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EXECUTIVRUMMARY

Charge and Responsibilities

In 2013, the General Assembly created the Virginia Nuclear Energy Consortium Authority
(the Authority) as a political subdivision of the Commonwealth for the purposes:

1 Making Virginia a national and global leader in nedr energy, science and
technology;

1 Serving as an interdisciplinary study, research and information resource for nuclear
energy in Virginia; and

1 Establishing the Virginia Nuclear Energy Consortium (the Consortium), a-siock
corporation responsibly for anducting activities to achieve these goals.

Enclosed is the Authorityds 2016 Annual Repor
over the last year and recommendations to advance nuclear energy in Virginia.

Authority Activities

Since its establisiment and organization on 2013, the Authority has worked diligently to:

1 Set goals and define the responsibilities for the Authority and the Consortium;

1 Recruitmembers to theConsortium, securing commitments froreight companies
and higher educationinstitutions;

1 Produce anannual inventory of nuclear education and industry assets in Virginia,
il lustrating that the nuclear sector is dr
high skilled jobs, research and technology development and generatidirevenue at
both the state and local level; and

1 Provide technical support and policy recommendations to the developni of the
Virginia Energy Plan and its biennial status update

1 Provide information and expertise to stakeholders, elected and netected officials,
and policymakers at all levels of government.

Recommendations

The Authority offers the following recommendations to policy makers to support and
advance nuclear energy in Virginia:

1. Recognize and support Authority efforts to establish the Commuesalth as a national
and global leader in nuclear energy, science and technology and serve as an
interdisciplinary study, research and information resource for the Commonwtaabn
nuclear energy issues.



. Leverage Virginia international corporate outreacmd intergovernmental efforts to

support the Virginiabased nuclear design, repair and installation industries. Virginia

is home to global leaders in the nuclear energy sector, such as AREVA Inc., BWX
Technologies, Inc., Bechtel and Newport News Shipbuilglinn addition, dozens of

other companies located all across Virginia provide services, supplies and support to

nuclear facilities inside the Commonwealth and globally. The nuclear sector drives
Virginiads economy i n eV ebsysuppatiggresearch cr eat i
and generating revenues taithe state and local level.

. Virginia is home to two of only 31 nuclear engineering programs in the U.S. (Virginia
Commonwealth University and Virginia Tech.) The Commonwealth should strengthen
Vi r g exsting riudear science, engineering and research programs to provide the
pipeline of highly educated and highly skilled workers necessary to continue creating
high-paying jobs for Virginians and to sustain our nucleardustry for the long term.

. The Aubority supportsthe efforts of Governor Terry McAuliffand his Administration
and companies such as Dominion, AREVA Inc. and othergncourage the EPA to
level the playing field and treat nuclear generation equitably to other nemitting
generation reurces.

.Virginiads current diverse energy generat.
our low, stable energy prices and reliable service. The Authority supports efforts to

maintain a diverse energy generation mix to avoid owvealiance onany singe source

of energy.

. Regulatory certainty is important given the loAgad decisions required for the

continued safe and efficient operation of existing nuclear assets and the substantial
capital commitments associated with constructing new nuclear unitg.i r gi ni ad s
energy policy should view nuclear assets in light of their capacity to reliably deliver
power and provide source diversity for an energy portfolio that achieves the emission
reductions required bypending federal regulations.

. Recognize and supprt nuclear energy issues and innovative nuclear technologies
identified and pursued by the Virginia Nuclear Energy Consortium.

. Encourage the Governor, Secretary of Natural Resources, Secretary of Commerce
and Trade, Director of the Department of Envirorental Quality, Director of the
Department of Mines, Minerals and Energy arideputy Attorney General for
Commerce, Environment and Technolodyy consider the critical role nuclear energy
can and shouldplay in carrying out the carbon reduction goals estasiied by



Executive Order 57.

9. Support legislation to clarify that expenses associated with-Hieensing a nuclear
powered electric generation unit should receive the same regulatory treatment and
cost recovery as investments in new arourdtie-clock generation.



INTRODUCTION

Virginia is home to tremendous nucl ear energy
reliable, clean, lowcost nuclear energy is a significant economic and workforce driver,

promoting cuttingedge research and development; empying thousands of highly skilled,

well-paid workers; and expanding higher education programs for a stronger future in every

corner of Virginia.

To capitalize on these existing strengths, the General Assembly in 2013 created the Virginia
Nuclear Energy @nsortium Authority (Authority) as a political subdivision of the
Commonwealth for the purpose of establishing Virginia as a national and global leader in
nuclear energy and providing an interdisciplinary study, research and information resource
for nuclear energy in Virginia. The Authority was also charged with establishing the Virginia
Nuclear Energy Consortium (Consortium), a nstock corporation responsible for

collaborative activities in pursuit of these goals.

