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Outline:

• HFE Validation Challenges for DI&C Modernization Projects

• Potential Solutions
– Multi-stage validation, consideration of early-stage validation results

– Alternative test beds

• LAR Submittal Considerations
– LAR Review Guidance

– LAR Submittal Content Expectations
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HFE Validation Challenge for Digital I&C 
Modernization Projects

• In accordance with the guidance in NUREG-0711, Integrated 
System Validation (ISV) has been the accepted means for 
validating the HFE of significant control room modifications.

• ISV is typically conducted on a full-scope, high fidelity plant-
referenced simulator, such as that used for licensed operator 
training and examination
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HFE Validation Challenge for Digital I&C 
Modernization Projects

• Maintaining the availability of a simulator meeting ANSI/ANS 
3.5 for operator training and examination limits availability of 
a modified simulator to use as testbed for HFE validation of 
proposed control room modifications.

• Design development and testing schedules that place ISV near 
the time at which the actual control room will be modified 
may provide insufficient time for the staff to consider ISV 
results when making a safety determination for a licensing 
review.
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• The Alternative Review Process (ARP), discussed in the NRC’s 
interim staff guidance (DI&C-ISG-06) is intended to be used if the 
NRC staff will decide whether to issue or deny the license 
amendment before completion of the detailed design, 
implementation, and/or testing activities.

– This poses a challenge, where HFE is concerned, in that ISV 
testing would likely not be performed until after the NRC would 
be expected issue its a licensing decision, and the ISV results 
typically relied upon would not be available for the staff to 
consider while making their safety determination.
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Potential Solutions
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• Multi-stage Validation (MSV) entails a staged approach to 
validation testing, where results are obtained at stages 
throughout the design process.

– ISV testing represents the final stage within this approach

• MSV incorporates successive, coordinated validation efforts 
performed at multiple points/periods during the 
development of a control room design or design 
modification.

7

Multi-Stage Validation



8

Multi-Stage Validation



Multi-Stage Validation
Defining characteristics of MSV (NEA, 2019):

1. An MSV is conducted as a series of validation activities, each with its 
own objectives, methods and results.

2. Each validation activity included within an MSV is designed to provide 
information that can be used as part of the basis for determining 
whether a system can accomplish its intended use, goals, and objectives.

3. Individual validation activities are conducted and grouped in time as 
stages that allow meaningful aggregation, summation, or comparison of 
results – both within and across stages – to support interim or final 
validation conclusions.
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Guidelines for effective MSV testing (IEEE 2411-2021):

a) Validations are conducted from early (conceptual) to detailed (operational) stages of 
design development and operations.

b) The subjects of validation comprising an MSV include design concepts (e.g., operations, 
automation), system elements (e.g., subsystem designs) and the integrated design.

c) Results from each validation stage contribute to an accumulated body of evidence for 
validation of the final design.

d) Design changes made subsequent to a stage of validation are addressed through testing 
or analysis in the subsequent stage(s).

e) At each stage, validation methods, controls and rigor are commensurate with the 
intended use of the associated results and findings. (Annex A of IEEE 2411-2021 
provides examples.)

f) Validation testing of design elements that are novel, complex, or critical to safety is 
initiated early in the design process and confirmed in integrated testing.
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• Recognizing the constraint that ISV testing can place on the scheduling for 
significant/complex control room modifications, the NRC staff sees the 
potential to leverage early-stage MSV results in evaluating a LAR submittal 
for a proposed DI&C modification.

• With sufficient information, it is possible the NRC could reach a 
determination to support approval of the proposed license amendment 
based on early-stage MSV results, without the availability of final results 
from ISV testing.

– The NRC would consider these early-stages test results along with ISV 
implementation planning information provided by the applicant.
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• To be considered as providing sufficient basis for the NRC’s safety determination, 
early-stage MSV testing should provide reasonable assurance that the eventual ISV 
testing will be successful.  

Factors to be considered would include:

– Conformance of the testing to the MSV guidelines of IEEE-2411

– Sufficiency of testbed scope and fidelity to support validation objectives

– Adequacy of the test scenarios for representing the scope of normal and 
emergency operations for which affected human-system interfaces (HSIs) are 
relied upon

– Extent to which the results demonstrate that changes to HSIs will not have an 
adverse impact on the ability of operators to safely conduct risk-significant 
activities
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Considering early-stage MSV results
• Note that reliance on early-stage MSV testing does not eliminate the 

need for ISV testing

– ISV is still necessary within an MSV program to show that the 
integrated system meets performance requirements and supports 
the plant’s safe operation.

• If the NRC were to make its safety determination for a LAR based on 
early-stage MSV results, NRC staff will still consider information on ISV 
planning as part of their licensing review.

– The NRC may also still elect to conduct follow-up inspections of final 
ISV testing/results, along with the resolution of any identified HEDs, 
but these activities would be conducted separately from the LAR 
process.
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Alternative Testbeds
• Alternatives to full-scope, high-fidelity simulators as validation 

testbeds may be acceptable, depending on the stage of validation 
being credited towards the NRC’s safety determination and the 
nature of the control room modification.

• The scope and fidelity of a testbed adequate for purposes of HFE 
validation will depend on the objectives of the validation activity.

