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Abstract. The necessity of modernizing current control systems for functional units of a nuclear power
plant, as well as the development of new control systems with a high degree of reliability and speed, is
substantiated. The advantages of using optical sensors and fiber-optic communication lines to solve these
problems are noted. Cases for which it is necessary to develop new fiber-optic sensors for monitoring
parameters, for example, the flow of coolant or feed water, are considered. In some of them, it is more
expedient to use standard designs of fiber-optic sensors to control the operating parameters of various
blocks, for example, to control the electric field strength. A device and a control scheme for the parameters
of the units and systems of a nuclear power plant using fiber-optic communication lines have been
developed. The results of measuring various parameters of a nuclear reactor are presented. They showed
that our proposed fiber-optic control and monitoring system for nuclear power plants operates more
reliably and efficiently than systems with analogue control and measurement channels. The use of fiber-
optic systems allows real-time remote control and high-speed control in terms of issuing commands to
devices. This is very important when servicing a nuclear power plant while it is operating in extreme

conditions.

1 Introduction

In the modern world, every year for the sustainable
development of society requires more and more electric
energy [1-14]. One of the most promising ones, both
with an environmental component (insignificant increase
in the environmental load) and for large capacities for
large enterprises and cities, is nuclear energy [6-9, 15—
24]. When operating nuclear power plants (NPPs) of
various capacities, several tasks arise. One of them is the
creation of control and monitoring systems that ensure
the stable operation of equipment operating in
continuous mode at nuclear power plants [25-32]. And to
provide reliable remote control of various systems and
units of the station, for example, when the station is
decommissioned, or in the “conservation” mode of a
nuclear reactor [6, 9, 23-26]. The greatest difficulties
arise in the development of these systems for nuclear
power plants of medium and low power. When
developing systems for nuclear power plants of medium
and low power, difficulties arise due to the peculiarities
of their operation - such stations can be located on
mobile facilities, where both the space for them and the
number of staff are limited [6, 9, 19-22].

It should also be noted that the control and
monitoring systems must work reliably for a certain time
in a complex emergency at a nuclear power plant (one or
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more parameters, for example, radiation level or
temperature, reach maximum permissible values or
exceed them) [6, 9, 23-28, 33]. The operational
experience of various nuclear power plants has shown
that the monitoring and diagnostics systems of nuclear
installations, based on electronic devices, often fail for
various reasons. Particularly, due to the compact
placement of all systems (a large number of interference
and interference of various types, sudden changes in
temperature, etc.). Especially negatively affect the
electronic devices and their connecting elements
(connectors, cables, etc.) powerful surges of voltage and
current when starting various mechanisms [9, 23-28, 34].
As well as sudden triggering of key elements and
protection relays in transformer substations of a moving
object. This creates big problems when using mobile
devices, cable lines with analog signals and digital
systems [23-28, 32-38]. Modern shielding systems
cannot remove the noise that is generated in the control
signals. This leads to equipment malfunctions and
unauthorized shutdowns of reactor support systems. In
this case, control over the operation of the reactor
installation may be lost, which means loss of control of
the nuclear power plant.

Various designs of optical sensors with laser
radiation, as well as fiber-optic communication lines
(FOCL) for transmitting information are immune to
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electromagnetic interference [38-45]. Especially to those
that occur during sudden power surges. Besides, the use
of optical fiber allows galvanic isolation between
different systems in many devices (for example, at NPPs
these are monitoring systems. These devices have
increased flexibility and can easily be placed in hard-to-
reach places. Examples of applications of these devices
in the construction of complex facilities [46-49], proved
the viability of their use. So, the development of
parameter control systems based on fiber-optic
communication lines for nuclear power plants is an
urgent task. We present one of its possible solutions for
nuclear power plants with a VVER-1000 reactor (for
other types of reactors, it will be necessary to make some
improvements and changes to the monitoring and control
system we developed).

2 Materials and methods

We have established key features in the development of
fiber-optic systems for monitoring and control of the
NPPs, considering the specifics of their operation. The
most important of them is ensuring the speed and
reliability of information transfer to large volumes for
making correct and informed decisions, especially at the
final stage of the life cycle of reactor plants. This is a
rather difficult period in the operation of the plant and in
the operation of the NPP there are already a number of
negative factors: a high degree of wear of the main
equipment, a change in the generation of maintenance
personnel (they did not participate in the commissioning
of the reactor), etc. Without operational data on the life
cycle of a nuclear power plant, it is quite difficult to
decommission it [9, 19-26].

In Fig. 1 shows a sectional view of a design of a
VVER-1000 reactor. Its main blocks and units are
designated. Their operation parameters must be
monitored continuously or controlled with the receipt of
confirmation signals about the execution of specified
procedures. From these units and other reactor nodes, the
central computer of the NPP must receive reliable
information about the parameters of the reactor and the
execution of the given commands. The complex
placement of blocks and other nodes in the design of the
reactor, temperature differences and the presence of a
large number of interferences require the development of
a certain configuration of optical control and monitoring
systems. Studies have shown that it is most advisable to
use separate optical channels: for measurements, for
monitoring  parameters, for transmitting control
commands and confirming their execution.

Fig. 1. The design of the reactor VVVER-1000: 1 - control and
protection system drives; 2 - reactor cover; 3 - reactor vessel; 4
- a block of protective pipes; 5 - mine; 6 - partition of the core;
7 - fuel assemblies, control rods.

