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Executive Summary

The Advanced Instrumentation, Information, and Control (11&C) Systems Technologies
pathway of the Light Water Reactor Sustainability(LWRS) Program conducts a vigorous
engagement strategy with the U.S. nuclear power industry, including the nuclear operating
companies, major support organizations, the Nuclear Regulatory Commission (NRC), and
suppliers. The goal of this engagement strategy is to develop a shared vision and common
understanding across the nuclear industry of the need for 11&C modernization, the performance
improvement that can be obtained, and the opportunities for collaboration to enact this vision.

The primary means of engaging the nuclear operating companies is through a Utility
Working Group (UWG), composed of utility representatives that participate in semi-annual
meetings and monthly phone calls to provide input on nuclear plant needs and priorities for 11&C
technologies. The UWG held two 3-day meetings in FY2012. The 2012 Winter Meeting was
held in Phoenix, Arizona, March 14-16, hosted by Arizona Public Service (Palo Verde Nuclear
Generating Station). The 2012 Summer Meeting was held in Idaho Falls, Idaho, August 21-23,
which was a joint meeting with the Electric Power Research Institute Strategy Group on
Performance Improvement through Advanced Technology.

Seven major technical reports were delivered to the UWG reflecting the work of the pilot
projects during the year. Five additional reports from this year’s scope of work will be
completed by the end of this fiscal year and will be delivered to the UWG shortly thereafter.

Discussions were held on the pathway goals and activities with major industry support
organizations during FY 2102, including the Institute of Nuclear Power Operations (INPO), the
Nuclear Information Technology Strategic Leadership (NITSL), the Nuclear Energy Institute
(NEI), and the Electric Power Research Institute (EPRI).

Although no formal meetings were held with the NRC in FY 2012, key managers of the
NRC were in attendance at several industry conference presentations on the Advanced 11&C
research pathway. These meetings provided the opportunity for informal discussions with these
NRC managers and plans were made to have formal meetings with the NRC staff in FY 2013.

The Advanced 11&C research pathway work was presented at eight major industry
conferences and meetings during FY2012. In addition, the work was shared in two international
engagements, one through the U.S. — Argentina Bilateral Energy Working Group and the other
through a meeting with Electricite’ de France (EdF) arranged by EPRI. The latter engagement
resulted in an offer from EdF for collaboration on nuclear plant digital applications for
performance improvement.
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1. Introduction

The Advanced Instrumentation, Information, and Control (11&C) Systems Technologies
pathway of the Light Water Reactor Sustainability (LWRS) Program conducts a vigorous
engagement strategy with the U.S. nuclear power industry, including the nuclear operating
companies, major support organizations, the Nuclear Regulatory Commission (NRC), and
suppliers. The goal of this engagement strategy is to develop a shared vision and common
understanding across the nuclear industry of the need for 11&C modernization, the performance
improvement that can be attained, and the opportunities for collaboration to enact this vision.

In FY 2012, the vision, strategy, and project work was communicated to a number of key
organizations, including the Advanced 11&C Utility Working Group, the major industry support
organizations, and a number of important industry conferences that are attended by leaders in
nuclear plant instrumentation and controls, as well as human performance and process
improvement.

This paper presents the specific engagement activities that occurred in FY 2012 to
promote awareness and participation by the nuclear power industry. In addition, the presentation
material for selected industry meetings are provided in the appendices.

2. Utility Working Group

2.1 Background and Purpose

The Advanced 11&C Systems Technologies Pathway sponsors a Utility Working Group
(UWG) to define and host a series of pilot projects that together will enable significant plant
performance gains and minimize operating costs in support of the long-term sustainability of the
LWR fleet. At this time, the UWG consists of 13 leading U.S. nuclear utilities, representing over
70% of the U.S. LWR fleet. Additional membership will be pursued for the UWG with the
intent to involve every U.S. nuclear operating fleet in the program.

The UWG is directly involved in defining the objectives and research activities of this
pathway. The research is conducted within a set of defined pilot projects that develop a set of
technologies to address the specific 11&C modernization needs within the plant 11&C systems
and operational processes. Criteria have been developed for identifying, prioritizing, and
selecting potential advanced 11&C pilot projects performed by this pathway.

UWG members serve as host utilities for the pathway pilot projects when their internal
performance improvement objectives align with the goals of a particular pilot project. The pilot
project host will make its facilities available for the research and development (R&D) activities
and allow other nuclear utilities to observe the technology demonstrations. Host utilities
regularly make presentations in key industry technical meetings to describe their motivations and
efforts in the pilot projects and to communicate important findings to the industry.

To allow utilities to focus on specific pilot projects of interest, the UWG sponsors four
special interest groups in the areas of outage safety and efficiency, human performance
improvement for NPP field workers, computer-based procedures, and control room
modernization. The purpose of the special interest groups is to provide a means of direct



engagement for utilities and provide the means of broad peer review of the technologies
developed by the research program.

2.2 Membership
The nuclear utilities currently participating in the UWG are as follows:

Arizona Public Service
Constellation Energy

Duke Energy

Entergy

Exelon Nuclear

Luminant

Pacific Gas & Electric
Progress Energy (recently merged with Duke Energy)
Southern California Edison
10.  Southern Nuclear

11.  South Texas Project

12. Tennessee Valley Authority
13.  Xcel Energy

©CoNoA~wWNE

In addition, the Electric Power Research Institute (EPRI) and the IFE Halden Reactor
Project (HRP) are full participants in the UWG, as well as development partners in the pilot
projects. EPRI sponsors an Advisory Group on Productivity Improvement through Advanced
Technology, for which there is cross-participation for utilities, including a joint meeting with the
UWG in August of 2012.

2.3 Long-Term lI&C Systems Technologies Future Vision and Strategy

The Long-Term Instrumentation, Information, and Control Systems Technologies Future
Vision and Strategy (INL/EXT 11-24154) was published in February of 2012 as a comprehensive
description of the 11&C modernization strategy and description of the related pilot projects. The
document reflects the needs and priorities as expressed by the UWG in the September, 2011
meeting. It also provides the background for why the pathway research is needed and the drivers
for 11&C automation in the nuclear power industry.

The Future Vision and Strategy document provides detailed descriptions of the 20 pilot
projects that have been defined to date. The performance improvement and modernization needs
are presented for each of the pilot projects, along with a description of what technologies the
project will produce. The document has been widely distributed among the UWG, industry
support organizations, and other interested parties. It is available on the LWRS web site for
access.

The Future Vision and Strategy document will be continually updated as refinements are
made to the scope and schedule of the research pathway as modified from time to time based on
utility priorities and available project funding. The next update of the document will be in FY
2013 2" Quarter.



2.4 2012 Winter UWG Meeting — March 14-16

The UWG held the 2012 Winter Meeting in Phoenix, Arizona, hosted by Arizona Public
Service, and more specifically the UWG members from the Palo Verde Nuclear Generating
Station. The meeting was held at the Hilton Garden Inn in Avondale.

The theme of this meeting was to hear from the UWG members as to their plans and
needs for 11&C modernization. Presentations were made by Progress Energy, Duke Energy,
Exelon Nuclear, Southern Nuclear, Tennessee Valley Authority, Constellation Energy, and
Arizona Public Service. This input was very valuable in assessing the priorities of the Future
Vision and Strategy document, which was found to be in close agreement. An open discussion
was held on the Future Vision and Strategy document to ensure alignment with the plans of the
participating utilities.

In addition, presentations were made by the INL Principal Investigators for the current
pilot projects, describing the scope and schedule of the projects, technology developments,
demonstration activities, and project deliverables. These presentations included the Advanced
Outage Coordination, Mobile Technologies for NPP Field Workers, Computer-Based
Procedures, Control Room Modernization, and On-Line Monitoring. Presentations were also
made on key aspects of the research pathway, including the development of the Human Systems
Simulation Laboratory and the development of a cyber security evaluation program for the pilot
projects.

The final segment of the meeting was a half-day session for the Special Interest Groups.
Four such groups met to discuss ongoing plans and developments as follows: 1) Outage Safety
and Efficiency, 2) Human Performance for NPP Field Workers, 3) Control Room Modernization,
and 4) Computer-Based Procedures.

The agenda for the meeting is found in Attachment A.

25 2012 Summer UWG Meeting — August 21-23

The 2012 Summer UWG Meeting was held in Idaho Falls, Idaho, August 21 — 23, as a
joint meeting with the EPRI Advisory Group on Productivity Improvement through Advanced
Technology. The meeting was held at the Hilton Garden Inn in Idaho Falls and at the INL
Center for Advanced Engineering Studies (CAES) for two sessions on control room simulation.

The meeting presentations featured work by EPRI and LWRS in improving plant
performance while modernizing 11&C systems. EPRI presented work that they have conducted
in the areas of human-system interface (HSI), decision management, real-time outage decision
support, virtual reality for control room upgrades, virtual models to support knowledge
elicitation and presentation, computer-based maintenance training, and radiation visualization for
work planning.

INL Principal Investigators made presentations on the upcoming FY 2013 planned pilot
projects of Advanced Outage Control Center, Automated Work Packages, Computer-Based
Procedures, Control Room Modernization, Advanced Alarm Systems, and On-Line Monitoring
for Active Components (jointly presented with EPRI).



IFE Halden Reactor Project (HRP) made a presentation on Advanced Design Concepts,
outlining the many new concepts that HRP has developed for control room modernization and
improved operator performance.

The UWG traveled to the INL CAES facility to observe two control room simulations.
One demonstrated the use of bench board-style, touch panel control boards as a new tool to
conduct control room and operator performance studies. This introduced to the UWG the control
room development and simulation equipment that has been purchased and will soon be installed
in the HSSL of a total of 15 benchboard panels.

The other demonstration was of the HRP BWR and PWR simulators, providing the UWG
with the opportunity to see how a highly-integrated control room uses advanced information
displays, integrated computer-based procedures, state-based alarms, and newly-developed
techniques to enhance operator situational awareness.

Other presentations included a very informative overview of digital licensing topics by
EPRI and two presentations on cyber security — one dealing with technologies used in the pilot
projects and the other a tutorial on the latest techniques of how cyber adversaries are able to
defeat defenses and take over control systems.

Addressing the Future Vision and Strategy document, a presentation was made on the
future pilot projects (those starting beyond FY 2013) to provide a detailed understanding of the
scope and deliverables. A prioritization survey was administered to the group on the relative
priorities of these projects and the results will be made available to the UWG in a future
conference call. Finally, the UWG discussed future priorities as well as emerging digital
technologies of interest.

The agenda for the meeting is found in Attachment B.

2.6  Monthly UWG Conference Calls

A monthly conference call has been held with the UWG every first Tuesday of the
months in FY 2012. The call is used to communicate ongoing status of the pilot projects,
discussion of project deliverables, opportunities to observe pilot project demonstrations, and
communicate UWG meeting information.

While all members cannot participate in each call due to schedule conflicts and emergent
plant issues, the feedback from the UWG has been to continue calls on a monthly basis. For
those that can participate, it provides an opportunity to stay informed about project developments
on a frequent basis. The calls have also served as a forum for UWG members to share
information among themselves related to their own 11&C needs and plans.

