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Abstract  

In response to the Fukushima Daiichi NPP accident in 2011, the Canadian Nuclear Safety 

Commission set up a Task Force to evaluate operational, technical and regulatory implications on 

Canadian NPPs.  While accepting that the risk from beyond-design-basis accidents (BDBA) at Canadian 

NPPs is very low, the Task Force identified a number of areas where additional improvements or 

confirmatory assessments would further enhance safety.  

As a result, a set of 36 Fukushima Action Items (FAIs) were assigned to the licensees. 

This paper focuses on the FAI related to electrical power system enhancements to address a total loss 

of all AC Power leading to a possibility of loss of heat sinks (i.e. Station Blackout). This required the 

licensees to implement the following: 

 

 Additional back up power supplied by portable diesel generator(s) to allow key instrumentation 

and control equipment and key electrical loads to remain operable;  

 Provisions for a storage and timely transportation and connection of the portable generator(s) to 

the applicable units ; 

 Provisions for testing  of the portable generator;  

 Provisions for  fuelling of portable generators; 

 Provisions such as panels, receptacles, and connectors to quickly deploy the portable generators to 

plant system, and separate feeder cables route to avoid a common mode failure; 

 Load shedding strategy to extend the existing station’s battery life to ensure that the connection of 

portable generators can be completed before the batteries are depleted; 

 Provisions to supply water to  steam generators and Irradiated Fuel Bay using portable pumps; 

 

The paper will also provide a brief description of Electrical power systems of the Canadian NPPs 

designed to satisfy the high safety and reliability requirements for nuclear systems, which are based on the 

following: 

 2 group design philosophy ( Group 1 and Group 2 Electrical Power Systems  ) 

 2 separate groups of onsite emergency generators (Class III Standby generators and Emergency 

Power generators )  

 4-7  days’ supply of fuel for standby and emergency generators,  

 The capability to transfer power between units in a multi-unit plant 

 

1. Introduction  

Canada has five  Nuclear Power Plants (NPPs) in three provinces that houses 22 CANDU reactors;  

20 located in Ontario at three  multi-unit stations ; Pickering, Darlington and Bruce. There are also single-
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unit CANDU stations in Gentilly, Québec and Point Lepreau, New Brunswick. All currently operating 

reactors are CANDU (Canadian Deuterium –uranium) reactors.  

Following the Fukushima Daiichi nuclear accident, the Canadian Nuclear Safety Commission 

(CNSC) requested all the Canadian Nuclear Power Plants (NPPs) to conduct a review of the initial lessons 

learned from Fukushima, under subsection 12(2) of the General Nuclear Safety and Control Regulations. 

In April 2011, the CNSC convened a task force to review the licensees’ responses to the 12(2) request and 

evaluate the operational, technical and regulatory implications of the Fukushima Daiichi nuclear accident 

for the Canadian NPPs. While acknowledging that the probability of a beyond-design-basis accident 

(BDBA) at Canadian NPPs is very low, the Task Force identified a number of areas where additional 

improvements would further enhance safety. To address the Task Force recommendations, the CNSC 

developed a draft CNSC Action Plan. The document established a four-year plan, for both licensees and 

CNSC staff, to strengthen reactor defence in depth, enhance emergency response, improve regulatory 

oversight and crisis communication capabilities, and enhance international collaboration. 

In parallel to the task force the President of the CNSC established an External Advisory Committee 

(EAC) to review the CNSC’s process in responding to the Fukushima crisis and in developing proposed 

changes to its processes and regulatory framework. The EAC concluded that the process followed by the 

CNSC in response to the accident was appropriate, and identified a number of complementary areas for 

further enhancements. 

CNSC Staff Action Plan was developed taking into consideration the comments received from the 

public and stakeholders on the CNSC Fukushima Task Force (FTF) Report. The CNSC Staff Action Plan 

identified a number of actions to address the Task Force Report recommendations. The actions are grouped 

in the following three categories: 

– Strengthening reactor defence in depth 

– Enhancing emergency response 

– Improving regulatory framework and processes 

 

This paper discusses the findings, and recommendations of the FTF with respect to the strengthening 

of defence in depth of CANDU Electrical Power Systems (EPS).    

2. CANDU Electrical Power Systems Design 

CANDU EPS is designed to satisfy the high safety and reliability requirements of the nuclear power 

plants.  Notably, this is achieved through grouping and separation.  

 

2.1 Group Separation 

 

The concept of grouping and separation of safety related systems has been integral to CANDU plants. 

