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The use of digital techniques for the control of nuclear reactors offers an interesting
perpective on the improvement for the running and security of reactors. Thanks to a close
collaboration between MERLIN GERIN and the FRENCH ATOMIC ENERGY COMMISSION, a
new piece of technology for nuclear instrumentation systems has been developed in order to
meet the needs of different types of reactors.

Ti>e proposed presentation takes into account the principles of measurement and describes
the technology used. Interesting points of this technology alongside installation, running and
security are also examined.

The digital neutron measurements ara already operating in research reactors in France and
will be installed in a different configuration in the new 1400 MW NPP.

Integration into different designs is easily attainable by adapting the information transmission
mode according to the technology present in the protection system and the treatment and
visualization systems.
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NUCLEAR INSTRUMENTATION - GENERAL POINTS

Mastering the nuclear power of a reactor requires that instrumentation is available allowing a
precise and rapid supervision of the neutronic flux in order to deduct total power and it's
development according to time. Therefore, this measure can be used to transmit commands
in order to ensure the protection of the reactor.

In the case of power reactors, characterised by ifs huge core size, it is acknowledged that in
order to complete the measurement of the overall power of the reactor by an instrument
meant to master the distribution of power in the core.

The measurement of the distribution of power forms the subject of a particular piece of
instrumentation that is not dealt with in this presentation.

We present the excore neutron instrumentation, designed to mesure the total power of a
reactor.

Traditionally, an excore neutron instrumentation generally comprises of three levels, each one
characterised by it's range and ifs type of sigal.

• Source Level
• Intermediate Level
' Power Level

impluses, 6 decades,
current or pulses, 6 - 8 decades,
current, 3 decades.

The measuring channels at the source level and at the intermediate level both have an
important range. Generally, they put into action a logarithmic amplifier, and so any precision
performance is limited.

The power level channels have a reduced range and because it must be accurate, a linear
measurement is necessary.

THE PRINCIPLES OF DKHTAL NUCLEAR INSTRUMENTATION

Thanks to the use of microprocessor*, it is possible to carry out a linear and therefore precise
measurement on all the measurement range, without using a logarithmic amplifier, whilst
correctly arranging VH suitably adapted detectors, it therefore becomes natural to use two
measuring channels instead of three. Furthermore, the measures are organised in the
following way.

-Low Level : pulses, 6 decades.
- High Level : current 8 decades.

The low level measurements consist of directly counting the pulses, whilst optimising precision
and reponse time. Rules of system design are established to take into account the security
constraints for nuclear reactors. The result is a measurement which only allows statistical
counting errors.

The measuring devices of high level currents covers 8 decades, thanks to a linear
amplification of the automatic switching range.
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The measurement is therefore very' precise and offers the same performance level as
traditional linear measurements. The range switching is acquired by the microprocessor and
does not affect the continuity of the measurement.

The microprocessor has at if s disposal a precise measurement for the two levels, so it is able
to carry out all the necessary processing.

The main calculations are as follows:

- counting rate, tow level.
- current measured.
- power level.
- doubling time.

It is then possible to analyse these results to compare them with the thresholds and transmit
protection commands and various pieces of information for the operators.
Interesting points concerning a digital system for nuclear instrumentation.

- A reduction in the number of sensors needed to cover the range.

• The simplicity in operating the system and wide accessibility to information.

; - An improved supervision of the good working order of the channels, in particular
with th* permanent access to th* digital values of the protection thresholds, without

V interfering in the workings of ihe system.

- An improved maintenance using • new piece of technology • plug-in boards.

- Kelp in locating failures thanks to a specific process.

- Elaborate testing using an automatic tester.

- Th* coherence of U M T interfaces and communication carried out using equipment
and superiston procmors.

Characterises and Performance

- Response time of th* channel : < 5 0 m s

Low Level

• Counting rang* : 0 .1 -10 6 cps
- Accuracy of counting : limited to stattsics

High Level

-Rang* of measured current : l O ' 1 ^ - 1 0 " 3 A Q
- Accuracy of measurement : <+/ -15% at 10"9A

< +A 0.8 * at 10*3A

189

I



Qualification

The level of qualify and the guarantee of performance for the nuclear security applications are
very high. The qualification of digital systems requires that the material and the software
undergoes a rigourous qualification test.

The qualification processes of digital systems for nuclear instrumentation include the following
phases:

^ Validation of measuring principles :

In order to validate tne measuring principles by microprocessor, numerous tests on
experimental and power reactors have been carried out between 1980 and 1986, using
prototypes of instrumentation.

Design of equipment:

The selection of components, the design and fabrication of the equipment were all
followed very closely to ensure that they complieo with the appropriate criteria for
nuclear safety systems.

; Design of software :

i The safety software was designed according to strict rules devoted to safety applications,
conforming to standard IEC-880. where the main principles define the conditions of
development.

Qualification testing:

The qualification tests covered functioning tests, resistance tests in limited conditions,
tests for electromagnetic compatibility and tests for seismic resistance.

Quality assurance :

All the stages of design and production are covered by international standards relating to
quality assurance : IAEA : SO-C-QA ; 10 CFR-50 ; ISO 9000.

Integration Into a Safety System

The use of measuring channels is independent from the logic and the number of
. operators concerned. The digital system for nuclear instrumentation can be integrated
I into different types of design 2/3 or 2/4 by adapting the device used for transmitting
\\ orders and information to a system receiver.

I
f CONCLUSION
| The use of digital techniques in operating neutron measurements hava formed an
! important development in the field of safety for reactors. The perception of the state of
i the reactor and the running of the system is significantly more accurate and integrates
; well into modern * C systems.
; 190

I


