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(57) ABSTRACT

A method is for monitoring a nuclear reactor comprising a
core in which fuel assemblies are loaded, each assembly
comprising nuclear fuel rods each including nuclear fuel
pellets and a cladding surrounding the pellets. The method
includes determining (100) at least one operating time limit
(TFPPT) for the extended reduced power operation of the
reduced power nuclear reactor, so as to avoid a rupture of at
least one of the claddings, operating (102) the nuclear
reactor at reduced power for an actual time strictly less than
the time limit (T?**7), and relaxing (104) at least one
threshold for protecting the nuclear power plant as a func-
tion of a difference between the time limit (T***7) and the
actual time.
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METHOD FOR MONITORING A NUCLEAR
CORE COMPRISING A RELAXATION OF A
THRESHOLD, AND ASSOCIATED
PROGRAMME, SUPPORT AND NUCLEAR
REACTOR

[0001] The present invention relates to a method for
monitoring a nuclear reactor comprising a core in which fuel
assemblies are loaded, each assembly comprising nuclear
fuel rods each including nuclear fuel pellets and a cladding
surrounding the pellets.

[0002] The invention for example applies to pressurized
water reactors.

BACKGROUND

[0003] Conventionally, the core of such a reactor is loaded
with nuclear fuel assemblies.

[0004] Each assembly comprises a bundle of nuclear fuel
rods, the rods comprising a cladding containing nuclear fuel
pellets.

[0005] It may be useful, in particular in countries such as

France, where 80% of electricity is produced using nuclear
reactors, for the overall power supplied by reactors to vary
in order to adapt to the needs of the electrical grid that they
supply.

[0006] In particular, it is desirable to be able to operate the
reactors at a reduced overall power during a long period
where the demand of the grid is low, before returning, if
necessary, to nominal overall power.

[0007] For all that, such an operation of each reactor,
which makes it possible to better use its capacities, must not
cause safety problems.

[0008] One of the phenomena limiting the maneuverabil-
ity of nuclear reactors is in particular the Pellet/Cladding
Interaction (PCI).

[0009] Indeed, when the reactor is operating at its nominal
overall power PN, the nuclear fuel rods are, according to the
term used in the art, conditioned.

[0010] For a given rod, conditioning is essentially char-
acterized by the closing of the radial play between the pellets
and the cladding, due to the creep of the cladding and the
swelling of the pellets.

[0011] While there is no risk of rupture of the cladding in
a steady state due to the thermomechanical equilibrium in
the cladding at fairly low stress levels, a risk nevertheless
appears once the power supplied by the rod in question
varies greatly and quickly.

[0012] Indeed, a local power increase generates a tem-
perature increase in the rod. Given the difference in
mechanical characteristics (thermal expansion coefficient,
Young’s modulus) and the temperature difference between
the uranium oxide-based pellet and the cladding typically
made from zirconium alloy, the pellet will expand more than
the cladding and impose its deformation on the latter.
[0013] Furthermore, the presence of corrosive fission
products, such as iodine, in the space between the cladding
and the pellet creates the conditions for corrosion under
stress. Thus, the deformation imposed by the pellet on the
cladding during a global power transition can cause a
rupture of the cladding.

[0014] This risk of cladding rupture during a power tran-
sition is exacerbated when the rods are no longer condi-
tioned, that is to say, when there is no longer a thermome-
chanical equilibrium between the pellet and the cladding.
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This equilibrium rupture appears during the return to nomi-
nal power after extended operation at intermediate power.
[0015] Indeed, when the power drops, the temperature
decreases more greatly in the pellet than in the cladding,
causing a reopening of the radial play due to the differential
expansion. If the reactor stays at intermediate power, this
play decreases due to the creep of the cladding inward, since
the pressure of the primary fluid is greater than the inner
pressure of the rods. When the reactor returns to nominal
pressure, the pellet then exerts inward pressure on the
cladding, from which a stress field then appears. If a power
increase spike occurs at this moment, it then leads to a risk
of earlier cladding rupture. This is then called decondition-
ing of the fuel. This deconditioning is even greater when the
reactor operates for a long time at intermediate power.
[0016] Yet such a rupture of the cladding is not acceptable
for safety reasons, since it may result in the release of fission
products into the primary circuit of the nuclear reactor.
[0017] Patent application FR 2,924,852 discloses a
method for determining the value of a parameter represen-
tative of the maneuverability of a nuclear reactor.