This concept provides physical and functional separation of safety related systems to ensure that common 

cause events do not impair the capability to perform essential safety functions. In this concept, the plant 

can be shut down, decay heat removed, and the plant conditions monitored independently from systems 

and components of either one of two groups, known as Group 1 and Group 2. The EPS is separated into 

Group 1 and Group 2 in accordance with the two groups’ separation philosophy. Group 2 power is 

qualified to operate following the design basis common-mode events. 
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2.2 Division Separation 

 

The design provides two electrically independent and physically separated power distribution 

divisions. One is designated odd, the other even. The two divisions provide power to redundant station 

loads and prevent failures or damage of one divisions cascading to the other.   

 

2.3 Classes of Power 

 

There are four distinct classes of power, namely Class IV, III, II and I, as well as Emergency Power 

Supply.  Class IV, III, II and I are Group 1 supplies while Emergency Power Supply is Group 2 power.  

The Class IV power system is an AC power that supplies the unit auxiliary loads during normal plant 

operation. The Class IV power can be supplied from the turbine generator or from the off-site power and 

may be subject to long term interruptions. Under certain circumstances the loads may be transferred from 

one source to others. The class IV distribution arrangement is a radial dual bus scheme (i.e.  Class IV is 

split into two divisions; even and odd. CANDU turbine generators units are designed to survive 100 % 

load rejection from the external grid and continue to supply their own house load. Most of the CANDU 

reactors are capable of quickly reducing reactor power to 60 % of full power, holding at reduced power, 

and then returning more slowly to full power using their adjuster rods. The reactors have provisions to 

dump the steam to condenser and can remain at 60 % full power indefinitely ready for reconnection to the 

grid or for an orderly shut down. The unit electrical output would be held to around 10-15 % full power to 

supply the house loads. 

Class III power is an AC system that is normally supplied from the Class IV system.  Upon loss of 

Class IV power it is automatically supplied from on-site stand-by generators (SGs) under the control of the 

emergency transfer scheme (ETS). Each SG is capable of black starting and supplying the Class III 

requirements. The SGs are provided with an on-site fuel oil supply.  Uninterruptible control power required 

for switching and monitoring following loss of Class IV and until Class III restoration is provided from 

Class I and II.   

Class II is an AC system which supplies uninterruptible AC power to the essential loads, which 

cannot tolerate power interruptions that may occur in the Class III system. The Class II power is normally 

supplied from Class I batteries through inverters with alternate supply from the Class III system.  

The Class I is a DC system which supplies uninterruptible DC power to the essential auxiliary 

services. Class I power is normally supplied from Class III power through rectifiers and is backed up by 

batteries to ensure uninterruptible supply to Class I and Class II loads. The overall system requirement is 

that if AC supplies fail than the battery will supply the emergency loads without interruption for the 

required time. Batteries are capable of providing uninterruptible power to the full Class II and Class I loads 

for a minimum period of 40 minutes following a total loss of Class III and IV power. After this time, all 

class I and II loads will be lost if class III power cannot be restored. Table – 1 summarizes the attributes of 

classes of power.  
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Table 1 – Classes of power in a CANDU Nuclear Power Plant 

 

 

Class IV 

• Normal Alternating Current (AC) 

– Supplied from turbine generator and/or 
grid 

Class III 

• AC system 

– Normally supplied from Class IV 

– Upon loss of Class IV, from Standby 
generator  

Class II 

• AC System 

– Normally supplied form Class I DC system 

– Can be supplied from Class III 

Class I 

• DC system 

– Normally supplied from Class III via 
rectifiers 

– Backup battery supply 

 

2.4 The Emergency Power Supply  

 

Emergency Power Supply is a separate power system consisting of its own on-site power generation 

and AC and DC power distribution, including batteries. Emergency Power Supply is the Group 2 power. 

The purpose of Emergency Power Supply is to provide power to selected nuclear safety-related loads 

following a common-mode incident such as earthquake, should all the Group 1 supplies fail. The whole 

Emergency Power Supply is seismically qualified to withstand a design basis earthquake. Two Emergency 

Power Generators (EPGs) are provided, each capable of black starting and supplying the minimum power 

requirements for safe plant shutdown. The EPGs are required to be manually started within 30 minutes of 

the occurrence of a common-mode event. Figure 1 Block diagram illustrating typical separation of Class I, 

II, III and IV electrical systems into independent divisions with a separate emergency power supply. 
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3. Lessons learned from Fukushima  

The lessons learnt from Fukushima required the licensees to analyze station capability to respond to 

the Station Blackout (SBO).The CNSC also reviewed the level of preparedness of Canadian NPPs to 

respond to a sustained SBO event. Immediately after the Fukushima event, the CNSC staff performed 

walkdowns at Canadian NPPs to verify the licensees’ emergency preparedness for external hazards and 

severe accidents so that the CNSC could reassure the Commission and Canadian public that certain aspects 

that had contributed to the events in Japan had been specifically verified. One of the aspects verified was 

availability of backup power. 

