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Abstract – The Nuclear Power Development Section of the IAEA recently received 

approval for a Coordinated Research Project (CRP) to investigate and make 

proposals on modular High Temperature Gas-cooled Reactor (HTGR) Safety design 

criteria. It is expected that these criteria would consider past experience and 

existing safety standards in the light of modular HTGR material and design 

characteristics to propose safety design criteria. It will consider the deterministic 

and risk-informed safety design standards that apply to the wide spectrum of off-

normal events under development worldwide for existing and planned HTGRs. The 

CRP would also take into account lessons from the Fukushima Daiichi accident, 

clarifying the safety approach and safety evaluation criteria for design and beyond 

design basis events, including those events that can affect multiple reactor modules 

and/or are dependent on the application proximate to the plant site. (e.g., industrial 

process steam/heat). The logical flow of criteria is from the fundamental inherent 

safety characteristics of modular HTGRs and associated expected performance 

characteristics, to the safety functions required to ensure those characteristics 

during the wide spectrum of off-normal events, and finally to specific criteria related 

to those functions. This is detailed in the paper with specific examples included of 

how it may be applied. The results of the CRP will be made available to the member 

states and HTGR community.  

 
I. INTRODUCTION 

 

Following the Fukushima Daiichi nuclear 

accident, the safety of nuclear installations 

worldwide was once again an issue that highlighted 

that developers of advanced nuclear reactor 

technologies have an added responsibility to 

demonstrate that their proposed reactor designs can 

withstand the challenges that had to be faced by the 

Fukushima nuclear power plant as well as other 

design basis and beyond design basis events that are 

site-wide.  

The safety designs of many existing nuclear 

power plants, as well as new designs have therefore 

been enhanced to include additional measures to 

prevent and mitigate the consequences of complex 

accident sequences involving multiple failures, and 

of severe accidents. The design of new nuclear 

power plants now explicitly includes consideration 

of severe accident scenarios and strategies for their 

management and mitigation. This has also motivated 

the revision and update of the IAEA’s Safety 

Requirements for Design of Nuclear Power Plants 

(NS-R-1) [1], now replaced by a new document: 

“Safety Requirements No SSR 2/1” [2]. 

Despite previous efforts to improve and update 

the above requirements in technology neutral terms 

[3], the document focuses mainly on light water 

reactor technologies. This is also acknowledged in 

the stated objective [1]: 
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"It is expected that this publication will be used 

primarily for land based stationary nuclear power 

plants with water cooled reactors designed for 

electricity generation or for other heat production 

applications (such as district heating or 

desalination). It is recognized that in the case of 

other reactor types, including innovative 

developments in future systems, some of the 

requirements may not be applicable, or may need 

some judgement in their interpretation." 

 

Modular high temperature gas cooled reactors 

refer to the HTGR designs that are based on design 

principles that ensure no core meltdown or 

significant radionuclide release even in the event of 

depressurization of the helium coolant and loss of all 

active forced convection systems. The name is 

related to the HTR-Module design of the 1980's in 

Germany, the first to strongly advocate this 

philosophy [4]. Due to the selected safety design 

principles, the thermal power range is limited to 

~600 MWth with a low power density (~3 to 6 

MWth/m
3
) to assure radionuclide retention within the 

fuel.  

 

It is especially the systems performing the 

passive cooling function, that do not rely on the 

presence of the coolant, and no core damage as 

traditionally defined as a (partial) core melt down, 

that make the LWR safety requirements difficult to 

apply. Other aspects such as corrosion due to air 

ingress may need new safety design requirements. 

Therefore, due to the specific safety characteristics 

and design approach followed in modular HTGRs 

the licensing and deployment of the technology 

could benefit from the development of 

interpretations to the safety requirements or by 

developing new safety requirements by having a 

fresh look at the safety design philosophy and how 

the fundamental safety functions are achieved. Some 

work towards this goal has been performed in the 

past [5],[6],[7] but until now have not accomplished 

the required final outcome. 