[0018] This method thus makes it possible to define oper-
ating fields in which the nuclear reactor can operate safely,
even if an accidental overall power spike occurs.

[0019] However, certain operating margins are restrictive
for the operation of the reactors, in particular in Extended
Reduced Power Operation (ERPO).

[0020] In France, extended reduced power operation is
more specifically defined as being the operation of the
reactor in a steady state, at an overall power PI for example
less than or equal to about 92% of its nominal power PN for
example over a cumulative duration of more than 8 h, for
example more than 12 hours, per sliding 24 h range.
[0021] This in particular makes it possible to adapt elec-
tricity production on demand.

SUMMARY

[0022] One aim of the present disclosure is to increase the
maneuverability of the reactor while guaranteeing safe
operation over the course of the operation of the core.
[0023] To that end, a monitoring method of the aforemen-
tioned type is provided, comprising the following steps:
[0024] determining at least one operating time limit for
the operation at a reduced power of the nuclear reactor,
so as to avoid a rupture of at least one of the claddings,

[0025] operating the nuclear reactor at the reduced
power for an actual time strictly less than the time limit,
and

[0026] relaxing at least one protection threshold of the

nuclear power plant as a function of a difference
between the time limit and the actual time.
[0027] According to specific embodiments of the inven-
tion, the monitoring method has one or more of the follow-
ing features, considered alone or according to any techni-
cally possible combination(s):

[0028] the protection threshold is a threshold of a linear
power at any point of the core,

[0029] the method comprises a step for determining a
relationship of the relaxing of the protection threshold
as a function of the difference between the time limit
and the actual time, the determination of the relation-
ship of the relaxing being done before operating the
reactor,
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[0030] the method comprises the following steps before
determining the operating time limit:

[0031]

[0032] calculating a linear power at 100% corre-
sponding to an estimate of the linear power at any
point of the core and as a function of time if the
reactor is operating at nominal power from a mea-
surement and/or a calculation of the distribution of
the actual power at any point of the core as a function
of time,

[0033] the determination of the time limit being
made as a function of the difference between the
threshold linear power and the linear power at
100%,

[0034] the threshold linear power is calculated at any
point of the core and as a function of time, the power
distribution of the core being such that at any point of
the core, a linear power is below the threshold linear
power,

[0035] the method comprises the following steps before
calculating the threshold linear power:

[0036] calculating a rupture linear power at any point
of the core and as a function of time, and

[0037] calculating a maximum linear power variation
at any point of the core caused by accidental spikes,

[0038] the threshold linear power being equal to
the difference between the rupture linear power
and the maximum variation induced by accidental
spikes,

calculating a threshold linear power, and

[0039] the rupture linear power is calculated by a ther-
momechanical code from a thermomechanical state of
the core, the thermomechanical state of the core being
known by the measurement and/or the calculation of
the distribution of the power at any point of the core as
a function of time, and/or

[0040] the calculation of the rupture linear power is
done at least once every two hours, the threshold linear
power then also being recalculated.

[0041] A computer program comprising instructions for
executing steps of a method as defined above is also pro-
vided.

[0042] A medium usable in a computer and on which a
program as defined above is recorded is also provided.

[0043]

[0044] a core in which fuel assemblies are loaded, each
assembly comprising nuclear fuel rods each including
nuclear fuel pellets and a cladding surrounding the
pellets, and

A nuclear reactor is also provided comprising:

[0045] acomputer configured to carry out the following
steps:
[0046] determining at least one operating time limit

for the operation at a reduced power of the nuclear
reactor, so as to avoid a rupture of at least one of the
claddings,

[0047] operating the nuclear reactor at the reduced
power for an actual time strictly less than the time
limit, and

[0048] relaxing at least one protection threshold of
the nuclear power plant as a function of a difference
between the time limit and the actual time.
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BRIEF SUMMARY OF THE DRAWINGS

[0049] Other features and advantages of the invention will
appear upon reading the following description, provided
solely as an example and done in reference to the appended
drawings, in which:

[0050] FIG. 1 is a schematic view of a pressurized water
nuclear reactor,
[0051] FIG. 2 is a lateral schematic view of a fuel assem-

bly of the core of the reactor of FIG. 1,

[0052] FIG. 3 is a longitudinal sectional schematic view of
a fuel rod of the assembly of FIG. 2, and

[0053] FIG. 4 is a flowchart illustrating successive steps of
a monitoring method implemented in the reactor of FIG. 1.

