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❑ Reliability study of GEMINI+ Power Plant project

• Methodology : Karol Kowal, Mina Torabi,. "Failure Mode and Reliability Study for Electrical Facility of 
the High Temperature Engineering Test Reactor", Reliability Engineering and system safety, DOI: 
10.1016/j.ress.2021.107529

▪ The Economic objective of the plant: A long term profitability needs to be ensured
▪ One of the severest Anticipated Operational Occurrences: Loss of Offsite (& Onsite) power which effects 

the profitability

❑ The overall goals of this work: 

▪ Investigation of the system failure modes in terms of frequency and severity by the Failure Mode and 
Effect Analysis (FMEA) method

▪ Providing FMEA-based method for gradual screening of the failure modes aiming at selection of the most 
significant failures of high priority to be modelled with higher accuracy

  

Introduction
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https://www.sciencedirect.com/topics/engineering/failure-mode-and-effect-analysis
https://www.sciencedirect.com/topics/engineering/failure-mode-and-effect-analysis


Gemini+ Electrical System Diagram 
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Gemini+ Electrical System Diagram (Final GEMINI+ Safety Options Report)



Gemini+ Electrical System Diagram
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Gemini+ Electrical System Diagram (Final GEMINI+ Safety Options Report)
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Gospostrateg Electrical System Components Data Set
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Electrical system components Data Set



Gospostrateg Electrical System Components Data Set
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Electrical system components Data Set



Gemini+ Electrical System Components Data Set
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Gemini+ Electrical system components Data Set



FMEA Analysis
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▪ A widely used analytical technique for risk assessment aiming at identification, prioritization, and 
mitigation of the potential failures of systems and processes  

▪ Its first use was in the 1960s by the aerospace industry has been continually updating    

▪ Risk Priority Number = Severity × Occurrence × Detection

▪ The Purpose of using FMEA in this work : identification and evaluation of possible ways in which an 
insufficient power of the Gemini+ Electrical Facility can occur



FMEA Analysis – Severity Rating
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       Loss of redundancies which does not lead to the reactor shutdown

           Loss of loads or power distribution which leads to the reactor shutdown; No Diesel Generator is needed

           Loss of total offsite and onsite power and all loads which lead to the necessity of using Diesel Generator

1-4

9-10

5-8

FMEA rating scale for severity (S)

FMEA Severity ranking:

• The seriousness of single failure consequences



FMEA Analysis – Occurrence rating
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FMEA Occurrence ranking:

� Occurrence is a frequency of the failure mode. It corresponds to the expected number of a certain 
type of events that could occur for a given cause over the desired lifetime of the system being 
analysed

� Occurrence is usually estimated by the failure rate parameter
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FMEA rating scale for Occurrence (O)



FMEA Analysis – Detection rating
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FMEA Detection ranking:

o Detection can be defined as the ability to identify the failure mode before it causes significant 
system performance deterioration.

o If the ability to detect the failure is unknown or the detection cannot be estimated, then 
according to the FMEA methodology, the detection rank should be set to 10. 
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FMEA Analysis

Gradual Screening Approach

1.Light Green Area: Failure modes of the lowest severity

2.Dark Green Area: Failure modes with relatively low impact on the 

reliability of entire system 

3.Yellow Area: Failure modes with potentially significant impact on the 

system 

4.Orange Area : Failure modes with significant contribution to the risk 

measures of the entire system

5. Red Area: Failure modes of the highest severity
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Risk matrix of the Gemini+ Electrical Facility  (the 
cells include the number of identified failures)

Σ

9 Can be excluded from further reliability studies

90 Reliability models based on averaged λ values

35 Consideration of the λ uncertainty distribution

0 Consideration of the ageing effects, i.e. λ = λ(t)

0 Cannot be accepted (design changes required)
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FMEA AnalysisGradual Screening Approach



FMEA Analysis

Gradual Screening Approach
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FMEA Analysis

Gradual Screening Approach
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FMEA Analysis

Gradual Screening Approach
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FMEA Analysis

Gradual Screening Approach
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FMEA Analysis

Gradual Screening Approach



Conclusion
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✔ FMEA analysis was performed to identify potential failure modes of Gemini+ electrical system

✔ The identified failures were categorized based on their initial frequency and severity. Based on this ranking a 
risk matrix was developed aiming at the failures categorization and gradual screening 

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