As required by Code of Virginia 8 67403, the Authority submits thi2016 annual report
including its strategic plan, a summary of its activities and recommendations for the support
and expansion of the nuclear energy industry in Virginia, to the Governor and the Chairmen
of the House Appropriaons Committee, the Senate Finance Committee and the House and
Senate Commerce and Labor Committees.

Sinceits creation in 2013, the Authority has worked diligently to)ISet goals and define the
responsibilities for the Authority and the Consortiur@) Recruit members to the Consortium,
securing commitments from eight companies and higher education institutior);, Produce
an annual inventory of nuclear education and industry assets in Virgirdg Provide technical
support and policy recommendations taie developnent of the Virginia Energy Plan and its
biennial status update; 5)Provide information and expertise to stakeholders, elected and
non-elected officials, and policymakers at all levels of government.

This report and related appendices providedati | s of the Authorityds st
priorities, activities, resources, and recommendations to advance nuclear energy in Virginia.



STRATEGIC PLAN AND PRIORITIES

The Authorityds mission is to establieaim the C
nuclear energy; to serve as an interdisciplinary study, research, and information resource for

the Commonwealth on nuclear energy, science and technology issues; and to establish the
Consortium to facilitate private sector activities and partnershipsith our higher education

institution to advance these goals. In developing its strategic plan, the Authority evaluated

and allocated responsibilities and priorities to either the Authority or the Consortium, as

appropriate.

Responsibilities

The Authority ighe public body responsible for communicating with the state government,
theGo v e r n o r, @d theGFerieralAssemblyroviding direction for the Consortiurand
receiving reports from the Consortium. The Consortium is a Rpifit entity for responding

to commercial, research and education needs and interests of the industry. It is overseen
and directed by the Authority and is the entity thabnducts day-to-day activities to promote
and advance Virginiads nuclear industry.

The statute passed by the General Assembly enumerated various charges for the Authority
and the Consortium. The Authority assigned the following responsibilities to the Consortium:

1. Promoteand facilitate agreements among public and private institutions of higher
education in the Commonwealth and other research entities to carry out research
projects relating to nuclear energy, science and technology;

2. ldentify and support, in cooperation witNirginia's nuclear entities and the public and
private sectors, the development of education programs related to Virginia's nuclear
industry;

3. Develop a policy regarding any interest in intellectual property that may be acquired
or developed by the Consoiim;

4. Facilitate the collaboration of members toward the attainment of grants and the
expenditure of funds;

5. Encourage, facilitate, and support the application, commercialization, and transfer of
new nuclear technologies;

6. Provide advice, assistance, and seiees to institutions of higher education and to
other persons providing services or facilities for nuclear research or graduate
education; and

7. Foster innovative partnerships and relationships among the Commonwealth, the
Commonwealth's public institutions bhigher education, private companies, federal
laboratories, and notfor-profit organizations to accomplish the purposes set out by
this chapter.

The Authority retained the following responsibilities:



1. Develop and adopt a strategic plan;
Provide for the stablishment of the Consortium; and
3. Provide public information and communication about nuclear energy and related
educational and job opportunities.
4. Develop and Maintain an inventory of Nuclear Assets Justifying Position of
Leadership
a. Workforce
b. Private Enities
c. Research and Federal Labs
d. Public Universities and Educational Programs
5. Serve as an Expert voice for Government
a. Notification of Congressional Delegation of Board and Resources
b. An information resource for policy makers at all levels

no

The statute alsoprovides for communication of nuclearelated information and research
results. The Authority believes that the two organizations should share this responsibility.

Goals and Priorities

The Authority has identifiedas prioritiesseveralspecific goalsfor their 2017 activities:

1. Reevaluate and refinehe VNECA strategic plan to better reflette current climate
of the nuclear industry(at the state, national and international levels) as well as
Authority priorities.
2. Expandexisting coordinationand identify new chances forcollaboration andsupport
between VNECA and VNEC
a. Collaborate with VNEC to prepare and publish a more detailed, more thorough
analysis of Virginiads nucl ear economy
3. Support efforts toretain existing nuclear assetsaand investments in Virginia
a. Support positive regulatory climate to preserve existing assets
b. Support public policy initiatives to enable investments needed to preserve
existing nuclear assets
c. Help document and disseminate findings related to the economiebefits of
existing nuclear assets and continued investments in such assets
4. Provide technical expertise and promote greater awareness amongst policymakers of
the role nuclear energy can play in the commonwealths environmental and energy
initiatives.



AUTHDRITY ACTIVITIES

Asset Inventory

To better understand and communicate the significant impact of the nuclear industry on
Virginiads economy and workforce, the Authori
Virginia including private industry, utiliés, educational institutions, and federal research

laboratories.

The key findings from the asset survey are highlighted by the following summary. The full
database of nuclear energy assets, including company employment and annual revenue
figures, can be fand in Appendix A.

