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Power Reactor Types
• Magnox Reactors
• AGR – Advanced Gas Cooled Reactors
• HTGR – High Temperature Gas Cooled Reactors
• PWR – Pressurized Water Reactors
• AP1000 – Advanced PWR
• EPR-1000 – European Advanced Power Reactor
• BWR – Boiling Water Reactors
• LMFBR – Liquid Metal Fast Breeder Reactors
• SGHWR – Steam Generating Heavy Water Reactor
• CANDU-BLW – Boiling Light Water Reactor
• CANDU-OCR – Organic Coolant Reactor
• CANDU 6 – PHWR (Pressurized Heavy Water Reactor)
• CANDU 9
• ACR-700 – Advanced CANDU Reactor
• ACR-1000 – Advanced CANDU Reactor



Power Reactor Types



MAGNOX Reactor (UK)

• Graphite moderated
• CO2 cooled
• Natural uranium metal
• Magnesium clad
• Steel reactor pressure vessel or 

pre-stressed concrete vessel
• No contaiment
• Thermal efficiency 30%
• On-power re-fuelling
• High capital cost
• Modest achievable fuel 

utilization
• Single fuel elements



AGR Reactor (UK)

• Graphite moderator
• CO2 cooled
• UO2 fuel 2-3% enriched
• Steel cladding
• Clusters of smaller fuel elements 

– more compact core
• Higher power levels
• Higher thermal efficiency



HTGCR Reactor (US, Germany, UK)

• Graphite moderator
• Helium gas cooled
• High coolant temperatures
• Carbide fuel 93% U235 and 

thorium
• Fuel in small spheres coated with 

pyrolitic graphite
• High thermal efficiency



SGHWR Reactor (UK, Japan, Italy)

• Similar to the CANDU-BLW
• Vertical pressure tubes
• Heavy water moderator in 

calandria
• Recirculating pumps used to return 

water from steam drums to lower 
end of pressure tubes

• Low enriched uranium fuel
• On-power refuelling
• Containment included



CANDU-BLW

• Natural uranium fuel
• Bottom refuelling on power
• Light water coolant
• Core exit quality up to 20%
• Concept used in Gentilly-1
• Enriched uranium considered
• Positive power coefficient



CANDU-BLW



CANDU-OCR
• Organic cooled
• WR-1 reactor operated at 

Whiteshell Lab 20 years 
• Once-through boilers
• Vertical pressure tubes
• Fueling from the the top
• Gradual decomposition of 

the coolant with irradiation
• Zr-2.5Nb clad natural 

uranium carbide fuel
• Outlet coolant temperature 

of about 400 C
• Thermal efficiency 34%
• Low radiation field, low 

stored energy, low coolant 
pressure, no ballooning, no 
dryout



CANDU-OCR



PWR Reactor

• Light water cooled and 
moderated

• Enriched UO2 fuel (~3%)
• Square fuel assemblies
• Large steel pressure vessel
• Large excess reactivity 

associated with refueling
• Neutron poisons used to 

balance excess reactivity 
(removable and burnable)

• High fuel burnup
• Control rods in the core
• Flow in fuel assemblies not 

restricted in radial direction



PWR Reactor - RCS



PWR Reactor – RCS Top View



PWR Reactor
Vessel and 

Internal 
Structures



PWR Reactor – Core Cross Section



PWR Reactor – Vessel Cross Section



PWR Reactor Vessel 
Longitudinal Section



PWR Reactor Vessel



PWR Reactor
Fuel Assembly



PWR Reactor
Fuel Assembly
Cross Section



PWR Reactor – Fuel Assembly



PWR Reactor
Fuel Rod



PWR Reactor
Fuel Rod 

Attachments



PWR Reactor – Control Cluster Assembly



PWR Reactor – Burnable Absorber Assembly



PWR Reactor – Solid Absorber Rod



PWR Reactor – Annular Absorber Rod 



PWR Reactor – Primary Source Assembly



PWR Reactor – Burnable Poison Distribution



PWR Reactor – Burnable Poison Distribution



PWR Reactor – Burnable Poison Distribution



PWR Reactor
Control Rod 

Assembly and 
Drive Rod



PWR Reactor – BOP Schematic



BWR Reactor



BWR Reactor



BWR Reactor

• Water enters the core near saturation temperature, so the heat is used to 
generate steam

• Jet pumps used to recalculate the water separated from the steam in the 
upper part of the reactor

• External pumps also used to recalculate part of the water
• Recalculating pumps use variable-speed drives, to vary the flow, ad 

steam volume in the core
• Power variation between 70-100% achievable without control rod 

movement
• Bottom insertion of control rods helps flatten the power profile axially
• Containment structure much smaller compared to PWRs.



