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A method of and an apparatus for monitoring the operation
of a nuclear reactor

BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention concerns a method of monitoring the op-
eration of a reactor of a nuclear plant, in which the reactor com-
prises a core having a plurality of fuel assemblies, wherein each
fuel assembly includes a plurality of fuel rods, wherein each fuel
rod comprises nuclear fuel and a cladding, the nuclear fuel being
enclosed by the cladding, the plant also comprising forcing
means arranged to force a coolant in a flow through the reactor
and the core, and conveying means arranged to convey an off-
gas stream from the coolant, wherein the method comprises the
steps of; operating the reactor during a normal fuel operation cy-
cle at a given total reactor power, during which fission gases are
produced in the fuel rods; continuously measuring during the nor-
mal fuel operation cycle a radioactivity level in the off-gas stream
for detecting a possible release of fission gases from the fuel
rods as a consequence of a fuel leakage due to a defect on the
cladding of any of the fuel rods in any of the fuel assemblies, and
regularly establishing an instantaneous power distribution in the
core during the normal fuel operation cycle and establishing a
power distribution pattern based on the instantaneous power dis-
tributions over time during the normal fuel operation cycle. The
invention also concerns an apparatus for monitoring the opera-
tion of a reactor of a nuclear plant, and a nuclear plant.

As mentioned above a reactor of a nuclear plant comprises a
core with a plurality of fuel assemblies. The fuel assemblies are
vertically distributed and each fuel assembly contains a plurality
of fuel rods. Each fuel rod comprises a cladding which encloses
the nuclear fuel in the form of pellets. Common nuclear fuel ma-
terial is uranium and/or plutonium. During the normal operation of
the nuclear plant the nuclear fuel in the fuel rods is burned up,
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leading to the formation of fission gases that comprise radioac-
tive inert gases. These fission gases normally stay inside the fuel
rods.

The environment inside the reactor is demanding for the compo-
nents positioned therein. The environment is for example highly
oxidative and the components are exposed to strong radiation.
Furthermore, the generated power inside the reactor is not uni-
formly distributed throughout the core and some parts are ex-
posed to higher local power levels than other parts. The local
power levels may vary for example when a control rod is moved
or the water flow and/or the water temperature is changed. The
nuclear power producers constantly aim at producing more
power, i.e. increasing the effectiveness of the nuclear plant. It is
for example desirable to run the fuel assemblies for as long op-
eration cycles as possible to reduce the outage time for refuel-
ing. There are however certain limits in the operating conditions
of the nuclear plant that are not to be exceeded, to avoid damag-
ing the fuel, and these limits must therefore be carefully moni-
tored.

Sometimes during normal operation of the nuclear plant a defect
in the cladding of a fuel rod appears. Such a defect may lead to
the release of the above mentioned fission gases produced in-
side the fuel rod. The defect can be of a primary or a secondary
nature. A primary defect is the first defect that appears on the
cladding. It can appear due to for example mechanical wear or a
local power hot spot and is normally a small hole or crack in the
cladding. The primary defect may over time develop into a sec-
ondary defect which is a larger hole or crack in the cladding. A
secondary defect may lead to serious damage on the cladding
and eventually a failure of the fuel rod, which in turn may lead to
a release of nuclear fuel material into the reactor water. A single
fuel rod failure in a fuel assembly could lead to exceeding the al-
lowed radioactivity levels in the coolant, forcing a shutdown of
the nuclear plant. Hence, as mentioned above, it is important to
monitor the nuclear plant and to be able to effectively locate fuel
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assemblies containing defect fuel rods either for their removal or
for modifying the plant operation to avoid a secondary defect. A
fuel assembly containing a defect fuel rod must be removed in
order to prevent a total failure of the reactor.

One way of monitoring the operation of a nuclear reactor is to
use a system that detects the release of fission gases from the
fuel assemblies. These kinds of systems are sometimes called
activity monitoring systems. The release of fission gases is an
indication that a defect on a fuel rod has appeared. The nuclear
plant can however continue to be run by for example reducing
the power in the part of the reactor where the fuel assembly con-
taining the defect fuel rod is positioned. The fuel assembly in
question may thereafter be removed when the operation cycle is
over and the reactor is shut down to be charged with new nuclear
fuel.

