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1 - PROTECTION  PLANS  AGAINST SHORT  CIRCUITS

1 - 1  - STRESSES

1-1-1- Co-ordination of  insulation

In many countries a protection system is very widespread: arc suppression coils. The principle is the following:

- the power transformers are linked to earth by reactors of high value (several thousands of ohms). A phase to earth fault behave like a source of voltage located at the point where the fault appears, and supplying a single phase network with an impedance given by



 2 * Zd + Z0
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Rd is the fault resistance. The other impedance is formed with line capacitance in parallel with the inductance of the transformers and their arc suppression coils. If the values of these reactance are chosen in such a way that the whole forms an anti - resonant circuit, the current due to the fault, after a very brief transient state, annuls itself and the arc goes out. The protective relays against phase - to - earth faults are no longer necessary except back up.  

Such a system has, in fact, an operation with  insulated neutral, the values of the arc suppression coils being very high. It works very well if the level of insulation of all the equipment is enough. In the standard IEC n° 71-2 and 71-3 , several insulation levels are foreseen, but it is specified that only the highest insulation level allows use of this type of coil. More, the topology of the network may not vary not too much, instead of what the tuning of the reactance with the network cannot be always obtained. This is not the case on the EDF network, and these coils cannot be used. 

For the EDF network, insulation co-ordination corresponds to the following stresses, zo and zd being respectively the zero sequence and the positive sequence short circuit impedance of the network:

     
on 400 kV and 225 kV networks, 
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 In fact, we can admit that the phase - to - earth short circuit current be slightly higher than the three phase short circuit current, on condition that it does not exceed the rated current of the high voltage switchgears, 

on the 90 kV networks , 

                   Icc phase to earth 
< 10 kA


or

Icc phase to earth  < 8 kA

                   Icc three phase 
< 31,5 kA



Icc three phase  
  < 20 kA

on the 63 kV networks , 

                   Icc phase to earth 
< 8 kA


or

Icc phase to earth     < 6 kA

                   Icc three phase 
< 31,5 kA



Icc three phase 
     < 20 kA

 These stresses have been satisfied by installing reactors on the neutral point of the power transformers:

 
- 25  on the neutral point of the transformers of the generators supplying the 400 kV network; 


- 40  on the neutral point of the auto - transformers


400 / 225 kV;

 
- 40  on the higher voltage side neutral point of the transformers
400 / 90 kV; 400 / 63 kV; 









225 / 90 kV ; 225 / 63 kV;


- 40  on the lower voltage side neutral point of the same transformers if their lower voltage winding is a star connection;


- 120  per phase on the lower voltage side neutral point of the same transformers if their lower voltage winding is a delta connection.
1-1-2- Stability of the network

 We have seen in the fourth part, §2, that the network can undergo either a static stability loss or a dynamic stability loss. 

 The first one can only be avoided by building a network having a sufficient number of connections, basically 400 kV links. It influences, however, the choice of certain options of the protection system, for example the disposition taken to avoid double three phase tipping on double phase to earth fault:  the loss of a double 400 kV line may make it loose the static stability.  

The second, however, is directly linked to the fault clearance time. This is why, to define a protection plan, simulations must be completed by observing more particularly: 

       
- the 400 kV network,

       
- the 225 kV substations electrically close to nuclear power plants, i. e.  essentially the 225 kV part of large 400 / 225 kV substations,

       
- the 225 kV substations in regions where there are many hydraulic power plants.

These studies have various scenarios, some being highly probable and other less so. They take into account the assumptions of consumption growth, climatic assumptions, power plant availability assumption. They always study the « n-1 » situation, i.e. the situation where there is an unwanted loss of any one of the generation or transmission primary or secondary equipment: asset, switchgear, reducer, relay, telecommunication equipment  

They lead to define a maximal clearance time of a three phase fault when no failure occurs. On the EDF 400 kV network, this asked time has been fixed at 110 ms for the total clearance of line faults and 140 ms on the busbars. For the 225 kV substations electrically close to the 400 kV network, the asked time has been fixed at 250 ms for the clearance of the faults on overhead lines even though in fact, in most of the substations, the network can withstand with no risk faults cleared after a much longer time.  

Moreover, these studies have shown that high speed automatic reclosing must be forbidden on the 400 kV network and the 225 kV network close to generation groups. In fact, it is used nowhere on the EDF transmission network.

