neutrons. Comprehensive planning work was necessary in order to minimise the down
time of the reactor by installing new equipment and systems and upgrading the existing
ones. Computer-assisted work schedules were made out for the purpose, and most of the
work was carried out during the normal times at which the reactor was shut down.
Additional downtime of about five days per year was necessary for upgrading the plant
and systems listed in Table 1.
The cost amounted to approximately 4.5 million DM, not including the new emergency
power plant and GKSS1 own contribution. With the new emergency power plant it is
about twice as high.
Further improvements are already at the planning stage
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