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SUMMARY 

The inherent safety features of the HTRs make events leading to severe core damage highly unlikely and 
constitute the main differentiating aspects compared to LWRs. While a known and stable regulatory environment 
has long been established for Light Water Reactors, a different approach is necessary for the licensing of HTR-
based power plants.  

Among the R&D projects funded by the European Commission for HTR reactors, the HTR-L project is dedicated 
to the definition of a common and coherent European safety approach and the identification of the main 
licensing issues for the licensing framework of the Modular HTRs.  
Other specific objectives of this project are : 

• To develop a methodology to classify the accidental conditions 
• To define the preliminary requirements for the confinement of radioactive products and to assess the need 

for a "conventional" containment structure 

• To establish a SSC (2) classification and to define the rules for equipment qualification 
• To identify the key issues that need to be addressed in the licensing process of the HTRs 
• To organize a workshop with the concerned Safety Authorities at the end of the project. 

This paper will explain the project objectives and its final expected outcomes. 

1. INHERENT SAFETY OF THE HTR REACTORS. 
Renewing public acceptance for nuclear technology is one of the main challenges faced in the short 
term by the nuclear industry if new projects are to be started. The major issues related to public 
acceptance of nuclear industry are non-proliferation, safety and nuclear waste. It appears that HTRs 
could generate a significantly improved  level of public acceptance compared to existing reactors, 
especially when taking into account some conclusions of safety analysis to be done in the future 
licensing framework. 

 
(1) HTR-TN stands for High Temperature Reactor - Technology Network. 
(2) SSC stands for Systems, Structures and Components 



 

 

The HTR reactors appear as very simple to operate, with inherent passive safety features, low 
possibility of reactivity incidents ; decay heat removal can be ensured by natural convection. The main 
inherent safety characteristics of the HTR are the result of several design features, i.e. : 

- the use of coated fuel particles embedded in a graphite matrix which retain the fission products. 
Kernels coated with carbon and silicon carbide (SiC) have greater heat-resistance than those coated 
with metallic materials : this provides a unique robustness of the first barrier, 

- the strong negative temperature coefficient of the core, which tends to passively shut down the 
reactor with relatively modest temperature rise above normal temperature, 

- a very slow temperature transient of the reactor if 
the active cooling of the core is lost (see figure 1). 
This is made possible by the high thermal inertia of 
the graphite and the core structure, and the low 
power density of the core (less than 10 MW/m³, 
compared to at least 50 MW/m³ for a LWR),. 
 
- possibility for passive core cooling. The core can 
be configured to have a large core surface-to-volume 
ratio ; combined with the low power density, this 
makes possible passive heat removal (by thermal 
radiation, heat conduction and free convection) from 
the core and the outer surface of the pressure vessel, 
even under the worst accident conditions. 
Furthermore, in these conditions the maximum fuel 
temperature can be maintained below the integrity 
limit of the ceramic-coated fuel. 

In terms of safety, for licensing purposes an analysis has to be made for all “classical” as well as 
design specific incidents. One of the  most severe accidents in the reactor system is expected to be the 
complete loss of coolant accident (LOCA), which renders all the active cooling systems unavailable ; 
this is the case of the reactor circuit depressurization and of the loss of forced cooling helium flow. 

Other accidents have to be considered, e.g. : 

• reactivity accidents due to core or absorbers configuration modifications, 
• blockage of coolant channels, 
• reactor coolant pressure boundary failure, 
• air ingress, with the potential for combustion of the core graphite, 
• water ingress, for which the risks seem limited compared to previous HTRs with steam generators, 

because they concern only low pressure water circuits; 
• radiological contamination in normal and accidental conditions, even if the past operating records 

of HTRs have shown that they were very clean reactors. This can have very significant impacts on 
the source term in case of accident. 

• deblading accident of the gas turbine, which is specific to the direct cycle reactors and which can 
induce a shock wave causing substantial damage to the core structures of the reactor. 

Although detailed safety analysis has still to be performed to demonstrate the fact for a particular 
design, due to the potential for passive cooling, the HTR reactor can be considered as "core meltdown 
proof". This makes the safety approach quite different from that developed for LWRs. Furthermore, 
the behaviour of HTRs in accidental conditions relies on high-quality fuel : the high level of safety of 
HTRs results from the capability of coated fuel particles to confine the radiological fission products 
even at high temperatures under the worst postulated accident. 
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Figure 1 : Typical maximum core temperature



 

 

2. HTR-L PROJECT WITHIN THE R&D EC FUNDED PROJECTS. 

The high-temperature (HTR) and gas-cooled reactors (GCR) have been developed within Europe over 
many decades and considerable expertise in this technology is still available within the European 
Community countries. A common European approach to the renewal of HTR technology under the 
direction of a European HTR Technology Network (HTR-TN) has been established to enable and 
encourage work-sharing structures within this nuclear R&D field [1]. 