2.7 Distribution of Project Deliverables to the UWG

Research pathway and pilot project deliverables have been distributed to the UWG as
they have become available throughout FY 2012, as follows:



1.  Long-Term Instrumentation, Information, and Control Systems INL/EXT 11-24154
Technologies Future Vision and Strategy

2. Advanced Instrumentation, Information and Control (11&C) Researchand ~ INL/MIS-12-25139
Development Facility Build-out and Project Execution of LWRS [1&C
Pilot Project 3

3.  Computer-Based Procedures for Field Workers in Nuclear Power: INL/EXT-12-25671
Development of a Model of Procedure Usage and Identification of
Requirements

4.  Advanced Outage and Control Center: Strategies for Nuclear Plant Outage INL/EXT-12-26197
Work Status Capabilities

5. Digital Full-Scope Mockup of a Conventional Nuclear Power Plant INL/EXT-12-26367
Control Room, Phase 1: Installation of a Utility Simulator at the Idaho
National Laboratory

6. Resolving Emergent Issues during Nuclear Plant Outages INL/MIS-12-26413

7. Applying Human Factors Evaluation and Design Guidance to a INL/EXT-12-26787
Nuclear Power Plant Digital Control System

3. Meetings with Individual Nuclear Utilities

3.1 Duke Energy Catawba Nuclear Station

A meeting was held on February 6, 2012, with the Duke Project Manager for the Human
Performance Pilot Project (Mr. Greg Robison) at the Catawba Nuclear Station (Rock Hill, South
Carolina) in conjunction with a major demonstration of technology developed under the project.
Discussions pertained to Duke’s ongoing involvement in the pilot projects in view of the
corporate merger with Progress Energy and a significant change in station leadership at Catawba
(new Site Vice President and Station Manager). It was noted that there was good support for the
pilot project activities in the Operations Training organization and that there was not concern
about being able to continue. On this basis, Duke was prepared to host the next pilot project in
the Human Performance Improvement for NPP Field Workers enabling area, that of Advanced
Work Packages. Duke will also continue to support the work in Computer-Based Procedures,
serving as a technical advisor on requirements.

3.2 Exelon Nuclear Corporate Office

A meeting was held on February 28, 2012, with Mr. Keith Moser, Exelon Nuclear
Director of Innovation, at the Exelon Nuclear Corporate Office in Warrenville, IL. The purpose
of the meeting was to discuss the recent pilot project demonstration on outage process
improvement and to discuss Exelon’s interests in the continuation of the pilot project. It was
noted that in spite of a number of difficulties encountered during the demonstration (emergent
plant problems, union member participation concerns), the results were very positive and proved
to the satisfaction of Exelon management that the concepts were sound and scalable. In regard to
future development, Mr. Moser stated that Exelon would now like to pursue a production
implementation of the pilot project technology focused on radiation survey mapping. Therefore,
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they would not be inclined to follow-on with the next pilot project in the Outage Safety and
Efficiency enabling area, that of an Advanced Outage Control Center (OCC), in that they did not
have the funding and management backing for development work in this particular area.
Subsequent to this discussion, Arizona Public Service (Palo Verde Nuclear Generating Station)
agreed to be the host utility for the OCC pilot project.) Exelon will continue to support the
Utility Working Group and potentially host demonstrations in the process and human
performance technology developments.

3.3 Exelon Nuclear Braidwood Nuclear Station

A meeting was held at Exelon’s Braidwood Nuclear Station (Braidwood, IL) on February
29, 2012, to discuss their potential interest in hosting an on-line monitoring (OLM) pilot project
for emergency diesel generators (EDG). The meeting was arranged by EPRI, which has lead for
the OLM pilot projects under the Advanced 11&C research pathway. Braidwood has an
advanced diesel instrumentation package with data going to their Plant Information server,
making access by the pilot project application relatively straightforward. The discussions were
held with the station lead engineer for EDGs and the corporate lead engineer for component
monitoring. There was agreement to pursue this project pending approval by Exelon corporate
and Braidwood station management. This approval was subsequently obtained and Exelon is
now serving as the host for this pilot project.

3.4 Progress Energy Harris Nuclear Plant

A meeting was held at the Progress Energy corporate office in Raleigh, NC, on April 12,
2012, to discuss the possibility of Harris Nuclear Plant being the host site for an OLM
demonstration for generator step-up (GSU) transformers. Harris was a particularly good
candidate because they were in the process of replacing their GSU transformers, which will
enable the capture of baseline information for these replacement components. In addition, the
transformers will have more instrumentation than is normally found on older installations. The
meeting was arranged by EPRI, which has lead for OLM pilot projects under the Advanced 11&C
research pathway. The discussions included the asset management leads for Progress, as well as
other Progress individuals who have experience in component performance monitoring.
Progress agreed to pursue this idea with their management, and subsequently obtained approval
to host the pilot project.

3.5 Progress Energy Corporate Office

A meeting was held at the Progress Energy corporate office in Raleigh, NC, on
September 18, 2012, to discuss the work of the LWRS pilot project in the area of human factors
engineeering for control room modernization. Specifically, the meeting focused on the plant
11&C upgrades that Progress is making at their Brunswick and Harris Nuclear Plants for the
turbine control systems and plant computers. Progress has entered into a funds-in Cooperative
Research & Development Agreement with LWRS under the pilot project Incorporating Digital
Upgrades in an Analog Control Room. In conducting this development work, LWRS has teamed
with IFE Halden Reactor Project (HRP) and Lew Hanes, an independent human factors
consultant. The purpose of the meeting was to develop plans and requirements for upcoming
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simulator workshops to be held in the INL Human Systems Simulation Laboratory (HSSL) in
October and November of 2012.

4. Meetings with Major Industry Support Groups

4.1 Institute of Nuclear Power Operations

On January 20, 2012, a webcast was held with the Institute of Nuclear Power Operations
(INPO) to present the goals, objectives, and activities of the Advanced 11&C research pathway.
INPO was represented by Engineering senior managers. INL was represented by the Director for
the 11&C pathway and the lead for Industry and Regulatory Engagement. The project was
presented in detail, discussing in particular the pilot projects that were in progress with the
nuclear utility hosts. INPO discussed their short-term objectives of improving the quality of
engineering activities for digital implementation. It was agreed that there was common interest
in the application of digital technology and how that impacted station performance expectations.
INPO stated that they were in the process of enhancing their support for standards of excellence
for digital systems implementation. Both parties agreed to continue to exchange information and
look for opportunities for collaboration where advantageous.

A second opportunity to brief INPO on the project occurred at the EPRI 1&C Technical
Integration Committee meeting in Atlanta, GA, on August 27, 2012. INPO is a member of this
committee, represented by the INPO lead for digital systems, who was appointed to this new
position subsequent to the webcast held in January. This gave INPO an understanding of the
progress of the pilot projects in FY 2012 and the planned work for FY 2013, especially in the
area of control room modernization.

4.2  Nuclear Information Technology Strategic Leadership

A webcast was held with the Nuclear Information Technology Strategic Leadership
(NITSL) - Integration and Application Committee on April 12, 2012. NITSL is an organization
sponsored by INPO and made up of the nuclear IT managers from the nuclear utilities. Its
purpose is to provide consistent industry guidance and leadership on IT issues affecting the
operating plants. It is sponsored by INPO and for important issues, receives direction from the
Chief Nuclear Officers of the nuclear utilities, facilited as a group by the Nuclear Energy
Institute.

The Advanced I1&C research pathway and activities was presented to the committee
members, with emphasis on the technologies being developed under the current pilot projects.
There was considerable interest in this work and how it might fit with initiatives that the
individual utilities were pursuing to improve plant performance. Subsequent to this webcast,
NITSL invited the pathway to make a presentation at its annual general meeting for all NITSL
committees (July 2013) as part of the opening session. NITSL also inquired about the possibility
of establishing a formal relationship with the research pathway. Follow-up discussions will be
held on this idea.



4.3 Nuclear Energy Institute

On August 1, 2012, a meeting was held with the Nuclear Energy Institute (NEI) to
provide an understanding of the research program and to identify initial opportunities for
cooperation in NPP digital implementation. Representing NEI was Mr. Gordon Clefton,
Program Manager for instrumentation and control, who also handles the interface with the NRC
on 11&C issues, on behalf of the nuclear power industry. NEI was appreciative of the update on
the Advanced I1&C research activities and pilot projects. NEI would like continuing updates on
the progress, especially where there might be regulatory issues associated with the introduction
of new digital technologies into plant applications. In such cases, there might be opportunities to
pursue regulatory analysis and guidance prior to implementation. Also, NEI suggested that we
have an update on the pathway work in one of the periodic interface meetings that NEI holds
with the NRC on 11&C issues.

4.4 Electric Power Research Institute

The Advanced I1&C research pathway objectives and activities were presented at the
EPRI Nuclear Power Council — 1&C Integration Committee Meeting in Atlanta on August 27,
2012. Although EPRI is a full-participant in the research pathway and a member of the Utility
Working Group, there had, up to this point, been no opportunity to brief this committee on the
pilot project activities. This committee is composed of utility leaders in 11&C functions for the
operating fleet, in addition to representatives from NEI and INPO. Its purpose is to provide
guidance to EPRI regarding utility needs and priorities for development in the 11&C area. The
presentation also highlighted the collaboration that is occurring with EPRI in support of the
Utility Working Group and for the on-line monitoring pilot projects. The presentation was well-
received with a number of good questions and comments.

5. Regulatory Engagement

5.1 Informal Discussions with NRC I1&C Managers

There were no formal meetings held with the NRC in FY 2012 for discussions of the
Advanced I1&C research pathway. However, informal discussions occurred with two key NRC
I&C managers during the ANS 1&C Workshop held in conjunction with the 8" International
Topical Meeting on Nuclear Plant Instrumentation, Control, and Human Machine Interface
Technologies in San Diego on July 22, 2012. Both the Advanced I1&C pathway and the NRC
were presenters in this workshop, and therefore, there was opportunity to hear of each other’s
R&D activities. During the course of the meeting, discussions were held with Mr. John Thorp,
NRR 1&C Branch Chief, and Mr. Russell Sydnor, RES 1&C Branch Chief, on the control room
and human factors work the pathway is doing with host utilities. It was agreed that a briefing for
NRC staff would be held in FY 2013 on the technologies that are being developed and whether
they are addressed by the current regulatory guidance. In addition, Mr. Thorp stated that he
would invite the pathway to be a presenter in the 2013 Regulatory Information Conference
(March, 2013 in Washington, DC) as part of the 1&C track.



5.2  Other Communication Opportunities with the NRC

NRC managers and staff attended a session in the 8" International Topical Meeting on
Nuclear Plant Instrumentation, Control, and Human Machine Interface Technologies in San
Diego on July 22, 2012, in which the pathway presented a paper on the research activities in the
various pilot projects that address operations and maintenance activities. This provided the
opportunity for them to hear specific details about the technologies that are being developed for
NPP field workers, outage improvement, and control room modernization.

The NRC participated in the LWRS FY-13 Budget Planning Meeting held on August 1,
2012, in Washington, DC. In this meeting, Mr. Gene Carpenter, Primary NRC contact for
LWRS, had opportunity to hear the FY 2013 technical plan for the Advanced 11&C pathway.

