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Abstract – High temperature gas cooled reactor (HTGR), originally developed in 

the early 1950s in the United Kingdom and France, utilizes a single phase gas 

coolant and graphite as a moderator. There are many designs of HTGR, such as 

pebble-bed type and modular type. They may range from small modular designs to 

large central station plants. Although safety level of HTGR is greatly enhanced by 

its advanced design features which were briefly analyzed in this paper, there are still 

many research needs and safety issues associated with HTGRs which require further 

research. The research needs for experimental verification of HTGR safety was 

therefore investigated and classified. The safety issues and research needs were 

classified according to technical areas they pertain to. It should be noted that, only 

technical areas including thermal-hydraulics, reactor fuel, reactor physics, severe 

accidents were covered due to limited time in this paper. The capabilities of test 

facilities available in the world were also investigated and classified. Based on the 

test facilities ranging in size and complexity from small-scaled component tests to 

scaled entire system tests, analysis on matching ability between safety analysis 

issues and test facilities was conducted. Finally, the suggestions constructing 

experimental research system for safety analysis were concluded. 

 
I. INTRODUCTION 

 

High temperature gas cooled reactor (HTGR), 

originally developed in the early 1950s in the United 

Kingdom and France, utilizes a single phase gas 

coolant and graphite as a moderator. There are many 

designs of HTGR, such as pebble-bed type and 

prismatic block type. They may range from small 

modular designs to large central station plants.  

Although safety level of HTGR is greatly 

enhanced by its advanced design features which were 

briefly analyzed in this paper, there are still many 

research needs and safety issues associated with 

HTGRs which require further research. To provide 

information which may be of use to researchers, 

designers and regulators in planning and conducting 

future work on HTGRs, the research needs for 

experimental verification of HTGR safety was 

therefore investigated and classified. 

What is more, the capabilities of test facilities 

available in the world were also investigated and 

classified. Based on the test facilities ranging in size 

and complexity from small-scaled component tests to 

scaled entire system tests, analysis on matching 

ability between safety analysis issues and test 

facilities was conducted.  

In the end, the suggestions constructing 

experimental research system for safety analysis 

were concluded. 
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II. ADVANCED DESIGN FEATURES OF 

HTGR 

 

As one of the generation IV reactor types, 

HTGRs use a single phase gas coolant (usually 

helium) and graphite as a moderator. There are two 

main design features for HTGR on aspect of nuclear 

safety analysis review. 

One feature is inherent safety [1] which is known 

as a key safety attribute of HTGRs, especially for 

modular HTGRs. Differing in making up coolant and 

introducing negative reactivity by ECCS in PWRs, 

HTGRs can remove decay heat passively without 

any additional system in the events of loss of coolant. 

In addition, the large amount of graphite used as a 

moderator serves as a heat sink which provides for 

slow core heat-up during loss of coolant events. 

Besides, TRISO or BISO used as fuel coating 

could suffer high temperature more than of 1500℃. 

In a word, the ability to remove decay heat by heat 

conduction, natural convection and thermal radiation 

is one of outstanding characteristics of inherent 

safety. 

HTGRs possess some inherent passive safety 

features with respect to reactivity control. For 

hypothetical accident of reactivity such as control 

rod withdrawal accident in PWRs, the fuel in core 

would be burn out if only one control rod assembly 

was withdrawn. However, the core with good quality 

HTGR fuel will keep integrality without any damage 

even if all control rods or spheres were withdrawn. 

Safety analysis results show that the maximum 

temperature owing to the increase of core power 

under positive reactivity introduced condition is still 

less than temperature limits of fuel. 

Another feature is the high operational 

temperature [2] which challenges design and 

manufacture technology in material property. With 

an attendant benefit of increasing electrical 

efficiency and broadening application area, the 

operational temperatures of core and coolant at 

outlet were set around 1500 ℃  and 900 ℃ 

respectively. Thus the basic component of the fuel is 

designed into a small particle of UO2, UCO or UC 

coated with multiple layers of graphite and silicon 

carbide, which are claimed to retain the fission 

products and maintain integrity at high temperature 

and burnup level. However it presents many new 

problems which need further investigations by 

scientists and engineers. What is more, the problems 

above are centred on ensuring that fuel quality is 

sufficient to maintain fuel integrity at high 

temperatures. 

