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Control Room Modernization

• Addresses obsolescence and reliability issues for the legacy I&C systems of the LWR fleet.

• I&C obsolescence is a potentially life-limiting issue for currently operating nuclear plants.
• Enables significant business improvement through the implementation of new control room
technologies – improved operator performance and reduced O&M cost.
• II&C Pathway has unmatched resources to conduct this research: Human Systems Simulation
Laboratory, Human Factors and Human Reliability staff, operator performance measurement
technology, nuclear plant design and operational experience.

• Have major nuclear utilities as collaborators in this research – partnering with the II&C Pathway to
modernize their control rooms as they undertake digital upgrades for their I&C systems.
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Table 1. Phases and types of evaluation in the GONUKE process.
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Pre-Formative Verification: Completed prior to the design phase by expert review. At this phase, the verification
consists of expert input into the planning and analysis of the design. The human factors expert may review
design requirements and provide preliminary design recommendations. The human factors expert may also
formulate an HMI style guide to shape the subsequent design phase activities.
Formative Verification: Completed during the design phase by expert review. Typical for this type of evaluation
would be heuristic evaluation, which is an evaluation of the system against a pre-defined, simplified set of
characteristics such as a heuristic usability checklist [15,16].
Summative Verification: Completed after the design phase by expert review. Typical for this type of evaluation
would be a review against applicable standards like NUREG-0700 [17] or requirements like the HMI style guide.
Post-Summative Verification: Completed after deployment by expert review. This activity involves ongoing
maintenance of the system to applicable standards. Human factors standards continue to evolve over time as
knowledge about HMIs is refined and as new HMI technologies are invented. While the system may remain
essentially unchanged over long durations, it is advisable to be aware of the implications of changes in the
standards. Even where the system is grandfathered to an earlier standard, any future change to the system will
likely ultimately require conformance to current standards. A periodic review of changes to standards and
identification of gaps between the system and those standards can ensure that the system remains compliant and
that upgrades and updates are unencumbered by a standards compliance barrier.
Pre-Formative Validation: Completed prior to the design phase by user testing. At this phase, a baseline
evaluation should be completed. A baseline is an evaluation of operator or system performance at a given point
in time. A baseline may be used to evaluate the usability and ergonomics of an as-built system such as a
particular HMI in the control room. Baseline findings may be used to catalog performance for use in longitudinal
trending (over time) or to gather insights to inform the design of a replacement system. The baseline evaluation
provides the basis for benchmarking the new system against the existing system.
Formative Validation: Completed during the design phase by user testing. Typical for this type of evaluation
would be usability testing of a prototype HMI [18]. Formative validation is not typically a single evaluation (e.g.,
a single control room simulator study) but rather a series of evaluations performed in an iterative manner
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Control Room Modernization Business Case Development
Control Room Modernization
BCM Present Value
Discount Rate (Internal Rate of Return):
No. Years of Benefit:
Annual Benefit (Labor)
Annual Benefit (Non-Labor)
Annual Benefit (KPI)
Total Annual Benefit:
First Year Realized Benefit:
Estimated Net Zero NPV Investment:

10%
15 years
1.02 million
0.65 million
n/a million
1.66
3
$10.46 million
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