 

To this end, a new CRP on HTGR Safety Design 

was proposed by Japan as a Member State at the Gas 

Cooled Reactor Technical Working Group (GCR-

TWG) in March 2013 and supported by all member 

states [8]. The detailed technical details were further 

developed and support for the CRP confirmed at a 

consultancy meeting of 28-31 October 2013 and in a 

workshop as part of the Technical Meeting on the 

Safety of High Temperature Gas Cooled Reactors in 

the Light of the Fukushima Daiichi Accident (8-12 

April 2014) [8].  

The CRP I31026 on Modular High Temperature 

Gas-cooled Reactor Design was approved in 

December 2013 and is now open for submissions 

[9]. The participation of ten member states and 

organizations are expected. 

 

Several publications and the work already 

performed in member states or other international 

organizations will be identified as important input to 

the CRP and used as the point of departure. Here it 

must be kept in mind that in China the Preliminary 

Safety Analysis Report (PSAR) for the High 

Temperature Reactor - Pebble-bed Module (HTR-

PM) has been reviewed and accepted and that 

construction has started in December 2012. This 

means that the design criteria for key systems and 

components have been agreed and published by the 

safety authority. This is the good basis for the 

licensing, plus the experience from HTR-10 

licensing, and other experiences worldwide. 

 

II. COORDINATED RESEARCH PROGRAM 

OBJECTIVES 

 

The purpose of the CRP is to investigate and 

make proposals on modular HTGR Safety Design 

Criteria. It is expected that these criteria would refer 

to LWR safety standards (e.g., IAEA SSR-2/1, [2]), 

and the deterministic and risk-informed safety design 

standards under development for existing and 

planned HTGRs worldwide that apply to the wide 

spectrum of design and beyond design basis events. 

The CRP would also take into account the effect of 

the Fukushima accident, clarifying the safety 

requirements and safety evaluation criteria for design 

and beyond design basis events, especially those 

internal and external events that can affect multiple 

reactor modules and/or are dependent on co-located 

application (such as industrial process steam/heat 

users). 

 

For the purposes of this CRP, both prismatic and 

pebble bed fuel element designs for the modular 

HTGR are considered to confirm that the resulting 

Safety Design Criteria can be applied to their design, 

construction, and operation.  

 

The initial focus is on the criteria for a specific 

HTGR concept (e.g., steam cycle for electricity 

and/or process steam), but other concepts (e.g., gas 

turbine and higher temperature process heat) will 

also be examined. Careful considerations will be 
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given if aspects such as higher coolant gas outlet 

temperatures, or the use of an intermediate heat 

exchanger, add new complexities that need to be 

considered. Similarly, the first fuel to be examined 

will be Low-Enriched Uranium (LEU), followed by 

fuels for other fuel cycles.  

 

The CRP objectives are: 

 To develop a process for establishing Safety 

Design Criteria at the plant and major Structure, 

System, and Component (SSC) level for 

modular HTGRs  

 To implement the process for representative 

modular HTGR designs. 

 To establish the Safety Design Criteria for the 

representative designs, with associated technical 

background, so as to provide the technical 

information for the future separate activities of 

the development of IAEA Safety Standards for 

HTGRs with the cooperation of the department 

of Nuclear Safety and Security of IAEA. 

 

In Section III a reference design process is 

described. This will be a starting point for the CRP 

activities. This is based in part on experience in the 

US. Many of the detailed aspects and approached 

will still be developed (and debated) during the CRP. 

Aspects such as the use of probabilities based on 

plant years compared to typically reactor unit years 

as the practice today will have to be clarified. Also, 

the stricter design targets proposed will of course be 

dependent on the member states and safety 

authorities. The described reference safety design 

process (and the details presented here) should be 

seen as the starting point for discussions only but 

does present a good example of the possible final 

outcome. 