The Critical Role of Nuclear Energy in Virgin

Nuclear power supplies 35 40% of the electricity used in Virginia. Operating at more than

95% capacity, nuclear generation provides reliabl@expensive electricity to Virginia

consumers and helps keep our energy costs low, making Virginia a competitive location for
existing and new business. But thatds only th
Virginiads ec o0n o mygconolic assetcsarvey, prarbecebly thavAuthoaity,

reveals:

T The nucl ear energy sector is driving Virgi
skilled jobs, supporting research and technology advancement and generating
revenues at the state and lochlevel.

1 Dominion operates four nuclear units in Virginia: two at the North Anna Power Station
in Louisa County, and two at Surry Power Station in Surry County. In addition to their
substantial contribution to Victivgyiemplogx s ene
more than 2,000 professionals at an average salary of more than $80,000 per year.
These four units supplgthe majorityo f Vi r gi ni ads carbon free e
substantial economic drivers for their host regions.

9 Virginia is home to failities and operations ofhalf a dozen global leaders in the
nuclear energy sector. They include AREVA Inc., BWX Technologies, Inc., and
NovaTech (Lynchburg), Bechtel (Reston), Dominion (North Anna and Surry) and
Newport Nevs Shipbuilding (Newport News).

1 Three major federal facilities located in Virgind NASA Langley, Jefferson Lab and
the Norfolk Naval Shipyard are active in research, development and these of
nuclear technology. Between the Naval Shipyard and Newport News Shipbuilding, the
n at i nualearpoweredNavy has its home in Virginia.



1 Dozens of other companies, located all across Virginia, provide services, supplies and
support to these major Virginia facilities. Testing services, materials and supplies,
security, engineering services antchuch more are provided to the idustry by Virginia
businesses

1 These companies operate and employ Virginians in towns as diverse as Abingdon,
Alexandria, Arlington, Ashland, Chantilly, Charlottesville, Chester, Colonial Beach,
Fairfax, Goochland, HamptorL,ynchburg, McLean, Mechanicsville, Roanoke and
Virginia Beach to name but a few.

1 Because many of these Virginia businesses have operations around the country and
the world, it is difficult to determine total jobs and revenue numbers for Virginia
alone, hut it is likely the number exceeds 100,000 jobs across the Commonwealth
and tens of billions of dollars that are tied directly to the nuclear energy sector. These
generate substantialstate and local tax dollars.

1 Virginia Tech, Virginia Commonwealth Uniggy, the University of Virginiand Old
Dominion University have established degree programs and research relationships to
train the next generation of expertise and leadership needed to support the nuclear
energy sector inthe U.S. and around the world.

1 The universities, labs and industrial base in Virginia are involved in cuttedge,
nuclearrelated research and development that will drive the Virginia nuclear
economy of the future.

Additionally, the Authority performed a survey of nuclear enginegridegrees, programs and
related fields of study at Virginia public and private universitiegpendix B. In addition to
the established degree programs at Virginia TeciCU, UVAand Old Dominionmany
institutions, such asVirginia Military Instituteand Central Virginia Community Collegeffer
numerous nuclear energy, nuclear medicine and other related programs, degrees and
research.

Executive Order 57

On June 28, 2016, Governor McAuliffssued Executive Order 57 directom Virginia

Secretary of Natural Resources Molly Ward to convene a workgroup and recommend
concrete steps to reduce carbon polblution
comprised of theSecretary of Natural Resources, the Secretary of Commerce and Erate
Director of the Department of Environmental Quality, the Director of the Department of
Mines, Minerals and Energy, and thBeputy Attorney General for Commerce, Environment
and Technologyhas been tasked with evaluating option® address carbon pdution.

r



Recognizing the important and necessary role that nuclear energy has in powering the
Commonwealth and reducing carbon emissions, the Authority agreedgtesent to this
working group.The Authorityplans to presenttheir recommendationsin late 2016 or early
2017 and highlightthe positive impacts nuclear energy has and will continue to have on
pollution reduction, grid stability, electric rates, and job creation.

57 Executive Order can be found in full iAppendixC.

Deputy ViceChaimen for Specific Issues

Given the broad array of topics, technologies, and issues that exist within nuclear energy, in
2016 the Board established a system oDeputy Vice Chairmeifor the Authorityd issue-

based chairsthat would focus ona particular area of nuclear energ and report back to the
Board. Thisallows forgreater concentration on particular issue areas from Board Members
most knowledgeable and passionate about them without overstching the Authority at

large. Thesechairs enjoy the full support of theAuthority in pursuing these particular issue
areas through research, conference participatiomnd other similar activities

At the August 25 2016 meeting of the AuthorityGanapati Mynenwas formally named
Deputy ViceChaiman for AcceleratofDriven and Molten SalDesigns.

