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Abstract 

 

Following the Multi Unit Severe Accident that occurred at Fukushima as a result of the tsunami on 11 

March 2011, the European Council decided to submit its Nuclear Power Plants to a Stress Test. In 

Belgium, this Stress Test, named BEST (BElgian Stress Test), was successfully concluded at the end of 

2011. Nevertheless, Electrabel decided, in agreement with the Authorities, to start a beyond design basis 

action plan, with the goal to mitigate the consequences of a Beyond Design Basis Accident and a Multi 

Unit Event. Consequently, this has lead to an improvement of the robustness of its Nuclear Power Plants. 

Considering the importance of electrical power supply to a nuclear power plant, a significant part of 

this action plan consisted of setting up a mobile, ‘plug and play’ method for the electrical power supply to 

some major safety systems. In order to install this ultimate power supply, three factors were retained as 

essential. First, important reactor monitoring instrumentation is preserved. Second, core cooling is 

provided at all times. Finally, systems are easily made operational within a very short delay of time.  

During normal operation and Design Basis Events, core cooling is provided by High Voltage 

equipment. However, during high stress circumstances, it is too complex to realize connections on this 

equipment. Therefore, analysis was performed to realize core cooling with, easier to handle, Low Voltage 

equipment. These systems are powered by several GenSets, especially designed and manufactured for this 

application.  

The outcome of this project are easy to use, ultimate means, that supply electric power to important 

safety systems in order to drastically reduce the risk of core damage, during a beyond design basis event. 

Additionally, for all ultimate means, procedures and training modules were developed for the operators. 

 

Need for Electrical Power Supply 

The purpose of a nuclear power plant is to produce electrical power. Therefore, a nuclear power plant 

has many similarities to other electrical generating facilities. However, there is one major difference to this 

comparison. Unlike a conventional power plant, a nuclear power plant still produces an important amount 

of thermal energy following an emergency stop. This amount of energy is enough to cause severe damage 

to the installation with possible result of radioactive release to the environment. Therefore it is essential for 

a nuclear power plant, to remove this residual thermal energy by adequate cooling systems. Although it is 

possible to use this heat to drive cooling pumps or fans, these systems have their limitations. In the end, 

there is always an electrical energy source needed for cooling the reactor core. As ironical as it may seem, 

although a nuclear power plant is constructed to produce electricity, supply of electricity to the plant is an 

absolute necessity to ensure the safety. 

 

Electrical Design 

Before discussing the electrical design of Doel Nuclear Power Plants, it is important to have an idea 

of the design basis and its key safety features. Table 1 gives an overview of the nuclear installations at the 

site of Doel. 
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Table 1: Basis Design Nuclear Installations at Doel 

 

At the time, in Belgium, the nuclear regulatory framework was still ‘under development’. Therefore it 

was agreed to use the American regulation as a reference and all Belgian Nuclear Units were designed 

accordingly. Additionally, in accordance with the Belgian regulation concerning the protection of 

population against ionizing radiation and because of the high population density, some specific key safety 

features were integrated in the general design: 

 All Reactor Buildings have a Double Containment separated by an interspace held at slightly lower 

than ambient pressure. The purpose is to collect and filter the possible radioactive gases released in 

case of an accident and to discharge it at sufficient height, according the topography of the 

environment. 

 In 1975 the Belgian Authorities decided that the design of the Nuclear Power Plants had to 

consider additional external hazards, regardless the American regulation. This demand resulted in a 

second level of safety systems, functionally independent and physically separated from the 

‘common’ first level of protection systems dedicated to internal hazards. Moreover, the nature of 

these hazards required this second level of protection systems to be bunkerized. The purpose of 

this second level is protection against external hazards such as airplane crashes, explosion, etc. 

 The site of Doel has two possibilities of ultimate cold source. Next to the river there are three 

cooling ponds, each containing about 30.000 m³ of water. 

 Units Doel 3 and Doel 4 have an extra common emergency diesel generator. 

