
NEA/CSNI/R(2015)4 

196 

 

 

Swiss Solutions for Providing Electrical Power in Cases of  

Long-Term Black-Out of the Grid 

 

Altkind, Franz 

ENSI, Switzerland 

 

Schmid, Daniel 

ENSI, Switzerland 

 

Abstract 

 

A better understanding of nuclear power plant electrical system robustness and defence-in-depth may 

be derived from comparing design and operating practices in member countries. In pursuing this goal, the 

current paper will focus on Switzerland. It will present in general the protective measures implemented in 

the Swiss nuclear power plants to ensure power supply, which comply with the "Defence-in-depth" 

principle by means of several layers of protection. In particular it will present the measures taken in case of 

a total station blackout.  

The different layers supplying electricity may be summed up as follows. The first layer consists of the 

external main grid, which the plant generators feed into. The second layer is the auxiliary power supply 

when the power plant is in island mode in case of a failure of the main grid. A third layer is provided by 

the external reserve grid in case of both a failure of the external main grid and of the auxiliary power 

supply in island mode. As a fourth layer there exists an emergency electrical power supply. This is 

supplied either from an emergency diesel generator or a direct feed from a hydroelectric power plant. In the 

fifth layer, the special emergency electrical power supply from bunkered emergency diesel generators 

power the special emergency safety system and is activated upon the loss of all external feeds. A sixth 

layer consists of accident management equipment. 

Since the Fukushima event, the sixth layer has been reinforced and a seventh layer with off-site 

accident management equipment has been newly added. The Swiss nuclear safety regulator has analysed 

the accident 
1,2

. It reviewed the Swiss plants’ protection against earthquakes as well as flooding and 

demanded increased precautionary measures from the Swiss operators in the hypothetical case of a total 

station blackout, when all the first five layers of supply would fail. In the immediate, a centralized storage 

with severe accident management equipment was jointly set up by the operators. This equipment would be 

transported to the plant site by land or air. In a second step, each operator installed additional severe 

accident management diesel generators in each plant and prepared the necessary cabling and switch gear. 

Particular attention was dedicated to establish procedures so that the hooking and operation of the accident 

management equipment could be directly performed by shift personnel. 

                                                      
1
. http://www.ensi.ch/de/2011/10/31/lessons-fukushima-11032011/ 

2
. http://www.ensi.ch/de/2013/03/01/aktionsplan-fukushima-2013/ 
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The presentation shall show both current practices and recent design changes of safety-related 

electrical systems in nuclear power plants in Switzerland. 

Introduction  

The current paper is a contribution from the Swiss perspective to the workshop on “Robustness of 

Electrical Systems of NPPs in Light of the Fukushima Daiichi Accident”. It will present in general the 

protective measures implemented in the Swiss nuclear power plants to ensure the house load supply, which 

comply with the "Defence-in-depth" principle and comprise several layers of protection. In particular the 

paper will present the measures taken in the case of a total station blackout. The Swiss participation in the 

workshop also aims to improve the safety review process of nuclear power plant electrical systems by 

learning from best practices in member countries and by promoting and cooperation among member 

countries to improve safety, as intended by the NEA. 

The five Swiss nuclear power reactors come from different original manufacturers. Two of them – the 

Mühleberg NPP in operation since 1972 at 390 MW electrical power and the Leibstadt NPP in operation 

since 1984 at 1245 MW electrical power - are boiling water reactors from General Electric. A further plant 

- the Gösgen NPP in operation since 1979 at 1060 MW electrical power - is a Kraftwerksunion pressurized 

water reactor and the remaining two – NPP Beznau I & II in operation since 1969 and 1971 respectively at 

380 MW electrical power each – are Westinghouse pressurized water reactors. Therefore the overall design 

as well as the electrical design is different among the plants. 

Nevertheless, with the backfitting already implemented in the less recent plants, the electrical design 

principle remains the same for all NPPs. It can be structured into five designbase layers and two extended 

additional layers. Each of them will be explained further. 

 

1. Layer one 

Layer one consists of the external main grid, which the plant generators feed into. This is the high 

tension grid node available at the NPP location. The two newer NPPs are connected to the 380 kilovolt 

grid, whereas the less recent three are connected to the 220 kilovolt grid. Although this interface is mainly 

for energy delivery from the plant, it can be used to supply the plant in case of a problem with the 

production and/or the dedicated plant turbine/generator group. 

