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Abstract 

After the Fukushima Daiichi nuclear power plant (1F-NPP) accident (i.e. Station Blackout), several 

design enhancements have been incorporated or are under considering to Mitsubishi PWR plants’ design of 

not only operational plants’ design but also new plants’ design. 

Especially, there are several important enhancements in the area of the electrical system design. In 

this presentation, design enhancements related to following electrical systems/equipment are introduced; 

- Offsite Power System 

- Emergency Power Source 

- Safety-related Battery 

- Alternative AC Power Supply Systems 

In addition, relevant design requirements/conditions which are or will be considered in Mitsubishi 

PWR plants are introduced. 

 

1. Introduction of the Japanese PWR Plants 

Currently, Japan has total 24 PWR plants and the electric output per unit is 340-579MWe for 2-loop 

plants, 826-912MWe for 3-loop plants, and 1160-1180MWe for 4-loop plants. Each PWR plant location is 

shown in Figure 1. The figure also shows its position and distance from the epicenter of the earthquake 

which triggered the 1F-NPP accident. The figure shows that all the PWR plants are located away from the 

epicenter of the earthquake and fortunately they suffered little damage caused by tsunami. 

As of April 2014, all the nuclear power plants in Japan including PWR and BWR are not in operation 

and a safety review are being performed to restart operations. 
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Figure 1. Site Location of the Japanese PWR Plants 

 

 

2. Changes in the Japanese Regulatory Requirements Before and After the 1F-NPP Accident 

Before the 1F-NPP accident, the nuclear power plants in Japan were designed in accordance with the 

following guideline: 

- Review Guide for Safety Design of Light Water Nuclear Power Reactor Facilities 

This guideline required design consideration for SBO events as well as design requirements for 

Design Basis Condition (DBC). However, the SBO duration assumed in the guideline was very short 

compared to that of the 1F-NPP accident. 

Since the 1F-NPP accident, the regulatory requirements had been reviewed in light of the lessons 

learned from the accident, and the following new regulatory standards went into effect on July 8, 2013: 

- Regulation on the Technical Standards for Commercial Nuclear Power Reactors and Associated 

Facilities 

In the new regulatory standards, the design requirements for DBC have been enhanced, and in 

addition, those for Design Extension Condition (DEC) have been enhanced and added. Especially, in 

consideration of the fact that the 1F-NPP accident had evolved into severe accident due to the extended 

SBO, the new regulatory standards have included several important enhancements to electrical design. The 

main design requirements/conditions are as follows: 

- Improvement of reliability of the Offsite Power System 

- Increase of the safety-related battery discharge duration 

-   Increase of the fuel tank capacity for the emergency power source 

- Installation of alternative power supply system 

- Enhancement of the protective capability against Extreme External Hazard 

- Enhancement of the protective capability against terrorism/airplane crash 
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The safety review based on the new regulatory standards is currently being performed for the nuclear 

power plants in Japan. To enhance safety of the electrical system of the Mitsubishi PWR plants, some of 

the above requirements have been incorporated to their electrical design and some are under consideration. 

Section 3 below shows in detail the improved design principles and typical examples of how they are 

incorporated in the actual design. 

 

3. Design Improvement on the Electrical Power Systems 

 

3.1 Offsite Power System 

The regulatory requirements before the 1F-NPP accident required that the offsite power system be 

designed to connect to a power grid via two or more transmission lines, but independency of each 

transmission line was not considered.  

The regulatory requirements after the 1F-NPP accident require that two or more transmission lines be 

independent from each other. This design can prevent loss of all the transmission lines even if one of the 

substations or switchyards fails. Also, the new regulatory requirements consider increase of a seismic 

capacity for equipment/structures associated with the offsite power system to the extent possible, although 

the offsite power system is non-safety classified. These design improvements enhance reliability of the 

offsite power system. 

 

3.2 Emergency Power Source 

Before the 1F-NPP accident, emergency power sources had enough fuel stored onsite to supply power 

to required loads for two to seven days. This capacity was determined for each plant by considering the 

time needed to transport fuel from offsite for replenishment. 

The regulatory requirements after the 1F-NPP accident assume that duration of loss of offsite power is 

at least seven days. Therefore, any plants need to store fuel for emergency power sources onsite, which is 

sufficient to operate for seven days. This enhances the functionality of emergency power sources.  