 

III. REFERENCE SAFETY DESIGN 

PROCESS 

 

The reference process for development of the 

Safety Design Criteria has been based in part on 

those developed since the mid-1980s by the US 

Department of Energy (USDOE) with the Modular 

High Temperature Gas-cooled Reactor (MHTGR) 

[10] as reviewed by the US Nuclear Regulatory 

Commission (USNRC) in pre-application 

interactions. Similarly, in the early 2000s, Exelon 

entered into pre-application interactions for the 

South African Pebble Bed Modular Reactor (PBMR) 

with the USNRC with essentially the same risk-

informed approach. Most recently, over the last five 

years in pre-application interactions between the 

USDOE/Idaho National Laboratory (INL) and the 

USNRC, the risk-informed performance-based 

approach has been utilized for the Next Generation 

Nuclear Plant (NGNP) [11],[12]. 

 

III.A. Top Level Safety Requirements  

 

Fig. 1 presents a logic flow diagram for the 

approach. Implicit in the approach is the initial 

selection of top level safety requirements that 

provide quantitative, generic, direct measures of risk 

to the public. For the US, these top level regulatory 

requirements are shown in Table 1. In addition to 

these regulatory requirements, the US modular 

HTGR developers and the potential users have 

imposed a top level design target that the 

radionuclide releases from off-normal events will not 

require sheltering of the off-site public. 

 

Table 1: Top Level Regulatory Requirements from 

US Nuclear Regulatory Commission (USNRC) and 

US Environmental Protection Agency (USEPA) 

 

10CFR20 Annual Off-site Dose Guidelines 

 100 mrem/yr (1 mSv) total effective dose 

equivalent  

 Measured on a cumulative basis annually at the 

site Exclusion Area Boundary (EAB) 

 For normal operation and anticipated events 

10CFR50.34 /10CFR52.79 Accident Off-site 

Doses 

 25 rem (250 mSv) total effective dose 

equivalent 

 Evaluated at the site EAB at 2 hours and at the 

site Low Population Zone (LPZ) at 30 days 

 Design basis for off-normal events 

USEPA Protective Action Guides (PAGs) Off-

site Doses 

 1 rem (10 mSv) total effective dose equivalent 

for sheltering 

 Evaluated at the site Emergency Planning 

Zones 

 Emergency planning and protection during off-

normal events 

USNRC Safety Goals Individual Fatality Risks 

 Prompt Quantitative Health Objective (QHO) 

of 5×10
-7

/yr individual risk of early fatality for 

offsite public to1 mile 

 Latent QHO of 2×10
-6

/yr individual risk of late 

fatality for public offsite to 10 miles 

 Overall assurance of negligible (0.1%) 

individual risks from nuclear power plants 

during normal operation and off-normal events  
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III.B. Licensing Basis Events 

 

Given the selection of a modular HTGR to meet 

these top safety requirements, the next major element 

in the approach is the selection of when these 

requirements must be met. The selection approach is 

risk-informed and results in a wide spectrum of off-

normal Licensing Basis Events (LBEs) that includes 

Anticipated Operational Occurrences (AOOs), 

Design Basis Events (DBEs), and Beyond Design 

Basis Events (BDBEs). These LBE categories are 

defined by the mean frequency of the event sequence 

on a per-plant-year basis. 

 

AOO Region  

 

AOOs are those conditions of plant operation 

expected to occur one or more times during the life 

of the plant. Current LWR plants were licensed to 

operate for an initial 40-year period; however, with 

the advent of license renewal, operating licenses of 

conventional LWRs have been increased for some 

plants by 20 years. Therefore, a conservative value 

of 1 × 10
-2

 per plant year is used to establish the 

lower bound of the AOO region. 

 

For this region, 10CFR20 provides the applicable 

criteria, as it specifies the numerical guidance to 

assure that releases of radioactive material to 

unrestricted areas during normal reactor operations, 

including AOOs, are maintained as As Low As 

Reasonably Achievable (ALARA). This provides the 

upper dose consequence limit of 100 mrem (1 mSv) 

Total Effective Dose Equivalent (TEDE) at the 

Exclusion Area Boundary (EAB). The EAB is 

defined as that area surrounding the reactor, in which 

the reactor licensee has the authority to determine all 

activities including exclusion or removal of 

personnel and property from the area. 