 

III. UNIQUE SAFETY ISSUES AND 

RESEARCH NEEDS ASSOCIATED WITH 

HTGRS 

 

Some safety issues and research needs which 

were identified by former group or workshop [3, 4] 

are used as a starting point in assessing HTGR safety 

issues and research needs. This was supplemented 

with more current information, when available, and 

reflects the views of safety review and licensing. 

This section addresses those issues and needs unique 

to HTGRs. They fall in different technical areas 

which are covered in this section and shown as 

follows: 

• Thermal-hydraulics 

• Reactor fuel 
• Reactor physics 
• Severe accidents. 
Discussed below are the safety issues and 

research needs associated with each of the above 

technical areas. 

 

III.A. Thermal-hydraulics 

 

Viewed from thermal-hydraulic aspect, a key 

safety attribute of HTGRs is to remove decay heat 

passively, even in the event of loss of coolant. 

Furthermore, the large amount of graphite used as a 

moderator serves as a heat sink which slows down 

core heat-up process during an accident. 

Discussed below are safety and research needs in 

the thermal-hydraulic area. 

1) Passive safety features performance 

Passive safety features are incorporated into 

design of HTGRs, such as passive system for reactor 

shutdown and decay heat removal. The performance 

of passive system during accident should be 

investigated based on design features of HTGRs, 

with emphasis on assessing the reliability and 

stability. The sub issues pertaining to this issue 

include passive reactor shutdown system 

performance involving coupling thermal-hydraulics 

and reactor physics, passive reactor decay heat 

removal system performance and its in-service 

testing, long time response of passive features and 

automatic systems, the effect of air or water ingress 

events and reactor cavity cooling performance. 

2) The thermal-hydraulic behaviors in core of 

HTGRs 

Thermal-hydraulic behaviors for different events 

in core of HTGRs should be investigated fully to 

describe the heat transfer and flow characteristic of 

pebble-bed core. Accordingly, the margins to safety 

limits could be assessed. Test data will be needed to 

understand issues including pebble-bed hot spots 

inferred at AVR, the incomplete mixing of reactor 

outlet helium and thermal stratification natural 
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circulation under loss of forced circulation accidents 

and the effect of air or water ingress events. 

3) Thermal-hydraulic codes improvement, 

assessment and validation 

Structural steel materials need to be protected 

from the high temperatures at which HTGR cores 

operate. Accordingly, for designers and regulators, it 

is essentially important to ensure analytical tools can 

model the various modes of operation and accident 

conditions. This will require fully understanding and 

adequately modeling of heat conduction, convention 

and radiation heat transfer and ensuring sufficient 

experimental data to validate the models.  

The codes which need improvement now include 

thermo-fluid dynamics code, system safety analysis 

code and coupled thermal-hydraulic and reactor 

physics code considering the importance of power, 

decay heat and flux distribution to thermal-

hydraulics calculations. What is more, data for codes 

assessment and validation can be obtained from test 

involving steady and some transient operation of 

HTGRs, thermal-hydraulic behaviors in core, plant 

response to events. However, additional data may be 

needed for more severe accident conditions such as 

loss-of-coolant, station blackout and ATWS. 

 

III.B. Reactor fuel 

 

Compared with conventional LWRs，the HTGR 

fuel uses higher enrichment and operates at higher 

temperatures. Otherwise, the design of coated fuel 

particles are intended to retain fission products, even 

at high temperatures experienced during accident 

conditions, and thus avoid widespread core damage. 

Accordingly, safety of HTGRs is tied more closely to 

fuel performance than that for LWRs. However, our 

current understanding of HTGR fuel safety limits 

and the affecting factors are not as well understood 

as those for LWRs. The value of 1600℃  is the 

proposed maximum permissible fuel temperature 

beyond which some degradation of the silicon 

carbide protective coating occurs. However, the 

integrity of the coated fuel particles is also 

dependent upon their manufacturing process and 

upon the environment within the reactor core. 