– HSIs and subsystems affected by the proposed modification 
should be modeled with sufficient fidelity to provide 
meaningful results regarding operator performance.
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• If the credited validation testing will not be performed on a 
traditional full-scope, high-fidelity plant-referenced simulator, 
justification should be provided as to why the alternative testbed 
being used is adequate.

– If certain components/subsystems within the testbed will be 
modeled at low-fidelity (for example, using a digital interface 
to simulate physical controls/switches, without full haptic 
fidelity), sufficient justification should be provided to 
conclude that performance is not be expected to be adversely 
impacted when operators are interfacing with the actual 
components/subsystems within the integrated system.
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LAR Submittal Considerations
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LAR Review Guidance
• Staged testing, if used, should be conducted consistent with the 

MSV guidelines discussed in IEEE-2411 (listed earlier in this 
presentation).

• Other HFE program activities should be conducted consistent with 
the guidance of NRC Standard Review Plan, Chapter 18, which 
references the acceptance criteria contained in NUREG-0711 for 
proposed control room modifications and major modernizations.

– Deviations from the NUREG-0711 guidance for ISV should be 
assessed for conformance with the IEEE-2411 guidelines for 
MSV.

• Validation activities and results should be assessed within the 
context of other HFE program activities.
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HFE Program Activity Minimum Content of 
Initial Submittal

Necessary Prior to 
HFE staff completion 
of Safety Evaluation

Notes

HFE Program Management IP1 *If deferring RSRs, the 
submitted IPs should 
contain sufficient 
information to provide a 
basis for the validation 
methodology discussed 
in the submitted V&V IP.

Operating Experience Review IP1 RSR*

Function Analysis and Allocation IP1 RSR*

Task Analysis IP1 RSR*

Staffing and Qualification IP1 RSR*

Treatment of Important Human 
Actions

IP1 RSR*

Human-System Interface Design IP1 RSR*

Human Factors Verification and 
Validation

IP2 RSR3

Design Implementation IP1 See note4

Human Performance Monitoring IP1

1 Should conform to guidance of NUREG-0711
2 If using MSV, deviations from NUREG-0711 guidance for ISV to be justified
3 Availability of test results for audit may be acceptable depending on the completeness of documentation at time of review
4 NRC staff may be able to handle via review of RSR after amendment is issued, but prior to plant startup
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• In accordance with NUREG-0711, applicants should include within their 
LAR submittal an implementation plan (IP) for each of the 12 elements of 
the HFE Program Review Model.

– IPs should describe the methodology for conducting activities 
associated with the program element.

– IPs are subsequently expected to be follow-up by results summary 
reports (RSRs), once completed during the licensing review period.

• Alternatively, if the applicant already has a completed an RSR for a 
program element at the time of initial submittal, they should include it in 
their LAR application.

– In such an instance, the RSR should include an adequate description of 
the methodology used.

19

LAR Submittal Content Expectations



• If an application relies on early-stage MSV test results to inform the 
NRC’s safety determination, the IP discussing Verification & Validation 
should include details as to how early-stage test results will provide 
reasonable assurance that subsequent ISV testing will be successful (e.g., 
will not result in HEDs with safety consequences).

• The IP should also include information regarding ISV planning, as 
discussed in NUREG-0711.

– Although NRC review staff may not review final ISV results prior to 
making a safety determination, the staff will still review information 
regarding ISV planning to verify that the ISV sufficiently supports 
validation objectives.
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• If an application relies on early-stage MSV test results, information should 
be provided to demonstrate that those early-stage results are performed 
under a sufficiently robust test program to ensure creditable results from 
early-stage testing.

– Applicants should consider providing a discussion of their program’s 
conformance with the six guidelines for effective MSV testing 
addressed in in IEEE 2411-2021 (discussed earlier in this presentation).

– Applications should discuss NUREG-0711 criteria for ISV testing that 
is applicable to the MSV program being used.  

• The application should provide justification for instances where 
criteria normally-applicable to ISV testing is determined to not be 
applicable to the MSV testing program being credited.
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• The initial LAR submittal should provide an estimated timeline regarding 
when V&V information will be available for NRC review.

– This timeline should clearly demonstrate what information will be 
available at what points throughout the NRC review period.

– The submittal should also discuss contingency-planning and 
expectations for possible delays in the completion of validation testing 
and the availability of associated information.

• Such discussion will help to support NRC consideration/acceptance of the 
proposed approach discussed within the LAR submittal, and development 
of the NRC review timeline.

• Licensees are also encouraged to discuss such timing considerations as 
early as possible during pre-submittal engagement with NRC staff.
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• RSRs submitted for NRC review should include the information 
indicated throughout NUREG-0711 for each of the associated HFE 
review program elements.

• As discussed in NUREG-0711, RSRs may include summaries for the 
indicated information, provided that references are given for more 
detailed documents.

– However, to support transparency and efficiency throughout the 
NRC’s decision-making processing, information necessary for the 
NRC staff’s safety determination should be submitted to the NRC 
on the docket to the extent possible.  (Sensitive and/or proprietary 
information should be handled in accordance with 10 CFR 2.390.)
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Example of a potential division of MSV stages

1. Concept Design Stage

2. Subsystem Design Stage

3. Integrated System Design Stage

4. Deployment/Operations Stage

Note that this is an example – The IEEE guidance does not place 
prescriptions or limitations on the number of stages or the specific 
stages to be used.
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Validation testing, with 
defined objectives and 
outcomes, is performed 
at each stage

Multi-Stage Validation
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