Conferences and Symposiums

In 2016, the Authoritycontinued to strategically interfa@ with a number of national nuclear
science and technology organizations in order to ensure that the Commonwealth remains a
national leader in nuclear energy. These organizations include, but are not limited to: the
American Nuclear Society (ANS); the ANfBeSial Committee on Nuclear in the States; the
Nuclear Energy Institute (NEI); the Electric Power Research Institute (EPRI); the United
States Nuclear Infrastructure Council (NIC); and the Natiori&lergy Agency (NEA)

Additionally,Authority members werextremely active across thetate and country,

presenting on a wide variety of topics pertaining to the nuclear industry in Virgiriiaese

engagements include presentations biponald Hoffman at the Virginia Nuclear Energy

Summit in Richmond, VADavidCht i st i an at Senator Mark Warner ¢
Forumin Hampton, VAGanapati Myneni at thednternational HighLevel Radioactive Waste
ManagementConference in Charlotte, NGnd many more.

2016 also saw Virginiamaintain its status as aninternational leaderin nuclear energyas
well. In September, the Virginia Acceletar-Driven Systems (ADS) Congarm hosted the 4h
International Workshop on Acceleratddriven Systems and Thorium Utilization. The Virginia
ADSConsortium plangto host the 5th International Workshopn in Virginiain October of
2018.

10



AUTHORITADMINISTRATION

Virginia Nuclear Energy Consortium Authority Administration

The Virginia Nuclear Energy Consortium Authority Board elected the following slate of
officers to lead the Boardor 2016:

Chairmand Donald Hoffman
Vice Chairmand Gary Tepper
Treasurerd Mary Alice Hayward
Secretaryd Bob Bailey

Deputy ViceChairmenfor Specific Issues:

Deputy ViceChaiman for AcceleratorDriven and Molten Salt Designd Ganapati
Myneni

The fulllist of Authority Board Members is included iAppendix G

Additionally, the Authority maintains a webpa
website that serves as an information resource for nuclear energy in Virgiarad the

activities of the Authority Authority Website https://commerce.virginia.gov/initiatives/va-

nuclear

11
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VIRGINIA NUCLEAR ENERGY CONSORJRDNTE

The Virginia Nudar EnergyConsortium (VNEC ohe Consortium)was formally launched in
2015 and now hasbeen in operdion for over a year

Membership:

All eight Founding Members of the Consortium renewed their memberships and served on
the VNEC Board in 2016These members are

ARB/A, Inc.

BWX Technologies, Inc. (BWXT)

Dominion Resources Services

GE Hitachi Nuclear Energy

Newport News Shipbuilding

University of Virginia (UVA)

Virginia Commonwealth University/CU)

Virginia Polytechnic Institute and State University (Virginia Tech)

Officers:

Chairmand Sama Blbao Y Leon (Virginia Commonwealth University)
ViceChairmand Alireza Haghighat (Virginia Tech)

Treasurerd William A. FOXRWXY)

Secretaryd Tom Depaty (AREVAINC)

Activities and Accomplishments:

In 2016, VNEC continued thie efforts to support continued and expanded research at the
Center for Advanced Engineeringds (CAER) Inte
entailed a number of activities:

1 Developed and executed an advocacy strategy resulting in financial backimghe
Commonweal th of Virginiads 2017 Budget,;

1 Signed a Memorandum of Understanding with CAER promoting joint efforts to bring
more nuclear research funding into Virginia and create more nuclear workforce
opportunities;

1 Helped promote and market the fadtly and its capabilities to the Department of
Energy, Nuclear Regulatory Commission, national labs, and other interested parties,
companies, and organizations.

VNEC al so worked throughout the year to stren
research negwork.

12



T Worked with Virginiads various nucl ear eng
recognition of their research assets and capabilities and promote them to potential
funding agencies, such as the DOE, NRC, NNSA, DHS, DOD, and NASA, as well as
Viginh ads nucl ear research, industry, and uti
1 Worked with Virginia legislators and officials to help them develop awareness and
recognition of the research assets and cap
programs;
1 Supported the coordhation and joint development of novel nuclear reactor concepts
indigenous to Virginia with the goal of eventually deploying these unique facilities in
the Commonwealth and making Virginia the true innovation center of the world for
future nuclear designs.

As identified in 2015, VNEC continued to focus on and prioritize workforce development. In
furtherance of this goal, VNEC conducted a number of activities

1 Advocated for the Development of aaofficial EnergyWorkforce Cluster to become
Virgini adésCluitét;t h Car

1 Advocated for the expansion afiuclear energy training programand certificate
programsst at ewi de t hrough strategic partnershi

System
1 Communicated state nuclear workforce needs and recommendations to state
government and | egislative officials as we

71 Coordinated advocacy efforts with the Virginia Energy Workforce Consortium (VEWC),
International Brotherhood of Electrical Workers (IBEW) and others;

1 Planned for a 2017 Nuclear Energy Career Day for high school, community college,
and university students and faculty;

1 Developed a nuclear energy job postings board through the VNEC website.

Beyond VNECOs emphasis on workforce devel opme
embraced a public policy advocacy role on a number of other relevant nuclear energy topics,

working withlegislators and othergovernmentofficials at the local, regional, state and

federal levels of governmentThrough coordination of the government affaffices of

VNEC member organizations, the Consortidocused on raising awareness on topics such

as the potential impact of nuclear plant closures, the role nuclear generation can play in

meeting clean air goals, the importance of extending the operatihgi censes f or Vi rg
nuclear plants, and more.