Due to the importance of fuel performance to 

HTGR safety, the long lead time and the cost of fuel 

testing, the safety issues unique to HTGR fuel 

performance fall in one area where international 

collaboration should be strongly considered. Specific 

safety issue or research need is discussed below: 

1) HTGR fuel performance research under 

accident conditions 

Virtually all of the past and ongoing worldwide 

TRISO fuel designs need support and verification 

with irradiation testing in which accelerated 

irradiation tests are an important item. Although 

there was significant large-scale operating 

experience with TRISO fuels in AVR in Germany, 

from perspective of nuclear safety, it is still 

necessary to conduct different accident simulation 

tests with irradiated fuel. Obviously, the test data 

would be useful for understanding the CFP behavior 

in high temperature, failure mechanics of CFP, and 

potential FP release process, showing conservatism 

of accident simulation experiments and assessing the 

adverse effects of different events with respect to the 

margins to failure for fuel retain ability. In addition, 

the specific research needs include: 

Fuel failure for reactor coolant pressure 

boundary failure event 

Fuel performance for air or water intrusion 

events 

Margins to CFP failure for reactivity event 

Fuel performance in beyond design safety 

limits event 

Physics of TRISO fuel irradiation in test 

reactors versus HTGRs. 

2) Effects of key parameters on fuel performance 

The performance of HTGR fuels will be based on 

specific factors pertaining to a wide range of 

technical areas, such as processing technique, 

manufacturing process, technical specification and 

operating conditions within the core. Thus, there is 

an issue for studying effects and affecting way of key 

parameters on fuel performance. The key factors 

include important parameters in manufacturing 

process, product specification, fuel operating 

temperature and fuel burn-up. 

3) Design of on-line refueling system for pebble-

bed HTGRs 

Refueling on-line is an advantage of pebble-bed 

HTGRs, which could improve the economical 

efficiency evidently. However it will bring challenge 

to automation and shielding in plant. Accordingly, 

based on distinguishing feature and working way of 

refueling on-line, a design with ensuring 

performance as well as nuclear safety would need to 

resolve this issue. 

 

III.C. Reactor physics 

 

Since controlling fuel temperature is key to 

ensuring the safe operation of HTGRs, reactor 

physics modeling and analysis is important in 

understanding power distributions and responses to 

off-normal events. Also, some future HTGR designs 

are attempting to incorporate passive shutdown 

capability (using Doppler feedback from U-238 as 

fuel temperatures increase) which will require a 

coupling of thermal-hydraulic and reactor physics 

analysis methods. Additionally, some reactivity 

insertion mechanisms are different in HTGRs than in 

LWRs (e.g. compaction of pebble fuel during a 

seismic event, water ingress acting as a neutron 
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moderator) and these needs to be modeled and 

analyzed. 

All of the above will require good knowledge and 

data on cross sections, power distributions, reactivity 

coefficients and other reactor physics parameters. 

Discussed below are safety and research needs in the 

reactor physics area. Nuclear analysis infrastructure 

development will be necessary to analyze reactor and 

fuel performance under a variety of normal and off 

normal conditions. Items needing research are: 

1) Temperature coefficients of reactivity. 

Validated analytical tools will be needed to 

confirm that the reactivity feedback effects from 

temperature changes in the fuel, moderator graphite, 

central graphite region, and outer reflector graphite 

are appropriately treated in safety analyses. 

Sensitivity analyses and validation against 

representative experiments should be used to assess 

and account for computational uncertainties in the 

competing physical phenomena, including for 

example, the positive contributions to the fuel and 

moderator temperature coefficients associated with 

Xe-135 and bred fissile plutonium. 

2) Reactivity control and shutdown absorbers. 

