(&) 1AEA

International Atomic Energy Agency
Atoms for Peace and Development

HTGR Safety Design Principles

Frederik Reitsma
Nuclear Power Technology Development Section
Department of Nuclear Energy

Joint IAEA-ICTP Workshop on the Physics and Technology of
Innovative High Temperature Nuclear Energy Systems



Presentation Aim

Introduce you to the safety design
principles of modular HTGRs



Presentation Objectives

By the end of this session, participants should be able to:

A Define what a modular HTGR is

A Be able to explain the main principles that must be
adhered to by designers to ensure the safety claims of
MHTGRSs are not violated

A Explain the inherent safety characteristics and passive
means that can be employed

A Understand some of the failure mechanism and severe
accidents that have the potential to lead to some delayed
releases and how these can be mitigated



Advanced Reactor Design Goals

U Advanced reactor designs include both
evolutionary and innovative reactor
technologies.

U Evolutionary designs (Generation IlI/I11+)
Improve on existing designs through small
or moderate modifications with a strong
emphasis on maintaining proven design
features to minimize technological risk.

U Innovative designs (Generation V)
Incorporate radical changes in the use
of materials and/or fuels, operating
environment and conditions, and
system configurations.

Economic
Aspect:

Reduce
Cost

Safety
Aspect:
Improve
Safety



SMR Development Objectives
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U Remote regio
U Small grids

Smaller Footprint

U Reduced emergency
planning zone

Replacement for Aging
[ | Fossil-fired Plants

U Reduced greenhouse gas

Potential Hybrid
Energy System

U  Optimized use of renewablgg

Integration with Renewables




What® new that SMRs can offer?
Flexible utilization

Electricity Alternative
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Modules:
A Electricity production
A Process heat
A Petro-chemical industry
A Desalination plant
A Oil and gas reforming
A Hydrogen production
A Ammonia production
A District heating / cooling
A Waste reforming
A Energy storage
A Load follow capabilities
A Switch between
applications

Reactor Energy

Core

Storage
Modules




Non-electric Applications of SMRs at
Different Coolant Output Temperature

Very high temperature reactors

Gas-cooled fast reactors |

Molten Salt reactors |

Supercritical water-cooled reactors |

Sodium-cooled fast reactors |

Liquid metal cooled reactors |

Water cooled reactors |
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- District heating

_ Seawater desalination
_ Pulp & paper manufacture
- Methanol production

. Heavy oil desulfurization
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| Petroleum refining

_ Methane reforming hydrogen production
Thermochemical hydrogen production _
_ Coal gasification
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High Temperature Gas Cooled SMRs (Examples)

HTR-PM

Image Couwrlesy of INET, China

Modular Pebble Bed High
Temperature Gas Cooled
Reactor

Helium/Graphite cooled

« 210 MW(e)/ 500 MW(th)

*  Core Qutlet Temp: 750°C

* Fuel Enrichment: 8.5% UO,
TRISO coated particle

* Mo. of fuel spheres:
420,000 /module

* Modules per plant: 2

* Advanced stage of
construction-

Expected Commercial
Operation in 2019

GTHTR300
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Prismatic High Temperature
Gas Cooled Reactor

Helium/Graphite cooled

100-300 MW(e)/ 600 MW(th)
Core Qutlet Temp: 850-950°C
Fuel Enrichment: 14 % UO,
TRISO ceramic coated
particle

Fuel temperature limit: 1600°C
Modules per plant: 4

Inherent safety features
Multi-purpose application:
power generation, hydrogen
production, process heat,
steelmaking, desalination and
district heating

HTMR100

EM?
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High temperature Gas
Cooled Reactor

Helium cooled / graphite
moderated

35 MW(e)/ 100 MW(th) per

module

Core QOutlet Temp: 750=C

*  Fuel Enrichment: 15%
Th/Pu, <10% U,45 Th/LEU
and Th/HEU

* Module per plant: (4-8) pack

MNumber of Fuel units:

~150,000 pebbles

* Better load following

capability and flexibility in

multi-module configuration
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High Temperature Gas
Cooled Fast Reactor

Helium cooled

240 MW(e) and 500 MW(th)

Refuelling cycle: 30 years

Core Outlet Temp: 850°C

Fuel enrichment: 1% U, -

1% Pu, MA coated particle

Efficiency: 48%

* Fully enclosed in an
underground containment

* Utilization of spent fuel

* Simplified power conversion

system and 30% reduction in

material requirements than

that of current NPPs



Contents

A What is HTGRS
AWhy HTGRs
A Salient Safety Features of HTGRs

A A few key aspects

A HTGRs deployment for high temperature
heat and cogeneration

A Concluding remarks



Graphite Moderated Gas Cooled Reactors

Graphite moderator
Gas Coolant

X-10 Reactor,

Windscale Piles
Air coolant

Block Type
Reactors

HTGR

Helium coolant
Coated particle fuel

Magnox, AGR
CO2 coolant

Pebble Bed
Reactors

Gas outlet
temperature
>~900°C

Gas outlet
temperature
>~700°C

Gas outlet
temperature
>~500°C

Heat Application
(IHX, Gas turb.)

Steam Generator
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(VIHTGRs Characteristics

High Temperature Gas Cooled Reactors is an advanced reactor
system (part of GEN-1V) with the following main characteristics:

High output temperatures (750-1000°C)
Use of coated particle fuel

Helium coolant

Graphite moderated

Small reactor units (~100 - 600 MWth)

To be deployed as multiple modules

Coated fuel particle

Low power density (typically 3-6 W/cc compared to 60-100W/cc for
LWRS)

Two basic design variations T Prismatic and pebble bed design
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TRISO Fuel: Coated Particle Design

Triso fuel show no failures at extreme

temperatures up to >1800°C
"

A The key safety feature:
I Fission product retention capability of coated particle fuel

I It contains the vast majority of all fission products even under the most
severe postulated accidents
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