1-1-3- Behaviour of primary equipment

Towards the electrodynamic forces, the primary equipment, as well as substation layout, are specified for a given short circuit current, but the maximal duration of application of this current is not specified. In fact, the structures are more sensitive to shocks at very close intervals, due to high speed automatic reclosing on dead end lines, than to long duration short circuits.

 On the other hand, a maximal clearance time is specified for:

 
-metal clad substations

In these substations, the time t of piercing the shell by an internal arc is given by empirical formula: 



          1,77



      e


t = 87,4 *



           0,67



       I

     
with:


e =  thickness of the shell in mm,

          



I =  current running inside the arc, in kA,

          



t  in ms.

 Considering the technology of the substations installed on the EDF network, the faults must be cleared in less than 100 ms for short circuit currents from 40 kA to 63 kA, and in less than 200 ms for short circuit currents les than 40 kA to avoid piercing the shell. To avoid propagation to a neighbour compartment, they must be cleared in less than 300 ms in all cases;

- underground cables.

The sheath is calculated to be able to support the rated short circuit current for: 

 0.5 s in 400 kV and 225 kV, 

1,7 s in 90 kV and 63 kV.

1-1-4- Power plant islanding time

On the EDF network, most of the generation comes from nuclear power plants type PWR (pressurised water refrigerated).

 When a three phase fault appear near a generation plant, its auxiliary transformers receive a too weak voltage. The various equipment of the plant, and, more particularly, the pumps making the water circulate inside the primary circuit, slows down and the plant must quickly be separated from the network so that the plant may supply a correct voltage to its equipment. This is what is called islanding (see §3 of the fourth part). If it fails, which may happen notably at the end of the use of the uranium bars, the plant must find another supply, i. e. diesel generators on it own area,  in order to stop correctly.  

The time at the end of which, after a drop of more than 30% on the positive sequence voltage, the plant must be separated from the network is called islanding time. Before this time is up, all possibilities of normal or back up fault clearance must have been exhausted since the islanding manoeuvre provokes large stresses on the power plant, due to the abrupt drop of the power supplied to the network. For coal power plants, this time is 3 seconds. For the first PWR nuclear power plants, it was only 0.8 seconds. Presently, as an example, the islanding time of the nuclear power plant of Cattenom (east of france) is 2.5 seconds. 

1-1-5- Presence of earth cables on overhead lines.

 If the lines are systematically fitted with earth cables out, resistive faults are rear and zero sequence  protective relays may be simplified, except for special stresses (bush fires in tropical countries, for example).

The EDF network has only equipped recent lines with earth cables. Zero sequence protective relays are necessary. Their operating time must be compatible, on the 400 kV network, with the islanding time for phase to earth faults close to nuclear plants, i. e. 3 seconds. 

1-1-6- Quality of customer supply.

 The different parameters intervening in the quality of customer supply are described in the ninth part. They determine the performances of the protection system in the parts of the 225 kV network electrically remote from the nuclear generation groups, and on the 90 kV and 63 kV networks. 

Now, the customers are more and more demanding, basically because of the development of power electronics. 

The EDF signs standard agreements with its customers, agreeing to supply voltage whose cut - off exceed 1 second only exceptionally. The customers must then design their installation so that they are not disturbed by voltage drops with lower duration. But this is often not possible. That is why the EDF aims at clearing most of the faults in less than 200 ms. 

Moreover, the EDF studies the possibility of guaranteeing a minimal short circuit power of 400 MVA for customers connected to the 90 kV or 63 kV network. In counterpart, the customers must not send on the network harmonic voltage rates higher than a given threshold.

1 - 2 - ELABORATION  PRINCIPLES  

There are two types of protective relays , described in the third part: 

       
- protective relays specific to an asset. They protect this asset very quickly and very accurately, but are not able, in the case of a short circuit on another asset and the failure of its protective relay, to back it up by a time delayed tripping. They are called relays with absolute selectivity. These relays are:

. differential and phase comparison protective relay, 

. Buchholz protective relay,

. Earth cable and earth tank protective relay,

       
- protective relays able to send tripping orders for clearing a fault located on an other asset
 (remote back up). They are called relays with relative selectivity. These relays are:

. distance protective relay,

. zero sequence power protective relay, 

. dead end line protective relay,  

. over-current protective relay.