 

The site of Doel is connected with the external grid via multiple connections. The external main 

source is assured by five 380kV-lines. All four nuclear units are connected with this 380kV grid via 

multiple busbars. A second external power source is provided by a 150kV grid, connected with the units 

via a double busbar system. This 150kV supply is assured by two high voltage lines. In case of complete 

Loss Of Offsite Power (LOOP), meaning the simultaneous loss of both high voltage supplies, the plant 

transfers to island mode, only providing electrical power to its own auxiliaries. When at least one entity 

successfully transfers to island mode, it is possible to make the connection with the other power plants, in 

this way supplying electrical power to the auxiliaries. 

When the unit cannot transfer to island mode a redundant number of safety and emergency diesel 

generators will provide electrical power to the nuclear safety related auxiliaries. In case of complete loss of 
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external and internal power critical I&C systems are powered via batteries. Figure 1 shows an overview of 

the electrical design of Doel 3 and Doel 4. 

 

 

Figure 12: Electrical Design Doel 34 [1] 

 

These multiple safety levels show to what extent the site of Doel was already, by the original design, 

protected against the complete loss of electrical power supply. This points out that occurrence of this 

scenario is highly unlikely. 

 

Non Conventional Equipment 

 

Despite the abundant safety power systems, described in the previous paragraph, Electrabel agreed, in 

the framework of the Belgian Stress Tests, to implement an action plan. The purpose was to bring the 

robustness and defence in depth to an even higher level. Installation of Non Conventional Equipment 

(NCE), among others, is part of that action plan.  

The considered hazards are an extreme seismic event and site flooding. The envelope scenario 

retained for defining the Non Conventional Equipment is the “complete station blackout”, meaning: 

 Loss of both high voltage power supply (380kV and 150kV) 

 Failure of island mode 

 Loss of all first level diesel generators 

 Loss of all second level diesel generators 
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This scenario only leaves batteries, turbine pumps, by gravity transferable cooling water and finally, 

the Non Conventional Equipment at the site’s disposal. 

 

Extreme Seismic Event 

 

In case the complete station blackout is the result of an extreme seismic event, it is considered that the 

NCE will only be used after the occurrence of this event. Therefore the seismic specification prescribes 

that these equipments must withstand the earthquake structurally and need to be functional after the 

earthquake. In contrast to the first and second level safety equipment, the NCE are not qualified for 

operation during the seismic event. 

In order to define the seismic specification for the NCE a Seismic Margin Assessment (SMA) was 

performed resulting in a acceleration spectrum more severe than the one used for the design criteria of the 

nuclear units. The resulting spectrum is shown in Figure 2. 

 

Figure 13: NCE seismic spectrum 

Flooding 

 

During the Belgian Stress Tests following cases were considered to assess flooding coping capability: 

 Water (river) surge in combination with severe weather circumstances with a period of occurrence 

of one in ten thousand years. 

 Dike breach at high water level. 

 

Since the nuclear site is located higher than the surrounding polders, only temporarily flooding is 

possible, before the water drains off to the lower located area. Conservative calculations showed no more 

than a few tens of centimetres of water level are expected on site. 
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Figure 14: Site flooding calculation [1] 

Design 

The accident at Fukushima Nuclear Power Plant has emphasized the great difficulty to restore 

electrical power to vital equipment once the standard equipment and installations are damaged and 

unusable [3]. At Doel Nuclear Power Plant, this would not be any different, considering most of the 

necessary equipment for core cooling is connected to the 6kV buses and therefore inherently complex to 

replace by alternatives in high human stress circumstances.  

Even for low voltage equipment, like I&C, it is nearly out of the question to restore power supply, on 

short notice, without adequate components, tools, procedures and thorough training of the operators. 

Hence, the Non Conventional Means are expected to meet some predefined constraints to improve the 
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robustness and defense in depth of the nuclear units. First, the method needs to be user friendly meaning an 

easy, straightforward and safe way of installation. Providing electrical power high voltage installations 

(e.g. pumps, fans, etc.) would give large opportunities to manage severe accidents, however the poor 

handiness due to heavy weights of cables and connections bring about considerable limitations. Therefore 

it was decided to limit the scope to low voltage installations. 