The reactivity worths of in-reflector control and 

shutdown absorbers may be sensitive to tolerance in 

the radial positioning of the absorbers within the 

core. Analytical evaluations for reactivity control and 

hot and cold shutdown will need to account for 

absorber worth variations through burn-up cycles 

and the transition from initial core to equilibrium 

core loadings. Modeling uncertainties, and absorber 

worth variations caused by temperature changes in 

the core and reflector regions, xenon effects, 

variations or aberrations of pebble flow, and 

accidental moisture ingress will need to be 

understood to ensure valid predictions of absorber 

worth. 

3) Moisture ingress reactivity.  

Although the absence of high-pressure, high-

inventory water circuits in closed Brayton cycle 

systems makes this issue less of a problem than in 

earlier steam cycle HTGRs, the effects of limited 

moisture ingress will nevertheless need to be 

evaluated for depressurised and pressurised accident 

conditions. Effects to be evaluated include the 

moisture reactivity (i.e. from adding hydrogenous 

moderator to the under moderated core), the effects 

of moisture on temperature coefficients (e.g. from 

spectral softening), shortened prompt-neutron 

lifetimes (i.e., faster thermalisation), and reduced 

worths of in-reflector absorbers (i.e. fewer neutrons 

migrating to the reflector). 

4) Reactivity transients. 

Thermal-hydraulic-coupled spatial reactor 

kinetics analyses may be needed to assess axial 

xenon stability, as well as reactivity transients caused 

by credible events, such as overcooling, control rod 

ejection, rod bank withdrawal, shutdown system 

withdrawal or ejection, seismic pebble-bed 

compaction, and moisture ingress. Of particular 

importance is the need to identify any credible 

events that could produce a prompt supercritical 

reactivity pulse. Should any such prompt-pulse 

events be identified as credible, their estimated 

probabilities and maximum pulse intensities should 

be considered in establishing any related plans or 

requirements for pulsed accident testing and analysis 

of HTGR fuels. For loss-of cooling passive 

shutdown events with failure of the active shutdown 

systems (i.e. anticipated transient without scram – 

ATWS), the delayed recriticality that occurs after 

many hours of xenon decay may also require spatial 

kinetics analysis models to account for the unique 

spatial power profiles and feedback effects caused by 

the higher local reactivity near the axial ends and 

periphery of the core where temperatures and xenon 

concentrations are lower. 

 

III.D. Severe accidents 

 

The potential for and consequences of severe 

accidents are reduced by HTGR designers with 

employing passive safety features, ensuring high 

quality fuel and removing the potential for air and 

water ingress into the core. However, for potential 

severe accidents, we should understand fission 

product release and transport mechanisms which are 

key to designing appropriate plant features to limit 

the release of radioactive material. 

Discussed below are specific safety issues and 

research needs pertaining to HTGR severe accident 

behaviour, with emphasis on understanding the 

potential for the release of fission products (FP) 

from the fuel into the environment. 

1) FP transport and behavior during high-

temperature fuel degradation 

For HTGRs, both the sequences and process by 

which FPs may be released from the fuel are 

different than current generation LWRs. In HTGRs, 

FPs may be released as a result of diffusion during 

normal operation, by rupture of coated fuel particles 

as a result of accidents, any by vaporization during 

high-temperature degradation of the fuel. What is 

more, there is some knowledge about diffusion 

during normal operation and rupture of coated fuel 

particles under accident conditions. Technical 

expertise and technical capability in the area of FP 

transport and behavior during high-temperature fuel 

degradation is needed in order to assess the risk from 

HTGR operation.  

2) Transport behavior of FP in primary system 

and containment 

Because FPs released from the fuel are 

transported through the primary system and 

containment predominantly as aerosols, the offsite 
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releases and offsite radiological consequences may 

be significantly reduced by FP deposition in the 

primary system and containment. Aerosol deposition 

occurs through a variety of mechanisms, such as 

gravitational settling, thermophoresis, and 

diffusiophoresis. Therefore, research activities 

should focus on FP transport and behavior in the 

primary system and containment of other structural 

buildings. 