The last back up is ensured by the back up protective relays of the generators (see appendix 7)

1 - 3 - ELECTROMECHANICAL  PLAN

 This plan was in force for the whole French network until 1977, date of start up of the first pressurised water refrigerated  (PWR) nuclear power plant. Since then, it has been progressively replaced by the static plan, but remains in service in many points of the network. No official date has been set for its disappearance, but we suppose it will be in 2010. It is characterised by following dispositions: 

       
- distance protective relays, generally RXAP, and zero sequence power protective relays, are systematically used;

       
- the protective relays are not doubled;

       
- Signalling channels are used, in acceleration scheme and blocking overreach, but not systematically;

       
- there is no busbar protective relay. The busbar faults are cleared by the circuit breakers of the line remote ends and of the couplings.


- There is no automatic device against stuck breaker. The relays framing the failing end have in charge the clearance of the fault;

       
- Transformer protection is ensured by a Buchholz relay and an earth tank relay. At the lower voltage side PDZ. type distance protective relays are found. They are simplified RXAP, but with a switching relay on the phase to earth loops actuated by a zero sequence current as well as by a combination negative sequence current - zero sequence voltage. This allows it to detect single phase faults located upstream from the power transformers, even if they are star - delta coupled;

- On the 225 kV dead end lines, single phase reclosing is not performed. If a line is weakly live, a power return protective relay, (a relay operating when the power runs from the weak source towards the line) located on the lower voltage side of the transformer supplied by the line, ensure the clearance of the fault. 

 This protection plan makes it possible to clear faults in 0.9 seconds in normal operation, and in 1.6 seconds in case of failure of a protective relay or a circuit breaker. However, this time can be lengthened, basically for teed lines. 

 Its performances were considered insufficient on the 400 kV network and the close  225 kV network at start - up time of the first pressurised water refrigerated  nuclear power plant, in 1977 (see § 114 ). 

1 - 4 - STATIC AND  DIGITAL  PLAN

1-4-1- 400 kV network

       It is designed to meet the following stresses:

        
- complete clearance of solid faults in less than 250 ms, even in case of one protective relay, or one signalling channel, or one circuit breaker,

        
- opening of coupling or segmenting circuit breakers on multi - phase fault in case of failure of another protective relay in less than 200 ms, 

        
- on phase to earth fault, use of a single phase reclosing cycle, including the case of double single phase fault on a double circuit line, and the case of dead end lines.

For this, the following dispositions are taken::

 
- double circuit meshed line
On each end we can find:

. a differential protective relay, called  main
. a distance, protective relay, called  close back up, with signalling channel: acceleration scheme if the line is longer than 15 km, and blocking scheme if not,

. a zero sequence power protective relay

. a stuck breaker automatic device,

. a bay automatic network rebuilding device ( ATRS );


- single circuit meshed line. 


On each end are found:

. two distance, protective relays, with different principle , each of them having its own  signalling channel, 

. a zero sequence power protective relay

. a stuck breaker automatic device,

. a bay automatic network rebuilding device ( ATRS );

- double dead end line

In progress

- single dead end line
On the live end we find the same equipment as for a single circuit meshed line

At the dead end are found:

. a remote controlled voltmetric selector,

. a zero sequence power protective relay

. a bay automatic network rebuilding device ( ATRS );


- power plant output

They are the object of a special document [52]. A few special points may be noted:

. the control cabinet of the circuit breaker located at the output of the power plant has two tripping coils per phase,

. if the link between the power plant and the substation has a circuit breaker at each end (long links), the distance  protective relay located on the power plant side sends an immediate tripping order without reclosing cycle on an upstream fault (inside the power plant). The differential protective relay of this link is supplied, on the power plant side, by the sum of the current coming from the power plant and the current coming from the auxiliary back up transformer. 


- busbars

. a busbar differential protective relay

. a coupling protective relay: this is a distance relay, using as input current the sum of the current flowing through the coupling current transformer and the one flowing through the segmenting current transformer, which are located at the ends of the electrical node it protects.
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It is set to clear the poly - phase faults in the first zone in 200 ms, as asked above. This gives a low safety margin with respect to line protective relays, and there is a little risk of unwanted tripping. For the phase to earth faults, the clearance is performed within 250 ms, which corresponds to a correct selective interval.
- Auto-transformer, higher voltage side

. Buchholz protective relay

. earth tank protective relay

. overcurrent protective relay, on the connection of the auxiliary service transformer to the earth,

. stuck breaker automatic device

. overload protective relay

. Automatic dead tap changer

. surteco, refrigeration failure, pump stop


- Auto-transformer, lower voltage side
. short link, or earth - cable protective relay, depending if the link is overhead or underground,

. higher side back - up protective relay. It is a simplified distance relay, ensuring the back up for the faults located beyond the higher voltage terminals of the transformer,  

. stuck breaker automatic device,

. bay automatic network rebuilding device ( ATRS );

1-4-2- 225 kV network electrically close to nuclear power plants

 The plan is designed to meet the following stresses:

- complete clearance of solid faults within 300 ms, even in case of protective relay, signalling channel or circuit breaker loss,

- generalised practice of single phase reclosing, including lines with dead end.

