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A Typical Rulemaking Process

RULEMAKING TRIGGERS
¢ Congress/Executive order
* Commission/EDO direction

COMMISSION « Staff-identified need
REVIEW AND * Petition for rulemaking
APPROVAL OF DRAFT
COMMISSION
FINAL RULE REVIEW AND PUBLIC INVOLVEMENT/
* Commission issues APPROVAL OF STAKEHOLDER INPUT

staff requirements RULEMAKING PLAN  ® Advance notice of

<
b

. Smtim:r;ﬂﬂ proposed rulemaking
Commission * Draft regulatory basis
comments w * Preliminary proposed

rule language
¢ Public meeting

FINALIZE
REGULATORY
BASIS

STAKEHOLDER
INPUT *

e Agreement States
¢ Tribes

STAFF EVALUATES
PUBLIC
COMMENTS

PUBLISH FINAL PUBLISH PROPOSED

RU_LE ) RULE FOR COMMENT

 Final environmental * Draft environmental
assessment

"/ assessment

* Final regulatory RU LE * Draft regulatory
analysis COMPLIANCE analysis (cost-benefit) COMMISSION REVIEW AND
* Final guidance DEADLINE » Draft guidance APPROVAL OF DRAFT
¢ Public meeting PROPOSED RULE
* Commission issues stafg
requirements memorandum
* Stakeholder input occurs for materials-related » Staff resolves Commission comments
rulemaking and other activities as needed.
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Day in the Life of an NRC Resident Inspector
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Have a safe
day!

Y Learn more about resident inspectors. Watch the videos on
OURLLLT  the NRC YouTube Channel at https://www.youtube.com/user/
NRCgov.
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Dry Storage of Spent Nuclear Fuel

At nuclear reactors across the country, spent fuel is kept on site,
typically above ground, in systems basically similar to the ones shown
here. The NRC reviews and approves the designs of these spent fuel
storage systems before they can be used.

Once the spent fuel has sufficiently cooled, it is
loaded into special canisters that are designed
to hold nuclear fuel assemblies. Water and air
are removed. The canister is filled with inert gas,
welded shut, and rigorously tested for leaks. It is
then placed in a cask for storage or transportation.
The dry casks are then loaded onto concrete pads.

The canisters can

also be stored in
aboveground concrete
bunkers, each of which is
about the size of a one-car
garage.

Spent Fuel
Dry Storage
Overview
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Emergency Planning Zones

\_

Fish and
Water

A

Crops
and Soil

Milk and
Livestock

10-mile plume-exposure pathway

Note: A 2-mile (3.2-kilometer) ring around the plant is identified for evacuation, along with a 5-mile (8-kilometer) zone
downwind of the projected release path.
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Ensuring Safe Spent Fuel Shipping Containers
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The impact (free drop and puncture), fire, and water immersion tests are
considered in sequence to determine their cumulative effects on a given
package.
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Fuel

Assembly
Uranium
PFLIJIel Spent fuel assemblies are typically 14 feet

ellet (4.3 meters) long and contain nearly
200 fuel rods for PWRs and 80-100 fuel rods for
BWRs.
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How the NRC Regulates
1

Regulations and Guidance

* Rulemaking

¢ Guidance Development
e Generic Communications
e Standards Development

4 Support for Decisions Licensing B
gxpera_honal = N Decommissioning,
perience el ot and Certification
: (Eavents_ Alssessment * Performance Assessment * Licensing
LA L * Advisory Committee Activities * Decommissioning
e Adjudication o Certification

Oversight

* Inspection

e Assessment of Performance
e Enforcement

e Allegations

* |nvestigations

* |ncident Response

J

1. Developing regulations and guidance for applicants and licensees.

2. Licensing or certifying applicants to use nuclear materials, operate nuclear
facilities, and decommission facilities.

3. Inspecting and assessing licensee operations and facilities to ensure licensees
comply with NRC requirements, responding to incidents, investigation allegations
of wrongdoing, and taking appropriate followup or enforcement actions when
necessary.