Whil e advocacy work comprised the nearly the
year, the Consortium also hosted the first Virginia Nuclear Energy Summit in Richmond, VA

in June 2016. The conferace, held in partnership with the Nuclear Energy Institute (NEI),
welcomed nearly 100 attendees from government, industry, labor and academia and

13



included a variety of engaging panels and presentations, including a keynote address from
Virgini a®sCobeere and Taadey Maurice Jones.

Finally, VNEC continued to embrace its role a
industry through engagements with various Virginia publications, participation in and

support of a variety of energgonferences, and public support of numerous grants through
Virginiads education institutions.

14



RECOMMENDATIONS

The Virginia Nuclear Energy Consortium Authority (Authority) offers the following
recommendations to policy makers to advanceuclear energy in Virginia.

1. Recognize and support Authority efforts to establish the Commonwealth as a national
and global leader in nuclear energy, science and technology and serve as an
interdisciplinary study, research and information resource for tt@ommonweath on
nuclear energy issues.

2. Leverage Virginia international corporate outreach and intergovernmental efforts to
support the Virginiabased nuclear design, repair and installation industries. Virginia
is home to global leaders in the nuclear engy sector, such as AREVA Inc., BWX
Technologies, Inc., Bechtel and Newport News Shipbuilding. In addition, dozens of
other companies located all across Virginia provide services, supplies and support to
nuclear facilities inside the Commonwealth and glolig. The nuclear sector drives
Virginiads economy in every region, creat:.i
and generating revenues aithe state and local level.

3. Virginia is home to two of only 31 nuclear engineering programs in the U.S. (Viagini
Commonwealth University and Virginia Tech.) The Commonwealth should strengthen
Virginiads existing nuclear science, engin
pipeline of highly educated and highly skilled workers necessary to continue creating
high-paying jobs for Virginians and to sustain our nucleardustry for the long term.

4. The Authority supportshe efforts of Governor Terry McAuliffand his Administration
and companies such aDominion, AREVA Inc. and othets encourage the EPA to
level the playing field and treat nuclear generation equitably to other n@mitting
generation resources.

5. Virginiads current diverse energy generati
our low, stable energy prices and reliable service. The Authority sogip efforts to
maintain a diverse energy generation mix to avoid owveliance onany single source
of energy.

6. Regulatory certainty is important given the loAgad decisions required for the
continued safe and efficient operation of existing nuclear asts and the substantial
capital commitments associated with constr
energy policy should view nuclear assets in light of their capacity to reliably deliver
power and provide source diversity for an energy portfolio thatraeves the emission
reductions required bypending federal regulations.

15



7. Recognize and support nuclear energy issues and innovative nuclear technologies
identified and pursued by the Virginia Nuclear Energy Consortium.

8. Encourage the GoverngiSecretary ¢ Natural Resources, Secretary of Commerce
and Trade, Director of the Department of Environmental Quality, Director of the
Department of Mines, Minerals and Energy arfdeputy Attorney General for
Commerce, Environment and Technology consider the criticd role nuclear energy
can and shouldplay in carrying out the carbon reduction goals established by
Executive Order 57.

9. Support legislation to clarify that expenses associated with-Hieensing a nuclear

powered electric generation unit should receive theame regulatory treatment and
cost recovery as investments inew aroundthe-clock generation.

16



Appendix A:

Virginia Nuclear Energy Asset Inventory
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AppendixB:

Nuclear Engineering Schools and Programs
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NuclearEngineering and Related Fields of Study in VA Higher Education

Various Virginia universities have programs aimed at addressing needs in nuclear energy or related
fields. There are two programs that have received State Council of Higher EducatioViminia

(SCHEV) approval for offering nuclear engineering related degrees. Virginia Commonwealth University
(VCU) offers MS and PhD hybrid degrees in Mechanical and Nuclear Engineering. Virginia Tech offers
MS, MEng, and PhD degrees in Nuclear Engineetidgmore complete listing of nucleatelated

degrees follows.