 

3.1 Fukushima Task Force Findings 

 

A major class of beyond-design-basis accidents are those involving a loss of all heat sinks. The most 

challenging of these are caused by loss of electrical power. The Fukushima Daiichi accident was of this 

type and was the focus of the CNSC Fukushima Task Force (FTF). 

One of the focus areas of FTF review was strengthening reactor defence in depth. In the event of a 

loss of all normal, backup and emergency AC power the batteries are the only electrical stored energy 

source available. However, they will be depleted in approximately 40 minutes.  After that time, most 

control and instrumentation functions such as reactor start up monitoring, containment parameter 

monitoring, lighting, motorized valve operation etc, will be lost unless an alternative power source is 

established well before the batteries are depleted. 
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3.2 Fukushima Action Items 

 

The CNSC Task Force found that licensees should explore options to extend the duration of power 

supplies to instrumentation and control equipment that may be needed to mitigate beyond-design-basis 

accidents, including severe accidents. Consequently, all licensees have performed an evaluation to 

determine if the 40 minute mission time for batteries can be extended to at least 8 hours. This time is 

required between total loss of AC power and connection of additional power sources i.e. the portable 

generators. 

Fukushima Action Item (FAI) 1.10 required all licensees to investigate means of extending the 

availability of power for key instrumentation and control (I&C) needed in accident management actions 

following a loss of all AC power. 

FAI 1.11 required all licensees to procure, as quickly as possible, emergency mitigating equipment 

(EME) and other resources that could be stored offsite and brought onsite to mitigate a severe accident. 

EME consists of portable generators, portable UPS, cables, receptacles, panels, portable diesel driven 

pumps and fire hoses. 

 

3.3 Implementation of Action Items 

 

Deliverables of FAI 1.10 implementation required the licensees to evaluate the requirements and 

capabilities of electrical power for key instrumentation and control (I&C). Licensees were asked to identify 

practicable upgrades that would extend the availability of key I&C, if needed. Licensees were asked to 

present a plan and schedule for deployment of identified upgrades. A target of 8 hours without the need for 

offsite support was required. 

Deliverables of FAI 1.11 implementation required the licensees to provide a plan and schedule for 

procurement of emergency equipment and other resources that could be stored offsite and brought onsite to 

mitigate a severe accident. 

To comply with the CNSC requirements the following actions were performed by the licensees:  

– Operational guides were developed for shedding of non-priority Class 1 and 2 loads to extend the 

battery discharge time.  

 

– Station specific list of priority loads was developed which should powered by portable generators
6
 

/ portable uninterruptable power supplies (UPS) 

 

– Calculated the extended life of the batteries after load shedding to ensure that it exceeds the time 

required to deploy and connect the portable generators. 

 

– Procured and deployed portable generators / portable UPS. The size and number of portable 

generators/UPS is site specific. In addition to the above, the panels, receptacles, and 

cable/connectors to quickly deploy the portable generators to unit systems are also site specific.  

 

                                                      
6
 Some stations have provisions to rapidly deploy Portable UPS for key I&C followed by the AC portable generators.  
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– Confirmed through tests/drills that there is sufficient time to invoke the load shedding strategy and 

extend the battery life prior to deploying, connecting and operating the portable generators / 

portable UPS. 

 

– Developed a number operational and maintenance guidelines for deployment of EME equipment.    

 

– Developed and provided training for the Emergency Response Team personnel.  

 

– Built EME storage facility near the station to house the EME equipment. 

 

– The lessons learned during the tests/drills were used to improve the emergency response time 

during a total loss of AC power event  

 

4. Conclusion 

Fukushima Task Force review acknowledged that the probability of a BDBA at a Canadian NPPs is 

very low.  However CNSC staff identified a number of areas where additional improvements would further 

enhance safety. Implementation of the action items has strengthened the defence in depth.  Among other 

improvements this has resulted in an enhancement of the already robust CANDU EPS. It has been 

confirmed that the essential safety functions such as control, cool, contain and monitor will be maintained 

during a SBO event. Fukushima events led the CNSC to consider enhancing the regulatory requirements of 

EPS which includes requirement for Alternate AC power. This requirement has been included in the draft 

REGDOC 2.5.2 which will replace the current regulatory document RD-337. 
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