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 The overall goals of this work: 

▪ Determine the lifetime reliability and availability for the HTGR, HTTR and GEMINI+ electrical system in Normal

Operation and Emergency Conditions.

▪ Comparison of alternative models and different design options in terms of the ability to provide power supply to

electrical loads

▪ Determination of Forced Outage Rate of each electrical system design and identification of the individual

components on this result

▪ Proposing changes to the project of HTGR electrical system to improve reliability and availability parameters

Reliability study of electrical systems in Nuclear Facilities

▪ Karol Kowal.”Lifetime reliability and availability simulation for the electrical system of HTTR coupled to the

electricity-hydrogen cogeneration plant”, Reliability Engineering and system safety,

DOI: 10.1016/j.ress.2022.108468

▪ Karol Kowal, Mina Torabi,. “Failure modes analysis of the electrical power supply for the GEMINI+ High

Temperature Gas-cooled Reactor”, DOI: 10.3850/978-981-18-5183-4_R18-18-464-cd
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HTGR Electrical System Diagram

HTGR Electrical System Diagram (Technical description of the research HTGR. Z3-1 version 2.2)
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HTGR Electrical System Diagram 
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Electrical systems for each nuclear facility

Component number of each system of electrical power distribution designs
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System Components Data Set

HTGR system components Data Set
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PSA initial conditions

• The predicted lifetime of facilities is foreseen for 20 years

• Duration of Outages for Preventive Maintenance and refueling is planed for 60 days 

per 2 years

• Reliability models consist only Failure To Operate and Short Circuit failure type events

• Coupling breakers was modeled by pair of circuit breakers
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PSA Analysis
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• MTBF- Mean Time Between Failures

• MMTR- Mean Time To Repair

• FCI- Failure Criticality Index

Acogen.=
SH

SH +FOH ele.+PMH

▪ Reliability

Rexp.= e− λ t

▪ Availability

▪ Forced Outage Rate

Aemerg.=
Tup

Tup+Tdown

FORele.=
FOHele.

SH+FOH ele.

⋅100%

• λ- Failure rate [1/h]

• SH- Service Hours

• FOHele- Forced Outage Hours

• PMH- Preventive Maintenance Hours



HTGR Normal Operation

HTGR electrical system single-line diagram in Normal Operation

Normal Operation- insufficient power input to at least one of electrical loads 

is considered a system failure. 

Since loss of basic power supply causes system failure auxiliary power 

supply are not considered such as: 

• secondary external power line,

• emergency diesel generators,

• power bus switches,
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HTGR Emergency Condition

HTGR electrical system single-line diagram in Emergency Conditions

30.05.2023 10/24G.Mrugała, Analysis of lifetime reliability and availability for Electrical Systems in HTGR

Emergency Conditions- providing power to the safety-related loads that are:

Emergency Power Buses, DC Sections and Uninterruptible AC drivers.

Secondary External Power Line, Emergency Diesel Generators and Power Bus

Switches are now available.

Non safety related loads such as:  

• AC generator

• External power Consumers

• Main Blowers

• General Purpose Buses

can be excluded from analysis as nonessential for the reactor shutdown and

residual heat removal.



HTGR RBD models

HTGR electrical system Normal Operation RBD model HTGR electrical system Emergency Condition RBD model
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HTGR Reliability results

Lifetime Reliability of NPP electrical system Normal Operation Lifetime Reliability of NPP electrical system Emergency Condition
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HTGR Availability results

Availability for NPP cogeneration electrical system Normal Operation Forced Outage Rate for NPP cogeneration electrical system Normal Operation
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HTGR Electrical System Improved

HTGR Electrical System Standard
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• Reduction of transformers BMT11 and BMU11. Supply of

emergency power sections are now provided respectively

through BHA and BHB power buses.

• Reduction of one of 0,69 kV sections as they are reserved for

the largest power consumers which are not typically related to

safety functions equipment thus their power supply

redundancy is not required

• Replacement of BRU01 and BRU02 inverters to BRU03 and

BRU04 chargers.

30.05.2023 14/24G.Mrugała, Analysis of lifetime reliability and availability for Electrical Systems in HTGR



HTGR Electrical System Improved

HTGR Electrical System Improvment 1

• Reduction of transformers BMT11 and BMU11. Supply of

emergency power sections are now provided respectively

through BHA and BHB power buses.

• Reduction of one of 0,69 kV sections as they are reserved for

the largest power consumers which are not typically related to

safety functions equipment thus their power supply

redundancy is not required

• Replacement of BRU01 and BRU02 inverters to BRU03 and

BRU04 chargers.
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HTGR Electrical System Improved

HTGR Electrical System Improvment 1+2

• Reduction of transformers BMT11 and BMU11. Supply of

emergency power sections are now provided respectively

through BHA and BHB power buses.

• Reduction of one of 0,69 kV sections as they are reserved for

the largest power consumers which are not typically related to

safety functions equipment thus their power supply

redundancy is not required

• Replacement of BRU01 and BRU02 inverters to BRU03 and

BRU04 chargers.
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HTGR Electrical System Improved

HTGR Electrical System Improvment 1+2+3

• Reduction of transformers BMT11 and BMU11. Supply of

emergency power sections are now provided respectively

through BHA and BHB power buses.

• Reduction of one of 0,69 kV sections as they are reserved for

the largest power consumers which are not typically related to

safety functions equipment thus their power supply

redundancy is not required

• Replacement of BRU01 and BRU02 inverters to BRU03 and

BRU04 chargers.
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HTGR Improved RBD model

HTGR improved electrical system Normal Operation RBD modelHTGR standard electrical system Normal Operation RBD model
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HTGR Improved RBD model

HTGR standard electrical system Normal Operation RBD model HTGR improved electrical system Normal Operation RBD model
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HTGR Improved Reliability results

Lifetime Reliability of NPP electrical system Normal Operation Lifetime Reliability of NPP electrical system Emergency Condition
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HTGR Improved Availability results

Availability for NPP cogeneration electrical system Normal Operation Forced Outage Rate for NPP cogeneration electrical system Normal Operation
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HTGR Improved Availability results

Failure Criticality Index of electrical components in NPP Normal Operation
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Availability for NPP electrical system under Emergency Condition and

MTBF and MTTR in Normal Operation



Concluding Remarks and Summary

 Presented results confirm high availability for the safety-related electrical loads during whole facility

lifetime

 The results might be implemented for the future more advanced reliability study of the system.

 Reliability and availability are essential for HTGR based power plant to be competitive on commercial

market

 Proposed system modification result in improved system are confirm only with adopted initial dataset.

 Optimization of the system can be also performed by improvement of component quality.

 The obtained HTGR availability results were compared with HTTR which is research reactor not orientated

for long-term exploitation.
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