Virginiads Public Universities and
NuclearRelated Fields of Study

Degree I nventory at Virgini aBdate€Creld$ of$fueys and

Institution Degree Program Area
VCU BS Mechanlcql Eng_lneerlng with a
Nuclear Engineering Concentratiot
VCU MS Mechanlcql anq Nuclear
Engineering
Mechanical and Nuclear
veu PhD Engineering
Nuclear Medicine Technology
veu BS (Clinical Radiation Sciences)
VCU MS Medical Physics
VCU PhD Medical Physics
VCU BS Radiation Science
VCU PhD Radiation Science
VCU BS Radiation Therapy
VCU BS Radiography
Virginia Tech Certificate Nuclear Engineering
Virginia Tech Mast e Nuclear Engineering
Virginia Tech Doctorate Nuclear Engineering
Old Dominion University Bachel Nuclear Medicine Technology
Averett University Bachel Radiologic Technology
Jefterson C(_)IIege of Health Bachel Radiologic Science
Science
Virginia Western Community Certificate Medical Radiologic Technology
College
Virginia Western Community ASsoci Radiation Oncology
College
Virginia Western Community Certificate Radiation Oncology
College
Central Virginia Community A .| Nuclear Technology, Radiologic
ssoci :
College Technology, Heath physics

29
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Related Areas of Study

Civil Engineering

Mechanical Engineering

Engineering Technicians

Physics

Occupational Health and Safety Specialists

= =4 =4 -8 9

Nuclear Programsand RelatedAreasof $ udy at Vi rgini ads
Virginia Tech

TheNuclear Engineering Prograns located within theMechanical Engineering

Department and consists of five faculty members and one staff person along with several
supporting faculty from the department.The program offers M.S./M.Eng. (thesis and nen
thesis options) and Ph.D. degrees in Nuclear Engineering.Graduate Certificate in Nuclear
Engineering is also open to all engineering and science graduate studers.
undergraduate Minor in Nuclear Engineering is under development.

Virginia Tech revived its nuclear engineering program in 2007 and immediately started
offering undergraduate and graduate courseworRhe program received its SCHEV approval
for offering MS, MEng and PhD degrees in Nuclear Engineering effective spring 2014. The
first MS degree in Nuclear Engineering was conferred in the 2014 spring semester. Since
2011, the program also has issued over 44 graduate certificates in nuclear engineering.
The majority of graduate nuclear engineering courses are available online via distance
learning.

Typical enrollment in nuclear engineering courses varies from 140 to 175 students. This
enrollment number is expected to rapidly increase now that Virginia Tdws the authority

to issue graduate nuclear engineering degrees and is developing an undergraduate Minor in
nuclear engineering.

Virginia Commonwealth University

The Virginia Commonwealth University Department of Mechanical and Nuclear Engineering
offers an accredited B.S. degree in Mechanical Engineering with a nuclear engineering
concentration (program is ABET accredited for BOTH Nuclear Engineering and Mechanical
Engineering criteria) as well as an M.S. degree in Mechanical and Nuclear Engineering and a
Hybrid Ph.D. in Mechanical and Nuclear Engineering.

The nuclear engineering programs were created in 2007 in response to the strong demand
for new nuclear engineers in both the public and private sector.
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The Department Mechanical and Nuclear Engineerirgythe largest in the VCU School of
Engineering, currently enrolling approximately 550 undergraduate students and 70 M.S. and
Ph.D. students. The department has 24 fulime faculty members who teach and perform
research in cuttingedge areas such as smariaterials, drug delivery systems, nanoscale
materials, biomedical devices, robotics, energy conversion systems, nuclear engineering,
surface science and air filtration.

Quick facts of the VCU Mechanical and Nuclear Engineering Department:
91 Degrees offered:
o B.S. in Mechanical Engineering (Optional nuclear engineering major
concentration)
o0 M.S. in Mechanical and Nuclear Engineering
o0 Online M.S. in Mechanical and Nuclear Engineering
0 Hybrid Ph.D. in Mechanical and Nuclear Engineering
1 Undergraduate enrollment (20%4-2015): 550
1 Graduate enrollment (20142015): 70
1 Faculty (20142015): 24

Old Dominion University

The Old Dominion University Program in Nuclear Medicine Technology: The Nuclear Medicine
Technology (NMED) program is a nationally accredited program thaeffundergraduates

an opportunity to earn aB a ¢ h edf Screrices degree in Nuclear Medicine Technology. The
ODU NMED program has graduated nearly 150 students sirit®inception in 1987. The
program leads to a Bachelor of Science in Nuclear Medicinecheology (BSNMT)The

Program is accredited by thdoint Review Committee on Educational Programs in Nuclear
Medicine Technology (JRCNMand can accept 12 students annually. The NMED program
includes a variety of orand off-campus courses, over 1300 hours of clinical experiences, as
well as one distance class offered through TELETECHNET.

The Nuclear Technology option Mechanical Engineering Technology a special program
available only to graduates of the U. Slavy Nuclear Power School. Graduates of this
program receive advanced standing credits that apply to the MET degree based on their
professional education in nuclear power systems.