In Fig. 2 presents a block diagram of a fiber-optic
system that we developed. The use of optical sensors and
fibers has led to a decrease in the area occupied by
information transmission lines and measuring elements.
The number of channels for transmitting information,
control commands, and measurements was increased.
Each channel uses a single-mode fiber, which is more
resistant to various influences than the multimode used
earlier in nuclear power plants. The presence of extra
free space in the communication line placement system
allows creating two more backup channels for each
active channel. Besides, various converters and
amplifiers were excluded from the design of measuring
devices, which, being located in the radial zone of the
reactor, were subject to numerous interferences and
required additional protection [19-22, 35-38].

During the measurements, all electronic circuits and
optical devices (lasers, photodetectors, modulators) are
placed outside the radial zone of the reactor. They can be
located at a distance of more than 200 m from the
reactor. Only fiber-optic sensors and optical fiber are
located in the reactor zone. This fundamentally
distinguishes the developed design from previously used
systems. Information on the channel is transmitted only
in one direction. This eliminates additional interference
when switching optical elements.
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Fig. 2. A block diagram of control and monitoring of NPP
operating parameters based on FOTS and optical sensors: 1 -
NPP central computer, 2 - reactor, 3 - reactor emergency
shutdown system, 4 - turbine, 5 - electrical energy converter, 6
- transformer substation with key elements, 7 - flow rate and
feedwater flow control unit, 8 - fiber optic flow control sensors,
9 - pressure control unit in various reactor systems, 10 - fiber
optic pressure sensors, 11 - magnet control unit, 12 - fiber-optic
induction sensors of the magnetic field, 13 - control unit of the
reactor and substation systems to compensate for the voltage of
the electric field, 14 - fiber optic sensor of the electric field
strength, 15 - temperature control unit, 16 - fiber-optic
temperature sensors , 17 - ionizing radiation control unit, 18 -
fiber-optic sensors for changing the level of ionizing radiation.

The new principle of placement of control units and
measuring systems, as well as the use of fiber optic links
significantly increases the reliability of the entire system,
unlike previously developed ones. Besides, the use of
fiber-optic communication lines made it possible to use
rectangular pulses of various durations for transmitting
commands to various control systems. In previously used
analog systems, the shape of the pulses was distorted.
This especially negatively affects the reliability of the
execution of control commands.

3 Results and discussion

The central measuring elements in the system are fiber-
optic sensors. Today, the conceptual foundations of
many fiber-optic sensors are well developed and various
industrial designs of them are used (measuring humidity,
pressure, temperature, magnetic field induction and
electric field strength) are produced. The accuracy of
measurements of physical parameters and the reliability
of these sensors corresponds to the concept of a fiber-
optic system that we developed.

As an example, the work presents the optical sensors
developed by us (correlation flowmeter) for measuring
the flow rate q of coolant and feed water. A sensor for
determining the radiation dose will be considered in the
following works of the authors. The remaining types of
optical sensors that are proposed to be used in the
developed fiber optic system are standard. In Fig. 3
shows its structural diagram of the design of the
correlation flowmeter we developed using an annular
fiber-optic detector for recording y- quanta.

Fig. 3. Block diagram of an optical device for measuring the
flow of a liquid medium in a pipeline. 1 - ring fiber-optical
system, 2 - laser transmitting module, 3 - optical divider, 4 -
photoreceiver module, 5 - analog-digital converter, 6 - power
supply, 7 - pulse generator, 8 - processing device and control.

The coolant in the reactor core is irradiated with vy
radiation. After leaving the core, the coolant (for
example, liquid sodium or lead melt with bismuth),
flowing through the pipeline emits y-quanta. The
radiation intensity of y-quanta as it flows through the
pipeline decreases in proportion to a certain dependence
(it is determined experimentally for each coolant).

Under the influence of y-quanta with a single-mode
optical fiber, the intensity of the laser signal propagating
through it changes. From the two ring sensors located at
a certain distance L (Fig. 3), changes in the intensity of
laser radiation are recorded. The fiber-optic system that
we developed allows us to arrange a large number of
these optical pairs of sensors in various sections of the
pipeline. The data obtained earlier determine the
dependence of the attenuation of the intensity (number)
of y-quanta emitted by the medium on time. The
experiments showed that for measurements of q it is
most advisable to use laser radiation in the form of short
pulses with a duration of 0.1 ms to 10 ms (depending on
the flow rate of the coolant and its composition).

Ten pairs of fiber-optic ring sensors with L = 10 m
are used. Sensors are located at 20 m from each other. In
Fig. 4 shows the work of the ring fiber-optic sensor. In
section D; and D, an optical fiber wound around a
pipeline is affected by a different number of y-quanta.
The refractive index of the fiber in zones D; and D
changes. Laser radiation passing through these zones has
different intensities. By changing the dependence of the
amplitude of the recorded laser radiation on various pairs
of sensors, the flow time of the coolant between the
sensors At is determined. The error in determining the
flow rate g in the primary reactor using the sensor
developed by us is less than 2%. The measurement result
g coincided with the results of measuring the NMR flow
by a flowmeter with a measurement error of less than 1%
[32, 50]. It should be noted that the NMR flowmeter, in
contrast to the proposed optical sensor, is a very large
device that requires special maintenance [32, 50]. Only
one such device can be placed in the design of a low
power nuclear power reactor. This is not enough for
effective control.
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