6. General Industry Meetings and Conferences

6.1 EPRI Strategy Group on Productivity Improvement through Advanced
Technology

The EPRI Strategy Group on Productivity Improvement through Advanced Technology
met on November 29 — December 1, 2012, in Orlando, FL. The meeting was hosted by
Lockheed Martin. The Strategy Group is composed of nuclear utility representatives that have
responsibility for technology improvements for their nuclear operations. The Advanced 11&C
pathway is invited to attend the meetings of this group as part of the collaboration with EPRI.
As such, this provided an opportunity to give this group an update on the work of the pathway.
The meeting also provided the opportunity to tour the Lockheed simulation technology facilities
and hear presentations on their work with the nuclear power industry. Specifically, this facility
is working with General Electric to design an advanced control room for the Advanced Boiling
Water Reactor. As part of the meeting, a side trip was also taken to the annual I/ITSEC trade
show in the Orlando Convention Center. This is the world’s largest trade show on simulation
technology for military and aviation requirements, and provided an opportunity to see the state-
of-the-art technologies for similar needs as found in nuclear power — flight control simulation,
heads-up displays, decision support systems, logistics simulators, computer-based training,
mobile and “wearable” technologies for support personnel, etc.

The pathway presentation is found in Appendix C.

6.2 Third International Conference on Nuclear Power Plant Life Management

A paper was published as part of the proceedings for the Third International Conference
on Nuclear Power Plant Life Management (PLiM) entitled “Future Vision for Instrumentation,
Information, and Control Modernization.” The conference was held in Salt Lake City, May 14 —
17, 2012. A poster by the same title was presented in the poster sessions held daily throughout
the meeting. The Advanced I1&C pathway was also responsible for chairing a session on 1&C
Modernization, which provided an opportunity for discussion and exchange of ideas with other
organizations involved in these types of activities. Two other papers were presented during the
conference by Principal Investigators for the pilot projects: 1) “Development of an End-State



Vision for Incorporating Digital Controls and Operator Interface Design into Control Room
Modernization” and 2) “An Assessment of Integrated Health Management Frameworks.”

The pathway presentation is found in Appendix D.

6.3 Human Performance, Root Cause, and Trending Annual Workshop

The Human Performance, Root Cause, and Trending (HPRCT) Annual Workshop was
held in Jackson, WY, on June 18 — 22, 2012. The workshop was attended by over 90 human
performance and root cause professionals from a number of industries, including nuclear utilities
and related consultants. The Advanced 11&C pathway made two presentations at the workshop
as follows: 1) Advanced Outage Control Centers, and 2) Integrating Human Performance in
Wireless Technology — A Case Study. There was considerable interest in the work of the
pathway on the part of the workshop attendees and the workshop provided an opportunity for the
involved pilot project Principle Investigators to benchmark with other industries.

6.4 24™ Annual Procedure Symposium — Procedure Professionals Association

A presentation on the Advanced 11&C R&D program and the work on Computer-Based
Procedures pilot project was made at the general session of the 2012 Nuclear Procedure
Professional Association meeting, June 19, 2012 St. Petersburg, FL. This organization promotes
the development of nuclear utility procedure standards and the exchange of information among
procedure development professionals to increase reliability, improve performance, and ensure
the safe and efficient operation of nuclear facilities. The conference was attended by 96 utility
and industry professionals working in the area of nuclear facility procedures. Several attendees
expressed interest in potentially joining the Utility Working Group.

The pathway presentation is found in Appendix E.

6.5 ANS Digital Instrumentation and Control Workshop

A presentation was made on the Advanced 11&C S?]/stems Technologies research pathway
at the ANS 1&C Workshop held in conjunction with the 8" International Topical Meeting on
Nuclear Plant Instrumentation, Control, and Human Machine Interface Technologies in San
Diego, July 22, 2012. The presentation focused on the pilot project work in control room
modernization with utility partners of Southern California Edison and Progress Energy. It
described ongoing work in optimized human-system interfaces for main control boards and in
the development of a reference Human Factors Engineering Plan for use by utilities to develop
their internal human factors program for control board modernization. The presentation further
described the build-out of the Human Systems Simulation Laboratory (HSSL), which will be the
host facility for development and validation of concepts for hybrid and fully-integrated control
rooms.

The pathway presentation is found in Appendix F.
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6.6 8™ International Topical Meeting on Nuclear Plant Instrumentation, Control,
and Human Machine Interface Technologies

A paper was presented at the 8™ International Topical Meeting on Nuclear Plant
Instrumentation, Control, and Human Machine Interface Technologies in San Diego, July 23 —
26, 2012, entitled “Business Drivers for Nuclear Plant Operations and Maintenance
Automation.” This paper focused on the many opportunities to improve human performance and
process efficiency in the critical areas of nuclear plant operations and maintenance. It described
the pilot projects that are producing these technologies. The session was well attended and there
were a number of excellent questions during the general Q&A period directed to the 11&C
pathway, indicating significant interest on the part of industry in the concepts presented.

Several other papers from the Advanced 11&C pathway were presented as follows: 1)
Commercial Utility Perspectives on Nuclear Power Plant Control Room Modernization, 2)
Model of Procedure Usage — Results from a Qualitative Study to Inform Design of Computer-
Based Procedures, 3) Integrating Human Performance into Technology, 4) Beyond Integrated
System Validation: Use of a Control Room Training Simulator for Proof-of-Concept Interface
Development, 5) Technology Integration Initiative in Support of Outage Management, and 6)
Considerations for the Treatment of Computerized Procedures in Human Reliability Analysis.

The pathway presentation is found in Appendix G.

6.7 Westinghouse Outage Optimization Workshop

The Westinghouse Outage Optimization Workshop was held in Las Vegas, NV on July
29 — August 1, 2012. The attendees were largely composed of the nuclear utility outage directors
and support staff. The focus of the meeting was outage performance improvement from a variety
of perspectives. Westinghouse contacted the Advanced 11&C pathway upon hearing about the
Advanced Outage Coordination pilot project and requested that the work be presented at the
workshop. The pathway made a presentation entitled “Outage Control Center Command and
Control Technology,” which included a live demonstration of the technologies that were used in
the Exelon Bryon Nuclear Station pilot project demonstration in February, 2012. Ovalpath
Corporation, who was contracted by the pathway to provide real-time collaboration technology
for the Byron pilot project, supported the demonstration at the workshop at their own expense.

The presentation was well-received with many questions and positive comments.
Westinghouse invited the pathway to provide a follow-up presentation at next year’s workshop.
In addition, Westinghouse is working on a new outage concept called “Flawless Fueling” and
expressed interest in collaborating with the pathway.

6.8 2012 ANS Utility Working Conference

The Advanced I1&C pathway organized and chaired a session at the ANS Utility
Working Conference in Hollywood, FL, on August 7,2012, entitled Strategies for Using
Advanced I1&C and Information Technologies to Modernize Plant Processes for LTO. In this
session, three presentations were made: 1) Advanced Digital Technology for Nuclear Power
Plants (INL), 2) Technology for Nuclear Plant Human Performance Improvement (Duke
Energy), and 3) Improving Work Processes for Nuclear Plants (Exelon Nuclear). This
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conference session served as an opportunity for the utility project managers of two of the pilot
projects to present the development work from their perspectives. There was a large attendance
for this session and many questions, indicating the interest in the work of this pathway.
Following the session, there were several requests from participants for direct information, and
expressions of interest for further discussions by two high profile nuclear 11&C providers —
Invensys and Doosan Heavy Industries.

The pathway presentation is found in Appendix H.

7. International Information Exchange

7.1 U.S.-Argentina: Bilateral Energy Working Group

The Advanced 11&C pathway, at the request of the Department of Energy, participates in
the U.S. — Argentina: Bilateral Energy Working Group (BEWG) which is concerned with
civilian reactor life sustainability. The Advanced 11&C pathway is designated as the primary
contact for the U.S. in matters pertaining to 1&C, and as such, works with a counterpart at the
Argentina Comision Nacional de Energia Atomica. For FY 2012, this effort has been limited to
providing information to Argentina on requested topics, including the long-term strategy for
11&C modernization. In response, they were provided a copy of the Long-Term Instrumentation,
Information, and Control Systems Technologies Future Vision and Strategy (INL/EXT 11-
24154). They also requested and were provided information on the Oak Ridge National
Laboratory Electro-Magnetic Compatibility (EMC) Laboratory. No information has been
obtained from Argentina on these topics. They have also requested U.S. participation in an
IAEA-sponsored workshop on Digital Systems in NPPs, On Line Monitoring, and Wireless
System Implementation to be held in Buenos Aires, Argentina, in November, 2012.

7.2 EPRI - EdF Meeting on Productivity Improvement through Advanced
Technology

The EPRI Strategy Group on Productivity Improvement through Advanced Technology
held a meeting April 23-24, 2012, hosted by Electricite’ de France (EdF) at their research facility
in Chatou, France. The Advanced I1&C pathway participates in this EPRI Strategy Group and
was asked to make a presentation on the pathway work, specifically providing an overview of the
20 pilot projects that are underway or planned, and the technologies that will be developed

This meeting provided the opportunity to understand EdF’s approach in developing
advanced 11&C technologies and to incorporate these perspectives and ideas into the pathway’s
Future Vision and Strategy. It also provided an opportunity to obtain feedback from EdF on our
own approach and how their experience in these same application areas should be factored into
our development plans. Specific agenda topics of common interest were advanced outage
management, advanced outage control room design, information displays, communications
technology for field operators, reduced operator workload with simulation tools, and advanced
worker training.

Participation in this technical conference provided the experience, approach, and lessons-
learned of EdF in this regard and this information will be factored into the Advanced 11&C pilot
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project plans. As a result of this meeting, EdF has proposed collaboration with the Advanced
11&C pathway on common development interests. This is now under consideration.

The pathway presentation is found in Appendix I.
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Appendix A
Agenda for the 2012 Utility Working Group Winter Meeting
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Light Water Reactor
Sustainability Program
Advanced I1&C Technologies
Utility Working Group

2012 Winter Meeting IWRS

March 14'16, 2012 Light Water Reactor Sustainability
Phoenix, AZ

March 14, 2012  Hilton Garden Inn Phoenix/Avondale
11460 W. Hilton Way
Avondale, AZ 85323 623-882-3351

Time Topic Speaker
0800 Palo Verde Welcome i?ggrﬁlsﬁgar
Engineering
0815 Idaho National Laboratory Welcome Bruce Hallbert
0830 Introduction of Meeting Participants Ken Thomas
0845 Progress Energy 1&C Upgrade Strategy Matt Gibson
0930 Break
1000 Southern Nuclear I&C Strategy Ray Herb
1045 TVA Bellefonte 1&C Strategy Alvin Hinson
1200 Lunch
1300 Constellation I&C Strategy Gary Ly
1345 Palo Verde “Worker of the Future” Gary Shanker
Bruce Gordon
1430 Break
1500 Palo Verde XML Based Procedures Carlos Williams
1545 Palo Verde 1&C Strategy Scott Burns
1630 On-Line Monitoring Pilot Projects Rick Rusaw
1715 Wrap-Up Ken Thomas
1730 Adjourn
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Light Water Reactor
Sustainability Program
Advanced I1&C Technologies
Utility Working Group

2012 Winter Meeting lw RS

March 14-16. 2012 Light Water Reactor Sustainability
Phoenix, AZ

March 15, 2012  Hilton Garden Inn Phoenix/Avondale
11460 W. Hilton Way
Avondale, AZ 85323 623-882-3351

Time Topic Speaker
0800 Long-Term 11&C Modernization Future Vision and Strategy Ken Thomas
0930 Break
1000 Cross-Check on Utility Requirements vs. Future Vision All
1030 Cyber Security for Pilot Project Technologies Bob Anderson