To be able to continue running the nuclear plant it is therefore
important to find out in what part of the reactor the defect has
appeared. A well-known way of doing this is by a method called
flux-tilting or power suppression testing, described in US
5,637,450 A. Flux-tilting involves the movement of control rods
up and down in the reactor. A control rod is made of a material
that is able to absorb neutrons without fissioning itself. The con-
trol rods are therefore able to slow down the fission of the nu-
clear fuel and thereby reduce the power generated in its vicinity.
The control rods are distributed throughout the core of the reac-
tor and can be independently moved up and down to control the
power in different positions of the core.

In the flux-tilting method the control rods are moved up and down
in the core of the reactor and at the same time the off-gas stream
from the reactor is analyzed for the detection of fission gases.
When a control rod is inserted further into the core the power is
reduced. When that control rod is then pulled out from the core
the power is increased and more fission gases are produced in
the fuel rods leading to a higher release of fission gases through
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a possible defect. By independently moving control rods at dif-
ferent positions it is in this way possible to locate in what part of
the core the defect has appeared.

Flux-tilting is however not free of risks as the method itself may
lead to a higher risk of a secondary defect due to local power
changes. Therefore flux-tilting should be carried out at reduced
reactor power. A reduced reactor power results in a decrease of
the effectiveness of the nuclear power plant and, hence, a pro-
duction loss.

A further way of monitoring the operation of a nuclear plant
would be to use the information available from a system that con-
tinuously calculates the power distribution in the core of the reac-
tor. The calculations could be made by advanced computer pro-
grams that use a number of measured process parameters ob-
tained from the core. Such calculations may result in three di-
mensional power distribution patterns showing power peaks and
power depressions for different positions of the core. The system
would render it possible to make comparisons over time in order
to observe where changes in the power take place. It is possible
to infer the location of a defect on a fuel rod by observing these
power changes, but some defects on the fuel rods appear without
any prior change in the fuel assembly output power, such as
those caused by mechanical wear.

US-B-6,408,041 and CA-1016275 refer to monitoring of the
power distribution in the core of a nuclear reactor.

SUMMARY OF THE INVENTION

A purpose of the present invention is to provide an improved
monitoring of the operation of a reactor of a nuclear plant in or-
der to find out if a defect on any of the fuel rods has appeared,
and to localize the defect, and more precisely to find a position of
the fuel assembly comprising the fuel rod comprising the defect.
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The purpose is obtained with the initially defined method, which
is characterised in that the method further comprises the steps
of; combining the release of fission gases and the established
power distribution pattern, and observing correlations between
changes in the release of fission gases and in the power distribu-
tion pattern in order to determine a position of the defect on the
cladding of any of its fuel rods.

The method of the present invention thus involves combining
data from a system for detecting the release of fission gases and
data from a system that establishes a power distribution pattern
to find a position of a possible defect on a fuel rod in the reactor.
The method is aimed to be used during the normal operation of
the nuclear plant and at its normal given total reactor power. Ac-
cordingly, no reduction of power is necessary to perform the
method and, hence, no production loss is experienced during the
normal operation and the performance of the method. With infor-
mation obtained from the method several preventive actions may
be taken to reduce the risk for a discovered primary defect to de-
velop into a secondary defect. These actions may involve a
power reduction or an unchanged power in the part of the reactor
where the defect is found, without the need for a flux-tilting test.
It is also possible to perform a reduced flux-tilting test in the part
of the reactor where the defect is most likely to be found. Fur-
thermore, the information may be used to perform a flux-tilting
test at a normal given total reactor power but with a reduced
movement of the control rods, leading to a lower production loss
compared to a flux-tilting test performed at reduced power.

Preferably, the correlations comprise local changes in the power
distribution pattern followed by a release of fission gases.

Preferably, the correlations comprise local changes in the power
distribution pattern followed by an increase in an on-going re-
lease of fission gases. E.g. a local power increase followed by a
substantially immediate release of fission gas is a correlation
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which may indicate a defect in the area of the local power in-
crease.

Preferably, the plant comprises a core simulator which calculates
local power levels at different positions in the core, the calcu-
lated local power levels being used to establish the instantane-
ous power distributions and the power distribution pattern.

Preferably, the calculated local power levels are calculated by
simulation models, the simulation models using core input sig-
nals comprising power affecting factors.

