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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 1 - Control Radionuclides in Fuel: The 

reactor fuel shall be designed, fabricated, and operated 

such that radionuclides are retained within the fuel to the 

extent that releases to the primary coolant will not 

exceed acceptable values.

Requirement 43: Performance of coated particle 

based fuel elements

The coated particles for the nuclear plant shall be 

designed to maintain their structural integrity, 

maintain their confinement performance, and to 

withstand satisfactorily the anticipated radiation 

levels and other conditions in the reactor core, in 

combination with all the processes of deterioration 

that could occur in operational states and accident 

conditions. The fuel elements that contain the fuel 

particles shall be designed to maintain their 

structural integrity in the operational states, and to 

prevent the occurrence of events that could lead to 

unacceptable loads to the coated fuel particles in 

accident conditions.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent. MHTGR SDCs in Approach 1 requires to retain the 

radionuclides in the fuel not only at operational states but also in accident conditions, though in Approach 2, it 

requires to maintain the structural integrity of fuel only at operational states. The radionuclide confinement function 

of the other containment systems for mHTGR become less important compared to LWR by this requirement for fuel.

The retention of the radionuclides in the coated particle is covered in both approaches. Approach 2 also mentioned 

the sub-requirement of the fuel elements to protect the coated particles.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 2 - Control 

Chemical Attack: The vessels and 

other components that limit or 

prevent the ingress of air or water

shall be designed, fabricated and 

operated such that the amount of air 

or water reacting with the core will 

not exceed acceptable values.

Requirement 47: Design of reactor coolant systems 

The components of the reactor coolant systems for the nuclear plant shall be 

designed and constructed so that the risk of faults due to inadequate quality 

of materials, inadequate design standards, insufficient capability for 

inspection or inadequate quality of manufacture is minimized.

Requirement 48: Overpressure protection of the reactor coolant pressure 

boundary

Provision shall be made to ensure that the operation of pressure relief 

devices will protect the pressure boundary of the reactor coolant systems 

against overpressure and will not lead to the unacceptable release of 

radioactive material from the nuclear plant directly to the environment.

Requirement 53A: Design of secondary coolant systems to limit water 

ingress

The secondary coolant systems using water and steam shall be designed with 

provision to limit the water ingress into the primary helium system, so as 

not to exceed specified design limits of the primary helium pressure 

boundary.

Requirement 54: Building structural

6.19E Design features to limit the availability of air for possible ingress into the 

reactor core in the event of a break in the helium pressure boundary shall be 

provided as necessary.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent but the building, may or may not be included in Approach 1 for 

limiting air ingress.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 3 - Limit Fuel Hydrolysis: The 

steam, feedwater and other cooling systems shall be 

provided with a reliable means to limit to acceptable 

levels the amount of steam and water that can enter 

the reactor vessel.

Requirement 53A: Design of secondary coolant

systems to limit water ingress

The secondary coolant systems using water and 

steam shall be designed with provision to limit the 

water ingress into the primary helium system, so

as not to exceed specified design limits of the 

primary helium pressure boundary.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 4 - Limit Fuel Oxidation: The 

primary helium pressure boundary shall be 

designed and fabricated to quality standards 

sufficient to ensure high reliability of its integrity 

to prevent air ingress during normal and off-

normal conditions. The plant shall be designed, 

fabricated, operated, and maintained in a manner 

which ensures that the primary system boundary 

design limits are not exceeded.

Requirement 47: Design of reactor coolant systems 

The components of the reactor coolant systems for the nuclear plant shall 

be designed and constructed so that the risk of faults due to inadequate 

quality of materials, inadequate design standards, insufficient capability 

for inspection or inadequate quality of manufacture is minimized.

6.13. Pipework connected to the pressure boundary of the reactor coolant 

systems for the nuclear plant shall be equipped with adequate isolation devices 

to limit the loss of coolant (helium) and prevent the ingress of air and water.

6.14. The design of the reactor coolant pressure boundary shall be such that 

flaws are very unlikely to be initiated, and any flaws that are initiated would 

propagate in a regime of high resistance to unstable fracture and to rapid crack 

propagation, thereby permitting the timely detection of flaws.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent and focus on limiting fuel oxidation by defining high quality helium pressure 

boundary. 

Aspects on the operation and maintenance to protect the integrity of the primary helium pressure boundary is implied in Approach 1 

and given in some details in Approach 2. This include aspects such as (i) helium purity (Req. 49 and 50) chemistry to protect the 

limit the corrosion, (ii) overpressure (Req. 48), (iii) protection against turbine blades (Req. 47 par 6.16, Req. 77).