University of Virginia

The University of Virginia offers educational progns and performs research in the following
areas closely related to Nuclear Technology, listed in alphabetical order:

Within the College of Arts and Sciences, the Physics Department and the Institute of Nuclear
and Particle Physics support leading researgroups in this basic area of physics. Faculty
members are the spokesmen for experiments that test fundamental aspects of nucleon and
nuclear structure. These include experiments at the Stanford Linear Accelerator Center
(SLAC) in Menlo Park, CA on the onigf the nucleon's spin, the details of the charge
distribution of the neutron at Thomas Jefferson National Accelerator Facility (TINAF) in
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Newport News, VA, and a precision measurement of pion beta decay at the Paul Scherrer
Institute (PSI) in Switzerlaah. 36 fulltime tenured and tenure track faculty the Physics
Department offer B.A., B.S., M.S., and Ph.D. degrees.

Within the School of Engineering and Applied Science (SEAS), researchers in the Department
of Civil and Environmental Engineering investigatiee longterm containment of lowevel
radioactive waste (LLW) and mixed waste (MW, blended LLW and hazardous waste). They
collaborate with a larger research group called the CRESP Landfill Partnership sponsored by
DOE and NRCThe group works on all iages regarding LLW and MW disposaHowever,

most of the work focuses on barrier systems (liners and covers) for LLW disposal

facilities. Much of the emphasis is on understanding and predicting lo#grm performance
(1000 0 10,000 yr).

The Department of Materials Science and Engineering offers a wide variety of courses
relevant to nuclear applications of materials to both undergraduate and graduate students.
These range from courses on the structure of materials, including defect struiets arising
from irradiation, to materials behavior (electronic, optical, magnetic, mechanical, and
electrochemical).There are 18 fultime tenured or tenure track faculty in the departmentt
this time, there are approximately 100 undergraduate studestenrolled in Engineering
Science and there are approximately 100 graduate students enrolled in Materials Science
and Engineering or Engineering Physics (also administered by the department.) Degrees in
Engineering Science (B.S.), Engineering Physics (Mu&l Ph.D.), and Materials Science and
Engineering (M.Eng., M.S., and Ph.D) are offered.

Researchers within the Department of Materials Science and Engineering (MSE) perform a
wide range of computational modeling and experimental research capabilitieseent to
nuclear technology. Current nuclear technologglated research programs include
investigations of stress corrosion cracking a phenomenon relevant to nuclear power plant
operation as well as nuclear waste storage. Researchers in the department acdlaborating
with others throughout the nation on materials degradation issues related to loteym (80-
100 year) dry storage of spent nuclear fuel. Research is also underway related to the
manufacture (casting and deformation processing) of uranium meétand uranium alloy

based components.

In addition, the MSE department is home to the Center for Electrochemical Science and
Engineering (CESE) originally founded as the Applied Electrochemistry Laboratories in 1974.
In 1986, the Virginia Center for Innovéve Technology (CIT) identified CESE as a Technology
Development Center. It has grown to become one of the nation's leading research centers of
its kind. CESE is a muHdisciplinary research effort, which includes activities in the
Departments of Materids Science and Engineering, Chemical Engineering, Electrical
Engineering, Computer Science, and Physics. CESE addresses a critical field relevant to a
wide range of technologies including processing such as electroplating, batteries, fuel cells,
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and corroson. Corrosion, an electrochemical process, has a massive economic impact.
Studies show that the annual cost of corrosion to the U.S. economy is on the order of $200
billion. Everyday examples include the corrosion of reinforcing bars in concrete as all
deterioration of metal structures in chemical and nuclear power plants. Corrosion has an
impact on electric power generation, heat exchangers, shipping industries, food processing,
transportation, packaging and assembly of electronic components, spacepéoration, and
national defense. Finally, a major aspect of the Center is its education function. Masters and
doctoral degree programs are an integral part of the Center's research effort to provide
graduate engineers with skills required to address theseds of industry. Select
undergraduates are also invited to become involved in Center research programs as
research assistants.

The Department of Mechanical and Aerospace Engineering is home to approximately 450
undergraduate engineering students, making the largest department in the School of
Engineering and Applied Sciencat the University of Virginia. There are 21 fdalme tenured

and tenure track faculty. A wide range of courses and research opportunities relevant to
nuclear technology are offeredo undergraduate and graduate students. B.S., M.S., M.Eng.,
Ph.D. degrees in both Mechanical Engineering and Aerospace Engineering are conferred. In
particular, the department is home to the Rotating Machinery and Controls (ROMAC)
Industrial Programwhich supports cooperative research efforts conducted by faculty, staff,
and students in various departments in the School of Engineering and Applied Scieate

the University of Virginia.