Preferably, the power affecting factors comprise process parame-
ters including the given total reactor power, the flow of the cool-
ant and the temperature of the coolant at least in one position of
the reactor.

Preferably, local power levels are sensed by means of sensors at
different positions in the core.

Preferably, the sensed local power levels are compared to the
calculated local power levels, whereby a recalculation and cor-
rection of the power distribution pattern is performed to establish
a corrected power distribution pattern if the sensed local power
levels and the calculated local power levels do not correspond.

Preferably, each sensor comprises a local power range monitor
or an equivalent device. The local power range monitor can peri-
odically be calibrated by a traverse incore probe or an equivalent
device.

Preferably, the sensors regularly measure at least one of a local
neutron flux and a local gamma flux.

The purpose of the invention is also obtained with an apparatus
as defined in claim 11. The apparatus is suitable for carrying out
the initially defined method of monitoring the operation of a reac-
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tor of a nuclear plant. The apparatus is characterised in that it
comprises a monitoring device comprising; at least one first de-
tector configured to measure continuously, during the normal fuel
operation cycle, a radioactivity level in the off-gas stream in or-
der to detect a possible release of fission gases from the fuel
rods as a consequence of a fuel leakage due to a defect on the
cladding of any of the fuel rods; a core simulator configured to
establish regularly an instantaneous power distribution in the
core during the normal fuel operation cycle, and to establish a
power distribution pattern based on the instantaneous power dis-
tributions over time during the normal fuel operation cycle, and a
processor configured to determine a position of the fuel assembly
comprising the defect on the cladding of any of its fuel rods by
combining the release of fission gases and the established power
distribution pattern and by observing correlations between
changes in the release of fission gases and the power distribu-
tion pattern.

According to an embodiment of the invention, the core simulator
is configured to calculate local power levels at different positions
in the core and to establish the power distribution pattern based
on the calculated local power levels.

According to another embodiment, the monitoring device com-
prises sensors provided at different positions in the core and
configured to sense local power levels at different positions in
the core.

According to a further embodiment, the monitoring device com-
prises a comparator configured to compare the sensed local
power levels to the calculated local power levels, whereby the
core simulator is configured to recalculate and correct the power
distribution pattern to establish a corrected power distribution
pattern if the sensed local power levels and the calculated local
power levels do not correspond.
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According to a further embodiment, each sensor comprises a lo-
cal power range monitor. The local power range monitor can pe-
riodically be calibrated by a traverse incore probe.

According to a further embodiment, the sensors are configured to
measure regularly at least one of a local neutron flux and a local
gamma flux.

The purpose of the invention is also obtained by the nuclear
plant defined in claim 18.

SHORT DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a nuclear plant comprising a reactor.
FIG. 2a schematically shows a fuel rod enclosing nuclear fuel.
FIG. 2b schematically shows a fuel rod enclosing nuclear fuel.
FIG. 3 is a flow chart of the method according to the invention.
DESCRIPTION OF EMBODIMENT EXAMPLES

An embodiment of a nuclear reactor to be monitored by the
method according to the invention will first be described with ref-
erence to FIG. 1. The invention is applicable to light water reac-
tors, such as a boiling water reactor, BWR, or a pressurized wa-
ter reactor, PWR. FIG. 1 shows part of a nuclear plant. The nu-
clear plant comprises a reactor 1. The reactor 1 comprises a core
2 having a plurality of fuel assemblies 3. Each fuel assembly 3
includes a plurality of fuel rods (not shown), see FIG. 2a. The re-
actor 1 further comprises control rods 4. The control rods 4 are
located between the fuel assemblies 3 and are connected to
drive members 5. The drive members 5 are able to move the con-
trol rods 4 up and down in a vertical direction x into and out from
a respective position between the fuel assemblies 3.
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The nuclear plant also comprises forcing means arranged to
force a coolant 6 in a flow through the reactor 1 and the core 2.
Furthermore, the nuclear plant comprises conveying means 7 ar-
ranged to convey an off-gas stream 8 from the coolant 6. A first
detector D, for measuring the radioactive activity in the off-gas
stream 8 is located in the conveying means 7. Furthermore, a
first recorder R, is connected to the first detector D,. The first
recorder Ry records, and possibly stores, the radioactive activity
in the off-gas stream 8 measured by the first detector D;.