 Thus the following dispositions:


- meshed line:

. two distance protective relays, using a single signalling channel, (acceleration scheme for the lines longer than 12 km, blocking overreach for the others), one of them being eventually replaced a phase comparison protective relay. This plan has performances a little less good than the 400 kV network plan, notably in functioning time and release time.  

. stuck breaker automatic device,

. a zero sequence power protective relay,

. a bay automatic network rebuilding device ( ATRS );


- dead or weakly live line, customer side:

. a dead end line protective relay remote controlled or time delayed depending on the sensitivity of the customer to single phase reclosing when they are too long, and to unwanted tripping,

. a zero sequence power protective relay,

. a bay automatic network rebuilding device ( ATRS );


- busbars 

. a busbar differential protective relay

- Transformers:

. the same protective relays as for auto - transformers, to which must be added, eventually, on the lower voltage side, a distance protective relay turned toward the 90 kV, or 63 kV busbars (see these levels) The automatic dead tap changer is replaced by the voltage control automatic device. 

1-4-3- Remote 225 kV network

 The asked relay performances no more depend on the stability, but on the customer requirements. These requirements lead us to install progressively a protection system quite identical to the one of the network close to the power plants. However, the differential busbar  protective relay may be a relay with current combination, including only one measuring module (see third part, § 2347). Its sensitivity is not so good, and varies from one type of fault to another. 

1-4-4- 90 kV and 63 kV networks

 The performances required only depend on customer requirements. In particular, we have seen that, to obtain a sufficient power on some substations, we have been brought to mesh these networks. This has led us to install simplified busbar differential protective relays on the 63 kV busbars of the 225 kV / 63 kV substations with two sets of busbars, every time that loops exist between the two busbars:
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remote 63 / 20 kV substation

Indeed, if the 63 kV network is not meshed, the system in use is as follows: the distance protective relays P1 and P2 located on the terminals of the power transformers, and directed towards the busbar send, after a selective interval, a tripping order to the coupling circuit breaker. One selective interval later, the protective relay P1 has released, and the protective relay P2 sends a tripping order to its circuit breaker. The substation remains supplied by the power transformer T1.

On the contrary, if the network is meshed, as shown on the diagram above, the relay P1, after opening of the coupling, continues to see the fault in its pick up zone, and its tripping order does not release as long as its pick up is actuated. So we must wait until the circuit breakers D3, D4, D5 have been opened to send its tripping order, if relevant. As the tripping orders of the circuit breakers D3, D4, D5 may happen the one after the other, the timer of the relay P1 must be set, if we want to avoid to make dead the whole of the substation, to a value greater then 1 second. The solution is the installation of a busbar differential relay. 

The following dispositions are thus used:      


1-4-4-1- 225 / 63 kV substations, with loops in parallel with the 63 kV coupling.


- Busbars:

. simplified busbar differential protective relay,

. in back up, the same system as described in the following §.


- Lines:

. distance protective relays on the line bays, with a local  back up made of a simplified distance protective relay for the poly - phase faults, and a zero sequence power protective relay for the phase to earth faults;

. stuck breaker automatic device;

. ATRS


1-4-4-2- 225 / 63 kV substations, without loops in parallel with the 63 kV coupling.


- Busbars:

. on each transformer terminal, a distance protective relay, directed towards the busbars. In case of busbar fault, each relay sends, after a selective interval, a tripping order to the coupling circuit breaker, and, one selective interval later, the relay which has not released trips its own circuit breaker.


- Lines:

.  same dispositions as seen in the preceding §.

1-4-4-3-  63 kV/ 20 kV substations with three 63 kV line ends or more


- to protect the busbars, no particular dispositions


- to protect the lines, same dispositions as seen on  § 1441.

1-4-4-4- 63 kV / 20 kV substations with two 63 kV line ends 


- no stuck breaker automatic device.
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2  -  SAFEGUARD PLAN
 These are all the preventive measures taken when it is noted that the network has a risk of collapsing, due to an imbalance between the generation and the consumption, or a bad display of the transit.