The graphite oxidation properties (quality and impurities) is not identified in any of the two approaches. Aspects like the time delay 

for onset of oxidation and helium/air mixtures that may ingress are not included in requirements developed.
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Safety Design Criteria for mHTGRs

10

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 5 - Control Heat Generation: The reactor shall be designed, fabricated, and 

operated such that the inherent nuclear feedback characteristics ensure that the reactor thermal 

power will not exceed acceptable values. Additionally, the reactivity control system(s) shall be 

designed, fabricated, and operated such that during insertion of reactivity, the reactor thermal power 

will not exceed acceptable values.

Comment/Suggestion:

This is a higher-level requirement detailed by SDC 6 and SDC 7. In this case, the comparison is 

only made for the sub-requirements.



Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 6 - Control with Inherent 

Feedback: The fuel uranium enrichment and heavy 

metal loadings in the kernels of the fuel particles 

within the graphite matrix compacts within the 

graphite fuel elements shall be designed, fabricated, 

and operated such that the inherent nuclear feedback 

characteristics ensure the reactor thermal power will 

not exceed acceptable values.

Requirement 45: Control of the reactor core

Distributions of neutron flux that can arise in any 

state of the reactor core in the nuclear plant, 

including states arising after shutdown and during 

or after refuelling, and states arising from 

anticipated operational occurrences and from 

accident conditions, shall be inherently stable. The 

demands made on the control system for 

maintaining the shapes, levels and stability of the 

neutron flux within specified design limits in all 

operational states shall be minimized.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent in ensuring the inherent nuclear feedback characteristics. 

Approach 1 is more detailed in addressing fuel compositions that may be important for water ingress.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 7 - Control with Movable Poisons: Two 

independent and diverse means of inserting negative 

reactivity shall be provided. Either set shall be capable of 

limiting the heat generation of the reactor to acceptable 

levels during off-normal conditions.

Requirement 46: Reactor shutdown

Means shall be provided to ensure that there is a 

capability to shut down the reactor of the nuclear plants 

in operational states and in accident conditions, and 

that the shutdown condition can be maintained even for 

the most reactive conditions of the reactor core.

Comment/Suggestion:

Approach 1 requires two independent and diverse sets of movable poison equipment. On the other hand, Approach 2 

requires two diverse and independent means. Approach 2 provide more detailed requirements on the system performance

(par. 6.7 – 6.12). 

Latest related information from US-NRC (US-NRC Regulatory Guide 1.232 (Rev. 0), “GUIDANCE FOR 

DEVELOPING PRINCIPAL DESIGN CRITERIA FOR NON-LIGHT-WATER REACTORS”)

Criterion 26 – Reactivity Control Systems

The staff recognizes that specifying control rods may not be suitable for advanced reactors. … The staff changed control 

rods to “means” in recognition that advanced reactor designs may not rely on control rods to rapidly shut down the reactor 

(e.g., alternative system designs or inherent feedback mechanisms may be relied upon to perform this function). The 

wording of “reliably controlling reactivity” in GDC 26 has been replaced with “inserting negative reactivity at a sufficient 

rate and amount” to more clearly define the requirement. For a non-LWR design the rate of negative reactivity insertion 

may not necessitate rapid (within seconds) insertion but should occur in a time frame such that the fission product barrier 

design limits are not exceeded.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 8 - Shutdown Reactor: The equipment 

needed to sense, command and execute a trip of the 

control rods, along with any necessary electrical power, 

shall be designed, fabricated, and operated such that 

reactor core shutdown is assured during off-normal 

conditions.

Requirement 46: Reactor shutdown

6.12. Instrumentation shall be provided and tests shall be 

specified for ensuring that the means of shutdown are 

always in the state stipulated for a given plant state.

Requirement 61: Protection system

A protection system shall be provided at the nuclear 

plant that has the capability to detect unsafe plant 

conditions and to initiate safety actions automatically 

to actuate the safety systems necessary for achieving 

and maintaining safe plant conditions.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent in the protection system to give the signal to trip the reactor, 

together with Requirement 46 par 6.12 on instrumentation. 

In Approach 2, there is no specific requirement for the equipment needed to sense, command, and execute a trip of the 

control rod, which directly corresponds to Approach 1. However, Approach 1 requirements is enveloped by general 

requirement for protection system in Approach 2. 

Approach 1 requirement is for DBE, BDBE and DBA; Approach 2 for all accident conditions.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 9 - Maintain Geometry for Insertion of 

Movable Poisons: The design, fabrication, operation, and 

maintenance of the control rod guide tubes, the graphite 

core and reflectors, the core support structure, the core 

lateral restraint assemblies, the reactor vessel, and reactor 

vessel support shall be such that their integrity is 

maintained during off normal conditions so as to provide 

geometry which permits sufficient insertion of the control 

rods into the outer reflector to effect reactor shutdown.