3) Safety analysis of accident source term 

In safety analysis for traditional LWRs, 

deterministic licensing approach and model are 

usually used to calculate accident source term when 

mechanistically predict FP release from the fuel. 

However, for HTGRs, there are no established model 

and approach for calculating accident source term 

due to new fuel and containment design. Therefore, 

the issues involving CFP fuel performance and its 

affecting factors and ascertaining FP release rates 

from the fuel during normal operation and postulated 

accidents should be resolved to establish model and 

approach of accident source term.  

The performance of HTGR fuels will be based on 

specific factors pertaining to a wide range of 

technical areas, such as processing technique, 

manufacturing process, technical specification and 

operating conditions within core. The issue with 

respect to CFP fuel performance and its affecting 

factors has been discussed in section???.  

What is more, capabilities in a number of 

interfacing technical areas will be needed. These 

include: (1) nuclear analysis for fuel burnup, fast 

fluence, thermal fluence, and fuel particle power 

during reactivity events and (2) thermal-hydraulic 

analysis of normal operating core temperature 

distributions, accident core temperature distributions, 

and core temperature and flow distributions. 

Accordingly, the issues with respect to fuel design, 

fuel manufacture, and fuel performance could be 

incorporated into this issue. 

4) Performance of other plant safety features and 

materials 

It should also be stated that understanding fission 

product release from the fuel will also require 

understanding the performance of other plant safety 

features and materials, such as shutdown 

mechanisms, nuclear-grade graphite behavior 

(measurements of changes in physical properties 

induced by thermal, radiation and chemical 

exposures; oxidation measurements in the event of 

an air-ingress accident; and in-service inspection 

plans and techniques), qualification of graphite 

structures, high-temperature metallic material 

performance and metallic structure behavior, decay 

heat removal and FP transport. Accordingly, there is 

an interrelationship among this section and other 

sections in this chapter. 

5) Severe accident codes improvement and 

assessment 

As a result of limited researches in severe 

accidents for HTGRs, the author would advise some 

aspects for severe accident codes improvement and 

assessment. The issues which should be studied on 

the well understanding of issues belonging to 

thermal-hydraulic, fuel and reactor physics include 

severe accident phenomenology, severe accident 

codes improvement, transport behavior codes 

improvement of FP, development of probabilistic 

risk assessment models and approaches. 

 

IV. ANALYSIS ON CAPABILITIES OF TEST 

FACILITIES 

 

The capabilities of test facilities available in the 

world were investigated and classified in this section. 

Analysis on matching ability between safety analysis 

issues and test facilities was conducted as shown in 

table 1. 

Table 1: Analysis on matching ability between safety analysis issues and test facilities 

safety issue and research needs 
Experimental capability 

Test facility Description and discussion 

Thermal hydraulic 

1) Passive safety features 

performance 

� Passive reactor shutdown system 

performance involving coupling 

thermal-hydraulic and reactor 

physics 

� Passive reactor decay heat 

removal system performance and its 

in-service testing 

� Long time response of passive 

features and automatic systems 

� Effect of air or water ingress 

events 

Experimental 

pebble-bed 

HTGR, AVR. 

(closed) 

AVR with power of 15 MW was built in 1967 in 

Germany. Its coolant outlet temperature was set 

at 950℃ (highest operating temperature reactor) 

1974. It was shut down and out of commission 

in 1988. 

Thorium High 

Temperature 

Reactor, THTR-

300 (closed) 

THTR-300 was built in 1971 in Germany. It is a 

thorium high temperature reactor and became 

critical in 1985. It was operated with full power 

in 1986. 

High-

temperature test 

gas cooled 

reactor at Peach 

High-temperature test gas cooled reactor with 40 

MW electrical power was built at Peach Bottom, 

USA in 1967. It was shut down and out of 

commission in 1974 after all tests had done. The 
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� Reactor cavity cooling 

performance 

Bottom 

(closed); 

prototype 

reactor at Fort 

St.Vrin (closed) 

prototype reactor at Fort St.Vrin, USA became 

critical in 1967 and connected to the grid in 

1979. 

