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How does nuclear plant work?

Produce Power
Transfer and 
Transport Energy

Convert to Electricity
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Not!
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What is a Gen IV Reactor?

Generation I : Early prototype nuclear power reactors

üShippingport (PWR) ïFirst nuclear power plant

üDouglas Point (CANDU)

Douglas Point NDP Calandria Vessel 
during shipment 

Generation II : Most existing power reactors

üPWR, BWR, CANDU, etc.

üExample - CANDU 6

Generation III : Improved power reactors evolved from Gen II reactors

üAPWR, ABWR, Enhanced CANDU 6 (EC6), ACR, etc.

üGen III+ Reactors: AP-1000, ESBWR
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What is a Gen IV Reactor?

Generation IV : Next generation power plants

- Douglas Point NDP

- EC6

- AP-1000
- ESBWR
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The primary goals are to

ü Improved safety 

ü improve proliferation resistance, 

üminimize waste and natural resource utilization, and 

ü lower cost to build and operate

Gen IV Reactors1

1 Gen IV reactors are being developed by a group of nations under the cooperative international initiative 

called ñThe Generation IV International Forum (GIF)ò
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üVery-high-temperature reactor (VHTR)

üSupercritical-water-cooled reactor (SCWR)

üMolten-salt reactor (MSR)

üGas-cooled fast reactor (GFR)

üSodium-cooled fast reactor (SFR)

üLead-cooled fast reactor (LFR)

What are Gen IV Reactors?

There are few SCWR concepts being developed worldwide.  

Canada is developing a pressure-tube SCWR because of its 

experience in pressure-tube reactors.
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Gen IV Supercritical Water-Cooled Reactor



What is Supercritical Fluid?
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What is Supercritical Fluid?
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Why Supercritical Water as Coolant?

Supercritical water-coooled

reactor:

Benefit: Significantly Improved (up 

to 40%) cycle efficiency as compared 

to current LWRs

Known Technology: Supercritical 

fossil fuel plant technology has been 

well-established.  Originally 

developed in the 1950s.  More than 

400 SC fossil plants are operating 

world-wide.

Challenge: Reactor Core Design for 

the significantly increased operating 

temperature (up to 625 C) and 

pressures (~25MPa).
CANDU 6 (265 C)

< 33% Steam Cycle 

efficiency

Canadian SCWR (625 C)

~48% with moisture separator

~50% with reheat
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SCWR Design Challenges

Design Challenges:

ÅLower Material Strength ïby a 

factor of 2 to 3

ÅHigher Pressure Load - Operating 

pressure incrases by a factor of 2.5 

(from ~11MPa to 26 MPa)

ÅHigher Thermal Load ïTemperature 

gradient s(outlet-inlet) increase by a 

factor of 2 to 5.
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üReactor Physics

üFuel Design

üThermalhydraulics

üMaterials and Chemistry

üInstrumentation and Control

üBalance of Power

üSafety Systems

üDesign and Integration

Multi-disciplinary Development
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A Typical CANDU Design

UNRESTRICTED | ILLIMITÉ



Canadian SCWR ïDesign Evolution 1

CANDU style horizontal and vertical designs with feeders and on-

line fuelling option.
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Canadian SCWR ïDesign Evolution 2

Simplified designs with reduced feeders and no-feeders with 

batch fuelling.  Low pressure moderator is maintained.
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Canadian SCWR (Gen IV)
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Canadian SCWR ïAn example of design 

choices
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High Efficiency Fuel Channel (HEC)

(figure from I. Pioro et al.)

350ºC

25 MPa, 625ºC
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Fuel Channel Dimensions

Liner Inside Diameter (mm) 136

Liner Thickness (mm) 0.7

Insulator Thickness (mm), Zirconia 10

Pressure Tube Thickness (mm) 12

Pressure Tube Outside Diameter (mm) 181.4

High Efficiency Fuel Channel (HEC)
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Canadian SCWR Reactor Core
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