The ROMAC Industrial Program emphasizes theoretical and experirakrgsearch in

general areas of rotordynamics, turbomachinery, structural dynamics, magnetic bearings,
the application of automatic controls to the dynamics of rotating machinery, internal
incompressible flows, the coupling of internal flows to the dynarsiof rotating machinery,

fluid film bearings, and seals. The interaction between industry and university professionals
through the medium of ROMAC provides the university researchers with an understanding of
practical industrial problems with rotating macimery while the industrial participants obtain
timely research results. For example, a current doctoral thesis research project involves
developing mathematical models and simulation tools to predict U enrichment centrifuge
behavior.

Of special note in 2A.6, the School of Engineering and Applied Science at the University of
Virginia received a 4 year grant from the Nuc
Start in Nuclear Materials Education and Rese
graduate educaton and research. Faculty from the Departments of Materials Science and
Engineering as well as Mechanical and Aerospace Engineering will mentor exceptional

students as they perform research in partnership with other federal and industrial sponsors.
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Withinthe School of Medicine, the Division of Nuclear Medicine is engaged in numerous
research endeavors to advance knowledge and promote the practical application of nuclear
medicine. Areas of study include:

A Small gamma camera utilization in clinic and operat: room

A Dual modality (xay and gamma) breast imaging

A Molecular imaging (microPET) system for small animal research
A Integrated CTSPECT system for small animal imaging

A Radiotracer tumor localization for surgical procedures

More broadly, the division of Nclear Medicine offers a full range of diagnostic and

therapeutic imaging services using radioactive materials. Positron emission tomography

(PET) is available using the latest technology, PET. PELCT combines PET and CT in a

single machine, which is ued to provide information about metabolism linked to CT

anatomy in a single exam. PET/CT is available for all approved clinical indications, including
oncologic, neurologic, and cardiac. Clinical service is provided at the main hospital as well as

the newEmily Couric Cancer Center, directly across the street from the main hospital.

Fellows work with the latest leading edge imaging equipment at both locations. The division

al so has access to research PET tracachs produ
facilities in nearby Fontaine Research Park.

Finally, the division of Nuclear Medicine offers an ACGHécredited oneyear fellowship in
Nuclear Radiology to candidates who have completed a residency in diagnostic radiology at
an ACGMEccredited inditution. Candidates must also have ABR or equivalent certification
and the ability to obtain a license to practice medicine in Virginia.

The University of Virginia is licensed to work with Radioactive Materials by the
Commonweal t h of VioffHgdltm RaaidlayicaDHealth Pragmrama cohsistent
with Virginia Radiation Protection Regulations 12 VA@81 (10 CFR 35.2).

Virginia Military Institute(\VVMI)

VMI offers a @&gree in Mechanical Engineering. Studentge able todeclare a nuclear
concentraton in mechanical engineering.

Enrollment in Mechanical Engineering 173 (Fall 2013)
Graduatedd 27 (2012-2013)

Liberty University

The School of Engineering and Computational Sciencdsstablished in fall 2007, Liberty
Uni versityods n eegreesinelectadalomedchanedl, toepuser, ahd industrial
engineering.
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Commonwealth of Virginia
Office of the Governor

Executive Order

NUMBER FIFTY SEVEN (2016)

DEVELOPMENT OF CARBON REDUCTION STRATEGIES FOR ELECTRIC POWER
GENERATION FACILITIES

Part -1 f the Initiati

Though our coastal communities may be the first to witness the effects of climate change,
the risks presented by increasingly fierce storms, severe flooding, and other extreme weather
events are not confined to a single geographic area. Neither are their causes. The economic
implications are significant, and we must do all we can to protect our critical military
infrastructure, our ports, our homes, and our businesses. It is only by acting together with
common purpose that the Commonwealth can effectively adapt and stave off the most severe
consequences of climatechange.

One key step forward is to continue with a strategic goal of reducing carbon emissions.
Virginia has already made meaningful strides —between 2005 and 2014, Virginia reduced its
carbon emissions from power plants by 21 percent. However, the electric sector is still
responsible for approximately 30 percent of the carbon dioxide pollution in the Commonwealth.
Moreover, electric companies are including carbon regulation projections in their long-term
plans. The electric sector is changing rapidly through increasing reliance on low and zero carbon
resources. As such, it is vital that the Commonwealth continue to facilitate and engage in a
dialogue on carbon reduction methods while simultaneously creating a pathway for clean energy
initiatives that will grow jobs and help diversify Virginia's economy.

Accordingly, by virtue of the authority vested in the Governor under Article V ofthe
Constitution of Virginia and under the laws of the Commonwealth, I hereby direct the Secretary
of Natural Resources to convene a Work Group, chaired by the Secretary, to study and
recommend methods to reduce carbon emissions from electric power generation facilities. The
Secretary shall receive input from interested stakeholders.

Such methods shall align with the Virginia Air Pollution Control Board's power to
promulgate regulations abating, controlling and prohibiting air pollution throughout or in any
part of the Commonwealth.
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