Among all the actions it includes, we will only retain the ones using secondary equipment of the substations. They are:   

       
- locking the tap changers of the power transformers 400 (or 225) kV / 90 (or 63) kV,

       
- 5 % reduction in the tap changer reference voltage, for the 




   power transformers 90 kV (or 63  kV) / 20 kV.

These actions are launched when the voltage of the network is too low, and especially when one or several lines are overloaded. Their effect can be schematised in the following way: 
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The equation of the loop is written:

                   

V = j*l**I + n² * (R1 + j**L1)

When the network works normally, the load is basically resistive. On the other hand, when the network is disorganised following the loss of a generation or transmission asset, each load has a large inductive component. Thus the impedance and voltage diagrams: 
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We can see that in normal working the voltage V1 on the terminals of the transformer is practically equal to the voltage V on the alternator terminal, but in disturbed working it is much weaker. In this case, 

- the tap changers of the 400 (or 225) kV / 90 (or 63) kV  transformers are controlled by their voltage control automatic device on the highest tap, i. e. the one which gives the lowest transformation ratio n, 

- then the tap changers of the 90 (or 63) kV / 20 kV are also controlled on higher and higher taps. 

The resistive part of the load, brought to the transformer higher side voltage, decreases, and the current increases, such that the voltage on the alternator terminal and the active power consumed remain the same. The lines can than be overloaded, which can lead to tripping and overloading other lines until the network collapses. 

As a prevention, if such a situation threatens, the control centre sends to the tap changers of the 400 (or 225) kV /  90 (or 63) kV transformers a locking order on a low tap. The load impedance rise, but the voltage control automatic devices  the transformers 90 (or 63) kV / 20 kV start up and control their tap changers on higher and higher taps. 

This reaction partially annuls the effect of preceding locking. So it must be counterbalanced by a 5 % decrease of the reference voltage of these voltage control automatic devices. 
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3  -  RESILIENCE  PLAN 

It intervenes when the deterioration of the network is effective. To stop it, it is necessary to call upon automatic cut - off of links, then of customers. Two types of situation may be foreseen:

3-1- LOSS OF  synchronism     (see fourth part)

3-1-1- Standard plan 

 Its principle is briefly described in the referenced §, where we have seen that the network is progressively segmented in order to isolate the sick zone by using voltage beats. 

Interconnection lines with foreign countries are cut off at the third beat, since we try to keep the back up ensured by the west Europe networks as long as possible, with the exception of Italy and Switzerland , which are cut off at the second beat, and Spain, which is cut off after the first beat.

Inter-zone links are cut off after the second beat, except for links between the zone of Paris and the other zones, which are cut off after the third beat. This is due to the particular feature of this zone, where the balance between generation and consumption is impossible.

 The tripping time, i. e. the sum of the beat detection time and the circuit breaker opening time is that much longer when the beat frequency is low. We can retain the following magnitudes:  

 for a beat frequency of 4 hz

- first beat: 240 ms,

- second beat: 490 ms,

       
- third beat: 740 ms,

      for a beat frequency of  0.5 hz

       
- first beat: 1.55 s,

- second beat: 3.55 s,

- third beat: 5.55 s. 

These dispositions are shown on the joined map.

                
Segmentation of the grid on loss of synchronism (out - of - step)


Caption


border crossed by lines implemented with out of step protective relays set to trip after the first beat


border crossed by lines implemented with out of step protective relays set to trip after the second beat


border crossed by lines implemented with out of step protective relays set to trip after the third beat

3-1-2- Co-ordinated resilience plan.      

 In the standard resilience plan, isolation of the sick zone only intervenes when the loss of synchronism could lead to disturbances on a large part of the network. 

      
A resilience plan acting before the disturbances become effective is now in progress: It is built on the following principle:

      
- the voltage phase is measured permanently on 6 measurement points in each zone and sent to a centralised point;

       
- the comparison between the phases of the measured voltages makes it possible to detect a loss of synchronism as soon as it appears between a zone and the others, and to define the segmentations and the load shedding necessary inside this zone to recover the generation - consumption balance;

       
- the corresponding orders are sent: segmentation orders in charge of isolating the unbalanced zone, and load shedding orders in charge of restoring the balance inside this zone. The segmentation orders are sent to   400 kV to 63 kV circuit breakers, and the load shedding orders are sent to 20 kV circuit breakers;

       
- the control centre meshes again the isolated zone with the others, after ensuring that the rest of the network is correct, then it restores power supply to the load shed customers.

