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What is a Gen IV Reactor
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aﬂow does nuclear plant work?
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- How does nuclear plant work?
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uclear plant work?
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What i1s a Gen IV Reactor?

Generation | : Early prototype nuclear power reactors
o Shippingport (PWR) T First nuclear power plant
u Douglas Point (CANDU)

Generation Il : Most existing power reactors
o PWR, BWR, CANDU, etc.
u Example - CANDU 6

Douglas Point NDP Calandria Vessel
during shipment

Generation Il : Improved power reactors evolved from Gen Il reactors
o APWR, ABWR, Enhanced CANDU 6 (EC6), ACR, etc.
i Gen llI+ Reactors: AP-1000, ESBWR
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What i1s a Gen IV Reactor?

Generation IV : Next generation power plants

Generation IV: Nuclear Energy Systems Deployable after 2030 and offering
significant advances in sustainability, safety and reliability, and economics

Generation I
Generation I
Early Prototype L | Generation ITT Near-Term
Reactors Cornrmercial Power [ T Deployment

Reactors Advanced | Generation IV

LWRs ;
— Generation Ill+
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Gen IV Reactorsi

The primary goals are to

Improved safety

C:

Improve proliferation resistance,

C:

minimize waste and natural resource utilization, and

C:

lower cost to build and operate

C:

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

called AThe Generation |V International Forum (GIF

A AECL FACL S
UNRESTRICTED | ILLIMITE 10



What are Gen IV Reactors?

u Very-high-temperature reactor (VHTR)

u Supercritical-water-cooled reactor (SCWR)

o Molten-salt reactor (MSR)
u Gas-cooled fast reactor (GFR)
o Sodium-cooled fast reactor (SFR)

u Lead-cooled fast reactor (LFR)

There are few SCWR concepts being developed worldwide.
Canada is developing a pressure-tube SCWR because of its
experience in pressure-tube reactors.

A AECL FACL S
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GﬁSupercritical Water-Cooled Reactor

Control
Rods

Supercritical-Water-Cooled Reactor

, A AECL FACL s
UNRESTRICTED | ILLIMITE



R

,‘Nhat is Supercritical Fluid?
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E‘_ What is Supercritical Fluid?
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- Why Supercritical Water as Coolant?

55

50

Ultra-Supercritical

45

Cycle Efficiency [%

40
35
Nl . B

— Supercritical I

CANDU 6 17 MPa, 25MPa, 27 MPa, 29 MPa, Canadian 35 MPa,
590°C 610°C SCWR (25 710°C

(5MPa, 540°C  550°C
265°C)

MPa,
625°C)

Steam Pressure and Temperatul I

CANDU 6 (265 C)
< 33% Steam Cycle
efficiency
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Canadian SCWR (625 C)
~48% with moisture separator

~50% with reheat

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).

A AECL FACL S
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Design Challenges:

ALower Material Strength i by a
factor of 2to 3

AHigher Pressure Load - Operating
pressure incrases by a factor of 2.5
(from ~11MPa to 26 MPa)

AHigher Thermal Load i Temperature
gradient s(outlet-inlet) increase by a
factor of 2 to 5.
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Multi-disciplinary Development

u Reactor Physics

u Fuel Design

v

G Chemistry

u Instrumentation and Control
v

u Safety Systems

u Design and Integration

A AECL FACL S
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Canadian SCWR i Design Evolution 1

CANDU style horizontal and vertical designs with feeders and on-
line fuelling option.

, A AECL FACL, S
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R
,"ian SCWR'i1 Design Evolution 2

Simplified designs with reduced feeders and no-feeders with
batch fuelling. Low pressure moderator is maintained.

A AECL FACL s
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Canadian SCWR (Gen V)
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o R ™ N :
; n SCWR1T An example of design
choices
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High Efficiency Fuel Channel (HEC)

Outlet Flow

—>

High Pressure

Inlet Plenum
Light Water Pressure Tuhe to
Coolant Inlet Inlet Plenum Seal

Pressure Tube

Fuel Assembly

Insulator

- Calandria Vessel
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mh Efficiency Fuel Channel (HEC)

Pressure Tube

Centre Pin Insulator
Fuel Pin

Subdivided Fuel Pin

Liner Tube

Fuel Channel Dimensions

Liner Thickness (mm) 0.7
Pressure Tube Thickness (mm) 12

PesweTieousdeDame () Wi L
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