 

DBE Region  

 

The DBE region encompasses releases that are 

not expected to occur during the lifetime of a single 

nuclear power plant, but they may be encountered 

during the lifetime of a fleet of nuclear power plants 

of similar design. Therefore, 1 × 10
–4

 per plant-year 

is used to establish the lower bound of this region. 

 

There is no need to require 10CFR50.34 to be 

met at frequencies lower than 10
–4

 per plant-year to 

meet the NRC Safety Goal QHOs since at 10
–4

 per 
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Pebble/prismatic, 
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Fig. 1: Reference Process for Development of Modular HTGR Safety Design Criteria 
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plant-year they are met with margin. Establishing  

10
–4

 per plant-year as the lower frequency for the 

design basis region is consistent with LWR 

regulatory guidance for the design goal frequency on 

a per reactor year basis of core damage events. 

 

As noted in the draft American Nuclear Society 

(ANS) Standard 53.1, “Nuclear Safety Design 

Process for the Design of Modular Helium-Cooled 

Reactor Plants” [13]: 

The adoption of the DBE region’s lower 

frequency limit of 1 × 10
–4

 per plant-year is 

appropriate because it is applied on a per-plant 

basis and accounts for possible multiple 

Modular Helium-cooled Reactor (MHR) 

modules. In addition, the expression of the 

frequency metric on a per plant-year basis 

enables the assessment to include event 

sequences involving only one or multiple reactor 

module source terms and thereby provides a 

more complete risk assessment as compared with 

the approach of analyzing each reactor module 

on an independent reactor-year basis. 

For the DBE region, the 25 rem (250 mSv) 

TEDE criterion in 10CFR50.34a provides the 

quantitative dose guidance for accidental releases for 

siting a nuclear power plant to ensure that the 

surrounding population is adequately protected. The 

combination of the selected frequency limits and 

dose limits for the DBE region ensures that the NRC 

Safety Goal QHOs for individual risk of latent 

cancer fatality is met by several orders of magnitude 

for all event sequences within the DBE region. 

 

BDBE Region  

 

The BDBE region, comprising improbable events 

that are not expected to occur during the lifetime of a 

large fleet of nuclear power plants, is considered to 

assure that the risk to the public from low frequency 

events is acceptable. The BDBE region considers 

events with a mean value below the DBE region’s 

lower frequency limit of 1 × 10
–4

 per plant-year. 

The frequency cutoff implicit in the acute fatality 

risk goal in NUREG-0880, “Safety Goals for 

Nuclear Power Plant Operation,” is taken as the 

 
 

Fig. 2: Frequency-Consequence Chart Showing Licensing Basis Event Regions with Corresponding US Top 

Level Safety Requirements [12] 
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lower frequency boundary of the BDBE Region. 

NUREG-0880 notes that the individual mortality risk 

of prompt fatality in the United States is 

approximately 5 × 10
-4

 per year for all accidental 

causes of death. The prompt mortality risk design 

objective limits the increase in an individual’s annual 

risk of accidental death to 0.1% of 5 × 10
-4

, or an 

incremental increase of no more than 5 × 10
-7

 per 

year. If the frequency of a scenario or set of 

scenarios is at or below this value, it can be assured 

that the individual risk contributions from these 

scenarios would still be within the safety goal, 

independent of the magnitude of the consequences 

with a significant residual margin. Therefore, 

5 × 10
-7

 per year is taken as the lower frequency for 

the BDBE region. 

 

Fig. 2 provides a graphical representation of the 

LBE regions on a frequency–consequence chart 

relative to the US top level safety requirements. The 

acceptable regions lie to the left (lower 

consequences on the abscissa) over the full 

frequency range on the ordinate within the licensing 

basis. 