4. Evaluating operational experience of licensed facilities and activities.

5.  Conducting research, holding hearings, and obtaining independent reviews to

support regulatory decisions.
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License Renewal Process

@ Not applicable to the subsequent license
renewal process
@ Opportunities for public interaction
Onsite * | a request for a hearing is granted
Safety Review Inspection(s) ** Available at htfps:/www.nrc.gov
10 CFR Part 54

Inspection
Reports
Issued**

Safety
Evaluation
Audit & Review

License Renewal
Process and
Environmental
Scoping Meeting

Safety Evaluation
Report Issued™

Advisory
Committee on
Reactor Safeguards
(ACRS) Review

Environmental
Review
10 CFR Part 51

START

License
Renewal
Application™

Draft Site Environmental Audit

Supplement
to Generic .
Environmental \%}}\ ///./4,
Impact @ — ’//2'5-/

Statement Draft Hearings -
(GEIS) Issued** Supplemental o
Environmental Py
Inpact Statement f£
Public Comment/Meeting Q

Final Supplement

to GEIS Issued* NRC Decision L]

on Application™ ()
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Low-Level Radioactive Waste Disposal

- ! Impermeable
op Soi Clay-Reinforced
Low-Level Concrete Vaults
Waste Z

Canisters
Impermeable
Backfill

Drainage
System

This LLW disposal site accepts waste from States participating in a regional
disposal agreement.

* USNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment

As of August 2019




Agreement States

< _
':‘-‘

= [J Agreement States
ey MP( [ Non-Agreement States
l‘ \ [] States Pursuing Agreements

Note: For the most recent information, go to the Dataset Index Web page at https://www.nrc.gov/reading-rm/doc-collections/datasets/.
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Gross Electricity Generated in Each State by Nuclear Power

Total Nuclear Power Generated (in thousand megawatt-hours)

None

Note: *U.S. Territories not pictured. American Samoa, Guam, Northern Mariana Islands, Puerto Rico, U.S. Virgin
Islands, and Minor Qutlying Islands do not generate nuclear power.

20 States
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Gross Electricity Generated in Each State by Nuclear Power

Total Nuclear Power Generated (in thousand megawatt-hours)

None
20 States

Note: *U.S. Territories not pictured. American Samoa, Guam, Northern Mariana Islands, Puerto Rico, U.S. Virgin
Islands, and Minor Outlying Islands do not generate nuclear power.

Total Nuclear Power Generated by State (in thousand megawatt-hours)

Total Nuclear % of Nuclear Total Nuclear % of Nuclear
State Generated Electricity State Generated Electricity

Source: DOE/EIA, Net Generation by State, Type of Producer and Energy Source —Tables for 2017 Released
September 2018. Next Update: November 2019, “Monthly Nuclear Utility Generation by State and Reactor,”
Annual December 2017, EIA-923 and EIA-860 Reports, https://www.eia.gov

' USNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment

As of August 2019



License Renewals Granted for Operating Nuclear
Power Reactors

& =1 unit
& = 2 units
a = 3 units

Licensed to Operate (97)
a Original License (8) a License Renewal Granted (89)

Note: The NRC has issued a total of 94 license renewals; five of these units have permanently shut down.
Data are current as of June 2019. For the most recent information, go to the Dataset Index Web page at
https://www.nrc.gov/reading-rm/doc-collections/datasets/.

“LUSNRC

United States Nuclear Regulatory Commission
Protecting People and the Environment

As of August 2019




Licensed and Operating Independent Spent Fuel Storage
Installations by State

A ISFS| site-specific license (15)
@ [SFS| general license (65)
35 States have at least one ISFSI

ALABAMA ILLINOIS MISSISSIPPI PENNSYLVANIA
@ Browns Ferry @ Braidwood @ Grand Gulf @ Limerick
@ Farley @Byron MISSOURI @ Susquehanna
ARIZONA @ Ciinton @ Callaway o EeaC" 'ﬂ"m
@ Palo Verde A GEH Morrs (Wef) @ Beaver Valley
i ° Eressdl?n N.E%%Aoﬁs;‘\ Soo ThreZA Ml(I;‘: Island

@LaSalle UTH CAROLINA
@ Arkansas Nuclear @ Quad Cities @ Ft. Calhoun ®A Oconee
CALIFORNIA @ Zion NEW HAMPSHIRE ® A Robinson
A Diablo Canyon @ Seabrook ® Catawba
A Rancho Seco 1WA @ Summer
@ San Onofre @ Duane Amold ’fvlzoJiRgS;k
A Humboldt Bay LOUISIANA i S
COLORADO ® River Bend OOySErCiesk @ Yats par
A Fort St. Vrain ® Waterford