At each nuclear unit an electrical low voltage grid and power supply system, as shown in Figure 4 was 

installed. The system consists of a ‘plug and play’ system which connects a diesel generator, via a 

prefabricated loose cable, to a seismically installed grid. This grid distributes the electricity to 

switchboards installed at the entrance of the safety trains, housing the safety related switchboards. These 

switchboards normally distribute the electrical power coming from the high voltage grid, via a high to low 

voltage transformer, to the low voltage load (I&C, valves, compressor, pumps, etc.). When the Non 

Conventional Equipment are used, these safety related switchboards distribute the electrical energy from 

the mobile diesel generator to the load. In order to do this, additional switchgears were installed. These non 

conventional switchgears do not connect with the inner bus bar of the switchboard, but have a connection 

plug on the front panel of the switchgear cabinet. Via loose prefabricated cables, connection is made to the 

non conventional grid. 

The whole system is designed to make it impossible for the operator to get in contact with conductive 

electrical parts. Operator procedures are written for correct and safe line up of the non conventional power 

supply and each operator team receives periodically, theoretical and practical training on the Non 

Conventional Equipment. This results in well trained operators and makes sure that procedures are tried 

out, increasing the quality of implementation. Since no connection is made with the inner bus bar of the 

existing safety related switchboards, no false parallel resulting in short circuit is possible during testing of 

the equipment. 

The above described installation is considered as an ultimate level of protection. Considering the 

design of the Belgian Nuclear Power Plants including two independent levels of safety systems, one could 

call this Non Conventional Equipment the ‘third level safety system’. 
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Figure 15: BEST Electrical Installation 

 

Installed protections on Non Conventional Electrical Equipment 

 

In general, when equipment is constructed, the design is such to protect the equipment in case 

parameters are out range. Therefore trip setpoints are set conservative towards the protection of the 

equipment itself. In nuclear applications, the first goal is not to protect the safety related equipment but, as 

a priority, to protect the environment against radioactive release. In case of a nuclear power plant, this 

means protecting the reactor core against overheating after shutdown. Therefore it is essential to exclude 

tripping of safety related equipment when there is no real absolute need to. Three cases are considered: 

1. Setpoint is chosen too conservative towards protection of the equipment itself. 

2. Spurious actuation of the protection. 

3. The protection setpoint is drifting (e.g. due to temperature variation) and initiates a trip of a safety 

related equipment while all parameters are still in acceptable range. 

 

The first two cases can be overcome by adequate design. First, the setpoints of the protections 

initiating the trip of an electrical component are preferred to be chosen more conservative towards 

protection of the reactor. Second, preventing an unnecessary trip because of spurious actuation is generally 

done by 2/3 and 2/4 logic. Avoiding the third case is done by a combination of adequate design and 

periodical testing.  

Because of its use in very extreme and highly unlikely circumstances, the Non Conventional 

Equipment installation is designed to have a minimal set of protections. The non conventional electrical 

grid is not protected against overload (thermal protection), however only contains short circuit (magnetic) 
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protection with respect for electrical selectivity. The diesel generator is equipped with a number of 

protections such as high cooling water temperature, low oil pressure, low fuel level, overload, etc. yet these 

protections are mainly installed to protect the generator set during testing. Each protection can be bypassed 

in case of emergency. In this way a generator trip, because of spurious protection signal, can be avoided or 

overruled. As mentioned higher, in conventional reactor instrumentation and control systems two out of 

three or two out of four logics are used to overcome this issue. This was not included in the design of the 

Non Conventional Equipment. 

 

Conclusion 

 

Electrical power is essential for a nuclear power plant. Although highly unlikely, in case of complete 

station blackout, it is recommended to have an action plan available to repower safety critical systems. 

Therefore Doel Nuclear Power Plant installed a seismic qualified electrical grid, powered by specific 

designed mobile diesel generators. This Non Conventional Equipment can be used in extreme beyond 

design circumstances, to repower vital electronics, pumps, compressors, etc. In high human stress 

circumstances this prefabricated system, along with specific severe accident procedures, can drastically 

reduce the outcome of a severe multi unit nuclear accident. 
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