 

III.C. Safety Functions and Safety Design 

Criteria 

 

In the iterative design process, the initial safety 

design approach sets a course of how the top safety 

requirements are to be met. For the modular HTGRs, 

the key design principal is to retain the radionuclides 

at the source within the ceramic fuel particles within 

the fuel elements all within the context of a sound, 

defense-in-depth safety design approach. 

 

Fig. 3 provides the general safety functions for a 

modular HTGR to protect both on-site personnel and 

off-site public relative to direct radiation and 

radionuclide transport. The functions apply to all the 

sources within a plant comprised of one or more 

reactor modules. The defense-in-depth barriers 

controlling the transport of radionuclides include the 

fuel particles, the carbonaceous material surrounding 

the particles, the fuel elements within the reactor 

core, the Helium Pressure Boundary (HPB), and the 

reactor building. 

 

The safety design objective is that performance 

of the shaded functions is sufficient to conservatively 

Maintain Control of 

Radionuclide Release

Control 

Radiation

Control Personnel 

Access

Control Radiation 

from Processes
Control Radiation from 

Storage

Control Radiation 

from Core

Control Radiation 

Transport

Control Direct 

Radiation

Control Transport 

from Site

Control Transport 

from Reactor Building
Control Transport 

from HPB
Control Transport 

from Core

Retain Radionuclides in 

Fuel Elements

Control Radionuclides in 

Fuel Particles
Denotes Required 

Functions to Meet 

10CFR50.34Remove Core Heat Control Core Heat 

Generation

Control Chemical 

Attack
 

 

Fig. 3: General Safety Functions for the Modular HTGR with Emphasis on Required Safety Functions during 

Design Basis Events   
 



Proceedings of the HTR 2012 
Tokyo, Japan, October 28 – November 1, 2012 

Paper HTR2012-8-002 

 

 

meet the top level regulatory safety requirement of 

25 rem (250 mSv) as stated in 10CFR50.34 during 

DBEs. These are to include off-normal events 

initiated from internal and external events occurring 

during the spectrum of operating states (starting up, 

part power, full power, on-line/off-line fueling, 

shutting down) that impact one or more reactor 

modules. Further, as shown in Fig. 2, the design goal 

is to meet on an expected basis the PAG requirement 

for sheltering at the site boundary not only for the 

DBEs, but also for the rarer events in the BDBE 

region. Simply stated, DBEs are designed for and 

then the design is subjected to the rarer challenges of 

the BDBEs for which it must have capability to 

protect the public. 

 

Safety design criteria are needed for each of the 

shaded functions and the required sub-functions 

below over the spectrum of DBEs. The risk-

informed DBEs include the response of the entire 

plant. To illustrate the multi-dimensional process, 

one DBE is examined for one function, that of, core 

heat removal. Note that this example is focused for 

illustrative purposes only on core heat removal; the 

response includes the performance of other 

functions, such as control of core heat generation by 

the reactor’s negative temperature coefficient and a 

reactor trip by one or more engineered systems. 

 

Table 2 asks the question of what Structures, 

Systems, and Components (SSCs) are available and 

sufficient to perform the core heat removal function 

during an event sequence that is initiated by a small 

helium leak in the HPB from the full power 

operating state of one reactor module (DBE-11 in the 

MHTGR Preliminary Safety Information Document 

submitted to the USNRC). Since DBEs are rare 

events that are not expected in the life of a plant with 

multiple reactor modules, the table shows the case 

where the normal main heat transport system that 

circulates helium from the reactor to the steam 

generator to a secondary steam system and heat sink 

that is designed to remove residual heat (sensible and 

decay heat) with or without helium pressure is not 

available. Similarly, the smaller shutdown cooling 

system, used for maintenance and investment 

protection that has an independent means to circulate 

helium and independent secondary heat removal 

system and heat sink, also fails. The next alternative 

set of SSCs relies on radiation and convection from 

the tall, slender core radially out to the reactor vessel 

and by radiation from the vessel surface to a passive 

reactor cavity cooling system that utilizes either 

natural convection of air or water in enclosed 

panels/pipes. This passive alternative SSC set 

operates at all times and does not require helium 

circulation or forced or natural helium circulation. 