2. Layer two 

In case of a problem with the main grid – caused by an external event anywhere affecting the high 

tension grid – the block circuit breaker opens. Then the second layer has to take over supplying the plant. 

The second layer consists of the plants own turbine/generator group. In such a situation, the generator 

control system performs a cutback of the power to approximately 5-7%, forcing also the reactor into a 

reduced power range. This is the so-called ‘Island Mode’, where the plant runs for its own power supply. 

This is not an emergency mode and therefore no automatic diesel start is necessary. When the ‘Island 

Mode’ is reached the situation needs to be analysed by the operator to decide whether the reactor has to be 

shut down or whether the main grid is about to reset, a situation which might arise in the case of a grid 

problem which originated in the nearby switchyard and is easily resolved. In the latter case, an immediate 

synchronisation and power generation to the grid is possible (within limitations posed by the load gradients 

of the reactor and generator). 
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3. Layer three 

If the island mode also fails, then the external reserve grid acts as a third supply layer. For one NPP it 

is the 220 kilovolt grid, whereas for the others it is the 50 kilovolt grid. In case the main grid is adversely 

affected, this lower tension, more regional grid interface may still be operable and function as a reserve 

supply. However such an interface feeds the emergency bus bars only, letting the plant perform a 

shutdown, triggered for instance by the turbine/generator control system. 

4. Layer four 

If the external reserve supply also fails, the plant goes into emergency electrical power supply mode. 

This is either an emergency diesel generator supply or a direct feed from a nearby hydroelectric power 

plant, equipped with water resistors to adjust for load and frequency in such a way that only the house load 

is available for the nuclear plant. The hydroelectric power plants have the advantage of being available 

continuously, whereas the diesel generators have to be first started up (approximately 10 seconds for power 

production). While the two newer NPPs have emergency diesel generators, the Mühleberg NPP has this 

hydroelectric supply. At the Beznau double block NPP, construction is under way for new emergency 

diesels located in new buildings to replace the hydroelectric plant emergency supply in 2014 for block 1 

and 2015 for block 2. This project was required by and is under the supervision of the Swiss regulator 

(Swiss Federal Nuclear Safety Inspectorate, ENSI). 

5. Layer five 

Under the assumption of an extreme external hazard, the power plants have in a fifth supply layer the 

special emergency electrical power supply from bunkered diesel generators to power the special 

emergency safety systems. The two newer power plants were designed with such bunkered systems, 

whereas the three less recent blocks where retrofitted with them. The bunkered diesels are held in such a 

condition to start immediately and automatically, upon the loss of the external reserve grid interface. The 

bunkered diesels feed in order of priority, their assigned safety systems, lighting, ventilation, battery 

chargers and instrumentation. The bunkered diesels are class 1E diesel generators. 

In the Swiss plants, besides the AC power, the provision of DC power is also implemented 

redundantly. This means that there are redundant battery groups for the safety trains and additional 

independent and redundant battery groups for the special emergency safety systems. The battery groups for 

electrical loads important to safety in an emergency have been analysed with respect to the battery 

discharge time and their locations in the buildings. The results showed that battery capacity is sufficient 

until accident management power supply for recharging the batteries is available. 

The five layers of AC supply are implemented according to the particular incident, following design 

principles along the Swiss nuclear guidelines. The different modes of supply are tested periodically and the 

corresponding procedures are trained by the operating staff.  

6. Effect of the Fukushima accident  

After the reactor accident in Japan, a review process was initiated in Switzerland. As a direct 

consequence of the Fukushima accident, the Swiss Federal Nuclear Safety Inspectorate issued formal 

orders, by which the operators of the Swiss NPPs were required both to implement immediate measures 

and also to conduct additional reassessments. The immediate measures comprise improvements for the 

spent fuel pools but also the establishment of an external emergency storage facility for the Swiss NPPs. 

The additional reassessments focused on the design of the Swiss NPPs against earthquakes, external 

flooding and a combination. Investigation of the coolant supply on the basis of insights gained from the 

accident in Japan was also requested.  
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From the electrical point of view, the accident in Fukushima corresponds to the scenario of a total 

station blackout. The establishment of one external emergency storage facility aims to cope with just such 

a situation. The storage facility is hosted in a seismically robust, bunkered building situated on a non-

floodable high ground and it is located at a distance between 20 to 70 Km from the Swiss NPPs. 