Rob Hoffman
1200 Lunch
1300 Human Systems Simulation Laboratory (HSSL) Jacques Hugo
1345 2012 Project Scope — Highly-Integrated Control Room Ron Boring
1430 Break
1500 2012 Project Scope — Outage Safety and Efficiency Greg Weatherby
1545 2012 Project Scope — Human Performance Ron Farris
1630 2012 Project Scope — Computer-Based Procedures Johanna Oxstrand
1715 Wrap-Up Ken Thomas
1730 Adjourn
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Light Water Reactor
Sustainability Program
Advanced II&C Technologies

Utility Working Group
2012 Winter Meeting lw RS

I\/IaI‘Ch 14'16 2012 Light Water Reactor Sustainability
Phoenix, AZ

March 16, 2012  Hilton Garden Inn Phoenix/Avondale
11460 W. Hilton Way
Avondale, AZ 85323 623-882-3351

Time Topic Speaker
0700 Special Interest Groups (SIGs) — Breakout Meetings All
o Outage Safety and Efficiency Keith

Moser, Greg Weatherby
e Human Performance for NPP Field Workers Greg
Robison, Ron Farris

e Highly-Integrated Control Room Gerry
Wyatt, Ron Boring
e Computer-Based Procedures Bill Russell,

Johanna Oxstrand

0900 Break

0930 Special Interest Groups — Breakout Meetings Continued All
1130 Working Lunch — SIG Reports

1230 Adjourn
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Appendix B
Agenda for the 2012 Utility Working Group Summer Meeting
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Summer 2012 Joint Meeting of the
» LWRS Advanced I1&C Utility Working Group
» EPRI Productivity Improvements through
Advanced Technology Strategy Group

August 21-23, 2012

Idaho Falls, ID 83402

Hilton Garden Inn I ‘MRS

CPE' ELECTRIC POWER
L]
RESEARCH INSTITUTE

Tuesday, August 21

0800 DOE/LWRS Welcome Rich Reister
Kathy McCarthy

0815 Purpose/Agenda/Participant Introductions Bruce Hallbert
Ken Thomas

0835 EPRI Welcome Joe Naser

0845 Overview of EPRI Productivity Developments Joe Naser

0930 Break

0945 EPRI Radiation Visualization Development Phung Tran

1045 New Technologies for Plant Operations at EdF Francois Dionis

1130 Lunch

1300 Mobile Solutions for Field Operations at EdF Francois Dionis

1345 Advanced Outage Control Center Pilot Project Greg Weatherby

1430 Break

1445 Automated Work Package Pilot Project Ron Farris

1530 Computer-Based Procedure Pilot Project Johanna Oxstrand
Katya Le Blanc

1615 On-Line Monitoring (OLM) Pilot Projects Rick Rusaw
Nancy Lybeck
Vivek Agarwal

1700 Wrap-Up Ken Thomas
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Summer 2012 Joint Meeting of the
» LWRS Advanced I1&C Utility Working Group
» EPRI Productivity Improvements through
Advanced Technology Strategy Group

August 21-23, 2012
Hilton Garden Inn I w
Idaho Falls, ID 83402 W

l ELECTRIC POWER Light Water Reactor Sustainabilif
C' Ia RESEARCH INSTITUTE

Wednesday, August 22

0800 Advanced [I&C Development Program Ken Thomas
Status and Future Projects

0930 Break

1000 Control Room Upgrade Strategy Ron Boring

1130 Lunch

1300 Advanced Design Concepts Jon Kvalem

1430 Travel to INL Simulator

1500 Demonstration of Control Room Simulation Tony Magi

1600 Demonstration of Hammlab Simulator Christer Nihlwing

1700 Travel to Hilton Garden Inn/Adjourn
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Summer 2012 Joint Meeting of the
» LWRS Advanced I1&C Utility Working Group
» EPRI Productivity Improvements through
Advanced Technology Strategy Group

August 21-23, 2012

Idaho Falls, ID 83402

Hilton Garden Inn I WRS

CPE' ELECTRIC POWER
RESEARCH INSTITUTE

Thursday, August 23

0800 Digital Licensing Issues Ray Torok

0900 Cyber Security Evaluation of Initial Pilot Projects Rita Wells

0945 Break

1000 Cyber Security Tutorial Jason Larsen
Rob Hoffman

1045 Technology Trends — What will be possible? All

1130 Lunch

1300 Advanced II&C Vision/Strategy — Priorities Discussion All

1400 Wrap-Up Ken Thomas

1415 Adjourn
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Advanced Instrumentation, Information, and control Systems
Technologies R&D Program
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Advanced Instrumentation,
Information, and Control
Systems Technologies

R&D Program

Ken Thomas
Idaho National Laboratory

B

Advanced II&C Systems Technologies

Technologies for and demonstrations of highly integrated
control and display technologies that address long-term
objectives of nuclear power plant operation, including the
following:

Fleet-wide management of asset information to support integrated
operations.

Improved visualization and use of information to support decision-
making and actions

Greater automation of functions and availability of operator support
systems to improve efficiencies and reduce errors

N J qﬂl\,muwmw

Science Based Approach

Approsch Applied Research Model
+ Transformation of plant functions g

+ Dn of enabling

+ Demonstration before deployment -~
Addresses =

* Ingrained limiting paradigms

+ Technology cosolescence

+ Future workforce

* Human emor

End-State Vision

- NPP modemization and renewal

+ Extended plant life with sustainable o
operating model

+ Enhanced nuclear safety

+ Reduced staffing & O&M costs

Technology Matusity
%
1

Systom and Data Qualiication Requiremaents

.

qlL)m\m oty

Engaging the Nuclear Power Industry

- Research and development of near-term beneficial technologies while

building the digital work environment of the future

= Integrating plant systems, plant processes, and human performance
+ In-kind contribution from industry — time, expenses, plant access, plant

expertise, reference documents, and other resources (e.g. simulator)

= Industry hosts the technology demonstration

and effectiveness assessments

* INL provides research & associated

technologies, training & implementation,
and research reports —

= INL facilitates industry-wide adoption of

new capabilities ’
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Utility Working Group

Exelon. Llesison

aps O Constellation Energy =7

SOU‘I’HERN!}.
COMPANY

E:‘messﬁmgg

=

ety

—

ErR |

R | | YT

Special Interest Groups

+ Industry Focus Groups for
- Control Room Modernization
— Huran performance
- Computer-based Procedures
- Outage Safety and Efficiency

+ Opportunity to network with industry colleagues invalved in
1&C strategy

+ Opportunity to shape an industry-consensus end-state
vision

+ Upportunity to visit participating utilities (nuclear stations)
involved in these developments

+ Opportunity to participate in pilot projects, if desired

p || ey

Human Systems Simufation Laboratory
- Reconfigurable Control Room Simuiator
« Virtual Reality Cave

24

+ Heads-up information displays ;
+ Wyireless streaming of information & video B
+ Computer-based procedures a \

+ Component status identfication (har core, RFID) " \ /

\
+ Smart Board — large interactive display devices ', “

+ Wireless component position indicators

= Alarm management and display technology
+ On-Line monitoring systems At -

i

[T r—

Technofogy Building Blocks for a Future
Digital Environment
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Long-Term l&C Modernization Strategy

Ohjective; To signific antly recuce the technical, financial, and
regulatory risk of |1&C modernization by demonstrating the new
technologies and operational concepts in an actual NPP setting

There are two things that differentiate this program
| The technologies are actually dermonstrated in NPPs under
controlled circumstances to validate them.

2.The HSSL provides an advanced simulation facility to validate
concepts that cannot practically be demonstrated in a NPP until
they are validated (e.g. control room changes)

b W .__MMWM

H&C Modernization vs. Repfacement

11&.C Replacement Slrate%y: Mare commaon mrategty of "like-for-like "
replace ments of legacy || 82 systems, which deliberafely restricts the
beneficial use of inherent digital capabilities in order to minimize the impact
on the "operating infrastructlre " consisting of plant procedures, training,
operator familianity, design basis, and licensing basis. While this strate g
resolves the immé diate reliability and obsolescence concerns, it does nof
create a platform for business innovation. 1t generally adds to the cost of
operating the plant in that the replacement systerns rquire new sets of skills,
spare parts, vendor support, etc., without off-setting business improve ment

12.C Modernization Strategly: Future strate%m implerment digital
technology ina manner that fransforms the NMPP operating mo del with
business innovation while addressing the reliability and obsolescence
concerns of the legacy 1&C systems. This stratedy has been successfully
emplayed in mang business sectors to improve quality of operations while
reducing costs. If generally follows the pattern of redicing reliance on
hurnan skill while autnmatm\ﬂ)asks and augmenting human perfarmance and
uygrslqhtwnh technology. YWyhen used to transform the operating model,
digital technology has bgen a cost reducer,

Long Term i{&C Modernization Strategy

= ldentify the business innovations and underlying technologies that will
address the challenges of the future business environmert

= Sponsor and engage a Utility Working Group composed of |&C and
business innovation leaders from the nuclear utilities to advise the
research program on nuclear plant requirements and to serve as a peer
review groupTar developed technologies and related business
innovations.

= Conduct ilot projects at host nuclear plants to dermonstrate and
validate the business innovations and associated technologies, therety
recucing the risk of full-scale implementation by nuclear utilities.

= Develop laboratary facilities, such as the Human Systems Simulation
Laboratory, to conduct program-related research and to demanstrate
technologies and concepts that cannot be implemented at host nuclear
plants uritil they are proven and validated.

- Develop and validate the overall plant inform ation architecture that
integrates these technologies into a seamless digital environment that
supports the new operating mocel

Long-Term H&C Modemization Strategy

+ Communicate the work of this research program 1o all stakeholders,
particulary the senior executives of the nuciear industry

+ Engage the major industry support organizations of EPRI, INPO, and
WET to ensure coordination of efforts and collaboration on development
where beneficial.

« Maintain open communications with the NRC regarding the regulatary
acceptability of the techndlogies and assoclated operational concepts.

+ Engage the supplier community in providing commercial products far
the demonstrated technologies in support of the desired business
innovations

+ Develop a business case for the new nuclear plant operating model by
extrapolating projected savings from the technologies and operational
concepts demonstrated in the pilot projects. Validate these projected
savings with multiple utilities
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Highty-integrated Comntrof Roont

Pilot Projects

« Incorporating Digital
Upgrades in an Analog
Control Room

+ Advanced Alarm Systems

+ Computer-Based
Procedures

« Computerized Operator

Highly-integrated Control Room

Pilot ProjectNo: 41 Tiles Incarparating Digital Upgrades in an Analeg Cortiol Rocm

Pupose: Ta develop HFE guidance for ingplenentation of 3 hybrid and filly integrated cantol
roomas rew digi TR —— are drtreduced into &
traditiomal contrel room

Scoper Irstall the hostutility's plart simulaor and contiel rocen lsyout in the INL HSSL,

condnat human factors stadiss on faction and Jayout aptiors for ineorporation of
newr digital fechuclogy and develop assoeidted guidance

Deivershles:  End-state vision for inemperating digitel contols and opvstor inteafacs design into
traditiomal aralog comtrol room, contrel board and eortecl roem Lagout optimiztion
gidslires based cn HFE prirciples, and stindardioed opsratee irtexfoce scwers

based on HFE principles.
Support System (COSS) Scheule: Ortbar20ll toSaptember 16 Costs TED

+ Future Concepts of Hosi Uiility: Sonthem Cdliforia Blisan Project Siatus:  Plamed
Operation

B q"wu iich QI.L)-LL i

Highly-integrated Control Room

PilotProjectNo: A2 Titles Advarced AlarmS yetens

Purpose: To impeove operator perfonrance in an event cr plant ansien by pricriting
alaas vrithin the cantet of plart state and operating mode.

