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ABSTRACT 

When the PWR are an important part of the power installed on a network, 
and that will be the case of the £DF network in the comming years, the 
participation of those plants to the power regulating becomes a necessity 
for the operating staff. 

This load regulating includes : 

- daily variations of high amplitude 

- a permanent frequency - Power regulating 

The first part of the communication shows the network exploitation princi-
ples, and the resulting power variations concerning the existing nuclear 
power plants. 

Such transients are leading to stresses on fuel. 

The second part of the communication reports about the test program 
engaged by EDF in collaboration with the CEA and FRAMATOME, in order to 
study the fuel behaviour in real power conditions and power cycles, and 
that, just to the operational burn up of this fuel. 

I - INTRODUCTION 

Concerning the french nuclear power plants, this note resumes the network 
needs, the possibilities of the nowdays plants and actual developments. 

Its aim is to introduce an information exchange on exploitation experiences 
and middle range forecasts. 

2 - PREVIOUS NEED OF THE NETWORK 

2.1 Programmed power variations 

Indication of needs in matter of load variation depends from the possible 
extrapolation of the daily power curves. The prevision accuracy doesn't 
allow to reach better than an average value per "Hour Step". 

Supposing it's possible to base oneself on such an extrapolation, it risks 
to hide important gradient apparitions which are very limited in the time 
and which are, for example, from the 22 PM maximum type and correspond to 
the beginning of the off-peak hours rate. Then, it's easy to conceive the 
necessity to be careful when forecasting the power variation speed need. 

That beeing said, we notice that the biggest power slope is 1% per minute 

(at about 7 AM 7h 30 AM) . 

We must also consider the unavailability of some plants in the morning 
(for example after a week-end if several production units have been stopped). 

Then, it is necessary in order to realise the programmed load following to 
ask a minimum variations speed of 1,5 Z Pn. 

To consider moreover the uncertainty on the gradients at some hours of the 
day, it is to be hoped to reach 2 Z of the nominal power per minute. 

Those different speeds must be possible in a decreasing mode as well as in 
an increasing mode. 

2.2 Loading variation in reserve 

The exploitation of all production units lead to use a certain number of 
reserve groups. 

This use corresponds to two main needs : 

- compensation of consumption long lasting risks (forecast error) 

- compensation of production long lasting risks (hydraulicicy variation or 
production unit loss) 

A third need, more exceptional appears which consists in asking to the PWR 
plants fast power variations in order to eliminate the overloads appearing 
on the network. 

The two first needs are the most frequent, they lead to a power variations 
comparable with the daily power following (1,5 to 2 % Pn/mn), but unlike 
the programmed power variation, its realisation is unforeseen. It must be 
realised without warning. 

This variation is in most of the cases a power increasing. The exceptional 
fast power variation is necessary to eliminate the possible overloadings 
appearing on the network, for example, in case of electric lines discon-
nections . 



The operating staff in this case has two ways to eliminate the overload 

- by acting on the network topology, 

- by causing a production planning readjustment. 

In addition, the acting time in this type of situation is 20 minutes, 
corresponding to the tunning adjustment of the lines overloading protec-
tions . 

These factors lead to ask to the power plants a fast variation in an about 
15 minutes delay. 

This variation value has to be very important, for example, from the 
maximal power to the technical minimum. The needed power variations may 
be in both directions up or down, but in the next 10 or 15 years the 
nuclear power plants will be probably used most of the time in power 
variation decreasing conditions. 

This although exceptional need, asks from the nuclear reactor a quite 
hard performance, which corresponds to a 5 % per minute power variation. 

The use of the turbine loop may reduce the stress on the boiler during a 
power decreasing but in case of a power increasing, the performance has 
to be possible for all PWR elements. 

2.3 Load variation in a regulating mode 

The exploitation previsions lead, 

- or. one hand, tc. make the PWR plants work on a frequency primary regulating 
mode , 

- on the second hand, to make che PWR plants work on a teleregulating mode. 

The all system has, of course, to stay compatible with the necessary 
qualities for a good european network regulation ; this lead to ask a PWR 
teleregulating participation of ± 5 7. Pn and the system has to allow, inside 
this regulating band, a manual power variation slope of 1,5 % Pn/mn and 
exceptionally A,5 % Pn/mn. 

The uncertain character of those variations led us to define by statistical 
analysis, a day considered as average day for the frequency variations and 
the teleregulating level. 

3 - POSSIBILITIES OF ACTUAL PLANTS 

3.1 Limitations introduced by the safety criterions 

The criterions ECCS 1973 of the SRC, especially those imposing a maximal 
cladding temperature of 120 "C in case of LOCA lead in normal working 
conditions to a lineic power limitation. 

The consequence on the PWR plant working is an obligation on the flux 
axial imbalance, and consequently, a limitation on the rod load variation 
possibilities. 

