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Presentation Aim

Introduce you to the safety design 

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

Å Define what a modular HTGR is

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

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

Å 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

Presentation Objectives



Advanced Reactor Design Goals

ü Advanced reactor designs include both 

evolutionary and innovative reactor 

technologies.

ü Evolutionary designs (Generation III/III+) 

improve on existing designs through small 

or moderate modifications with a strong 

emphasis on maintaining proven design 

features to minimize technological risk.

ü Innovative designs (Generation IV) 

incorporate radical changes in the use 

of materials and/or fuels, operating 

environment and conditions, and 

system configurations.
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Economic
ü Lower upfront capital cost
ü Economy of serial production Better Affordability 

Modularization
ü Multi-module
ü Modular construction

Shorter Construction Time 

Flexible Application
ü Remote regions
ü Small grids

Wider Range of Users

Smaller Footprint

Site Flexibility

Replacement for Aging 
Fossil-fired Plants

Reduced CO2 Production

Potential Hybrid 
Energy System Integration with Renewables

ü Reduced emergency 
planning zone

SMR Development Objectives
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ü Reduced greenhouse gas

ü Optimized use of renewables
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Whatôs new that SMRs can offer?

Flexible utilization
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District heating

Seawater desalination

Methanol production

Pulp & paper manufacture

Heavy oil desulfurization

Petroleum refining

Methane reforming hydrogen production

Coal gasification

Thermochemical hydrogen production

Blast furnace steel making

Water cooled reactors

Liquid metal cooled reactors 

Sodium-cooled fast reactors 

Supercritical water-cooled reactors

Molten Salt reactors

Gas-cooled fast reactors

Very high temperature reactors

(oC)

Non-electric Applications of SMRs at 

Different Coolant Output Temperature



High Temperature Gas Cooled SMRs (Examples)



Contents

ÅWhat is HTGRs

ÅWhy HTGRs

ÅSalient Safety Features of HTGRs

ÅA few key aspects

ÅHTGRs deployment for high temperature 
heat and cogeneration

ÅConcluding remarks
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Graphite Moderated Gas Cooled Reactors

Graphite moderator

Gas Coolant

Steam Generator

Helium coolant

Coated particle fuel

HTGR

Gas outlet 
temperature
>~700oC

Pebble Bed 
Reactors

Block Type 
Reactors  

Heat Application 
(IHX, Gas turb.)

Gas outlet 
temperature
>~900oC

Magnox, AGR

CO2 coolant

Gas outlet 
temperature
>~500oC

Air coolant

X-10 Reactor,
Windscale Piles
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(V)HTGRs Characteristics
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Á High Temperature Gas Cooled Reactors is an advanced reactor 

system (part of GEN-IV) with the following main characteristics:

ÁHigh output temperatures (750-1000oC)

ÁUse of coated particle fuel

ÁHelium coolant 

ÁGraphite moderated

ÁSmall reactor units (~100 - 600 MWth)

ÁTo be deployed as multiple modules 

ÁLow power density (typically 3-6 W/cc compared to 60-100W/cc for 

LWRs) 

ÁTwo basic design variations ïPrismatic and pebble bed design 



TRISO Fuel: Coated Particle Design

Å The key safety feature: 

ï Fission product retention capability of coated particle fuel

ï It contains the vast majority of all fission products even under the most 
severe postulated accidents
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Triso fuel show no failures at extreme 

temperatures up to >1800oC