The core 2 of the reactor 1 further comprises sensors S evenly
distributed throughout different positions in the core 2. The sen-
sors S, which are in-core instrumentation, sense local power lev-
els in the core 2. Furthermore, the reactor 1 comprises various
second detectors D, localised at different positions in the core 2.
The second detectors D2 measure process parameters such as
the given total reactor power, the flow of the coolant and the
temperature of the coolant. The process parameters are used to
calculate local power levels at different positions in the core 2.

FIG. 2a discloses a fuel rod 9 for the nuclear plant according to
the invention. The fuel rod 9 comprises a cladding 10 and nu-
clear fuel pellets 11. The cladding 10 encloses the nuclear fuel
pellets 11. A spring 12 holds the nuclear fuel pellets 11 in place.

FIG. 2b discloses a fuel rod 9 similar to the one in FIG. 2a, with
the difference that the cladding 10 has a defect 13, e.g. a pri-
mary defect.

FIG. 3 is a flow chart illustrating the method of monitoring the
operation of a nuclear reactor according to an example of the
present invention by means of a monitoring device comprising
the components disclosed in FIG. 3. It is referred to FIG. 1 for an
illustration of a nuclear plant according to an embodiment of the
invention. During the normal operation cycle of the nuclear plant
an off-gas stream, which may contain fission gases due to a de-
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fect on the cladding of any of the fuel rods, is monitored,
whereby possible fission gases are detected and measured by at
least one first detector D4. The first detector D4 is configured to
measure continuously a radioactivity level in the off-gas stream.
The measurements are recorded by a first recorder Ry. Simulta-
neously, sensors S, evenly distributed throughout the core 2 of
the reactor 1, sense local power levels LPs at different positions
of the core 2. Furthermore, a number of second detectors D,
measure process parameters such as the given total reactor
power, the flow of the coolant and the temperature of the coolant.
The process parameters are used by a core simulator 14 to cal-
culate local power levels LP¢ at different positions in the core 2
of the reactor 1. The core simulator 14 divides each fuel assem-
bly 3 into for example about 25 calculation nodes. Normally, a
reactor in a nuclear plant of the type described for the present
invention comprises about 400-900 fuel assemblies, resulting in
thousands of calculation nodes. The core simulator 14 calculates
local power levels LP; for each of these calculation nodes.

A comparator 15 compares the sensed local power levels LPs to
the calculated local power levels LP¢. If the calculated local
power levels LPc do not correspond to the sensed local power
levels LPs, the difference between the calculated local power
levels LP¢ and the sensed local power levels LPs is calculated. A
recalculation and correction of the calculated local power levels
LP¢ is thereafter performed by the core simulator 14.

The sensors S are provided in the method and the monitoring de-
vice to sense the actual local power levels while the calculated
local power levels LP; are an estimation of the actual local power
levels made by the core simulator 14. The sensed local power
levels LPs are used to correct the calculated local power levels
LPc but the sensors S in the core 2 are few and some of them
might not be operational continuously. The core simulator 14 is in
contrast to this able to calculate the local power levels LP¢ con-
tinuously and in every calculation node of the fuel assemblies 3
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of the core 2. The sensors S can advantageously be local power
range monitors.

When the local power levels LPc have been calculated and op-
tionally recalculated by the core simulator, a calculator C estab-
lishes instantaneous power distributions PD,. The instantaneous
power distributions PD, are recorded over time by a second re-
corder R,. Finally, the calculator C establishes a power distribu-
tion pattern PDp based on the recorded instantaneous power dis-
tributions PD,. The power distribution pattern PDp is advanta-
geously illustrated in three dimensions, showing local power
peaks and local power depressions and how they change over
time.

The instantaneous power distributions PD, are established every-
time any of the above mentioned process parameters changes its
value. A process parameter value change can for example take
place due to a movement of one of the control rods 4. If no proc-
ess parameter changes its value within a predetermined time,
normally about 15 minutes, an automatic establishment of the in-
stantaneous power distribution PD, takes place.

In a last step the recordings from the measurements of the ra-
dioactivity level in the off-gas stream and the established power
distribution pattern PDp are combined in a processor 16. The
processor 16 is configured to determine a position for the defect
13 on the cladding 10 of any of the fuel rods 9 by combining the
release of fission gases and the established power distribution
pattern PDp, and by observing correlations in time between
changes in the release of fission gases and the power distribu-
tion pattern PDep.