Scopes Developmantof candidate slarm disyl ar concepts, human factors evaluations of

candidate systers inHISL, and development of  mquimments s pecification 7 an
advanced alan systerm

Deliverahles: Guideline standad for advarred alanm mevagement system in a maclear plant
comtrel zocam s wvethed clagy o integrating diverse alanvs and awmmistars
amioss all systerne and digital platfes

Schedule: Octrber 2012 to Septentber 214 Costs TED
Host Utilty: Sorthem Califtrra Edison Praject Statw: Plamed

SONGS Control Room Modernization
Pilot Project

Develop first principles of control room design management that
will help establish the technical basis for the design of new
hybrid Control Room systems at SONGS and other power plants

¥ End-State Vision and Strategy for Control Room
Modification —including aneeds analysis and along-term
work plan.

¥ Proof-of Concept HSI Screen - Develop and evaluate
digital replacement displays for single panel/system at
SONGS and

26




Highly-Integrated Control Room

Pilot Projects

« Incorporating Cigital
Upgrades in an Analog
Control Room

« Acvanced Alarm Systems

« Contral Room Computer-
Based Procedures

« Computerized Operator
Support System (COSS)

« Future Concepts of
Operation

Highiy-imtegrated Control Room

PilotProject Moz 43 Titles Contiol Foom Conputer-B a o Procedues

Pupose: To irprove epentor performance by theuse of CEFs in plart cpmatianal
activities.
Scope: Weaking vrith the host utllity’s CEP developament project fo provide HFE s tudies

reganling the procedire presentations, stehire, and rdedving software system to
expure that human enor haps ave not cvested,

Deliverdbles: A HFE analysis of the hast utility’s CEP approach and s tctre, associated data
takenin the host utility’s s inndlater in tial CEPusage, and a CEP nplementation
guideline for industry adoption.

Schedule: Cctcher 011 o Raly 2003 Cost: TED

Host Utikity: South Texas Praject Project Stah: Plamed

—

[ e

Computer-Based Procedures

« Conduct a baseline study to identify current work
practices and human error rates, i.e. to identify procedure
related issues to be addressed within the. This includes
identification of appropriate level of automation in the
procedures

+ Define design and functional requirements and
specifications

« Develop prototypes and demonstration computer-based
procedures

« Set up small-scale computer-based procedure solution at
utility

« Conduct user tests and data collection at the utility.

Compare results to bassline study to measure
improvernents

QIII.\;“* i

Potential Features of Computer-Based
Procedures

+ Integration with real-time plant data and system status
« Time monitoring for tim e-critical actions

Detection of undesirable interactions

- State-based and mode sensitive context

= Seqguencing of steps and other procedures (workfiows)
Place-keeping

« Seamless transitions to other procedures
Computational aids and validation of results

Ermbedded jol aids — reference material, training material, and
operating experience reports

= Automatic information insertion and verification of plant response
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Potential Features of Compitter-Based
Procedtires {continued)

= Remote concurrences and autharizations

= Saft controls — platform for the future *highly autom ated” plant
- Realtime task status

- Realtime risk assessment

Highly-integrated Control Room

Pilat Projects

+ Incarporating Digital
Upgrades in an Analog
Control Room

« Advanced Alarm Systems

« Computer-Based
Procedures

+ Computerized Operator
Support System (COSS)

+ Future Concepts of
Operation

High-Automated Plant

Bilot Projects

+ Oigital Architecture for a
Highly-Automated Plant

+ Automating Manually-
Performed Plant Activities

+ Advanced Plant Contraol
Automation

+ Advanced Plant Contral
Algorithms

Ik

Human Performance Improvement
for NPP Field Workers T

Pilot Projects

+ Muobile Technologies for
NPP Field Waorkers

« Automated Work Packages

« Augmented Reality for MPP
Field Workers

28




Human Performance Improvement for

NPP Fieid Workers
Pilot Project No:  C1 Tifle: Mobile Technologies for WPPField Workers
Purpose: To inprove perfmmance of MPP feld workers by replacing pape_bbased activities

Delirerahles:

Host Uikity:

with techrelogp-based actiritiss, fhersh v mducing human sy, frproving
productivity, @nd roviding real-time infounation lirks towerk proces ses and cortinl
certers. In sddificn, by musdnizing the “collsctive sit atiovel awamress " of the
extire plant, these techmalogical atvancenerts will greatly improve ciitieal decision
rualing at al Tewels

Assenble an amay of mob le techrologies that camtinte a platforn for field
activities ina HPE apply these technologies 4o iritial spplicstions of safety tagging
and valve live-up vesifications, develop a prototype compuierbased prosdum
capability for field activities, condnct mlated buran factors svabustions, and provide
guidars for 3 flestirides cale up of the techuclogiss.

Prototyps techolagies, human fictos svabustions of the technclogias inuse in the
host utility NP feld activities, and guidance for feetwide scale-up of the
techmologies.

Tamay D11 to Septenber 3012 Cost: TED

Dhke Enemy Project Siatus: Inprogmss
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Human Performance Improvement
for NPP Field Workers !

Pilot Projects

« Mohile Technologies for
NPP Field Workers

+ Automated Work Packages

+ Augmented Reality for NPP
Field Workers

integrated Operations”

Bilot Projects
« Advanced OLM Facility

+ Yirtual Plant Support
Organization

= Management Decision
Support Center

Pt P et et

Outage Safety and Efficiency

Pilot Projects

+ Adwanced Outage
Coordination

+ Adwanced Outage Control
Center

+ Outage Risk Management
Improvement

—= B

Outage Safety and Efficiency

Pilot ProjectNo:  E1 Title: Advanced Cntage Cocedination
Purpose: Ta by intrcdacing tachuolagies that Rcilits
and collabosstion inchtaning citicl sctivity s s,

the encrnous flowe of infemation throngh fhe OCC, and resclving
evergert pachle in an efficient and effective mumer.

Scope: Determine teelmalogy needs for outage coerdination improvemvest, Fuotatype
techmelogies, implement techmologies in e contiol centers of a host utlity HEP fr
ase in sfraling catages, condnct sssodated techvical snd human factors studiss, and
develep 2 guidelines domumert P industry inplemertation.

Dekiverdbles Prototype techmologies and guidelines document for irhnstryimplementation.
Schedule: FY 20100 FY 2012 Cost: TBD
Host Utilidy: Enelon Fuclear Staius Inprmgress
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Advanced Outage Coordination

= Conducted at Exelon's Byron Nuclear Station in the March and
September 2011 refueling outages

Project scope is real-time communications and collabaration between
the Outage Confral Center (OCC) and the Work Execution Center
[WEC), Using large interactive displays that share information
remaotely

= The new display technology is used to manage faskmoving issues
such as schedule threats, new prionties, and imm ediate suppart
needs

Project has been successtul in improving communications and
coordinating control certers

. 2012 Scope
- Control of Equipment and Status
- Real-Time Wyork Status
- Emergent |ssue Resolution

QOutage Control / Emerging Issues
Model!

Field Conditions/Feal Time

Man agement&Engine ers
Provide Leaders hip/[ ecision Making
(iPads, Smartphon e, Laptops)

3

Suppliets & Vendors Planners/Schedulers

Drawings and Schematics

Warehouse

Outage Safety and Efﬁciency

Bilot Projects

-« Advanced Outage
Coordination

+ Advanced Outage Control
Center

+ Outage Risk Management
Improvemeant

Ten Year Techni
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ey g et e
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Appendix E

Future Vision for Instrumentation, Information, and Control
Modernization
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IAEA-CN-194-1P47

Future Vision for Instrumentation, Information,
and Control Modernization

Ken Thomas, Idaho National Laboratory

Introduction
Unlike most other safety-critical industries, the lear power industry has
not used digital technology to its busi model and transform

risk-significant activities from mostly manual operations to use of
automation. This is due to in large part to the tremendous investment in the
current operating infrastructure and the need for a research program that
manages the risk of this transformation. A Future Vision of a transformed
nuclear plant operating model based on an integrated digital environment
has been developed as part of the Advanced Instrumentation, Information,
and Control (II&C) research pathway, under the Light Water Reactor (LWR)
Sustainability Program.

Method
Data Collection: A Utility Working Group has provided information on
gty ARl C syst tesired technologies to

ges for s
improve II&C reliability, opportunities for plant performance improvement,

and priorities for development.

Results

Development of an Industry Gonsensus Future Vision and Strategy: to build
a Il digital i t that integrates plant syst plant
processes, and plant workers (human performance); thereby enhancing
nuclear safety, increasing productivity, and improving overall plant

performance.

The initial pilot projects have confirmed that the expected benefits can
indeed be demonstrated by the pilot projects and that the underlying
technologies can together comprise a network of capabilities that will fulfill
the expectations of the future vision.

Conduct of Pilot Projects: conducted at host utilities as the means for

1 N 4 Eandar s sk | 1. Based on a science-based approach to research, development, and
industry to q new gies into lant work s - :
activities one atatim;, spread over many plants and utilitics, to rhe benefit demonstration activities, host utilities are willing to introduce digital
of all. The pilot projects introduce new digital } ies into the 5 technologies into their work methods, in some cases, in the live plant
plant operating envi to d and validate them for eventual environment for purposes of g and g the gles for

production usage. In turn, the pilot project technologies serve as the eventual production usage.

2. Human performance can be improved by the introduction of well-
Higniyntagrated Control Focm developed digital technologies as supported by direct measurement and
- e participant surveys.
% 3. Plant support processes can be made substantially more efficient with
L o T — digital technologies that automatically cc icate information to other
parties, and update data bases and project status documents in the
e pere background as the worker conducts plant work activities.
i 4. Models of plant functions, such as procedure usage, are highly useful in
————AH e g capturing the requi ts of pl I plant activities and
Husmas Partirmance privemant for HPP Fiekd Workers expectations. Conclusions
e |
T 1. The project has been successful in pursuing what has been an illusive
iy endeavour for the nuclear power industry — the modernization of the LWR
idsadtin fleet II&C systems. The success is due to the project method; that is, to
—-"_'."_"'."ﬂ‘_::'_._h-;‘.n gage the industry in_a h and develop t effort that provides
— nearsterm benefit while building a seamless digital platform that
i) integrates plant I&C systems, plant work processes, and plant workers.
— e 2. The initial pilot projects have confirmed that this level of benefit is
—Sxmmrmsenm and the technologies are gnized by the ting utilities
On Line Mon toring to have substantial benefit. The project will serve to reduce the risk and
— = = : uncertainty in the implementation of these technologies and will
B T e e e AN ultimately provide a roadmap for wide-spread I|1&C modernization for the
- LWR fleet.