European Community Framework Programmes have been launched to consolidate and press forward 
the modular HTR technology in Europe. These involve partnerships of principal industrial and 
research organisations from countries of the European Union, including the JRC, in order to develop 
and consolidate European expertise and experience. 

The partners of HTR-TN (3) presented six co-ordinated projects, which were selected for the 5th 
Framework Programme of the European Commission with a total budget of about 16.5 M€ (50% 
funded by the European Commission) [2]. The HTR-C project deals only with the integration and the 
co-ordination of the whole cluster and each of the other projects covers a technical area : 

- HTR-N Reactor Physics and fuel cycle studies, 
- HTR-F Fuel technology, 
- HTR-M Material development 
- HTR-E Key components of the power conversion system 
- HTR-L Key safety issues and Safety approach 
- HTR-ECS Eurocourse. 

Moreover a task force on accident analysis and fission product transport has been created by HTR-TN 
in order to start the work in these fields, even though there is no related project funded for the time 
being by the European Commission, due to funding limitation. 
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HTR-TN is also looking for the synergy and complementarities of its programme with the present 
worldwide R&D effort on HTR technology, through the development of international co-operation : 
some co-operation already started with JAERI (Japan), INET (China), General Atomics (US) and 
US DOE/NRC, other international co-operative projects are considered. 

3. HTR-L PROJECT OBJECTIVES. 

The designs of High Temperature Reactors (HTRs) are very different from the ones for Light Water 
Reactors (LWRs) for which a known and stable regulatory environment has been established for many 
years. In LWRs the possibility of core meltdown has largely driven the safety philosophy.  

 
(3) Present-day members are: Ansaldo, Balcke-Dürr, Belgatom, BNFL, CEA, Cogema, Empresarios Agrupados, FRA-ANP (SAS and 

GmbH), FZJ (Jülich Centrum) and FZR (Rossendorf), IKE, IPM Zitteau, IRI Delft University, NNC, NRG, VTT, JRC and C.E. (DG 
RTD and TREN). 



 

 

The unique design of the Modular HTR uses simplicity instead of economy-of-scale to attain 
economic viability. Its inherent safety features (which make events leading to severe core damage 
highly unlikely), its potential for use in high temperature industrial processes and the possibility of 
using direct cycle gas turbines are some of the main aspects that set it apart from LWRs. For all these 
reasons, the existing regulatory environment is not well suited for the licensing of Modular HTR 
power plants and, therefore, a different approach is necessary.  

The main purpose of HTR-L is to establish a common and coherent European safety approach for the 
licensing framework of the modular direct cycle HTRs. A large consensus on an approach, which can 
take into account the specific safety features of modular HTRs and which leads thus to a simplification 
of the reactor design (e.g. suppression of engineered safety featured systems, limitation of the number 
of components with a safety classification, reduction of the loads on the third barrier, …), is very 
important for consolidating the economic competitiveness of these reactors. Therefore the results of 
HTR-L will be presented not only to European Safety Authorities, but HTR-TN will also take 
initiatives to promote extenisve international discussions on them in order to broaden the consensus. 

The studies will focus on HTRs with direct cycle concept, using both pebble and block type of U-
based fuel for electrical power generation. However, exploratory work of the safety impact of Pu 
burning and other applications (e.g. hydrogen production, combined heat and power production, 
district heating, desalination) will also be performed. 

4. HTR-L PROJECT WORKPACKAGES. 

The project started on the 1st of October 2001 and will last 36 months. Its final outcome should 
constitute the basis for further developments (i.e. the establishment of more detailed requirements 
similar to those of EUR (4) applicable for LWRs). There are currenly five workpackages. 

4.1. Definition of the Safety Approach 

The purpose of this workpackage is to define the main safety concepts and principles (defence-in-
depth, physical barriers, events classification principles, safety functions, target radiological release 
limits, etc.) applicable to modular HTRs. 

The project will be built on basis of the internationally accepted applicable standards, principles and 
methodologies (e.g. IAEA Safety Guides, OECD/NEA recommendations) and of licensing materials 
available for old (e.g. HTR-Modul, THTR and other German Projects, MHTGR in the US) and current 
HTR projects (e.g. PBMR in South Africa and in the US as well as GT-MHR initiative in the US). The 
EUR requirements will also be considered as a reference. 

The general guidelines and principles must be adapted to modular direct cycle HTRs taking into 
account the inherent and unique safety features of modular HTRs. In particular, the greatly reduced 
probability of accidents with severe fission products release has to be taken into account.  