Requirement 44: Structural capability of the reactor 

core

The reactor core including fuel elements, reflectors, 

and supporting structures for the nuclear plant shall 

be designed so that in operational states and design 

basis accidents, a geometry that allows for adequate 

cooling is maintained and the insertion of control rods 

is not impeded. In design extension conditions, a 

geometry to allow reactor shutdown adequate for 

control of core heat generation, and adequate heat 

removal are maintained. The surrounding structures 

and environment may serve as the ultimate heat sink.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent. Requirement 44 is broader than just maintaining geometry for 

control of the heat generation (insertion of control rods).
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 10 - Shutdown Reactor Diversely: The 

equipment needed to sense, command, and execute a trip 

of the reserve shutdown control equipment, along with any 

necessary electrical power, shall be designed, fabricated, 

operated, and maintained such that reactor core shutdown 

is assured during off-normal conditions.

Requirement 46: Reactor shutdown

6.12. Instrumentation shall be provided and tests shall be 

specified for ensuring that the means of shutdown are 

always in the state stipulated for a given plant state.

Requirement 61: Protection system

A protection system shall be provided at the nuclear 

plant that has the capability to detect unsafe plant 

conditions and to initiate safety actions automatically 

to actuate the safety systems necessary for achieving 

and maintaining safe plant conditions.

Comment/Suggestion:

In Approach 2, there is no specific requirement for the equipment needed to sense, command, and execute a trip of the 

reserve shutdown control equipment, which directly corresponds to Approach 1. However, Approach 1 requirements is 

enveloped by general requirement for protection system in Approach 2. This requirement is the same as LWR.

MHTGR SDC 10 - Shutdown Reactor Diversely: may fall away depending on the design and regulatory requirements. 

It was included for the MHTGR in this exercise as a deterministic requirement that would be required by the NRC. See 

above for latest developments.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 11 - Maintain Geometry for Insertion of 

Diverse Movable Poisons: The design, fabrication, and 

operation of the reserve shutdown control equipment 

guide tubes, the graphite core and reflectors, the core 

support structure, the core lateral restraint assemblies, the 

reactor vessel, and reactor vessel support shall be such that 

their integrity is maintained during off-normal conditions, 

so as to provide geometry which allows sufficient 

insertion of reserve shutdown control material to effect 

reactor shutdown.

Requirement 44: Structural capability of the reactor 

core

The reactor core including fuel elements, reflectors, 

and supporting structures for the nuclear plant shall 

be designed so that in operational states and design 

basis accidents, a geometry that allows for adequate 

cooling is maintained and the insertion of control rods 

is not impeded. In design extension conditions, a 

geometry to allow reactor shutdown adequate for 

control of core heat generation, and adequate heat 

removal are maintained. The surrounding structures 

and environment may serve as the ultimate heat sink.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent. 

MHTGR SDC 11 - Maintain Geometry for Insertion of Diverse Movable Poisons: as needed for equipment above (SDC 

10)
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Safety Design Criteria for mHTGRs
MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 12 - 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.

Requirement 44: Structural capability of the reactor core

The reactor core including fuel elements, reflectors, and supporting structures 

for the nuclear plant shall be designed so that in operational states and design 

basis accidents, a geometry that allows for adequate cooling is maintained and 

the insertion of control rods is not impeded. In design extension conditions, a 

geometry to allow reactor shutdown adequate for control of core heat 

generation, and adequate heat removal are maintained. The surrounding 

structures and environment may serve as the ultimate heat sink.

Requirement 51: Removal of residual heat from the reactor core

Means shall be provided for the removal of residual heat from the reactor core 

in the shutdown state of the nuclear plant such that the design limits for fuel, 

the reactor coolant pressure boundary and structures important to safety are 

not exceeded.

Requirement 53: Diverse means of cooling the reactor core along with heat 

transfer to an ultimate heat sink

The following two heat transfer functions shall be fulfilled for all plant states 

such that radionuclide retention within the fuel and the integrity of the reactor 

pressure vessel are maintained.

The modular HTGR shall be designed such that the residual heat removal to 

the reactor pressure vessel is achieved by conduction, convection and radiation 

independent of the primary heat transfer system and helium pressurization. A 

highly reliable capability to transfer heat from the reactor pressure vessel wall 

to an ultimate heat sink shall be ensured and may be either completely passive 

or have both an active and a passive mode.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 13 - Conduct Heat from 

Core to Reactor 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 both pressurized 

and depressurized.