—

Third International Conference on Nuclear Power Pl
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9/19/2012

DOE LWRSP Vision and Program Goals

DOE Light Water Reactor Sustainability Visien Ad m mentation,
. Dolvtloplecnmlooms and other gwmmdwmw
" selulions that can improve the ystems alogles
forﬁpuier BSSEd P;?CE{U’UFE‘S ran:mnw_ sustain the safety, and mmmmmwwmc
or iNuclear Fower axtend the life of currant reactors concems of existing
e SiS mmmanddomandm
Program Goals
Ken Thomas + Develop fundamental scientific “E”“‘m"" e
Idaho National Labaratory basis to undersiand and nnanso[
existing LW‘R: 2 D:
* Develop technacal and operatonal
improvements that contnbute 1o
long-1eem ecoenamic viability of ¥
axisting nuclens power plants |

=R L

TN e

Future Vision and Modernization Strategy Performance Improvement: Broad Ouicomes
+ Reduce the technical, financial, and regulatery risk of upgrading the * lI&C syslems provide and d dable plant
aging II&C systems to support extended plant ife beyond 60 years, control mn:llorls and operalor 1n1'on-nauon. lherehy msm.mm
thereby ensuring that legacy analog IIAC systems are not life-limiting L £ 4
issues for the LWR fleet . The mmumemmww the inherent mllahilly
+ Tl the NFP ing medel, integrating plant systems, and precision of digital technology.
plant processes, and plant workers Ammwmwmrwgh lhe automation
+ Develop a seamless digital environment of manual lasks,

and the immediate nvaurahllrly nl’ uhlny and industry expens Ihmuull

« that I cis of plant
encempasses all aspects of plan real-time distance collaboration,

operations and supper

+ Provide the technological foundation * Human performance is greally improved through advanced worker
to improve plant performance and !eﬁ‘_“"_“'ﬁ"“ and aulomaled processes,
addresses the challenges of the future = Radigtion dose s minimized by reductions in the time and effor to

conduct plant activiies in radiation areas, and through new capabilities
for workers to visualize radiation fields in their work areas using
augmented reality lechnolagles

business environment

. through increased capacity faclors
and reduced operating cosls
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Modernization Sfrateg y: Objectives

« Identity the nable
II&C modernization and address lns cnallangos of the future rmmuss
environment.

« Sponsor and engage a Utilty Working Group (UWG) composed of I1&C
and business innovalion leaders from the nuclear uliities to advise the
research program on nuclear plant requirements and 1o serve as a peer

q"l.,"* Nt oty

review group for P and related
» Conduct plot projects at host nuclear plants (members of the UWG) to
demanstrate and validate the and
technologies, thereby reducing the risk of full-scale implementation by
nuclear utilities.
+ Develap laboratory facilities, such as the Human Systems Simulation
Laboratory (HSSL), to oonducl Dwurimw]ated research and to
and that cannot be imp
host nuclear plants until they are ptoven and validated.

+ Develop and vahdale the ovalall planl information architecture thal
digital
suppons Iho naw opor:mng mudnl

Modernization Strategy: Objectives (cont)

- Communicate the work of this ram to all
parlicularty decision makers for plant Id'e ension beyend 60 years.
* Engage the major industry suppon organizations of EPRI, INFO, and NEI
1o ensure counima tion of efforts and collaboration on development whare
beneficial
Maintain open communications with the LS. Nuclear Regulaory
C issien (NRC) ding the regul ity of the

gies ai p P

Engage the supplier ity in g the P af

cenr?m\gemiat pr:gucte for the i i

desired business innovations.

— Devar a business case for the transformed nuclear plant epemllng
by extrapelating projected uwn? from the ocm

e pilot pmjau.s Vahdalo mm
propciod savings with multiple utilities.

g the

T

Engaging the nuclear utilities

. and of near-term benefici jes whila
building the digital work environment of :ne future

+ Utilitios hosts tha and

* INL provides h& training & i
and research repors

- INL facilitates industry-wide adoption i
of new capabilties

+ Utilties provide in-kind contribution — l w Rs II

lime, expenses, plant access, plant
expertise, reference documents, and -—

other resources (e.9. simulator)

Tha Utility Werking Group develops a

consensus future vision for digital transformation, prioritizes the

developments, and provides a peer review of the project results

Utility Working Group
Exelon. —I EDISON g;i:‘u.'e«gy

Q aps ° Constellation Energy
SOIJTHIRNA

COMPANY

g m- Lumlnanl

SNL m e,
(L TP

36



9/19/2012

| [

Special Interest Groups e

S — T

Centrel Roem Modermization
Outage Safety and Efficiency EmemTy

Human Performance Impravement for NPP Field Workers -—“'::%

Computer-based Procedures
« Opporiunity 1o network with industry colleagues Iinvolved in 18C
stralegy

B P
+ Opportunity to shape an industry-consensus end-stale visien e -
+ Opportunity 1o visil participating utiities (nuclear slations) invoived in s .
these developments — ]
« Opportunity 1o participate in pilot projects, if desired e e
- Additional Special Interest Groups will be formed as new areas of m—“hﬂ:ﬂﬂ_l

development are undertaken 0 Lina Wauhating

Tv— = e

Overview of Computer-Based Procedure Project FY12 Research Activities

INL CPB Research Team Research Objectives

= Define requirements for computer-
Based procedures (CBPs) to ensure
an |nmmmnlmpam¢ o current
paper-based procedures (PBPs) Wb horia

. Evalumhow ] ammlnn am distll

increase eerw Iﬂvm the case
of use, and reduce opportunties for
CIOrs.
= Thae research effort does not focus on
mio display PBPs on an electronic
ic
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WM&*WM

Progression of Research Activities

* fpes et
o hegiremen et

B ]

—9 . cTe—
Related Pilot Profect Research Papers

*+ Model of Procedure Usage - Resulls from a Qualitative Study 1o Inform
Design of Computer-Based Procedures
8th Intemational Conference On Nuclear Plant Instrumentation,
Control, And Human-Machine Interface Technologies (ANS NPIC
& HMIT 2012)
* A Model of Operator with Fleld f Insights for
Computer-Based Procedures
Human Factors and Ergonomic Society S6th Annual Meeting
(HFES 2012)

* Requi for Comp Based-F for Nuclear Power
Plant Field Operalors - Results from a Qualitative Study

drd | Conference on NPP Life M, 0 it-for Long

Term Operations (IAEA PLIM 2012)

mewm

Research Path

Benchenaih 1t of B4 A1
Mesaren

Benchmark Study

[:::‘ﬁ:;::] ,{ _— ]
¥ s

=)

e

¥ gt
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B W

Qualitative Study

Identified Global Gaps .-
7 e A
13- NI
Current Future
Wﬁﬂ,wwﬂw - —

Method for Qualitative Study

N
oO— = T @
-
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Information Flow

Procedure Use

= __j

The Initial Model of

9/19/2012

e T AL P * Describes the activities
o e A o =) involved in the
AR N N e execution of one single
N —— || procedure step
Pty - * Based on the result
e from the Qualitative
O e \ study
e
4
s u e |
. < q"lmwm s Lot ey
CBP Requirements CBP Requirements
+ Guide operats hrough the logical seq e of the procedure. + Be designed so that the op the p pace.
* Ease the burden of pl for the op: + Make calculations when the y infe ion is labl
* Make the action steps distil from i ion gathering + Alert users when procedure steps or conditions have been
steps. violated.
* Alert to dependencies bet steps. * Alert users when conditions require transitioning to anather
+ Ease the burden of carrect component verification for the precedure,
aperator. - Evaluate step logic when the y infe ion is I

+ Ease the identification and support assessment of the expected
initial conditions.

» Ease the identification and support assessment of the expected
plant and equipment response,

* Include ity that imp

+ Be designed so that itis easy for the user to "undo” an

unintended or incorrect action (an error of commission).
* Allow the operater to look ahead and back in the procedure.
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Prototyping and
Testing

==
>

9/19/2012

Fuatrn of P prvtntype toal w0 ot
AN b i e 8 AT

e sy

e T e e e

oy g s i 8 et T s

B o v
T

P e iy
P T s

Evaluation Study

« Develop prototypes of CBP user interfaces based on the resulls
from the literature review and the qualitative study, which
includes the model of procedure use and the identified
requirements for CBPs,

+ Together with the utility collaboration partner, the research team
will select one specific p dure 1o be i as a CBP,

* In the fall of 2012, an evalualion siudy will be conducted at the
utility.

+ The of the study is to o the use and
execution of the CBP to the current use and execution of the
PBP version,

+ The CBP's user interface design will also be evaluated in terms
of usability, acceptability, and potential increased process
efficiency.

ﬁﬁnwww i

Summary - FY2012

=R

y

Tr——
| ookl St
LIt ]

P Papems
AN AT, 411 T, e T
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T RN GNL

Relationship of CBPs and Automated Work
Packages

+ Automated work packages contain one or more procedures and
can control the sequence of work involving multiple procedures.

* Procedures can provide step-by-step status to the work package
for work progress monitering and release of parallel work.

» These capabilities would reside on a common hand-held device
(tablet or FDA) and would provide seamless access to all parts
of the work package and related documentation.

« Capabilities will be provided to modify the work package on a
reaktime basis, going through the appropriate change
processes, to allow work to proceed when faced with changing
conditions or requirements.

Potential Future Regqui ts

* Time monitering for time-critical actions

* Detection of undesirable interactions

* State-based and mode sensitive context
« Seamless transitions to other procedures

= ion insertion and T ion of plant
* Remote concurrences and authorizations

« Soft contrels — platform for the future "highly automated” plant
* Real-time task status

* Real-time risk assessment

In summ

e ategy
Human Performance Improvement
for NFF Field Workers

Initial qualitative studies have
defined models on which to base
improvements enabled by
technology

Upcoming field demonstrations will
be used fo confirm the models and
human performance improvement
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Advanced Instrumentation, Information, and Control Systems
Technologies
Digital 1&C Workshop

43



LWRSP

DOE Light Water Reactor Sustainability Program

3 Vision and Pro Goal
Advanced Instrumentation, et I 0RIS

Information, and Control Vision A

dvanced Instrumentation,
Systems Technologies - Develop technologies and ether Information, and Control (T&C)
}’ g sclutions that can improve the | Systems Technologies
reliakilty, sustain the safety, and ~Address aging a
Digital 1&C Warkshop extend the Iife of current reactors. mﬂ?y Wﬂdeﬁﬁfgg
July 22, 2012 Program Goals ologies.
-smwﬁ a mmwhw:mr
* Develop fundamental scientfic W -ferm modemization of
Ken Thomas bbasis ta understand and enable
contnued long-term cperabion of
Idaho National Laboratory existing LWRs m Milnh'
* Develop technical and cperational h
impravements that coninbute (o mms mdamd
long-{erm economic viability of aging degradation m =

existing nuchear power plants.