Similarly, the final set of alternative SSCs is 

available and sufficient as it utilizes the heat 

capacities within the below-grade, concrete reactor 

building to limit the slow heat-up of the fuel to retain 

radionuclides. 

 

For this core heat removal function, there are two 

choices of SSCs that each are available and 

sufficient to mitigate the consequences of the DBE-

11 depressurized loss of forced cooling initiated by a 

small helium leak. However, before choosing 

between these two choices for this one event, the 

process examines the full spectrum of DBEs. These 

include loss of off-site power to the plant, reactivity 

events with and without reactor trip, earthquake, 

steam generator leaks/breaks into the reactor HPB, 

and a range of helium leaks/breaks from the HPB. As 

shown in Table 3, for the heat removal function, 

some DBEs have other SSC choices that are 

available and sufficient to remove the heat with the 

active forced cooling systems. (Note that the sets of 

SSC’s abbreviated in Table 3 corresponds to the full 

descriptions used in Table 2). However, only the two 

passive choices identified from DBE-11 are 

available across the spectrum of initiating events 

leading to the event sequences within the design 

basis region. 

 

However, in this case, the choice with the 

Reactor Cavity Cooling System is preferred by all 

stakeholders, since the owner/operator will require 

that the plant capital investment be protected and the 

license applicant will need to show the regulator that 

the mechanistic safety analyses conservatively meets 

the 10CFR50.34 25 rem (250mSv) off-site dose at 

the plant boundary in the Safety Analyses Report. 

 

With the above development, comprehensive 

safety design criteria can be derived as qualitative, 

functional statements of how the top level safety 

requirements are to be met during LBEs. For the heat 

removal function for the mitigation of the above risk-

informed DBEs, the following safety design criteria 

were proposed to the USNRC for the MHTGR 
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Table 2: Illustration of SSC Capabilities for Core Heat Removal Safety Function in Response to DBE-11 

 

Are SSCs Available and Sufficient to Remove Core Heat in the DBE? 

Alternative Sets of SSCs DBE 11 

Initiating Event HPB small leak 

Reactor 

Heat Transport System 

Energy Conversion Area 
No 

Reactor 

Shutdown Cooling System 

Shutdown Cooling Water System 

No 

Reactor 

Reactor Vessel 

Reactor Cavity Cooling System 

Yes 

Reactor 

Reactor Vessel 

Reactor Building 

Yes 

 

 

 

 

Table 3: Illustration of SSC Capabilities for Multiple DBE’s to Select the Safety Function in Response to 

DBE-11 

 

                                         Are SSCs Available and Sufficient to Remove Core Heat in the DBE? 

Sets of SSCs 
DBE  

1 

DBE  

2 

DBE  

3 

DBE 

4 

DBE 

5 

DBE 

6/7 

DBE 

8/9 

DBE 

10 

DBE 

11 

SSCs 

Classified  

as Safety 

Related? 

Initiating Event 

Transient 

(LOSP 

+TT) 

ATWS 

Control 

rod 

withdwl 

Control 

rod 

withdwl 

SSE 
SG tube 

rupture 

SG tube 

leak 

HPB 

moderate 

leak 

HPB 

small 

leak 
 

Reactor 

HTS 

ECA 

No No No  No No No No No No 
 

Reactor 

SCS 

SCWS 

No Yes Yes No Yes Yes Yes Yes No 
 

Reactor 

RV 

RCCS 
Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Yes, optimum  

selection to 

achieve  

capability & 

reliability 

Reactor 

RV 

RB 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Remove Core Heat 

The intrinsic dimensions and power densities of 

the reactor core, internals, and vessel, and the 

passive cooling pathways from the core to the 

environment shall be designed, fabricated, and 

operated such that the fuel temperatures will not 

exceed acceptable values. 