According to the above, if a release of fission gases occurs due
to a local power change, the information concerning where and
when the local power change occurred helps in determining a
position of the defect 13. If the time required for the fission gases
to be transported from the core 2 to the first detector D, is
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known, it is possible to search the established power distribution
pattern PDp in order to find local power changes that occurred at
the same time as the fission gas release. Everytime a change in
the release of fission gases is recorded, a correlation to the
power distribution pattern PDp is made. Normally, a number of
local power changes occur at the same time as the change in the
fission gas release occurs, but for each correlation a more likely
position of the defect 13 can be determined.

If, on the other hand, a local power change occurs due to a re-
lease of fission gases, the information concerning where and
when the local power change occurred could be useful in deter-
mining if any of the sensors S sensed a local power change at
the time of the detected release of fission gases. This case is
also schematically shown in Figure 3. As mentioned above, the
comparator 15 compares the sensed local power levels LPg to
the calculated local power levels LP;. Differences LPp between
the calculated local power levels LPc and the sensed local power
levels LPs are recorded by a third recorder R;. The recordings
from the measurements of the radioactivity level in the off-gas
stream and the recorded local power differences LPp are com-
bined in the processor 16. The processor 16 is configured to de-
termine a position for the defect 13 on the cladding 10 of any of
the fuel rods 9 by combining the release of fission gases and the
recorded local power differences LPp and by observing correla-
tions in time between changes in the release of fission gases and
changes in the recorded local power differences LPp. In particu-
lar, changes in the recorded local power differences LPp that do
not correspond to any changes in the reactor environment are
further investigated in order to determine the position for the de-
fect 13.

The method and the monitoring device aim at determining the
position of a defect. As stated herein, the determination is at
least partly based on a calculation, which means that the deter-
mined position will be the most likely position of the defect
achievable by the established power distribution pattern and the
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release of fission gases. It is to be noted that the position could
be the position of the fuel assembly 3 comprising the fuel rod 9
comprising the defect 13, the position of the fuel rod 9 compris-
ing the defect 13 or the position of the defect 13 itself.

The present invention is not limited to the shown embodiments
but can be varied and modified within the scope of the following
claims.
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Claims

1. A method of monitoring the operation of a reactor (1) of a
nuclear plant, in which the reactor (1) comprises a core (2) hav-
ing a plurality of fuel assemblies (3), wherein each fuel assembly
(3) includes a plurality of fuel rods (9), wherein each fuel rod (9)
comprises nuclear fuel (11) and a cladding (10), the nuclear fuel
(11) being enclosed by the cladding (10), the plant also compris-
ing forcing means arranged to force a coolant (6) in a flow
through the reactor (1) and the core (2), and conveying means
(7) arranged to convey an off-gas stream (8) from the coolant (6),
wherein the method comprises the steps of

operating the reactor (1) during a normal fuel operation cycle at a
given total reactor power, during which fission gases are pro-
duced in the fuel rods (9),

continuously measuring during the normal fuel operation cycle a
radioactivity level in the off-gas stream (8) for detecting a possi-
ble release of fission gases from the fuel rods (9) as a conse-
quence of a fuel leakage due to a defect (13) on the cladding
(10) of any of the fuel rods (9) in any of the fuel assemblies (3),

regularly establishing an instantaneous power distribution (PD))
in the core (2) during the normal fuel operation cycle,

establishing a power distribution pattern (PDp) based on the in-
stantaneous power distributions (PD,) over time during the nor-
mal fuel operation cycle,

characterised in that the method further comprises the steps of

combining the release of fission gases and the established power
distribution pattern (PDp), and

observing correlations between changes in the release of fission
gases and in the power distribution pattern (PDp) in order to de-
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termine a position of the defect (13) on the cladding (10) of any
of the fuel rods (9).

2. A method according to claim 1, wherein the correlations
comprise local changes in the power distribution pattern (PDp)
followed by a release of fission gases.

3. A method according to any one of claims 1 and 2, wherein
the correlations comprise local changes in the power distribution
pattern (PDp) followed by an increase in an on-going release of
fission gases.

4. A method according to any one of claims 1-3, wherein the
plant comprises a core simulator 14 which calculates local power
levels (LPc) at different positions in the core (2), the calculated
local power levels (LPc) being used to establish the instantane-
ous power distributions (PD,) and the power distribution pattern
(PDe).