FMIL o st o
Hl&C Modernization vs. Rep.facemen t Long-Term II&C Modernization Strategy
IIAC Replacement Strat More common sirategy of like-for-lka” . 5
replacer?»enrs of “g?s,s'ems which daliberataly restricts tha To significantly reduce the technical, financial, and regulatory risk of
beneficaluse of i erml dngn‘alcapehuman n erdar lo minimize the impact IAC modemization by
cn 1:19 o ating infrastructure,” consisting of plant procedures, training,
mlllarlly design basis, and licensing basis. ‘While this strategy * demensirating and vakdating new
resu]vus the immediate reklabrhly and syslem aging concems, it does not technaoiogies and operational concepls
creale a platform for business innovation. It generally adds 1o the cost of athost nuclear plants, addressing
operating the plant in that the replacemant SyS1ems raquire new sets of skills, legacy N&C technology challanges and
spare parts, vender suppor, elc, wilhou! off-selling business improvement future business inngvation,
= i )
8C Modemization Strategy: Future strategy 1o implement digital f‘:ﬂ::::m"g&'{:ﬁﬂg%ﬂﬁc'
technalogy in a manner that transforms the nuclear station operating medel processes, and plant workers
with business innovation whila addrassing the reliability and aging concerns . . :
of the legacy II&C systems. This siralegy has been succassfully employed in [ecvicing cuidanca $or A-acdiy
many business saciors to improve quality of operations while reducing costs mplemantation.
It nerau,« lollows the pattern of mducmg refiance on human skill while * praviding Technical Basis Reponts to
tasks and huma and oversight with support utility 118G long-term planning,
technology. When used {o transform thr.* operating model, digital Iacnnnlngy regulatory submiltals, and procurement
has been a cost reducer * eommunicating the work of this research
program to nuclear power stakeholders.
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Utility WOrkmg Group
Exelon. El LDINSO.\‘ gﬁ'ﬂl‘ﬁg};

D aps o Canstollation Energy ¢--r_n

s ol

0 MEW"QY P% Lummant
JuL m ErPrI |,

2! Progress Eneray

]

. ‘]ﬂ]_dwesmm
Highly-Integrated Control Room

Pilot Projects

« Incorporating Digital
Upgrades in an Analog
Caontrol Room

- Advanced Alarm Systems

+ Compuler-Based
Procedures

« Computerized Operator
Support System (COSS)

* Future Concepts of
Operation

INL Human System Simulation Laboratory:

Simulator-Based Human Factors Research with
Nuclear Power Plant Simulators

b rtrkimadl - FYWR,BWR. SMR

R T ——

= Perseption and cegnition

(e g sibuateon
swucnes, wrkbond, )

45




i "}HL\LA: i vy

Origin of the HSS

* Use of simulators in industry nol new

* Accepled as a valid, reliable and cost ive means o
validale a large range of issues in many industries: technology &
design decisions, operating concepts, human perdormance, elc.

+ All utililies have lraining si = not avail for h
purposes

+ INL's first HSSL launched in 2007 - still evalving to keep pace with
state-of-the-art

* Cument strategic plan looking 10 years ahead

Mission of the HSSL

To provide a national user facility that supports the DOE and the
nuclear enerngy industry with research-based guidance on the human
and bt o system resi and the
performance of nuclear power plant crews under various fask and
environmental conditions.

FROCTATY fToRS
Secrmate covts, wroen, ool
et vplarstiects, re—"
ravganon
YR FURCTIAALITY
e,

=3 5 ﬁ"lb\mmm
Research Process for Control Room
Modernization
Step 1

+ Translate analog centrol reom to digital representation
* Marry plant control room to INL simulsior
Step 2
* Develop a reference Human Faclors Engineering Program
* Develop style guides for replacement HSI
* Provide human factors support
Step 3
.+ Creale innovalive conlrols and displays that improve human
performance
Develop DCS implementation
Develop operator support systems including overview displays
* Conduct ps with plant op to validate
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Full scope
Full scale
Interactive touch panels

New Technologies: Digital Alarm Displays
= Beyond alarm tles

* Prigtitized alarm ksts

= Single-scroan displays for all alams

* State dependent aiarms

New Technologies: Alarm Intelligence

+ Auvtomation of kiy plant functions to prevent
nuisance alarms

« Filtering alarms to most impartant informatian for
cperator

* Functional grouping of alarms into single alarm

* Mare important to know that pump failed than
that 25 diferent flow indications are abnormal

* Identify root causa rather than cascade of
effects

47

In summary

Shift the digital approach from a
replacement slrategy to a
modemization strategy

Provide advanced simulation
f

ies to enable development and
tion of advanced conlrol room
zoncepls

Transform traditional control rooms
lo achieve significant operational
improvement




Appendix G

Business Drivers for Nuclear Plant Operations and Maintenance
Automation
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e i; !.__! E qﬂl.*‘*'mm
1 Nuclear

duman DOE Light Water Reactor Sustainability Program
Vision and Program Goals

Vision | Advanced Instrumentation,
- Develop lechnologies and other ?:mmbm and Control (T&C)
' I lutions th th | Systems
Business Drivers for Nuclear Felan, s g vt and | Adieas -t agg and
Plant Operations and oxtond the e of currn reactors, | mdabit concems of xisthg | nf:s
’ . | technofogios and develop a
Maintenance Automation Program Goals new lechnologies.
+ Develop fundamental scientific i mmﬂ

basis lo undersland and enable
o continued long-term operalion of

Ken Thomas existing LWRS.

* Develop technical and operational
improvements that centribute o
lang-term economic viability of
existing nuclear power plants

Idaho Mational Laboratory

. . KMyem

e
Utility Working Group
Long-Term lI&C Modernization Strategy
To significantly reduce the technical, financial, and regulatory risk of Exelwn. —I EDISON == Entergy,
N&C medermization by e e s e
& o~ s
et W e Daps Qoo  Sxm
at host nuclear plants, addressing daily Lo

legacy IAC tochnolegy challenges and

futlre busingss innovation. " mummué. ]
transforming the operating model, ms COMPANY 2! Progress Enorgy
integrating plant systems, plant K

processes, and plant workers 8 Wit Frpcar
" ! L gt Miater Reptar Sytpsto by m
« providing guidance for ful-scalo
Implementation () XcelEnergy Pﬂuko Luminant
* providing Techrical Basis Reports to “Energy.
support utlity II&C long-term planning,
regulatory submitials, and procurement.
* communicating the work of this research ] HEM
program to nuclear power stakeholders. [repr— |1Hl§

ErR| |
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Key Business Drivers
* Six key business drivers will challenge the current LWR fleets ability to
its rate of perf i

= Each of these will call into question the general assumptions of how
is conducted in the nuclear plants.

= They will each point to an expanded role of lechnology lo address
these emerging factors.
and mai tiviti

will result in
needed perfc p asa the
posed by each of the business drivers,

L]

e -

Cost Performance

* Other forms of generation (primarily gas).

< Expense of ongoing safety issues.

* Nuclear D&M budgels dominated by labor costs (~70%), typically
10X the number of staff at a comparably-sized coal plant.

= Labor will continue lo be a rising cost - bul can be semewhal offset
by advanced lechnologies,

‘ funds for p
squeezed by market competition.

imp needs are getiing

B . K'mem

Workforce Availability

+ Pending retirement wave, more than 25.000 skilled nuclear workers will
have to be replaced by 2015.

- Knowledge management s not keeping pace with retirements,

* Replacement worker availability is strained due to a declining technical
workforce in the U.S.

« It will be difficult to altract today's digital-immersed workforee into the
legacy technologles that deminale the current nuclear fleet.

—— R e |

Human Performance

= Due to low level of plant automation,
manual actions still dominate
operations.

« Events are prevented by focusing on
comect worker behaviors (emor
prevention) - plus process and

i I of are
selup 1o prevenl an error becoming
an event.

« Still, human errar is a significant

i toand a p
factor in cperational evenis.

+ Technology is greatly under-ulilized in ===
preventing human emor.
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Dose and Rad Waste Reduction
* Great strides in reducing dose
relying on ALARA principles

- Aufomation can greal
reduce “time and dislance”

* Automation can reduce rad
waste by eliminating
unnecessary paper in
contaminaled areas

Long-Term Asset Management

+ Large component aging management is key to lang-term sustainability of
the operating nuclear fleat.

* Mew for on-line i of are
needed to move from periedic o condition-based maintenance and
interventions.

* These technelogies will require advanced capabilities for diagnostics and
proegnostics (remaining uselul [fa).

" “ B[] R

Nuclear Safety

Issue: Maintaining the highest levels of nueiear ul’ely overcoming
event-driven public and political

has broad tof;

bly impact nuclear safety, by

sﬁdlessmg equipment reliability, human nerl'urmance. plant operaticnal
stability, and improved accident resp

Aggregate Effect of Business Drivers

* Plant cost p is imp through worker
prod and beller

+ Human naﬂ{ imp by ing manual
activities and elevaling ﬁne role of plant workers to one of technology
oversighl.

+ Warkforce requirements are reduced due to the automation and it will
be easier to allract a talented workforce into a work environment that
ampowers workers with lechnology.

4 dose is minimized by in the time and affort to
conduct plant aclivities in radialion areas due to lask automation, or the
elimination of the need for workers to conduct certain activities in
radiation fields.

* Plant components will be inherently more reliable and have longer
operating lives through the use of on-line monitoring technologies to
improve asset management.

+ The margins of nuclear safely are increased by the inherent reliability
and precision of digital technology.
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Transformed Plant
Operating Model Based
on a Seamless Digital
Information Environment

Automation for Operations

« Highly Integrated Control
Room

+ In-Plant Operations

« Computer-Based Procedures

« Computerized Operator
Support Systems

) m SINL 5 sy

Automation for Maintenance

+ Mobile Worker Technologies
= Automated Work Packages

ion of M. y d Activit
* On-Line Monitoring

+ Bar Code Component
+ Real-Time Work Progress

+ Remote Verification
+ Distance Collaboration

Identification

Slatus
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Work Process
Automation
- Mobile Applications

* Real-time stalus to control centers
and managers

+ Human ermror prevention
- Automatic document generation

* Automatic data base updales

+ Advanced Outage
Coordination

+ Advanced Qutage Control
Center

+ Outage Risk Management
Improvement

— \__m _ INL s

Augmented Reality

= Ability to visualize invisible
and abstract information

» Uses position tracking and
device sensors to know the
location and view of the field
workers

* Useful in such applications as
radiation visualization,
operational data, and plant
safety

53

Conclusions:

Key Business Drivers will shape the
future of nuclear plant operations
and maintenance

Automation of activities can
substantially mitigate the effects of
these business drivers

We can transform our business to
é significant performance
improvement

o



Appendix H
Advanced Digital Technology for Nuclear Power Plants
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Lor Sustainability Program

Advanced Digital Technology
for Nuclear Power Plants

ANS Utility Working Conference
Hollywood, FL  August 5-8, 2012

Ken Thomas
Idaho National Laboratory

The Light Water Reacior Sustainability (LWRS) Program is

developing the scieniific basis to extend existing nuclear power

plant operating life beyond the current 60-year licensing period and

ensure long-t relfability prodi Ity, safety, and security. The
ol 'with nationai fab

B is
unf:ersfues. industry, and international partners.

Idaho National Laboratory serves as the Technical Integration Office
and ol the Ry h and (R&D) projects in
the following pathways:

« Materials Aging and Deg
= Advanced Light Wafter Reactor Fuel
+ Instrumentation and Controls

* Risk-Informed Safety Margin Characterization

dation A

- ? q"]. RN —
DOE LWRSP Vision and Program Goals

Vision Advanced Instrumentation,
- Develop technologies and other | Information, and Control (1&C)
solutions that can mprove the | Systems T¢
retiability, sustain the safety, and *Address. aging
axtand the e of current reaclers refabiiy concems of existing (1&C
technologies and develop and fest
Program Goals ”E‘:"“M X
* Develop fundamental scientific { iong: 'm‘ rmm. wmﬁaﬁa u?ﬂmic

basis to understand and enable
continued long-term operation of
existing LWRS.