4.2. Classification of the Operating Conditions 

The design basis operating conditions to be considered in the safety analysis will be determined and a 
classification of these conditions will be proposed according to the associated risks and consequences. 

The categorisation principles for Operating Conditions will be applied for two direct cycle modular 
HTR reactors (one with pebbles and one with blocks as fuel elements). 

Moreover, as a preliminary evaluation, a draft list of the safety parameters to be controlled and 
supervised will be established at the end of the exercise in order to identify potential problems relating 
to measurement of some of these parameters. 

 
(4) EUR stands for European Utility Requirements. This document giving the design requirements for Light Water Reactors was 

produced by the utilities from nine European countries. 



 

 

This exercise will also be very helpful to define some areas to be studied in the other HTR projects or 
future extensions, in particular for the definition and the development of safety analysis codes. In 
addition, it is hoped that preliminary work will be undertaken by an NAS (5) organisation to establish 
the viability of some existing computer codes for HTR safety analysis. 

4.3. Confinement Requirements. 

Without any doubt, an important issue for the HTR reactors is whether a "conventional" containment 
structure or some other mitigating system or process should be required in order to provide adequate 
protection of the public. The decision to stipulate a containment has to be made on the basis of 
technical judgement, taking into account the design features of the HTR reactors. 

One significant advantage of the HTR reactors is the high resistance for fission products release of the 
fuel particles, as the fuel and its successive protective shells constitute the most effective confinement 
barrier for the radioactive elements. The requirements for the confinement/containment function 
provided by the third barrier will therefore be re-assessed considering the properties of the first barrier 
of HTR fuel, the nature of the design basis accidents to be considered for licensing modular HTRs and 
the almost complete exclusion of core melting situations for this type of reactors. 

The confinement requirements will be closely related with the results of the HTR-F and HTR-F1 
projects (fuel barrier efficiency, fuel quality control process) ; furthermore, these requirements may 
depend on the plant design. Safety analyses results and especially those related to fission products 
transport are also important data for the definition of quantitative confinement requirements ; 
unfortunately, such data may be not available and the conclusion of this WP can only be qualitative 
and preliminary. 

The integrity of the safety barriers will be also assessed in relation to accidental events originated 
outside of the plant (External Events as airplane crashes). 

4.4. System, Structure and Component Classification 

The goal of this workpackage is to establish a safety classification for the systems, structures and 
components, and to define the principles, rules and methodology for equipment qualification starting 
from the applicable international standards. This will be realised with the objectives to either avoid 
undue cost penalties using unnecessary high quality levels, and to respect the safety criteria during 
design basis conditions. 
For this purpose, the key safety functions with their quality levels will be identified in a first step 

4.5. Key licensing issues 

The fifth package will try to identify the key safety aspects for which the Safety Authorities may be 
attentive, in order to consolidate the safety approach developed in the first work package. 

For this purpose, on one hand, the review by a company with experience in the defence of safety cases 
and in dealing with the Safety Authorities in the frame of the licensing process, is considered.  

Finally, it is proposed to organise a workshop with the Safety Authorities from the main 
European countries. The objective is to collect their first reactions to the proposed safety 
approach. The Safety Authorities of foreign countries (e.g. US, South-Africa, Japan, China 
and Russia) will also be invited to present their approaches and the international organisations 
(e.g. IAEA, OECD/NEA) will also be invited to present their approaches and activities on the 
safety and licensing of HTRs. 

 
(5) NAS stands for Newly Associated States of the European Union. 



 

 

5. CONCLUSION 

It is most likely that HTRs will emerge on the world industrial scene in the next 10 years. The 
objective of the HTR-L project is to establish a common European safety approach for modular direct 
cycle HTRs.  A substantial pan-European consensus on a safety approach is necessary and very 
important for consolidating the economic competitiveness of HTRs. 

The adaptation of the usual internationally accepted safety guidelines and principles to modular direct 
cycle HTRs will be examined, taking into account the unique safety features of modular HTRs 
(exceptional strength of the first barrier, large negative temperature coefficient, very large thermal 
inertia and inherently safe design). 

A way to look into the safety issues and to demonstrate that the safety functions are respected in all 
conditions will be developed. 

The work will constitute a first trial for defining a common European safety approach for the future 
HTR reactors in Europe : this exercise must be the basis and the input for further more detailed 
developments and much more detailed requirements, similar to those of EUR applicable to LWRs. The 
HTR-L project rallies industrial partners (manufacturers and energy producers) and research centres 
from different countries. Furthermore, it is also open to international co-operation. 
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