5. A method according to claim 4, wherein the calculated local
power levels (LPc) are calculated by simulation models, the
simulation models using core input signals comprising power af-
fecting factors.

6. A method according to claim 5, wherein the power affecting
factors comprise process parameters including the given total re-
actor power, the flow of the coolant (6) and the temperature of
the coolant (6) at least in one position of the reactor (1).

7. A method according to any one of the preceding claims,
wherein local power levels (LPs) are sensed by means of sen-
sors (S) at different positions in the core (2).

8. A method according to claims 4 and 7, wherein the sensed
local power levels (LPs) are compared to the calculated local
power levels (LPg).
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9. A method according to claim 8, wherein a recalculation and
correction of the power distribution pattern (PDp) is performed to
establish a corrected power distribution pattern (PDp) if the
sensed local power levels (LPs) and the calculated local power
levels (LP¢) do not correspond.

10. A method according to claim 8, wherein the method further
comprises the steps of

recording local power differences (LPp) between the sensed local
power levels (LPs) and the calculated local power levels (LP¢),

combining the release of fission gases and the recorded local
power differences (LPp), and

observing correlations between changes in the release of fission
gases and changes in the recorded local power differences (LPp)
in order to determine a position of the defect (13) on the cladding
(10) of any of the fuel rods (9).

11. A method according to any one of claims 7-10, wherein the
sensors (S) regularly measure at least one of a local neutron flux
and a local gamma flux.

12. Apparatus for monitoring the operation of a reactor (1) of a
nuclear plant, in which the reactor (1) comprises a core (2) hav-
ing a plurality of fuel assemblies (3), wherein each fuel assembly
(3) includes a plurality of fuel rods (9), wherein each fuel rod (9)
comprises nuclear fuel (11) and a cladding (10), the nuclear fuel
(11) being enclosed by the cladding (10), the plant also compris-
ing forcing means arranged to force a coolant (6) in a flow
through the reactor (1) and the core (2), and conveying means
(7) arranged to convey an off-gas stream (8) from the coolant (6),
the reactor (1) being configured to be operated during a normal
fuel operation cycle at a given total reactor power, during which
fission gases are produced in the fuel rods (9),
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wherein the apparatus comprises a monitoring device comprising

at least one first detector (D) configured to measure continu-
ously, during the normal fuel operation cycle, a radioactivity level
in the off-gas stream (8) in order to detect a possible release of
fission gases from the fuel rods (9) as a consequence of a fuel
leakage due to a defect (13) on the cladding (10) of any of the
fuel rods (9),

a core simulator (14) configured to establish regularly an instan-
taneous power distribution (PD)) in the core (2) during the normal
fuel operation cycle, and to establish a power distribution pattern
(PDp) based on the instantaneous power distributions (PD,) over
time during the normal fuel operation cycle,

a processor (16) configured to determine a position of the defect
(13) on the cladding (10) of any of the fuel rods (9) by combining
the release of fission gases and the established power distribu-
tion pattern (PDp) and by observing correlations between
changes in the release of fission gases and the power distribu-
tion pattern (PDp).

13. Apparatus according to claim 12, wherein the core simula-
tor (14) is configured to calculate local power levels (LP¢) at dif-
ferent positions in the core (2) and to establish the power distri-
bution pattern (PDp) based on the calculated local power levels
(LPg).

14. Apparatus according to any one of claims 12 and 13,
wherein the monitoring device comprises sensors (S) provided at
different positions in the core (2) and configured to sense local
power levels (LPg) at different positions in the core (2).

15. Apparatus according to claims 13 and 14, wherein the
monitoring device comprises a comparator (15) configured to
compare the sensed local power levels (LPs) to the calculated
local power levels (LPc), whereby the core simulator (15) is con-
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figured to recalculate and correct the power distribution pattern
(PDp) to establish a corrected power distribution pattern (PDp) if
the sensed local power levels (LPs) and the calculated local
power levels (LP¢) do not correspond.

16. Apparatus according to any one of claims 14 and 15,
wherein each sensor (S) comprises a Local Power Range Moni-
tor.

17. A nuclear plant comprising an apparatus and a monitoring
device as defined in any of claims 12-16.
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