DETAILED DESCRIPTION

[0054] FIG. 1 schematically illustrates a pressurized water
nuclear reactor 1 that conventionally comprises:

[0055] a core 2,
[0056] a steam generator 3,
[0057] a turbine 4 coupled to an electric energy gen-

erator 5, and

[0058] a condenser 6.
[0059] The reactor 1 comprises a primary circuit 8
equipped with a pump 9 and in which pressurized water
circulates, along a path embodied by the arrows in FIG. 1.
This water in particular rises through the core 2 to be heated
therein while providing the refrigeration of the core 2.
[0060] The primary circuit 8 further comprises a pressur-
izer 10 making it possible to pressurize the water circulating
in the primary circuit 8 and to control said pressure.
[0061] The water of the primary circuit 8 also supplies the
steam generator 3, where it is cooled while providing the
vaporization of water circulating in a secondary circuit 12.
[0062] The steam produced by the generator 3 is chan-
neled by the secondary circuit 12 toward the turbine 4, then
toward the condenser 6, where this steam is condensed by
indirect heat exchange with the cooling water circulating in
the condenser 6.
[0063] The secondary circuit 12 comprises, downstream
from the condenser 6, a pump 13 and a heater 14.
[0064] Also conventionally, the core 2 comprises nuclear
fuel assemblies 16 that are loaded in a vessel 18. A single
assembly 16 is shown in FIG. 1, but the core 2 for example
comprises 157 assemblies 16.
[0065] The reactor 1 comprises control clusters 20 that are
positioned in the vessel 18 above certain assemblies 16. A
single cluster 20 is shown in FIG. 1, but the core 2 can for
example comprise about 60 clusters 20.
[0066] The clusters 20 can be moved by mechanisms 22 to
be inserted into the fuel assemblies 16 that they overhang.
[0067] Conventionally, each control cluster 20 comprises
rods including one or several materials absorbing neutrons.
[0068] Thus, the vertical movement of each cluster 20
makes it possible to adjust the reactivity of the reactor 1 and
allows variations of the overall power P supplied by the core
2 from the nil power to the nominal power PN, as a function
of the pushing of the clusters 20 into the assemblies 16.
[0069] Some of these clusters 20 are intended to regulate
the operation of the core 2, for example in terms of power
or temperature, and are called control clusters. Others are
intended only to stop the reactor 1 and are called stop
clusters.
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[0070] The clusters 20 are joined into groups based on
their nature and intended use. For example, for the majority
of reactors of type 900 MWe, these groups are called groups
G1, G2, N1, N2, R, SA, SB, SC, SD, etc.

[0071] The reactor 1 also comprises a certain number of
sensors for measuring actual values of operating parameters
of the reactor, in particular a thermocouple 21A for mea-
suring the average temperature of the water of the primary
circuit at the outlet of the vessel 18 and a thermocouple 21B
for measuring the average temperature of the water of the
primary circuit at the inlet of the vessel 18.

[0072] Also conventionally, the nuclear reactor 1 com-
prises outer chambers 21C for measuring the neutron flux,
wherein said chambers 21C are arranged around the vessel
18 of the core 2. The number and positions of the chambers
21C, typically called “excore chambers”, vary as a function
of the model of the reactor 1.

[0073] Also conventionally, the reactor 1 comprises ther-
mocouples 21D arranged in the core 2 above assemblies 16
for measuring the temperature of the water of the primary
circuit at the outlet of the assemblies 16. A single chamber
21C and a single sensor 21D have been shown in FIG. 1.
[0074] Furthermore, certain reactors also comprise fixed
inner chambers for measuring the neutron flux (not shown),
these chambers being arranged inside certain fuel assemblies
placed in the core. The number and positions of these
chambers, typically called “incore chambers”, vary as a
function of the model of the reactor.

[0075] The excore chambers 21C and the thermocouples
21D or the fixed “incore” chambers provide information
relative to the three-dimensional distribution of the local
power in the core.