: NEW YORK TEXAS
CONNECTICUT 'ﬂ'ﬁn - @ ndian Point @ Comanche Peak
@ Haddam Neck aine rankee @ FitzPatrick @ South Texas Project
@ Millstone MARYLAND ! @ Ginna UTAH
FLORIDA A Calvert Cliffs @ Nine Mile Point " Private Fuel Storage*
@ Crystal River MASSACHUSETTS NORTH CAROLINA
@ St. Lucie @ Yankee Rowe @ Brunswick \ERMONT
@ Turkey Point @ Pilgrim @ McGuire Vermont Yankee
GEORGIA MICHIGAN OHIO e
@ Hatch @ Big Rock Point @ Davis-Besse by Surry
@ Vogtle @ Palisades @ Perry North Anna
IDAHO [} Cook_ OREGON WASHINGTQN
A DOE: Three Mile Islang-2 @ Fermi ATrojan ® Columbia
(Fuel Debris) MINNESOTA WISCONSIN

/A DOE: Idaho Spent Fuel Facility ~ @ Monticello ® Point Beach

A Prairie Island ® Kewaunee

@ LaCrosse

* Facility licensed only, never built or operated. Alaska and Hawaii are not pictured and have no sites. Data are current as
of June 2019. NRC-abbreviated site names listed. For the most recent information, go to the Dataset Index Web page at
https://www.nrc.gov/reading-rm/doc-collections/datasets/.
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Locations of New Nuclear Power Reactor Applications

Clinch River (ESP)
Shearon Harris*

William States Lee

Turkey Point

Comanche Peak*
A: A proposed new reactor at or near an existing nuclear plant ‘ =1 unit
1!,: A proposed reactor at a site that has not previously produced nuclear power B — i
=

A: Approved reactor

* Review suspended
Note: On July 31, 2017, South Carolina Electric & Gas announced its decision to cease construction on V.C. Summer Units 2 and 3, and the
licensee has requested that the COLs be withdrawn. As of October 2017, Duke Energy has announced plans to cancel reactors at Levy
County, FL, and William States Lee, SC. Applications were withdrawn for Calvert Cliffs, Grand Gulf, Nine Mile Point, Victoria County,
and Callaway (COL and ESP). In June 2018, Nuclear Innovation North America submitted a letter requesting that the COLs for South
Texas Project Units 3 and 4 be withdrawn. NRC-abbreviated reactor names listed. Data are current as of July 2019. For the most recent
information, go to the Dataset Index Web page at https://www.nrc.gov/reading-rm/doc-collections/datasets/.
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Locations of NRC-Licensed Fuel Cycle Facilities

. Uranium Hexafluoride Conversion Facility (1) A Uranium Enrichment Laser Separation Facility (1)
. Uranium Fuel Fabrication Facility (5) . Depleted Uranium Deconversion Facility (1)
A Gas Centrifuge Uranium Enrichment Facility (2)

Note: There are no fuel cycle facilities in Alaska or Hawaii.
For the most recent information, go to the Dataset Index Web page at hitps://www.nrc.gov/reading-rm/doc-collections/
datasets/.
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Locations of NRC-Licensed Uranium Recovery Facility Sites
(Includes sites undergoing decommissioning)

[O] States with authority to license uranium recovery facility sites
[] States where the NRC has retained authority to license uranium recovery facilities
e NRC-licensed uranium recovery facility sites (8)

Note: For the most recent information, go to the Dataset Index Web page at https://www.nrc.gov/reading-rm/doc-collections/datasets/.

“® USNRC

United States Nuclear Regulatory Commission
ing People and the Envi

As of August 2019




Locations of NRC-Regulated Sites Undergoing
Decommissioning

= N .

