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Nuclear Chain Reaction ï Propelled by Neutrons 

Neutrons split open Uranium Atoms, releasing energy & more neutrons 

1.  Generation of Electricity from Nuclear Reaction 



Candu Nuclear Reactor 
Candu stands for CANadian Deuterium Uranium 
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Candu Nuclear Reactor 



Uranium Fuel Bundle for each Channel 



Candu Nuclear Reactor Candu Nuclear Reactor ï Normal Operation 

Adjuster Rods 

(stainless steel) 

are driven by 

computer to 

move in & out 

of reactor for 

controlling 

neutron 

population and 

therefore 

reaction rate, 

power level. 

Typical output 

of a reactor is 

more than 1000 

MW t and this is 

used by turbines 

to generate 

electricity. 



Candu Nuclear Reactor ï Shutdown 

After a reactor is shutdown, the chain reaction of fission stops.  However, the 

isotopes in the fuel would still undergo radioactive decay and continue to produce 

heat at a decelerating rate.  This process cannot be stopped by intervention, and 

the decay heat must be removed to prevent the reactor from overheating.  Cooling 

water must therefore be available to circulate through the fuel channels. 

Calculation 1 Calculation 2 

Percentage 

of Power 

after 

shutdown 

Decay Heat after shutdown 

For a reactor with 

e.g. 2000 MWt, 

decay heat is at 20 

MWt 5 hr. after 

shutdown & 10 

MWt one day later.  

Radioactive 

isotopes 

decay to 

stable 

material by 

emitting 

radiation  

(Ŭ, ɓ-, ɓ+ 

and ɔ).  



Candu Nuclear Reactor ï Spent Fuel Storage 

Fuel bundles are taken out of the reactor after the fissile material is used up.   These 

are known as spent fuel.  Spent fuel still generates decay heat and intense radiation.  

The bundles would need to be stored in a water pool on site to cool the fuel and to 

shield the radiation. After 1 year, typical spent nuclear fuel generates about 10 

kW/t of decay heat, and this decreases to about 1 kW/t after 10 years. 



Nuclear Safety and Control  Act 
 

Canadian Environmental Assessment Act 
 

These are established to: 
 

1. Regulate the use of nuclear energy & material. 

2. Protect health, safety, security & the environment. 

3. Ensure adherence to international commitments 

on the peaceful use of nuclear energy.  

2.  Legal Requirements for Nuclear Power Plant in Canada 



 Dose Limit with respect to Accident Frequency  

2.  Legal Requirements for Nuclear Power Plant in Canada 

 Main Legal Requirement: 

Applicant must 

demonstrate that dose 

limits will not be exceeded 

for various types of 

accidents   



Prerequisite to licensing: 

Environmental Assessment 
 

Separate licenses for each phase of the lifecycle: 
 

1. License to prepare site 

2. License to construct 

3. License to operate 

4. License to decommission 

5. License to abandon   

3.  Licensing Approach 



3.  Licensing Approach 

Applicant applies to the Canadian 

Nuclear Safety Commission 



3.  Licensing Approach 

Canadian Nuclear Safety Commission 



4.  Safety as Top Priority ï Defense in Depth 

 

Equipment, systems, structures, software, operation 

and staff training  are designed for :  
 

1. Accident Prevention ï reliability  &  availability . 
 

2. Accident Mitigation  ï shutdown, cool, contain. 
 

3. Accident Management ï emergency response. 
 

Multiple , redundant, and independent layers of 

safety systems. 

 
 



   Safety Shutdown System 1  ï  Shut-off Rods 

 



   Safety Shutdown System 2  ï  Liquid Injection  

 



Shutdown Cooling & Emergency Core Cooling 



Four Classes of Power Supply ï Ensure Availability 

 

 

 

 

 
 

Internal  or external accident will  likely result in the loss of 

normal electricity supply from the plant itself and from the grid.  

Plant systems (i.e. loads) are divided into 4 classes according to 

allowable interruption  of availability. 
 

Class IV  Loads ï can be interrupted  indefinitely  without  
affecting plant or personnel safety; e.g. normal lighting. 

 

Class III  Loads ï can be interrupted  for 1 to 3 minutes 
without  affecting plant or personnel safety. 

 

Class II  Loads ï can be interrupted  for 0.25 second without  
affecting plant or personnel safety. 
 

Class I  Loads ï can never be interrupted ; otherwise plant 
or personnel safety will  be affected. 

 

 

 

 

 

 
 



Four Classes of Power Supply ï Ensure Availability 

Class IV Loads -  

can be interrupted 

indefinitely  

Class III Loads -  

can be interrupted 

for 1 to 3 min.  

Class II Loads -  

can be interrupted 

for 0.25 sec. 

Class I Loads -  

cannot be 

interrupted 

Normal Source -  

power from 

plant itself 

Backup Source -  

power from 

grid 

Normal Source -  

power from 

plant or grid 

Backup Source -  

standby diesel 

generators 

Normal Source -  

power from 

plant or grid 

Backup Source -  

power from 

battery bank 

Normal Source -  

power from 

plant itself 

Backup Source -  

uninterruptable 

battery bank 

Backup Source -  

standby diesel 

generators 

Backup Source -  

standby diesel 

generators 

Need to avoid common cause failure 



 
 

 
 

 

 

 

 

 

Control Room 



Ultimate Line of Defense ï Vacuum Building 
Reactor Buildings 

Vacuum Building 

Turbine Halls 

Pressure Relief Duct 



Ultimate Line of Defense ï Vacuum Building 

Reactor Buildings 

Vacuum Building 

Turbine Halls 



Ultimate Line of Defense ï Vacuum Building 



Ultimate Line of Defense ï Vacuum Building 

Pressure Relief Duct is 

underground in this design 



Ultimate Line of Defense ï Vacuum Building 

Vacuum Building is unique to Candu design and is a feature that adds to safety.  

If the reactor suffers damage (e.g. overheating, meltdown) and core materials are 

released into the reactor building, the vacuum building will be activated to suck in 

all the released materials, preventing the escape of radiation to the outside. The 

pressure relief valves are passive; electrical power is not required for operation. 



Ultimate Line of Defense ï Vacuum Building 



5.  Safety Analysis 
 

 

1. Probabilistic 
 

2. Accidents Modeling 
 

3. Dispersion &  Dose Calculations 
 

4. Dose Calculation  
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Probabilistic 
 

1. Accident Modeling 
 

2. Dispersion Calculation 
 

3. Dose Calculation  

 

 

 

 

 
 

Fault Tree Analysis to 

determine probability of events 

and consequential failure 



5.  Safety Analysis 

 

 

 

Accidents Modeling - examples 
 

ÅEarthquake 
 

ÅTornado 
 

ÅLoss of coolant (LOCA)  
 

ÅLoss of electrical power 
 

ÅFailure of essential systems 
 

ÅReactor core damage 
 

Consequential events and systems response are 

analyzed. 
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Dispersion &  Dose Calculations 
 

1. Accident Modeling 
 

2. Dispersion Calculation 
 

3. Dose Calculation  
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Dispersion &  Dose Calculations 
 

1. Accident Modeling 
 

2. Dispersion Calculation 
 

3. Dose Calculation  

 

 

 

 

 
 