7. Reinforced Layer six  

In a second step, the operators installed additional severe accident management diesel generators at 

the plants and prepared the necessary cabling and switch gear interfaces. Procedures and training were 

established in such a way that hooking and operation of the accident management equipment can be 

performed by shift personnel. The aggregates are placed in containers on the roof of classified buildings 

(protected against flooding and earth quake) or on ground partly moveable and will be tested periodically 

to fulfil the supply to the foreseen safety systems. The original emergency connection points for electricity 

were revised and additional connection points were installed. The connecting cables are equipped with 

connectors and marked by colours on both sides for easy identification and installation. 

The Swiss Federal Nuclear Safety Inspectorate conducted topical inspections on all the NPPs to gain 

an insight into the preparedness of the power plants for a long-lasting loss of electrical supply. The power 

plant operators previously had to document with a concept and detailed information how they would cope 

with such a situation. Assuming an initial full-power situation, two scenarios were investigated.  

In the first scenario, the losses of the main and reserve external grid as well as the breakdown of the 

island mode and all emergency diesel generators were assumed. In other words failure of supply from all 

first four layers was assumed. In this case the special emergency diesel generators had to provide electrical 

supply for reactor shutdown, cooling and monitoring using the reactor accident instrumentation. The Swiss 

regulatory framework demands an automatic emergency control without any manual intervention (for the 

first 10h) and a longer-term controlled situation, including manual interventions, over at least seven days.  

In the second scenario, the special emergency diesel generators in addition to the first four layers also 

were assumed to fail – a so called total station blackout – and the situation would have to be handled by 

severe accident management guidelines. Only battery-powered supplies were available, whereby the 

batteries must be sufficient until any accident management power supply could be connected. The 

regulations require that the situation must be governed with on-site means for three days and after that with 

using offsite means, up to seven days. 

The NPPs were asked to present their prepared accident management procedures to identify and 

manage the given scenarios. The procedures had to specify also time-critical actions and any 

interdependence. The consumption balance of safety equipment, instrumentation, lighting, communication 

and the availability of sufficient personnel had to be demonstrated. 

In case of severe accident management, the operators had to explain how they would transport mobile 

equipment, how they would refuel equipment, connect the equipment together technically and also prove 

that the tasks could be carried out by the shift-personnel. How the equipment is stored in a robust manner 

safe from seismic and flooding and where corresponding documentation is kept, also had to be explained. 

For open items, a clear time-schedule had to be given. The relevant locations were visited during the 

inspections.  

8. New Layer seven 

The central storage facility was requested by the Swiss Federal Nuclear Safety Inspectorate as an 

immediate measure and it was implemented only three months after the accident in Fukushima. The Swiss 

NPPs operators organized a common operating crew for the storage facility and submitted the operating 
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concept to the Swiss Federal Nuclear Safety Inspectorate. The Inspectorate reviewed this concept and 

inspected the storage facility. Pumps, diesel units, hoses, fuel, cabling as well as food and documentation 

are stored in a way to be easily accessible and transportable to the plant by truck or helicopter. The storage 

facility was fully set up in time and first training exercises proved the feasibility of the concept. The 

examination confirmed their readiness in practice for use. The safe and secure underground buildings are 

well maintained with industrial loading ramps for transportation by land or air. Though there was no 

practical doubt about the robustness of the storage facility against earthquake, it was however submitted to 

examination of the corresponding standards by a third-party expertise. 

In a training exercise, the transportation of a heavy generator by truck and a heavy pump by helicopter 

was demonstrated. The transportation was carried out by the Swiss army and the coordination with the 

ground personnel was drilled. Some improvements were identified and are being taken care of. Such 

training is scheduled to be repeated periodically.  

9. Conclusion 

Although the electrical systems of Swiss NPPs are built according the Defence-in-depth principle and 

are capable to withstand the defined design accidents, with the measures adopted on the Swiss NPPs two 

additional layers of electrical supply were reinforced or introduced. They consist in a sixth layer with the 

on-site accident management diesel generators and a seventh layer with the means of the off-site storage 

facility. 

The implementation of these precautionary measures to cope with a long-lasting total station blackout 

was verified by the Swiss Federal Nuclear Safety Inspectorate. The inspections in all Swiss NPPs have 

shown that strategies to prevent core damages were revised since the Fukushima accident and measures in 

case of total station blackouts are in place.  
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