B Power Reactor Sites (22) M Research and Test Reactors (3)
® Complex Materials (11) W Uranium Recovery (5)
@ Fuel Cycle Facilities (1)

Note: For the most recent information, go to the Dataset Index Web page at https://www.nrc.gov/reading-rm/doc-collections/datasets/.
Data are current as of July 2019.
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NRC Regions

Region IV

Region Il

usvt T
N
gi= PR

* Headquarters (1)

@ Regional Office (4)

B Technical Training Center (1)

M Region IV oversees a nuclear plant
in Missouri

Nuclear Power Plants
e Fach regional office oversees the plants in its region—except for the Callaway plant in Missouri,

which Region IV oversees.

Materials Licensees
¢ Region | oversees licensees and Federal facilities located in Region | and Region II.

* Region Il oversees licensees and Federal faclilities located in Region IlI.
® Region IV oversees licensees and Federal facilities located in Region V.
Nuclear Fuel Processing Facilities

* Region Il oversees all the fuel processing facilities in all regions.
¢ Region Il also handles all construction inspection activities for new nuclear power plants and fuel

cycle facilities in all regions.
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Licensed and Operating Independent Spent Fuel Storage
Installations by State

A ISFSI site-specific license (15)
@ (SFS| general license (65)
35 States have at least one ISFSI

ALABAMA ILLINOIS MISSISSIPPI PENNSYLVANIA
@ Browns Ferry @ Braidwood ® Grand Gulf @ Limerick
@ Farley @Byron MISSOURI @ Susquehanna
ARIZONA @ Clinton @ Callaway @ Peach Bottom
© Palo Verde A GEH Morris (W) NEBRASK @:Beayer velley
o @ Dresden © Cooper @ Three Mile Island

®Lasale Ft Calh SOUTH CAROLINA
@ Arkansas Nuclear @ Quad Cities @ Ft. Calhoun ®A Ooonee
CALIFORNIA @®Zion NEW HAMPSHIRE ® A Robinson
A Diablo Canyon @ Seabrook ® Catawba
A Rancho Seco 1WA @ Summer
@ San Onofre @ Duane Arnold NE\IA-II JER(S;EY ) U
A Humboldt Bay LOUISIANA it i
COLORADO ®River Bend @ Oyster Creek @ \Watts Bar
A Fort St. Vrain @ Waterford

g NEW YORK TEXAS
CONNECTICUT v S ®ndian Point @ Comanche Peak
@ Haddam Neck @ FitzPatrick ® South Texas Project
@ Millstone MARYLAND @ Ginna UTAH :
FLORIDA A Calvert Cliffs @ Nine Mile Point " Private Fuel Storage*
@ Crystal River MASSACHUSETTS NORTH CAROLINA
@ St. Lucie @ Yankee Rowe @ Brunswick \ERMONT
@ Turkey Point @ Pilgrim @ McGuire Vermont Yankee
GEORGIA MICHIGAN OHIO b
@ Hatch @ Big Rock Point ODaisBesse o) Surry
@ Vogtle @ Palisades @ Perry North Anna
DAHO @ Cook OREGON WASHINGTON
A DOE:Three Mile Island-2 @ Fermi ATrojan ® Columbia
(Fuel Debris) MINNESOTA WISCONSIN

/A DOE: Idaho Spent Fuel Facility ~ @ Monticello ® Point Beach

A Prairie Island ® Kewaunee

® LaCrosse

* Facility licensed only, never built or operated. Alaska and Hawaii are not pictured and have no sites. Data are current as
of June 2019. NRC-abbreviated site names listed. For the most recent information, go to the Dataset Index Web page at
https://www.nrc.gov/reading-rm/doc-collections/datasets/.
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Licensed and Operating Independent Spent Fuel Storage
Installations by State

]

A SFS| site-specific license (15)

® [SFSI general license (65)
35 States have at least one ISFSI

(5!? USNRC *Facility licensed only, never built or operated. Alaska and Hawaii are not pictured and have no sites. Data are current as
United States Nuclear Regulatory Commission of June 2019. NRC-abbreviated site names listed. For the most recent information, go to the Dataset Index Web page at
Protecting People and the Environment https://www.nrc.gov/reading-rm/doc-collections/datasets/.
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Power Reactor Decommissioning Status
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U.S. Operating Commercial Nuclear Power Reactors
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gl & =1 unit
&=2units

&: 3 units

Licensed to Operate (97)
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Power Reactor Decommissioning Status