High- 

Temperature 

Engineering 

Test Reactor, 

HTTR (closed) 

HTTR 
[5]
 built in 1991 Japan became critical in 

1998 and raised in 1999. Its thermal power is 

300MW. Helium at outlet and inlet were set 

950  ℃ and 395  ℃ respectively. It was mainly 

used for tests for high temperature heat supply, 

material, fuel and safety. 

10-MWe High-

Temperature 

Reactor, HTR-

10 

HTR-10 was built by Tsinghua University in 

1995, completed and critical in 2000 and 

combined to the grid in 2003. 

NACOK facility 

NACOK facility at FZ-Jülich is capable of 

investigating natural convection behavior 

throughout the entire core during an air ingress 

accident. Further, there is a similar facility at 

Japan Atomic Energy Research Institute 

(JAERI). They are scaled facility suit for 

accident simulation. 

Helium flow and 

heat transfer test 

loop 

Helium flow and heat transfer test loop was built 

by Tsinghua University for HTR-PM Project. It 

is a full scaled facility used for investigating 

coolant flow and heat transfer characteristics of 

Shidaowan nuclear power plant. Now, the 

experiments are under way. 

2) The thermal-hydraulic behaviors 

in core of HTGRs 

� Pebble-bed hot spots inferred at 

AVR; 

� Incomplete mixing of reactor 

outlet helium and thermal 

stratification natural circulation 

under loss of forced circulation 

accidents; 

� Effect of air or water ingress 

events. 

Porous medium 

channel pressure 

drop test facility 

Porous medium channel pressure drop test 

facility was built by Xi’an Jiaotong University. 

Its application is to obtain pressure drop 

characteristic in porous medium channel of 

HTGRs. 

Pebble-bed fluid 

flow and heat 

transfer test 

facility 

Pebble-bed fluid flow and heat transfer test 

facility built by Harbin Engineering University 

can conduct tests for flow and heat transfer 

characteristics in pebble-bed with strong internal 

heat source. 

Pebble-bed fluid 

flow test facility 

Pebble-bed fluid flow test facility was built by 

Harbin Engineering University. It is used to 

observe behaviors of single or two phase flow in 

pebble-bed. 

Effective 

thermal 

conductivity of 

pebble bed 

determination 

facility  

Effective thermal conductivity of pebble bed 

determination facility in Tsinghua University is a 

full scale experimental facility containing 70 

thousands graphite pebbles with 1650℃. This 

facility was designed equal to HTR-PM in radial 

direction. The tests conducted now will be 

valuable for safety analysis of HTGRs with full 

temperature range. 

SANA facility 

SANA facility at FZ-Jülich was designed to 

understand fluid flow and heat transfer 

characteristic within a pebble bed. 
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3) Thermal-hydraulic codes 

improvement, assessment and 

validation 

Thermo-fluid dynamics code 

System safety analysis code 

Coupled thermal-hydraulic and 

reactor physics code 

—— 

The facilities mentioned above can all used in 

codes improvement, assessment and validation. 

Additional data may need for more severe 

accident conditions such as loss-of-coolant, 

station blackout and ATWS. 

Nuclear fuel 

1) HTGR fuel performance under 

accident conditions 

� Fuel failure for reactor coolant 

pressure boundary failure event; 

� Fuel performance in case of an air 

or a water ingress for air or water 

intrusion events; 

� Margins to CFP failure for 

reactivity event; 

� Fuel performance in beyond 

design safety limits event; 

� Physics of TRISO fuel irradiation 

in test reactors versus HTGRs. 

Porous medium 

channel pressure 

drop test facility 

This test facility has been illustrated above. 

Pebble-bed fluid 

flow and heat 

transfer test 

facility 

This test facility has been illustrated above. 

Pebble-bed fluid 

flow test facility 
This test facility has been illustrated above. 

2) Effects of key parameters on fuel 

performance 
—— 

This issue which involving manufacturing 

process, product specification, fuel operating 

temperature fuel burn-up is lack of appropriate 

facility. 