 

3.3 Safety-related Battery 

Before the 1F-NPP accident, there were no national guidelines which stated safety-related battery 

capacity. Therefore, safety-related battery capacity was designed to be two hours based on the American 

standard “Supplementary Criteria for Electrical Power Systems for Nuclear Power Plants.” However, 

assuming SBO events like the 1F-NPP accident, it is necessary to increase battery capacity to cope with the 

events using only dc power supply until restoration of ac power. 

In light of the above lessons learned, the regulatory requirements after the 1F-NPP accident clearly 

state the safety-related battery capacity as follows: 

- Batteries should supply electric power for 8 hours without switching off the loads. After 8 hours, 

the system should supply electric power for subsequent 16 hours (i.e. 24 hours in total) with 

switching off the loads not required for safety purpose. 
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Based on this requirement, it is necessary to increase the safety-related battery capacity so as to 

supply power to required loads for 24 hours. The increase of battery capacity can be done by replacing 

with larger capacity battery or providing additional batteries. 

 

3.4 Alternative Power Supply Systems/Equipment 

The regulatory requirements before the 1F-NPP accident did not require installation of back-up ac 

power supply, i.e. alternative AC (AAC) power supply system, onsite, because early restoration of offsite 

power or emergency power sources were expected. However, considering the case of the Extreme External 

Hazard which was experienced during the 1F-NPP accident, it is necessary to assume that the offsite power 

and emergency power sources cannot be restored for a prolonged time.  

In light of the above lessons learned, the new regulatory standards require installation of alternative 

power supply systems/equipment as follows: 

- Deployment of transportable alternative power supply systems/equipment (e.g. power supply 

vehicle and batteries) 

- Installation of alternate current power supply system as a permanently-installed alternative 

power supply system 

In addition, the new regulatory standards require that alternative power supply systems/equipment be 

independent and spatially separated from the DBC management system. These arrangements including the 

diversification mentioned in the later section ensure that ac power supply is available even in the event of 

SBO.  

 

3.5 Loss of Normal Access to the UHS (LUHS) 

All the PWR plants in Japan apply diesel generators (DGs) for emergency power sources. This type of 

engine needs cooling water to operate, i.e. UHS needs to maintain its function to operate the diesel engine. 

In this case, assuming that LUHS occurs due to external events, such as tsunami, all the emergency power 

sources will fail. Therefore, it is necessary to install power sources which do not rely on UHS, e.g. gas 

turbine generator (GTG) and air-cooled DG, in addition to emergency power sources. Applying this type of 

power source for AAC can provide diversity between AAC and EPS (water-cooled), increasing the 

reliability of the power supply systems. 

 

3.6 Connection with Transportable AAC 

As described in Section 3.4, Mitsubishi PWR plants are planning to install transportable AAC as 

alternative power supply equipment. This power source normally stands by in the area onsite where safety 

is ensured. In the event of SBO, it is moved near the building and connected manually to the connecting 

port provided on the outward wall of the building. Providing multiple connecting ports in different places 

prevent failure of connection due to common cause failure. 

 

3.7 Extreme External Hazard 

Before the 1F-NPP accident, plant design considered the effect of postulated natural phenomena, such 

as earthquake, tsunami, flood, and freeze. However, in the 1F-NPP accident, external hazards, i.e. 
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earthquake and tsunami, exceeding the design basis hit the plant and made the protection equipment 

incapable. Taking into account the lessons learned from this experience, protection against the Extreme 

External Hazard needs to be enhanced. 

Specifically, the following protection measures can be considered: 

 For protection against tsunami/flooding 

- Raising the height of the flood barrier 

- Provision of adequate water seals to openings of the building 

-   Extension of the inlet/outlet duct of DG to locate the opening to a higher level 

 For protection against tornado 

- Install a missile protection nets 

 

3.8 Terrorism/Airplane Crash 

Although the 1F-NPP accident was caused by natural phenomena, the new regulatory standards 

enhance the requirements for protection against not only natural external hazards but man-induced external 

hazards, e.g. terrorism and airplane crash.  

Specifically, it is required that an independent facility be built outside the Reactor Building, which is 

equipped with necessary equipment/systems, to cope with loss of safety function in the Reactor Building 

due to terrorism or airplane crash. “Necessary equipment/systems” refer to those to prevent damage to the 

containment vessel, e.g. pumps, power and water sources, and monitoring and control systems. 
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