[0076] Application FR 2,796,196 for example discloses a
method for obtaining the distribution of the three-dimen-
sional power.

[0077] As illustrated by FIG. 2, each assembly 16 tradi-
tionally comprises an array of nuclear fuel rods 24 and a
support skeleton 26 for the rods 24.

[0078] The skeleton 26 conventionally comprises a lower
end-piece 28, an upper end-piece 30, guide-tubes 31 con-
necting the two end-pieces 30 and 28 and designed to
receive rods of the control clusters 20 and spacer grids 32.
[0079] As illustrated by FIG. 3, each fuel rod 24 tradi-
tionally comprises a cladding 33 in the form of a tube closed
at its lower end by a lower stopper 34 and at its upper end
by an upper stopper 35. The rod 24 comprises a series of
pellets 36 stacked in the cladding 33 and bearing against the
lower stopper 34. A maintaining spring 40 is positioned in
the upper segment of the cladding 33 to bear on the upper
stopper 35 and on the upper pellet 36.

[0080] Conventionally, the pellets 36 have a base of ura-
nium oxide and the cladding 33 is made from zirconium
alloy.

[0081] In FIG. 3, which corresponds to a fuel rod 24
derived from manufacturing and before irradiation, radial
play J exists between the pellets 36 and the cladding 33. This
is illustrated more particularly by the circled enlarged part of
FIG. 3.

[0082] It is this play J that closes during conditioning and
reconditioning of the fuel rod, and that opens during decon-
ditioning of the fuel rod.

[0083] As illustrated by FIG. 1, the reactor 1 also com-
prises a computer 40. The computer 40 is for example the
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system used more generally to command and control the
operation of the nuclear reactor 1.
[0084] This computer 40 for example comprises an infor-
mation processing unit 42 comprising one or several pro-
cessors, data storage means 44, input/output means 46 and
optionally display means 48. The storage means 44, which
for example comprise one or several memories, store one or
several computer programs to execute the steps disclosed
below.
[0085] The system 40 is coupled to the various sensors for
measuring operating parameters of the nuclear reactor 1,
including the sensors 21A to 21D.
[0086] A method for monitoring a nuclear reactor, for
example, of the type previously disclosed will now be
disclosed.
[0087] The method comprises the following steps:
[0088] determining 100 at least one operating time limit
TPP#T for the operation at a reduced power of the
nuclear reactor,
[0089] operating 102 the nuclear reactor at the reduced
power, and
[0090] relaxing 104 at least one protection threshold of
the nuclear power plant.

[0091] The method preferably comprises the following
steps:
[0092] determining 106 a relationship of the relaxing,
[0093] measuring and/or calculating 108 the distribu-

tion of the power P, (X,y,Z.1),
[0094] calculating 110 a linear rupture power P, “#/(x,
y,7,t) at any point of the core and as a function of time,
[0095] calculating 112 a maximum linear power varia-
tion AP,,,“* (x,y,z) at any point of the core caused by
accidental spikes,
[0096] calculating 114 a threshold linear power P,
threShOZd(X,y,Z,t), and
[0097] calculating 116 a linear power at 100% P,
(X,¥,Z,t).
[0098] The time limit is determined in step 100 in
particular so as to avoid a rupture of at least one of the
claddings, in particular during a power increase spike taking
place during the operation of the nuclear reactor at reduced
power, but also during and after the transition of the reactor
to an operation at nominal power.
[0099] Indeed, when the nuclear reactor is operating at
reduced power, the fuel rods are no longer conditioned. For
example, the fuel pellets retract and a play appears between
the fuel and the cladding. This play next decreases due to the
creep of the cladding inward, since the pressure of the
primary circuit is greater than the inner pressure of the rods.
[0100] When the nuclear reactor again transitions to nomi-
nal power, the play closes completely and the forces on the
cladding increase.
[0101] The time limit is calculated in real time and
continuously, in particular when the reactor operates at
reduced power. When the reactor returns to nominal power,
the time limit T#**7 increases owing to the reconditioning of
the fuel rods, this evolution being calculated in real time and
continuously. This precise calculation in real time and
continuously in particular makes it possible to obtain a time
limit greater than a time desired by the operator and allows
the conversion of the residual time into relaxing of the
protection threshold.
[0102] An exemplary method for calculating the time limit
TFPF i5 disclosed hereinafter.