We come so to a limitation of the power plant intrinsic functional possi-
bilities, especially concerning the load variation possible slopes and the 
possible working rampes in a regulating mode. 

3.2 Resulting performances 

Load variation : High amplitude load variations may occur by variation of 
the boron concentration, 

The working possibilities are depending then, 

- on one hand, from the possible flow of the load-unload circuit, 

- on the other hand, from the power boron concentration. 

The load variations possibilities are (with the considered datas) about : 

- 2 Z Pn/mn at the beginning of the cycle, 

- 0,3 Z Pn/mn at the end of the cycle. 

Regulating : The nowdays performances are limited and they don't allow to 
realise completely the primary and secondary regulating needs. 

The studies made on the working simulation code as well as on the BUGEY 
driving simulator, allow us to think that it is possible to work quite 
a long time in a primary regulating mode and in a teieregulating ¡rode in a 
reduced band (e.g. ± 2,5 % Pn). 

3.3 Previous experiments in FESSENHEIM 

To check those results some working tests, first realised in a primary 
regulating mode, and then mixed with a secondary regulating mode, are 
scheduled in FESSENHEIM at the beginning and at the end of the Fuel cycle. 

The E.D.F. prospective studies show the necessity of a progressive partici-
pation of the nuclear plants in the years 1980-1981.. 

Considering that the use of "grey rods" will only take place in 1982, we 
must look now for possible 900 MW PWR fast power variation performances 
with a small amplitude, allowing to obtain a participation to the telere-
gulatir.g mode and to the frequence primary regulating mode. 

4 - DEVELOPMENT 

4.1 Reactor driving using "grey rods" 

To be able to work as it has been explained in the chapter 2, we have asked 
to the constructor a change in the reactor driving conceiving. 

The new system is actually developed and will be used in the year 1982. 



This system includes a group of less absorbent driving rods, whose opera-
ting, because of the less deforming flux axial trace allows necessary load 
variation performances. 

\.2 Fuel qualification 

The making of the forecasted workings is only possible with a good fuel 
mecanical holding along the cycles induced by the load variations. 

Now the experience in daily load following and in telereguláting nearly 
doesn't exist, that's why the security authorities want to test the Fuel 
resistance before allowing E.D.F to work in such conditions. 

For that reason a definite test campaign is now beeing driven on a CEA 
reactor in CADARACHE (Advanced boiling system, Prototype C.A.P.). 

This C.A.P. test is realised through a tripartite agreement between EDF, 
CEA and FRAMATOME. 

Among the 12 joints consistuting the reactor core, 8 are a CEA design 
and 4 a FRAMATOME design. The caracteristic joints conceiving and working 
principles are referenced in paper [1]. The tripartite agreements are 
concerning only the four joints designed by FRAMATOME. 

4.2.1 Definitions elements and realisations of the C.A.P. test 

From Che analysis of the network needs presented in this paper, the 
determination of a power call spectrum seen from the turbine side has been 
defined. 

This stage has allowed to define the main parameters caracterisir.g a 
working mode following the network needs : 

- reference power, maximum value, and power variations, 
- power increasing and decreasing speed, 
- constant power level working time, 
- transients frequency. 

In a second stage, this datas permitted to obtain the sequences and kinetic 
of the rod movements and so the kinetic of local power variation on fuel 
rods. 

This simulation has been realised on a core configuration at the equilibriun 
and allowed the establishment of a rod power history and a rod power 
variation history with the highest load during 
in power reactors. 

It is this power history which is simulated in the C.A.P. under pressure 
and temperature conditions comparable to those existing in a PWR. 

Elsemore, to obtain a statistically representative irradiation, this test 
is realised on four joints (more than 1000 rods) having a reduce active 
length but the same conception, and made on the same production line, with 
the same,main specifications as the standart elements FRAMATOME. 

Caracterisation and tracability of the controls during making have been 
made for all the fuel rods. 

The rods move plan in the CAP reactor which allows to simulate fuel rods 
local working conditions is done from a nuclear code 3D which is reloaded 
by instrumentation campaigns and frequent nuclear tests (every 2500 MW á/t). 

To sum up, those CAP tests will represent a three PWR cycles working time 
of a core at the equibrium in the conditions of the "hot rods" class. 

The power chronology taken in account is a daily load following with the 
superposition of a telereguláting signal (equivalent to both following 
effects : a participation of ± 5 Z Pn, and a frequency primary regulating 
mode). 

Today, a burn up of 10 000 MWj/t aas been realised in conformity with this 
diagram and the exploitation reports do not show any important incident 
due to this particular working mode. 
This program will stop at the end of 198). At this time, the fuel irradia-
tion will be representative of the power reactor operational burn up. 
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