Human Reliability for Design Applications
at a Swedish Nuclear Power Plant

Preliminary Findings and Principles from a User-Needs Analysis

A study conducted by
Johanna Oxstrand — Vattenfall Ringhals &
Dr. Ronald Laurids Boring — Sandia National Laboratories
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Ringhals - a part of Vattenfall
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Vattenfall in brief

* Europe’s fifth largest generator of electricity and the largest
generator of heat

 Vision: To be a leading European energy company
« Operations in Sweden, Finland, Denmark, Germany and Poland
 Electricity generation, transmission, distribution, sales and trading
* Heat generation, distribution and sales

* More than 32,000 employees

 Vattenfall AB is wholly owned by the Swedish State

Number One for the Customer
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Vattenfall is Europe’s fifth largest generator of electricity, and the largest generator of heat

Vattenfall has operations in Sweden, Finland, Denmark, Germany, and Poland

Vattenfall is wholly owned by the Swedish state


Ringhals — the largest power plant in Sweden
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Vattenfall owns 70.4% of Ringhals (E.ON 29.6%)

Ringhals is the largest NPP in Sweden

4 reactors: 3 PWRs, 1 BWR

Product capacity that covers 20% of the total demand of electricity in Sweden (28TW/h per year)

Ringhals has about 1500 employees and 500 contractors on site 
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Background

* The interaction between different human factors and risk
groups at Ringhals
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The interaction between different human factors and risk groups at Ringhals



RQH -> HRA is moved from PRA to HF, march 2008



Prior to the reorganization the design capability at Ringhals was based in the Human-System interaction group, with inputs from the Probabilistic Risk Assessment group. HRA supported PRA on these tasks. There were no direct interaction between HSI and HRA, nor was there a clear tie-in to the role of Human Performance (HuP) group in the organization, which traditionally was involved in the human factors part of incidents investigations. 



The reorganization introduced the possibility of stronger interaction with the human factor roles, including direct interaction between HSI, HuP, and HRA. The actual mechanism or method for these interactions has not yet been formalized. As such, there is currently an emphasis to articulate explicit interactions between these groups.






Purpose of Study

 How to address human factors in control room
modernizations?

« Can HRA support different parts in the organization?
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Why study?

 Gain more knowledge about how to, in a suitable and effective way, address the issues of human factors in control room modernizations and upgrades.

- How can HRA support or bridge different human factors and risk groups in the organization?
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Study outline

* Interviews
— 23 nuclear power plant specialists
— HRA, PRA, HSI, and HuUP
« Data analysis
— Cataloged by common themes
— Reviewed by two analysts
— Findings aggregated
 Principles
— Six principles were derived
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Interviews:

Interviewed 23 Swedish nuclear power plant specialists, with research, practitioner, and regulatory expertise in HRA, PRA, HSI, and HuP. Covered a major part of the Swedish nuclear industry’s safety analysis community



Data analysis:

Collected data from the interviews was cataloged according to common themes from the different fields of interest.

2 individual analysts reviewed the recordings -> findings were aggregated into a single set of mutually agreed findings



The 6 principles was derived from these fidings


The most important questions

* What are the barriers to HRA being used more?
* What is the main strength of HRA in your view?

* What is the main weakness of HRA in your view?
* How could HRA support your job?

* How could you support HRA in your job function?
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The most important questions, in the sense of being good sources of data informing the interaction of HRA and design
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1. Early implementation rather than late verification
—  Impact on design
— Ranking of design concepts
2. Tailored HRA methods for design
—  Not one-size-fits-all
—  Suite the purpose
—  Harmonization

3. Scalable HRA
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Early implementation

HRA needs to be implemented earlier in the process if it’s supposed to have any impact on design

Research has showed that if used early, HRA can identify a large number of changes that needs to be done in order to prevent errors later on

Allows ranking of competing design concepts. HRA could help prioritize.

Determine testing scenarios for verification -> need to be incorporated early since the same scenarios are used in the baseline analysis

Tailored HRA methods for design

Strong emphasis on a one-size-fits-all approach (THERP)

HEP tables = regulatory body has historically accepted THERP

Is THERP suitable for modern HMIs?

Plant should use methods that are tailored for specific applications. Not all applications needs to be analyzed by a complex and resource consuming method.

Choose a method, or type of analysis, that suits the purpose of the application

Not all available methods should be used, there are too many methods. A consolidation or harmonizing of methods needs to be conducted.

Scalable HRA

HRA must be scalable to for the application at hand

A complete, detailed TA for purposes of an HRA may not be practicable at the early design phase of a modernization project. A simplified TA may then therefore be necessary to identify only the most critical operator actions for purposes of evaluation
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4. Better use of quantitative HRA
—  Tracing root causes
—  Determination of performance contributors
5. HRA design acceptance criteria
—  Risk-informed decision making
— ldentify consequences of errors
6. HRA sensitivity to human-machine interface issues
—  New issues adequately addressed
—  New methods or tools
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4. Better use of qualitative HRA

Disagreement on the value of the qualitative information provided by the HRA

Regulator views qualitative insights as important for tracing the root causes in retrospective analyses. The information also needs to be thoroughly documented to make the HRA traceable and usable by reviewers and other safety personnel.

HRA could serve as a bridge between the psychological and engineering work at the plant. Having quantitative results, as a part of the retrospective investigation, could be helpful in the communication of the results and recommendations.

The importance of qualitative information becomes even more evident in the prospective analyses required for design. For design work, the true value comes from HRA’s determination of possible contributors to degraded operator performance, not from the ability of HRA to generate HEPs.

The ability to determine root causes of many possible operator errors allows system designers to determine ways to prevent those errors

5. HRA design acceptance criteria

Contemporary HRA includes a significant qualitative element that is used in risk-informed decision making. This framework can and should be extended to establish operator performance thresholds for novel control room designs

For design applications, it is crucial that HRA help indentify the potential for both low and high consequence errors in operator errors. In case where high consequence errors are identified, HRA should provide design practice to mitigate the effects of those errors through hardware and software systems.

6. HRA sensitivity to HMI issues

In the realm of HRA for design it is crucial that the methods adequately address digital instrumentation and control, advanced displays, and increased opportunity for automation so that they can help the analyst to predict where related deficits might occur.

Might need to develop new HRA methods or tools that are attuned to advanced technologies, e.g. marry HRA methods with advanced usability checklists.




Summary
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Prevent Errors Early
Determine Testing Scenarios
Design Acceptance Criteria
Prioritizing Design Concepts
HRA for Advanced Control Room .

L)

HRA as a Bridge Between Psychological
and Engineering work
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Questions?

» johanna.oxstrand@vattenfall.com
e rlborin@sandia.gov
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