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ABSTRACT 

The load variation performances on a PWR are directly linked to the core control design. This 
design is mainly characterized by the definition of the control rod banks and the way to both perform 
the banks movements and to modify the core boron concentration by injection of boric acid or water. 
The following paper presents the principles of the T mode, the new fully automatic core control mode 
for the EPR which provides high performance in terms of maneuverability and optimizes the effluents. 
First, the paper describes the division of the control rods into two control banks (Pbank for 
temperature and Hbank for power distribution). Then typical movements of these banks during power 
changes are shown. Then, the principle of the 3 control loops (Tave, AO, Pmax), used to obtain these 
desired control rod movements, is given.  Finally, a load following transient simulation is presented. 

 

1 INTRODUCTION 

1.1 Controlled parameters 

A reactor core is controlled by moving the neutron-absorbing control rods in the core itself and 
by modifying the boron concentration in the reactor by injecting water (so called dilution) or boron 
(boration). 

Core control involves controlling at least the following core parameters:  
• Average temperature, Tave  

This control indirectly controls the power which is adequate, i.e balances the turbine 
power, when temperature is stable. 

• The power distribution, and particularly the axial distribution. 
This control aims to avoid power peak in the core, which may decrease core margins. 
Moreover, power peak may be amplified by the development of xenon axial oscillations if 
the axial power distribution is not controlled. 
The parameter representing power distribution, and which is controlled, is ∆I (axial power 
offset between the top and bottom of the core = PT – PB, with PT being the power in the 
top of the core and PB the power in the bottom of the core).  
The term AO is also often used. AO  = ∆I/Prel, with Prel being relative core power. 

For advanced control modes, core control may also involve Pmax, power that can be (for a 
short time) reached by the banks withdrawal. This control is ensured via the control of the insertion of 
the control banks necessary to come back to the Pmax desired power. Banks should be inserted far 
enough so that they can be withdrawn in order to reach the required power level, but not so far that 
they narrow the core's margins, leaving them too inserted when returning to high power. 
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Let us remind the Pmax control principle on the present French plants. Pmax is not controlled in 
A mode, as the banks – due to their heavy weight - must remain in the upper part of the core so as not 
to hinder axial power distribution.  In G mode, the banks remain inserted after a load decrease and 
allow at any time a fast return to 100% nominal power, but insertion cannot be controlled to any lesser 
degree, to return to intermediate power. Only the X mode allows a flexible Pmax control with an 
adjustable Pmax (and consequently an adjustable bank insertion) setpoint. Nevertheless, this control 
is carried out manually by the operator using dilution/boration. 
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Figure 1 : Principles of core control 

The core control consists in the processing of: 
• Measurements  

Main important measurements are the average temperature, the power distribution via 
the AO measurement and the rod position 

• Operator command 
An important operator command is the Pmax setpoint, which as we will see later, can be 
adjusted in line with the chosen strategy, i.e minimizing the effluents or maintaining the 
capability to return rapidly to high power, 

to perform control rods movements and modify the boron concentration in order to ensure the 
control of the parameters given above (Tave, AO and Pmax). 

 
1.2 Actuators 

During load change, core parameters are controlled using two types of reactivity controls:  
• Control rods which allow to change reactivity quickly but which have a major impact on 

axial offset.  
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• Dilution and boration, which have a low impact on axial offset, but only change reactivity 
slowly.  

To best illustrate the role of these control methods, the main physical effects which occur during 
a power change e.g. a reduction in turbine power, can be found below. Rapid effects occur during the 
load reduction and slower effects at the low constant power level.  

• Reactor power, during the load reduction, follows the power change of the turbine thanks 
to the feedback reactions (doppler and moderator effect). This occurs even when no 
control action is performed on rod or dilution/boration. However, in the absence of any 
reactivity control, the temperature and power distribution are seriously affected. For 
example, a reduction in turbine power with no movement of the control rods neither 
dilution/boration would lead to (typical mid-value for traditional EPR management) a 10°C 
increase in average temperature and a 10% increase in AO, which is not acceptable.  
Adapted insertion of the control rods during the load reduction allows the temperature 
and AO to be controlled.  