© SAFSTOR
(D DECON

CALIFORNIA

© GE EVESR

© GE VBWR

® Humboldt Bay 3

[1" Rancho Seco

® San Onofre 1

D San Onofre 2 and 3

COLORADO

[ Fort St. Vrain
(DOE License)

CONNECTICUT
® Millstone 1
[I' Haddam Neck

FLORIDA
® Crystal River 3

ILLINOIS
© Dresden 1
© Zion 1 and 2

MARYLAND

© N.S. Savannah
MASSACHUSETTS
©® Pilgrim

[T Yankee Rowe

MAINE
[ Maine Yankee

Alaska and Hawaii are not pictured and have no sites.
Notes: ISFSls are also located at all sites undergoing decommissioning or in SAFSTOR. GE Bonus, Hallam, and Piqua decommissioned
reactor sites are part of the DOE nuclear legacy. For more information, visit DOE’s Office of Legacy Management LM Sites Web page at
https://www.energy.gov/Im/sites/. CVTR, Elk River, and Shippingport decommissioned reactor sites were either decommissioned before
the formation of the NRC or were not licensed by the NRC. Licensees have announced their intention to permanently cease operations for
Three Mile Island (2019), Davis Besse (2020), Perry (2021), Indian Point (2020 and 2021), Beaver Valley (2021), Palisades (2022), and Diablo
Canyon (2024 and 2025). NRC-abbreviated reactor names are listed. For the most recent information, go to the Dataset Index Web page at
https://www.nrc.gov/reading-rm/doc-collections/datasets/. Data are current as of July 2019.
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MICHIGAN
© Fermi 1
[T Big Rock Point

NEBRASKA
© Fort Calhoun

NEW JERSEY
D Oyster Creek

NEW YORK
® Indian Point 1
[T Shoreham

OREGON
[I' Trojan

PENNSYLVANIA

[T Saxton

© Peach Bottom 1

© Three Mile Island 2

SOUTH DAKOTA
[T Pathfinder
VERMONT

(D Vermont Yankee
WISCONSIN

D LaCrosse
© Kewaunee




U.S. Nuclear Research and Test Reactors

@ RTRs Licensed/Currently Operating (31)

Note: For the most recent information, go to the Dataset Index Web page at https://www.nrc.gov/reading-rm/doc-collections/datasets/.
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U.S. Operating Commercial Nuclear Power Reactors

REGION |

CONNECTICUT
A Millstone 2 and 3

MARYLAND
A& Calvert Cliffs 1 and 2

NEW HAMPSHIRE
& Seabrook

NEW JERSEY
A Hope Creek
& Salem1and 2

NEW YORK

& FitzPatrick

& Ginna

& Indian Point 2 and 3

& Nine Mile Point 1
and 2

PENNSYLVANIA

A& Beaver Valley 1 and 2
& Limerick 1 and 2

& peach Bottom 2 and 3
& Susquehanna 1 and 2
A Three Mile Island 1

REGION I

ALABAMA

& Browns Ferry 1,2,
and 3

& Farley 1.and 2

FLORIDA
& St Lucie 1and 2
& Turkey Point 3 and 4

GEORGIA
& Hatch 1and 2
& Vogtle 1 and 2

NORTH CAROLINA

& Brunswick 1and 2
& McGuire 1 and 2
& Harris 1

SOUTH CAROLINA

& Catawba 1and 2
& Oconee 1,2,and 3
& Robinson 2

& Summer

TENNESSEE
& Sequoyah 1and 2
& Watts Bar 1 and 2

VIRGINIA
& NorthAnna 1and 2
& Surry1and2

Licensed to Operate (97)

REGION I

ILLINOIS

A Braidwood 1 and 2
A Byron1and 2

A Clinton

A Dresden 2 and 3
A LaSalle 1 and 2

A Quad Cities 1 and 2

I0WA
A Duane Amold

MICHIGAN

A. Cook 1and 2
A. Fermi 2

A. Palisades

MINNESOTA
A. Monticello
A Prairie Island 1 and 2

OHIO
A Davis-Besse
A Perry

WISCONSIN
A. Point Beach 1 and 2

& =1 unit

& =2 units
a = 3 units
REGION IV
ARKANSAS
& Arkansas Nuclear 1and 2
ARIZONA
& PaloVerde 1,2,and 3
CALIFORNIA
A& Diablo Canyon 1 and 2
KANSAS
& Wolf Creek 1
LOUISIANA