LMFBR Reactor



LMFBR Reactor



LMFBR Reactor

• Fission caused by fast neutrons (no termalization required)
• Absorption in U-238 results in conversion to Pu-239 (breeding)
• High fast neutron economy required for effective ‘breeding’
• Reactor core consists of closely packed array of highly enriched mixed 

oxide rods (U-235 and Pu-239)
• Core surrounded by a blanket of U-238 for breeding
• Core and blanket cooled by liquid sodium (high atomic mass for 

reducing moderation effect)
• Heat exchangers with sodium on both sides (secondary sodium side)
• Secondary sodium loop intended to ensure complete isolation from

water contamination



CANDU 6 Reactor



CANDU 6 Reactor



ACR-700 Advanced CANDU Reactor



ACR-700 Advanced CANDU Reactor

• Light water cooled, heavy water moderated 
reactor

• Slightly enriched uranium (2.1%)
• Single ‘figure-of-eight’ loop (no CVR issue, no 

power pulse)
• Large interconnect linking outlet headers to for 

better ECC performance
• ECC injection only into inlet headers



ACR-700 Advanced CANDU Reactor
Pressurizer
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ACR-700 Advanced CANDU Reactor



ACR-700 Advanced CANDU Reactor– Core Design



ACR-700 Advanced CANDU Reactor – SDS2 Design



ACR-700 Advanced CANDU Reactor



Questions?


	UNENE Graduate CourseReactor Thermal-Hydraulics Design and Analysis McMaster UniversityWhitbyMarch 11-12, March 25-26,Apr
	Power Reactor Types
	Power Reactor Types
	MAGNOX Reactor (UK)
	AGR Reactor (UK)
	HTGCR Reactor (US, Germany, UK)
	SGHWR Reactor (UK, Japan, Italy)
	CANDU-BLW
	CANDU-BLW
	CANDU-OCR
	CANDU-OCR
	PWR Reactor
	PWR Reactor - RCS
	PWR Reactor – RCS Top View
	PWR ReactorVessel and Internal Structures
	PWR Reactor – Core Cross Section
	PWR Reactor – Vessel Cross Section
	PWR Reactor Vessel Longitudinal Section
	PWR Reactor Vessel
	PWR ReactorFuel Assembly
	PWR ReactorFuel AssemblyCross Section
	PWR Reactor – Fuel Assembly
	PWR ReactorFuel Rod
	PWR ReactorFuel Rod Attachments
	PWR Reactor – Control Cluster Assembly
	PWR Reactor – Burnable Absorber Assembly
	PWR Reactor – Solid Absorber Rod
	PWR Reactor – Annular Absorber Rod
	PWR Reactor – Primary Source Assembly
	PWR Reactor – Burnable Poison Distribution
	PWR Reactor – Burnable Poison Distribution
	PWR Reactor – Burnable Poison Distribution
	PWR ReactorControl Rod Assembly and Drive Rod
	PWR Reactor – BOP Schematic
	BWR Reactor
	BWR Reactor
	BWR Reactor
	LMFBR Reactor
	LMFBR Reactor
	LMFBR Reactor
	CANDU 6 Reactor
	CANDU 6 Reactor
	ACR-700 Advanced CANDU Reactor
	ACR-700 Advanced CANDU Reactor
	ACR-700 Advanced CANDU Reactor
	ACR-700 Advanced CANDU Reactor
	ACR-700 Advanced CANDU Reactor– Core Design
	ACR-700 Advanced CANDU Reactor – SDS2 Design
	ACR-700 Advanced CANDU Reactor
	