• During the low power level, the xenon, which is a neutron absorber, increases (xenon 
peak after around 7 hours).  In order to control temperature, the negative-reactivity 
provided by the xenon must be compensated either by dilution or rod withdrawal which, in 
that latest case, reduces the Pmax. 

 
1.3 Objective of EPR core control: high performances/few effluents 

For the EPR, a new core control, the "TMode " (T for "total maneuverability") has been 
developed. This core control mode combines the advantages of the different previous AREVA modes. 
The following features can be mentioned: 

• High load variation performances : 
The power variations can be performed at 5%/mn in the range 100%NP – 60%NP and at 
2.5%/mn in the range 60%NP-25%NP 

• A totally automatic mode, including automatic control of the injection of boron acid or 
water 
The minimization of the effluents, thanks to the Pmax control. This control gives the ability 
to choose, according to the grid needs, to compensate for the xenon variation either by 
banks movements or by injection of water/boron acid. 

2 CONTROL BANKS: PBANK AND HBANK 

The EPR core has 89 control rods, divided into shutdown groups which are only used for the 
reactor trip, and control groups used as control elements for Tave, AO and Pmax control. There are 
five control groups: P1, P2, P3, P4 and P5 

The five Pi groups are themselves divided into two banks (figure 2):  
• Pbank (P as in Power) for temperature control, mainly used to compensate for reactivity 

changes during power changes.  
• Hbank (H as in Heavy) for AO control  

The composition of Pbank and Hbank is variable. Figure 2 shows the typical composition of 
Pbank and Hbank at 100% and 50% power:  

• At nominal power (100% NP), Pbank is made up of P1 and Hbank of P2, P3, P4 and P5. 
• At 50% NP, Pbank is made up of P1 and P2, which have been inserted to control Tave 

and to decrease the power. 
Note that P2 insertion begins when P1 reaches the bottom part of the core in order to minimize 

AO variations and also to increase the effectiveness of Pbank. 
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Figure 2 : Typical composition of Pbank and Hbank at 100% and 50% nominal power 

3 DESCRIPTION OF CONTROL LOOPS (TAVE, AO, PMAX) 
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Hbank : adjustment of position in order to control AO 
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Figure 3 : Typical movement of banks during power changes 

Figure 3 shows the typical movement of Pbank and Hbank during a power reduction.  
• The banks are initially at 100% nominal power in their nominal configuration, with Pbank 

(made up of P1) and Hbank in the upper part of the core.  
• During the power decrease, Pbank is inserted, thereby lowering power and controlling 

temperature.  The position of Hbank is adjusted to control AO.  
• At 85% nominal power, Pbank is made up of P1, which is inserted at more or less mid 

core level.  



Proceedings of the International Youth Nuclear Congress 2008 
 
 
 
 

223.5 
 
 
 
 

• When P1reaches the bottom part of the core, P2 separates from the Hbank and is 
inserted at the same time as P1. Pbank is thus made up of P1 and P2 and Hbank of P3, 
P4 and P5.  

• At 50% nominal power, P1 is close to the bottom of the core and P2 is near the mid-core 
level.  

• When P2 reaches the bottom part of the core, P3 separates from Hbank and is inserted 
at the same time as P2. Pbank is thus made up of P1, P2 and P3 and Hbank of P4 and 
P5.  

• At 30% nominal power, P1 is completely inserted, P2 is close to the bottom of the core 
and P3 is near mid-core level. 

No dilution/boration is necessary during the load variation as the Pbank compensates for the 
power variation. 

At the lower power level (30% of nominal power in this case), two strategies are possible 
depending on the Pmax selected by the operator.  

• If Pmax = 100%, the ability to return quickly to 100% nominal power must be maintained.  
The increase in the xenon level is thus compensated by dilution in order to maintain 
Pbank in the inserted position.  Hbank can move slightly at the low power level to control 
AO.  