3) Design of on-line refueling 

system for pebble-bed HTGRs 

Moving rules of pebbles in HTRs; 

Safety evaluation for on-line 

refueling system. 

Pebble-bed 

dynamics 

experiment 

system 

Pebble-bed dynamics experiment system was 

built by Tsinghua University. It is a two-

dimensional and 1:5 scaled facility which was 

used to research the moving rules of pebbles in 

HTRs. The facilities as pebble dynamics 

experiment system are necessary in designing 

and licensing on-line refueling system. 

Reactor physics 

1) Temperature coefficients of 

reactivity 

Sensitivity analyses and validation 

against representative experiments. 

HTR-

PROTEUS and 

ASTRA 

HTR-PROTEUS in Switzerland and ASTRA in 

Russia are capable of experimental confirmation 

of HTGR reactor physics analysis. 

2) Reactivity control and shutdown 

absorbers 

Analytical evaluations for reactivity 

control and hot and cold shutdown 

3) Moisture ingress reactivity. 

Effects of limited moisture ingress 

4) Reactivity transients. 

thermal-hydraulic-coupled spatial 

reactor kinetics models and 

analyses 

Severe accidents 

1) FP transport and behavior during 

high-temperature fuel degradation 

Vaporization 

—— This issue is lack of appropriate facility. 

2) Transport behavior of FP in 

primary system and containment 
—— 

Aerosol deposition mechanisms such as 

gravitational settling, thermophoresis, and 

diffusiophoresis may need some tests. 

3) Safety analysis of accident 

source term 
—— 

An analysis issue which may need experimental 

data with respect to fuel design, fuel 
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� nuclear analysis during reactivity 

events; 

� Thermal-hydraulic analysis on 

distributions of core temperature 

and flow. 

manufacture, and fuel performance. 

4) Performance of other plant safety 

features and materials 

� shutdown mechanisms 

� nuclear-grade graphite behavior 

� metallic structure behavior and 

high-temperature performance of 

metallic material 

Environment 

simulation and 

materials testing 

facility 

Environment simulation and materials testing 

facility is constructed by Tsinghua University to 

simulate high temperature and carbon reduction 

environment (up to 1650℃). It may be useful in 

this issue. What is more, there is an 

interrelationship among this issue and other 

issues in this paper. 

5) Severe accident codes 

improvement and assessment 

� severe accident phenomenology 

� severe accident codes  

� transport behavior codes  

—— 

An analysis issue which should be studied based 

on the well understanding of issues belonging to 

thermal-hydraulic, fuel and reactor physics. 

 

In thermal hydraulic area，the reactors listed in 

table are full scaling facility, they are very important 

to supply data for investigating performance of entire 

system during operation and some transition. 

However the scaled facilities which are capable of 

simulating accident conditions such as loss-of-

coolant, air or water ingression, station blackout and 

ATWS are still less. For issues about core thermal-

hydraulic behaviors, reactor physics and fuel 

performance of HTGR, the facilities listed in table 

can be used in mechanism research and design 

verification. Due to limited knowledge of HTGRs as 

far, appropriate facilities for investigation on severe 

accident are still lacks. 

 

V. CONCLUSIONS 

 

With brief analysis on advanced design features 

of HTGRs and identification for research needs 

associated with HTGRs, some experimental safety 

issues which are classified into four technical areas 

are proposed and discussed. What is more, the 

capabilities of appropriate test facilities are also 

investigated and classified. Then analysis on 

matching ability between safety analysis issues and 

test facilities was conducted. The analysis results 

show that, in thermal-hydraulic area, existing test 

reactors are sufficient to supply data for investigating 

performance of entire system in HTGRs compared 

with few scaled facilities which are capable of 

simulating many accident conditions. 

For issues about core thermal-hydraulic 

behaviors, reactor physics and fuel performance of 

HTGR, amount of facilities which could do 

mechanism research and design verification is not 

enough while that for investigate severe accident is 

nearly zero. Thus an experimental research system 

which comprises serial test facilities and satisfies 

needs from each technical area should be constructed 

to support safety analysis. 
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