100%

TF PFPI

TF PFPI
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[0103] Then, the reactor operates in step 102 at reduced
power (ERPO) for an actual time strictly less than the time
limit 777,

[0104] The reduced power corresponds to a power for
example less than or equal to about 92% of its nominal
power PN.

[0105] A residual time is defined as the difference between
the time limit and the actual time. The residual time is
therefore positive.

[0106] Lastly, at least one protection threshold of the
power plant is relaxed 104 as a function of the residual time.
[0107] The protection threshold is for example a maxi-
mum linear power leading, for example, to the automatic
stopping of the reactor when it is crossed.

[0108] For reactors whose protection system is capable of
estimating a maximum linear power in real time and con-
tinuously, this threshold is for example defined from neutron
flux measurements of the ex-core detectors 21C. These
ex-core flux detectors here are multi-staged, which makes it
possible to estimate an average power as a function of the
axial side using a reconstruction algorithm. This axial power
form combined with axial power factors by clustered con-
figuration makes it possible to estimate the maximum linear
power of the core.

[0109] For a reactor such as the European pressurized
reactor (EPR), this estimate is done from “in-core” flux
detectors therefore arranged inside the core.

[0110] The protection threshold corresponds to an abso-
Iute threshold not to be exceeded at any point of the core.
[0111] The protection threshold for example depends on
an axial power imbalance, that is to say, a power difference
between the bottom and the top of the core.

[0112] When the power distribution is not too imbalanced
toward the top or the bottom of the core, that is to say, the
axial power imbalance is in a certain interval around O, the
axial concentration of this power is not sufficient for the
local power to reach a value that may lead to a rupture by
PCI. The protection threshold is then set at the value
protecting the fuel from melting. Conversely, when the axial
power imbalance is great enough in absolute value, that is to
say, the value of the axial power imbalance is outside the
aforementioned interval, the axial power concentration is
sufficient to lead to a local power able to cause a rupture by
PCI; the high linear power protection threshold is then
dimensioned to avoid this rupture.

[0113] In the disclosed example, the relaxation 104 of the
protection threshold as a function of the residual time is
calculated by a relaxation or relaxing relationship.

[0114] “Relaxed” refers to an increase in the protection
threshold.
[0115] The increase is for example valid until the end of an

operating cycle independently of the operating mode. Alter-
natively, an operator can decrease the protection threshold of
the power plant again, so as to subsequently redistribute the
relaxation.

[0116] The determination 106 of the relaxation relation-
ship is done before the operation 102 of the reactor, for
example, in an engineering firm.

[0117] An exemplary method for calculating the time limit
TFP#T i5 disclosed hereinafter.

[0118] A measurement and/or a calculation 108 of the
distribution of the linear power P, (x.y,z,t) is done at any
point of the core as a function of time, for example using

Apr. 1,2021

measuring sensors. This for example involves a reconstruc-
tion combining measurements and calculations.
[0119] The reconstruction 108 is for example done regu-
larly with a certain time pitch.
[0120] From the distribution of the linear power, a ther-
momechanical state of the rods of the core, that is to say,
here the thermomechanical state between the cladding and
the fuel pellets, is calculated by a thermomechanical calcu-
lating code. This is therefore, in overview, a stress field in
the cladding due to potential pressure of the pellet on the
cladding, or the size of the play between the pellet and the
cladding when this play reopens in case of ERPO.
[0121] The thermomechanical state of the core in particu-
lar depends on the conditioning of the rod.
[0122] From the knowledge of this thermomechanical
state, the linear rupture power P, "“#(x,y,z,t) is calculated in
step 110 using a thermomechanical code implemented by the
computer.
[0123] The calculation 110 of the linear rupture power
P, " (x,y,Z,t) is done with a time constant in the order of an
hour.
[0124] Preferably, in an engineering firm, the maximum
linear power variation AP, ““(x,y,z) induced by accidental
spikes is calculated 112 at any point of the core.
[0125] The maximum linear power variation AP, “““(x,y,
7) is an input datum of the monitoring system.
[0126] The maximum variation corresponds to the maxi-
mum value of the set of linear power variations obtained by
static power distribution calculations of the core from limit
conditions coming from the simulation of limiting accidental
spikes with respect to the rupture by PCI.
[0127] Preferably, said simulated transitions are the so-
called category 2 accidental transitions causing the strongest
and fastest power variations in the core.
[0128] These spikes are, for example:

[0129] the excessive load increase,

[0130] the uncontrolled removal of power control clus-

ters, and

[0131] the fall of control clusters.
[0132] This is, for example, disclosed in patent FR 2,924,
852 BI1.
[0133] From the linear rupture power P, *#“(x,y,zt) and
the maximum linear power variation AP,,““(x,y,z), the
threshold linear power P, #*"(x y.7.1) is calculated in
step 114.
[0134] The threshold linear power P,,,”"*"°(xy,z,t) here
in equal to the difference between the linear rupture power
P, *(x,y,z,t) and the maximum variation induced by acci-
dental spikes AP,,*“(x,y,z), that is to say P, *"*"(x,y,z,
t):PZinrupt(XsysZst)_APZinacc(XsysZ)'
[0135] The linear power threshold is calculated at any
point of the core and as a function of time.
[0136] The power distribution of the core must be such
that at any point of the core, the linear power is below the
threshold linear power.
[0137] The power distribution is, for example, calculated
and normalized on the core, such that P, (x,v,z,t)=P(X,y,Z,
O*Pom Pre; With P, the linear power at a point of the
core, P the local power normalized at 1 on the entire core at
a point of the core, P,,,,.., the nominal average linear power
on the core and P,_; the power level as a fraction of the
nominal.
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[0138] More specifically, the normalized local power P(x,
y,7Zt) is equal to the linear power P;,,(X,y,z,t) divided by the
average value on the core of this power (P,;,,(X,V,Z,t)) ..., OF:

@ Wy 50

Py e = ey e 0@

@ indicates text missingor illegiblewhen filed

[0139] The average linear power (P, (X.¥,Z,1)). o 15 also
equal to the average linear power at nominal power multi-
plied by the power level in fraction: (P, (X,y.Zt))
core=Prmom  Prepr yielding the preceding equation.

[0140] Indeed, at any moment, the linear power must be
such that, if a power spike occurs, the linear power remains
below the linear power that may cause a rupture of the
cladding. Thus, even in case of power spike, the cladding
does not give.

[0141] The threshold linear rupture here is recalculated
each time the linear rupture power P, “#/(x,y,z,t) is calcu-
lated.

[0142] Furthermore, the linear power at 100% is calcu-
lated in step 116 from the distribution of the power P, (x.y,
Z1).

[0143] The linear power at 100% P,,,'°°*(x,y,z,t) corre-

sponds to an estimate of the linear power at any point of the
core and as a function of time if the reactor was brought
quickly from its current state to an operation at nominal
power.

[0144] Knowing the state of the core at each moment, the
monitoring system is able to calculate what the state of the
core would be if the reactor were made to operate at nominal
power from the considered moment.

[0145] The time limit is next determined in step 100 as a
function of the difference between the threshold linear
power and the linear power at 100% P,,,'%°%(x,y,z1).
[0146] Yet as previously stated, the linear power is meant
to stay below the threshold linear power P,,, """ (x y 7.1).
[0147] The subtraction of the threshold linear power from
the 100% linear power, that is to say, the difference P,,,-
threshold(y v 7,0)-P,, 0% (x,y,z,t), is meant to stay greater
than or equal to zero.

[0148] Thus, the time limit is determined in step 100
such that for each moment t less than T?%Z, the difference
P, resheld(y v 7.0=P,,, "% (x,y,z;t) is greater than or equal
to zero.

[0149] The power distribution in nominal operation is of
interest because it is in this state that the difference P, -
threshold(y v.7,0-P,, *°%(X,y,Z,t) is minimal

[0150] P, """ (x,y,2,t) decreases as a function of time
when the reactor operates in ERPO. P, '°°"(x,y,zt) fluctu-
ates slightly when the reactor operates in ERPO at stabilized
power.

[0151] The difference P,, """ (x,y,z,0)-P,,, *"*(X,y,Z,t)
decreases globally as a function of time when the reactor
operates in ERPO at stabilized power, that is to say, the time
limit becomes smaller as one transitions to reduced power
operation.