• If Pmax = 30%, the variation in the xenon level is thus compensated by withdrawing 
Pbank, then reinserting it after seven hours, when the xenon level decreases. This 
strategy minimizes effluents. Pbank movements can lead to AO variations which are then 
controlled by Hbank movements.  

An operator can also choose to set Pmax at any level between 30 and 100% depending on how 
quickly it needs to return to the desired power.  The movement of banks will then be somewhere 
between the two strategies described above.  

What follows is the operating principle for Tmoy, AO and Pmax control loops. These controls 
are used to automatically obtain bank movements and dilution/boration in line with the above 
description. 

 
3.1 Temperature control 

The principle of temperature control is classical and based on the insertion of the Pbank when 
the temperature is too high and withdrawal when the temperature is too low. For conventional load 
changes of up to 5%/min, only Pbank is involved in temperature control. Hbank is also designed to be 
used in addition to Pbank for greater temperature deviations, which can result from more serious 
transients (important step load change for example).   
 
3.2 Axial offset control 

P1 P2 H

=> AO ↓

P1 P2 H

=> AO ↑

H movements 
compensated by opposite 

movements of Pbank
<=>

AO control by maintaining 
Tave constant

 
Figure 4 : AO control principle 
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AO is controlled by moving Hbank and compensating this with opposite Pbank movements. AO 
can be modified while maintaining the average temperature in the dead band. For example, If AO is 
too high, by inserting Hbank and withdrawing Pbank it can be brought back to the dead band. 
 
3.3 Control of Pmax/position of Pbank 
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Figure 5 : Pmax control principle 

The Pmax setpoint is converted into a Pbank position setpoint. The Pbank setpoint is compared 
to the actual Pbank position, which elaborates the Pbank deviation. Dilution (or boration) is then 
requested if the higher or lower value of the dead band is exceeded.  In the example in figure 5, Pbank 
is inserted too far: boration is requested until the bank returns to its dead band. 

4 SIMULATION OF LOAD FOLLOWING 

A simulation of a typical load follow transient (100% nominal power, 60% nominal power for 
eight hours, return to 100% nominal power) with load variations at a speed of 5%/min is presented in 
figure 6. The Pmax setpoint is at 100% during the transient in order to preserve the capacity to return 
to power.  The main events are described below : 

• Initially, the banks are in the upper part of the core in their nominal configuration.  
• During the power reduction, Pbank is inserted, controlling the temperature.  
• At the low power level, xenon increases leading to a withdrawal of Pbank which controls 

temperature.  Dilution begins when Pbank leaves its dead band (control of Pmax/position 
of Pbank) 

• AO remains under control during the low level through slight movements of Hbank.  
• During the increase in power, Pbank is withdrawn, controlling the temperature.  
• Once 100% nominal power has been reached, xenon decreases, which is compensated 

by boron injection. 
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Figure 6 : Typical load follow with Pmax = 100% (Maintaining at the low power level the 

capability to return rapidly to high power) 

A similar transient with a Pmax setpoint set to Pmax = 60% would lead, at the low power level, 
to the compensation of the xenon increase by the withdrawal of the banks. If the low power level is 
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long enough (typically more than 7 hours) then the xenon decreases and is compensated by the 
reinsertion of the banks. This strategy minimizes the dilution boration and consequently the effluents. 

5 CONCLUSION 

The nuclear energy tends to take more and more important proportion against the other 
energies for electricity production. Consequently, the nuclear power plants, which have, up to now, 
generally been operated at constant load, will be asked for more and more maneuverability.  

The T mode answers these new requirements. Tmode is a new core control mode which 
combines the advantages of the previous AREVA modes and provides high performances in terms of 
maneuverability and optimizes the effluents. More over, Tmode is a fully automatic mode and 
consequently makes more reliable the response to the plant to varying power demands from the grid 