* Develop technical and operational
improvements that cantnbute to
long-term economic viabity of
edsting nuclear power piants.

I&C Modernization vs. Replacement

H&C Replacement Strategy: More commen strateqy of "Ike-for-like"
replacements of legacy 10 systems, which deliberalely resiricts the
beneficial use of inherent digital capabilities in order to minimize the impact
ontha aing infrastructure,” sting of plant p , training,
aperator familiarity, design basis, and licensing basis. While this strateg
rescives the immediate reliability and system aging concerns, it does nu{v
creale a platform for business innovation. It generally adds to the cost of
operating the plant in that the replacement systems require new sels of skills,
spare parts, vender support, etc., withoul off-setting business improvement

II&C Modemnization Strategy: Fulure strategy to implement digital
lechnalegy in a manner that transforms the nuclear station cperating model
with business 1while addrassing the ility aging

of the legacy IIAC systems. This stralegy has been successfuily employed in
many business sectors to improve quality of eperatiens while reducing costs
It generally follows the pattern of reducing reliance on human skill while
automating tasks and a manlin'g human performance and oversight with
technolegy. When used to ransform the operating madel, digital technology
has been a cost reducer,

55




B e

Long-Term II&C Modernization Strategy

To significantly reduce the lechnical, i ial, and latory risk of
A€ modernization by
£ wmnsrnung and validating new

a1 host nuﬂbar addressing
legacy IIAC Isaﬁow challenges and
future business innovation.

transforming the cperating model,
integrating ptanl ayalums. plant
procasses, and plant
* providing guidance ior ful-wula
implementation,
* providing Te:hldc.ul Basis Reports to
;uppnrt utility 1EC irxmm planning,
¥ 2
. r.nmmtncaung the work of this research
program to nuclear power siakeholders.

Engaging the nuclear u'ﬂm}as

+ Research and development of near-term beneficial technologies while
building the digital work environment of the future

- Utilities hosls the tech oy and eff

* INL providh & d tech ies, training &
and rasearch reports

* INL facilitales industry-wide adoption

of new capabililies

Unilities provide in-kind contribution —
time, expanses, plant access, plant
expertisa, reference documents, and
other resources (e.g simulator)

The Utility Working Group develops a
consensus future vision for digital transformation, pricritizes the
developments, and provides a peer review of the project results
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Utility Working Group

Exelon.
5-:) w o Constellation Encrgy

A
sourptan a m N2! Progress Energy
C} XcefEnergy Pﬁmmy Lunur:.m'l

=Pl

ey wi—

STML e o

Special Interest Groups

= Indusiry Focus Groups for
Conirol Room Modemization
Human performance
Computer-based Pracedures
Outage Safety and Efficiency
« Qpperiunity to network with industry colleagues involved in 1AC
sirategy
« Opportunity to shape an industry-consensus end-state vision
+ Opportunity to visit participating utilities (nuclear stations) involved in
these developments
« Opportunity to participate in pilot projects, if desired

= <y

— e

Human Systems Simulation Laboratory
* Reconfigurable Contrel Room Simulator
* Virtual Reality Cave
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Origin of the HSSL

* Use of simulaters in industry not new

* Accepled as a valid, reliable and cost-effective means to eval and
validate a large range of issues in many industries: technology &
design decisions, fi human p , elo.

* All utilities have training si s = not ilable for
purposes

« INL'S first HSSL launched in 2007 - still evolving to keep pace with
state-of-the-arn

+ Current strategic plan looking 10 years ahead

Mission of the HSSL

To provide a nalional user facility that supports the DOE and the
nuclear energy industry with research-based guidance on the human

and fo system resili and the
pedannance “of nuclear power plant crews under vanous task and
envirenmental conditions.




INL Human System Simulation Laboratory: What are the “H

Simulator-Based Human Factors Research with

Nuclear Power Plant Simulators e
s, s,

nien, mnrs argasizssen

—— N,

Research Process for'Conﬁ'o! Room
HFE Process Flow
:"’“'em“a""" Based on NUREG-0711
tep 1

+ Translate analeg contrel roem to digital representation

Frocrn phase -y
* Incorporate plant control room to INL simulater 1 el nn—::' e .
Step 2 :ui«.ﬂumww::” P O x oW - o e
v e
* Develop a reference Human Faclors Engineering Program (o foent Necsbod et N |-
¥ § [Tasd, eerernreaner
* Develop style guides for replacement HSI ! ,,..:::.imm _:
- Provide human factors support : HER Do & T eh ress— sv——
RN st B
Step 3 ¥ i Bwanen anct pa brsc: —.—:——
, " . et " 1 Din inpareriagon. -
gar::ln.ianu controls and displays that improve human T e— . [SEE—— -
Develop DCS implementation Nrmremeie E— e
Develop op support sy g displays el [Fvwai]
+ Conduct workshops with plant op 1o validate
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Full scope

New Technologies: Digital Alarm Displays
~ Beyond alam tiss

* Prioritized alarm lists

+ Single-sereen displays for al alarme

* State dependent alarms

New Technologies: Alarm Intelligence
+ Automaticn of key plant functions to prevent
nuisance alarms

= Filtering alarms to most important information for
operator
* Functional grouping of alarms Inta single alarm
* More impastant to know that pump faded than
that 25 different fiow indications are abnormal
* Identify root cause rather than cascade of
affects
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S Ummary

Shift the digital ach from a

modernization strategy

Provide advanced simulation
facilities to enable development and
validation of advanced control room
concep

Transform traditional controf rooms
to achieve significant operational
improvement
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Appendix |

Transforming the Nuclear Power Plant Operating Model with
Digital Technology
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Transforming the Nuclear
Power Plant Operating Model
with Digital Technology

Ken Thomas
Idaho Mational Laboratory

; E N

I1&C Replacements with Digital Systems

« Safety-Critical Protection Syslems

« Integrated and Local Control Systems
* Monitoring Systems

+ Diagnostic Systems

« Plant Information Systems

+ Conlrol Room Upgrades

« Component-Level Applications

T

— . q
N
Systems-Based |&C Replacement Strategy

- 1&C replacement strategy is
driven by obsolescence and
reliability issues

- Replacements are typically
“like-for-like”

- Digital is not yet contributing
significantly to overall plant
performance improvement

- The reason is that we are
thinking in terms of replacing
systems rather transforming
our operating model

- __._,:,‘

Performance-Based I&C J‘;\'-epl_a_c

LR | ] r—
ement Strategy

+ 1&C modernization is considered
to be a crilical need for the
sustalnahllnl‘v of the operating
nuclear flee

« Due to short-term operational
focus, the US commercial
nuclear industry could modemnize
its Ies{acy 1&C systems and still
migs the opportunity to transform

its operating model

« A national research program is %S
needed to develop the
Iransformative technologies and  tuwme See Sy
implementation roadmap for a

performance-based 1&C
replacement strategy
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+ Development of enatiing technalogies
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+ Human emor | S LS
End-State Vision L s 12
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Transformed Operating Model: Broad Qutcomes

= I1&C sysiems prm[de enhanced, accurate, and dependable planl
I thereby re agin

control
d reliabili cuncsms : of their predece: nal

The margins of nuclear salety are increa by the inherent rel‘iability
and precision of digital lechnology.

* Worker productivity is substantially enhanced through the automation
manual tasks, improvements in communications and coordination,

and the immediate availability of ulility and industry experts through

* Human performance is greatly improved through advanced worker
technologies and automated processes.

* Radiation dose is minimized by reductions in the time and effort to
conduct plant aclivilies in radiation areas, and through new capabilities
for workers to visualize radiation fields in their work areas using

d reality technologi

+ Plant cost performance is improved through increased capacity factors

and reduced operaling costs.

Modernization Srrategy: Objectives

+ Identify the busi and ing ies that enable
I1AC medernizalion and address the challenges of the fulure busi
envirenment.

+ Sponsor and engage a Utility Werking Group (UWG) composed of I1&C
and business innovation leaders from the nuclear utililies o advise the
research program on nuclear plant requirements and 1o serve as a peer
raview group for and ralated b

+ Conduct pilet projects at host nuclear plants (members of the UWG) o
demonstrate and vahidate the business innovations and associated
technelogies, thereby reducing the risk of full-scale implemantation by
nuclear utilities.

+ Dovelop laboralory facilities, such as the Human Systems Simulation
Laboratory (HSSL), to conduct program-related research and to
and that cannot be implemented at
host nuclear planis until they are proven and validated.
+ Develop and validate the overall plant information architecture that
inlegrates these technologies inte a seamless digital envirenment that
supports the new cperating model.

S | ——

Modernization Strategy: Objectives (cont)

. Commum-la the work of this to all X
p y forpﬂarll life ¥ years,

* Engage the major industry support organizations of EPRI, INPO, and NEI
to ensure coordination of efforts and collaboration on development whare
beneficial.

* Maintain open communicaticns with the U.S. Nuclear Regulatory
Cnmmlwan {NRC] regarding the regulatery accaplablhtyof the

Engagethe supplier oumrnumly in premating the development of
the

the

desired business inncvations. -

* Developa case for the nuclear plant aperat)
model by extrapolating projected suumge from the technologies an

n the pilol projects. Validate these

cancepls
projected savings with multiple ululmas

Advanced lI&C Utility Working Group

* It assures that the end-state vision for plant medemization is shared by
a significanl pertion of the LWR fleet.

* It assures the while
they eomprise the long-term building hlocks of a mere cnmpnahensnre
digital environment.

= It greatly red of impl ion for any one utility, given
that the proven ab-lmaa m‘ INL stand behind the soundness of the

and that the ight of the working group provides a
competent peer review.

* It allows the ulilities o move forward together in transforming their
operating model to l'ully exploit these technologles, providing a

process for ¢ g efforts with the major industry
suppoﬂ organizations of EPRI, INPO, and NE
* i the likefihood that the tech will

receive favorable regulatory reviews due to !NL s extensive
understanding of the NRC's requirements in the area of digital 10
technology and human factors science.
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Utility Working Group
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Human Systems Simulation Laboratory
* Reconfigurable Contrel Room Simulator
* Virtwal Reality Cave
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Technology Building Blocks for a Future
Digital Environment

* Heads-up information displays

* Wireless streaming of information & video

- Cemputer-based precedures

= Compenent status identification (bar code, RFID)

= Smari Board - large interactive display devices ‘ u

- P position i
Alarm and display

+ On-Line monitering systems A\

+ End-State Vision for Modemized

Contrel Room
« Human System Interfaces
= Computer-Based Procedures
+ Advanced Alarm Systems
« Operator Support Systems.

* Advanced Plant Control Automation

QOutage Safety and Efficiency

Pil jects

+ Advanced Outage
Coordination

*+ Advanced Outage Conlrol
Cenler

*+ Qutage Risk Management
Improvemeant

.

Catawba - Human
Performance
Improvement for
NPP Field Workers

+ Targets plant stalus control,
safety lags, and field work
processes

* Uses hand-held and hands-frea
{heads-up) devices to access
automated wark processes and
plant informaticn, using
wireless communications.

* Uses real-ime video streaming
and data updales for
maonitering, collaboralion, and
cencurmence from remote
parties
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Shift the digital strategy from a
systems-based approach lo a
performance-based approach

Blend the worlds of systems, work
processes, and human performance

Leverage the wide speclrum of new
technologies and innovations

ransform our business (o achie
significant performance
improvement
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