Requirement 53: Diverse means of cooling the reactor core along with 

heat transfer to an ultimate heat sink

The following two heat transfer functions shall be fulfilled for all plant 

states such that radionuclide retention within the fuel and the 

integrity of the reactor pressure vessel are maintained.

The modular HTGR shall be designed such that the residual heat 

removal to the reactor pressure vessel is achieved by conduction, 

convection and radiation independent of the primary heat transfer 

system and helium pressurization. A highly reliable capability to 

transfer heat from the reactor pressure vessel wall to an ultimate heat 

sink shall be ensured and may be either completely passive or have 

both an active and a passive mode.

6.19A. Means for transferring heat shall have adequate reliability for the 

plant states in which they have to fulfil the heat transfer function. This may 

require use of a different ultimate heat sink such as buildings and 

surroundings structures.

6.19B. The heat transfer function shall be fulfilled for levels of natural 

hazards more severe than those considered for design derived from the 

hazard evaluation for the site.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent.
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Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 14 - Radiate Heat from Reactor Vessel 

Wall: The reactor 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.

No equivalent requirement.

Comment/Suggestion:

Details not identified – partially implied by Requirement 53: Diverse means of cooling the reactor core.

(Discussion on whether expand Req. 53 to include MHTGR SDC 14 details).
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Safety Design Criteria for mHTGRs
MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 15 - Maintain 

Geometry for Conduction and 

Radiation: The design, 

fabrication, operation, and 

maintenance of the core support 

structure, graphite core and 

reflectors, core lateral restraint 

assembly, reactor vessel, reactor 

vessel support, and reactor 

building shall be such that their 

integrity is maintained during off-

normal conditions so as to 

provide a geometry conducive to 

removal of heat from the reactor 

core to the ultimate heat sink to 

maintain fuel temperatures within 

acceptable limits.

Requirement 44: Structural capability of the reactor core

The reactor core including fuel elements, reflectors, and supporting structures 

for the nuclear plant shall be designed so that in operational states and design 

basis accidents, a geometry that allows for adequate cooling is maintained and 

the insertion of control rods is not impeded. In design extension conditions, a 

geometry to allow reactor shutdown adequate for control of core heat 

generation, and adequate heat removal are maintained. The surrounding 

structures and environment may serve as the ultimate heat sink.

Requirement 54: Building structural

A structure (building or part of it) shall be provided to ensure, or to contribute 

to, the fulfilment of the following safety functions at the nuclear plant: (i) 

protection of the reactor against natural external events and human induced 

events (ii) radiation shielding in operational states and in accident conditions. 

The design of the structure shall provide for sufficient pathways for the release 

of reactor coolant from the structure in the event of depressurization or severe 

water ingress accidents. The cross-sections of openings shall be of such 

dimensions as to ensure that the pressure differentials occurring during 

pressure equalization in accident conditions do not result in unacceptable 

damage to the structure or systems that are important for the main safety 

functions in accident conditions.

A structure (building or part of it) shall provide for controlled release of 

radioactive substances in operational states and in design basis accident 

conditions, and contribute to limit release in DECs. (or BDBE covering Option 

2 in requirement XX))

Insofar, this structure combined with other supporting systems, e.g. ventilation 

systems, is a barrier for the retention of radioactive materials.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent. 22



Safety Design Criteria for mHTGRs

MHTGR SDCs Approach 1 MHTGR SDCs Approach 2

MHTGR SDC 16 - 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. (for DBA)

Requirement 53: Diverse means of cooling the reactor core along with heat 

transfer to an ultimate heat sink

The following two heat transfer functions shall be fulfilled for all plant 

states such that radionuclide retention within the fuel and the integrity of 

the reactor pressure vessel are maintained.

The modular HTGR shall be designed such that the residual heat removal 

to the reactor pressure vessel is achieved by conduction, convection and 

radiation independent of the primary heat transfer system and helium 

pressurization. A highly reliable capability to transfer heat from the reactor 

pressure vessel wall to an ultimate heat sink shall be ensured and may be 

either completely passive or have both an active and a passive mode.

6.19A. Means for transferring heat shall have adequate reliability for the plant 

states in which they have to fulfil the heat transfer function. This may require 

use of a different ultimate heat sink such as buildings and surroundings 

structures.

6.19B. The heat transfer function shall be fulfilled for levels of natural hazards 

more severe than those considered for design derived from the hazard evaluation 

for the site.

Comment/Suggestion:

Approach 1 and Approach 2 are generally consistent.
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Thank you for your attention