[0152] The operator is then able to determine the extent to
which he can operate the reactor in reduced power operation.
[0153] In a variant, the time limit T7*7 is calculated by a
method implementing other calculations, like that disclosed
in patent FR 2,924,852 B1.

TF PFPI
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[0154] This monitoring method makes it possible to obtain
atime limit greater than what was obtained previously. Thus,
whereas previously, the operator generally operated the
reactor at reduced power during a time close to the time
limit, this being less than what is obtained using the moni-
toring method of the present disclosure, today there is a
margin between the time limit and the duration during which
the operator wishes to operate the reactor at reduced power.
[0155] This calculating method also makes it possible to
determine the time limit by taking account of the charac-
teristics of all of the fuel types present in the core, since the
thermomechanical calculations done online to determine, at
each moment, the conditioning of the fuel rods take account
of the characteristics of each fuel type present in the core.
[0156] The monitoring method uses the margin between
the time limit and the actual operating time of the reduced
power reactor, so as to increase the maneuverability of the
reactor by increasing at least one protection threshold while
guaranteeing safe operation during the use of the core.

What is claimed is:
1-11. (canceled)
12. A method for monitoring a nuclear reactor comprising
a core in which fuel assemblies are loaded, each fuel
assembly comprising nuclear fuel rods each including
nuclear fuel pellets and a cladding surrounding the nuclear
fuel pellets, the method comprising the following steps:
determining at least one operating time limit for an
operation at a reduced power of the nuclear reactor, so
as to avoid a rupture of at least one of the claddings;

operating the nuclear reactor at the reduced power for an
actual time strictly less than the operating time limit;
and

relaxing at least one protection threshold of the nuclear

power plant as a function of a difference between the
operating time limit and the actual time.

13. The monitoring method according to claim 12,
wherein the protection threshold is a threshold of a linear
power at any point of the core.

14. The monitoring method according to claim 12, further
comprising determining a relationship of the relaxing of the
protection threshold as a function of the difference between
the time limit and the actual time, the determination of the
relationship of the relaxing being done before operating the
nuclear reactor.

15. The monitoring method according to claim 12, further
comprising the following steps before the determining of the
operating time limit:

calculating a threshold linear power; and

calculating a linear power at 100% corresponding to an

estimate of the linear power at any point of the core and
as a function of time if the nuclear reactor is operating
at nominal power from a measurement and/or a calcu-
lation of the distribution of the actual power at any
point of the core as a function of time,

the determining of the operating time limit being made as

a function of the difference between the threshold linear
power and the linear power at 100%.

16. The monitoring method according to claim 15,
wherein the threshold linear power is calculated at any point
of the core and as a function of time, the power distribution
of the core being such that at any point of the core, a linear
power is below the threshold linear power.
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17. The monitoring method according to claim 15, further
comprising the following steps before calculating the thresh-
old linear power:

calculating a rupture linear power at any point of the core

and as a function of time; and

calculating a maximum linear power variation at any

point of the core caused by accidental spikes,

the threshold linear power being equal to the difference

between the rupture linear power and the maximum
variation induced by accidental spikes.

18. The monitoring method according to claim 17,
wherein the rupture linear power is calculated by a thermo-
mechanical code from a thermomechanical state of the core,
the thermomechanical state of the core being known by the
measurement and/or the calculation of the distribution of the
power at any point of the core as a function of time.

19. The monitoring method according to claim 18,
wherein the calculation of the rupture linear power is done
at least once every two hours, the threshold linear power
then also being recalculated.
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20. A computer program on a non-transitory computer
readable medium comprising instructions for executing
steps of the method according to claim 12.
21. The non-transitory computer readable medium usable
in a computer and on which the program according to claim
20 is recorded.
22. A nuclear reactor comprising:
a core in which fuel assemblies are loaded, each assembly
comprising nuclear fuel rods each including nuclear
fuel pellets and a cladding surrounding the pellets; and
a computer configured to carry out the following steps:
determining at least one operating time limit for the
operation at a reduced power of the nuclear reactor,
so as to avoid a rupture of at least one of the
claddings,

operating the nuclear reactor at the reduced power for
an actual time strictly less than the time limit, and

relaxing at least one protection threshold of the nuclear
power plant as a function of a difference between the
time limit and the actual time.
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