To be efficient, this plan supposes that there is, between the loss of synchronism and the effective opening of all the concerned circuit breakers, a maximal time of 1.3 seconds. This time includes: 
       
- the conveying of the voltage values from measuring point to central point,


- the detection of the loss of synchronism by a computer located at central point, 


- decision making by this computer,


- sending of the tripping orders to the circuit breakers, 


- circuit breaker opening time.

In addition, the circuit breaker opening orders in charge of segmenting, and the ones in charge of load shedding, must be synchronous to less than 0.1 second. 

Technologically, the implementation of this system has led to the following dispositions:
       
- voltage phase measurement at each point is done by reference to a common clock distributed by geo-stationary satellite,


- the orders elaborated by the central computer are sent to the concerned substations by two paths: a network using the same satellite and a microwave network.

 The expected advantages of this system are:
       
- limitation of the loss of synchronism to a single zone: it is separated from  the rest of the network before having had the time the time to disturb it,

       
- maintaining the power supply of priority customers in the disturbed zone,

- rapid return to normal.

>However, it can be used only if its reliability is sufficient:
                                                                                          -5

        
- probability of non operation                       10       per solicitation

                                                                                           -7

        
- probability of unwanted operation              10       per hour
3 -2- Generation loss 

 It could be either a generation loss on the whole west Europe network or a localised loss in a zone previously isolated from the rest of the network after a loss of synchronism. 

How the load shedding plan operates is described in the fourth part, §3
3 - 3 - Protection plan against load reports

It prevents tripping by overload protective relays.

On the  400 kV and 225 kV networks, the overload protective relays used are described in the third part, § 1. The only preventive actions against their tripping following a load report are voluntary: network arrangement changing, tap changer locking, load shedding. 

 For the 90 kV and 63 kV network, the problem is different whether the network is meshed or not:

       
- If it is not meshed, i. e. if all the lines are dead end lines, each line must be dimensioned to support the current corresponding to the maximum power of the transformers it supplies. It is then not necessary to install overload protective relays, but temporarily, to mitigate an abnormal situation, and no preventive measure must be taken;

       
- if it is meshed, a line may be overloaded if it is located in a loop linking two 225 kV substations through their power transformers, and if a fault on the 225 kV line linking both substations provokes, after clearing, a load report on the 63 kV loop. The line must then be furnished with a delayed over-current  relay, whose role is to open the loop. This relay may have current thresholds that depend on the seasons. It can also contain a directional module, and its tripping order may be sent on a bay different from the one where the measurement is performed, in order to display the burden as well as possible after loop opening.  

      Example: 
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If the power runs from the power transformer T1 to the power transformer T2, the over-current relay PDAL located in B1 bay see a current higher than if it was located in B2 bay. But the power available from T1 is higher to the one available from T2, and it is more suitable to supply the burden of the substation B by T1. Then PDAL located on B1 sends a tripping order to the circuit breaker of B2.
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4 -  NETWORK  RE-BUILDING PLAN

 These are all dispositions taken to re - supply the network after a localised or generalised failure.

       
- Localised failure

 We use the various functions of the ATRS, controlled by the  loss of voltage tripping.

       
- Generalised failure

 The preceding functions are disabled either by an order from the control centre, sent zone by zone, or by a timer internal to the ATRS, set to, for example, 10 minute. This second solution, adopted temporarily when the control centre does not have enough remote control possibilities, thus admits that , if the voltage has not come back after 10 minutes, the failure concerns a large area.

 The control centre re - builds then the network by voluntary manoeuvres, respecting the following priorities:

       
- re - supplying  the auxiliary transformers of the not - islanded nuclear power plants,

- re - supplying  the auxiliary transformers of the not - islanded conventional power plants,

       
- re - supplying  the priority customers


- re - supplying  the other customers

Re - supplying the auxiliary transformers of nuclear power plants is done respecting previously validated procedures (see third part, § 615 ).

 To make re - supply of customers easier, it is preferable to constitute consumption pockets, i. e. set of 63 kV / 20 kV substations, supplied from the same cell of a 225 kV / 63 kV substation. But this impose limiting the number of circuit breakers opening by loss of voltage. This practice is opposite to the one described in the
 fourth part, § 6 , i. e. voltage restoration after a localised failure. A compromise must be sought.  
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