 

This function which as shown in Fig. 3 is one of 

three needed for radionuclide retention within the 

ceramic coated fuel particles had the following sub 

functions: 

 

Conduct Heat from Core to Vessel Wall 

The reactor core design and configuration shall 

ensure sufficient heat transfer by conduction, 

radiation, and convection to the reactor vessel wall 

to maintain fuel temperatures within acceptable 

limits following a loss of forced cooling. The 

materials which transfer the heat shall be chosen to 

withstand the elevated temperatures experienced 

during this passive mode of heat removal. This 

criterion shall be met with the primary coolant 

system both pressurized and depressurized. 

 

Radiate Heat from Vessel Wall 

The vessel design shall ensure that sufficient heat 

is radiated to the surroundings to maintain fuel and 

vessel temperatures within acceptable limits. This 

criterion shall be met with the primary coolant 

system both pressurized and depressurized. 

 

Transfer Heat to Ultimate Heat Sink 

A highly reliable, passive means of removing the 

heat generated in the reactor core and radiated from 

the reactor vessel wall shall be provided. The system 

shall remove heat at a rate which limits core and 

vessel temperatures to acceptable levels during a loss 

of forced circulation. 

 

Additional levels of the functional analysis 

include lower level sub functions, for example, to 

maintaining reactor vessel and ultimate heat sink 

geometry. 

 

IV. LESSONS FROM THE FUKUSHIMA 

DAIICHI ACCIDENT 

 

The above reference process for development of 

safety design criteria for modular HTGRs will be 

reviewed to fully learn from the Fukushima Daiichi 

accident. 

 

First and foremost, the intrinsic characteristics of 

the modular HTGR with its compatible choices of 

fuel, coolant, and moderator as configured for 

passive heat removal for radionuclide retention 

within the high temperature fuel will be central to 

this CRP. Modular HTGRs have the potential to 

eliminate the need for operator actions in response to 

off-normal events and to not rely on active systems 

or AC-power. As formulated the process 

systematically will develop safety design criteria that 

consider a wide spectrum of DBEs and BDBEs 

 selected with risk insights to identify event 

sequences occurring during all normal operation 

modes and states  

 initiated from internal  and external events   

 with the potential for radionuclide releases from 

all sources  

 within a plant comprised of one or more reactor 

modules  

 accounting for uncertainties in event sequence 

frequencies and consequences 

 

The overarching objective is to work towards 

unifying the approach for modular HTGR developers 

worldwide. 

 

V. CONCLUSIONS 

 

The development and implementation of 

comprehensive safety design criteria that take 

HTGR-specific safety characteristics into account 

would provide a high level of assurance that modular 

HTGRs are consistently designed, constructed, and 

operated in a manner that takes advantage of these 

intrinsic properties, while also avoiding unintended 

compromises in plant safety 

 

The results of the CRP will be documented in a 

TECDOC for the four year project to be made 

available for the member states and HTGR 

community. It could also provide the technical 

information for the possible future development of 

IAEA Safety Standards for HTGRs by the IAEA 

Department of Nuclear Safety and Security. 

 

It is important to the initiator (Japan) and the 

other member countries to start the work on Modular 

HTGR’s Safety Design as soon as possible. The 

safety re-evaluation of the HTTR and future HTGR 

designs in Japan is in progress after the Fukushima 

Daiichi accident. In the USA the NGNP program has 

performed many licensing activities with the NRC 

and is ready to share this experience with other 

member states. In Korea (Republic of) the safety 
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requirements for HTGRs are under development by 

the regulatory authorities. In China the HTR-PM 

construction has started in December 2012 and the 

operating license is expected for commissioning in 

2017. It is therefore an opportune time for member 

countries to share in this experience. Some of the 

experience from South African discontinued PBMR 

program may also still be shared (also by some of 

the UK experts that assisted the South African 

regulator at that time) while Germany, who initially 

promoted the safety philosophy of modular HTGRs, 

may also still make an important contribution.  

 

The outcomes of the CRP on HTGR Safety 

Design will also be important for the HTGR 

international community to communicate the safety 

design merits of the modular HTGR to nuclear 

experts in other fields. 
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