& River Bend 1
& Waterford 3
MISSISSIPPI

& Grand Gulf
MISSOURI

& Callaway

NEBRASKA
& Cooper

TEXAS
& Comanche Peak 1 and 2
& South Texas Project 1 and 2

WASHINGTON
& Columbia

Note: NRC-abbreviated reactor names listed. Data are current as of July 2019. For the most recent information,
go to the Dataset Index Web page at https://www.nrc.gov/reading-rm/doc-collections/datasets/.
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New Reactor Licensing Process

Safety Review

Report

Combined
License
Application ,
Final
Safety
@ Evaluation

Notice of
Environmental Hearing
Review
P
o
Hearings a
Final O
Environmental Ll
Impact — O
Statement Commission
Decision on
Application
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NRC Approach to Source Security

w E EEn
< Information 4
National Registry of Sources

t [ 1 ¢
Protection Access Control/

Physical Barriers

-~

Monitor, Detect,
LICENSING AND PHYSICAL
OVERSIGHTT] controLs
"Eand Criminal SOURCE
History Records Response and
SECURITY

wBL—

Web-Based Llnensi@ -
Central Repository of Licenses

Monitoring of
Shipments

Reporting

INTERNATIONAL
MISSION

COORDINATION Annual Security and
AND SUPPORT Control Program Review

Law Enforcement )
Coordination Federal Agencies
Threat Assessment
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NRC FY 2019 Distribution of Enacted Budget Authority;
Recovery of NRC Budget

Nuclear Reactor
Safety Program:
76% ($690.4 Million)

Nuclear Materials and
—— Waste Safety Program:
21% ($193 Million)

Integrated University Program:
2% ($15 Million)

Inspector General:

1% ($12.6 Million)

Nuclear Reactor
Safety Program:
77% (2,399 FTE)

Headquarters
74% (2,313 FTE)

Nuclear Materials and
——— Waste Safety Program:
21% (644 FTE)

Total
FTE:
3,106

Inspector General:
Regions 2% (63 FTE)

26% (793 FTE)

Reactor Fees:
$710.9 Million

Nuclear Materials
Fees: $70 Million

Recovery
of Budget
FY 2019

Budget Not Recovered By
Fees: $130.1 Million

Estimated Fees To Be
o—— Recovered FY 2019:
$780.8 Million*

* Recovered fees do not include the use of prior-year carryover where fees were previously collected.
Notes: The NRC incorporates corporate and administrative costs proportionately within programs.
Numbers are rounded. Enacted budget for FY 2019.
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NRC Organizational Chart

Commissioner

Commissioner

The Commission

Chairman Commissioner

Commissioner

[ ]

Executive Director,
] Advisory Committee Director, Office of Director, Office
on Reactor Saf d: gressional Affairs of Public Affairs

Director, Office of
Commission Appellate
Adjudication

Chief Administrative Judge
(Chairman), Atomic Safety
and Licensing Board Panel

l Inspector General I

General Counsel

Director, Office of
International Programs

Secre
of the Commission

Executive Director
for Operations

Chief Financial
Officer

E=ED
=
==

Deputy Executive Director
for Reactor and
Preparedness Programs

Regional Administrator
egion

Regional Administrator
Region Il

Regional Administrator
Region Il

Regional Administrator
Region IV

Director, Office of
Nuclear Security and
Incident Response

* Director, Office of
Nuclear Reactor
Regulation

Deputy Executive Director for Materials,
Waste, Research, State, Tribal, Compliance,
Administration, and Human Capital Programs

Director, Office of
Small Business
and Civil Rights

Director, Office of

Nuclear Regulatory
Research

Director, Office of
Enforcement

Director, Office of
Nuclear Material
Safety and Safeguards

Director, Office of
Investigations

Director, Office of
Administration

Chief Human
Capital Officer

Chief Information
Officer

@
s
=d
S
=
@

Assistant for

Note: For the most recent information, go to the NRC Organization Chart at https://www.nrc.gov/about-nrc/organization.html.
*Effective October 1, 2019, the Office of New Reactors will merge with the Office of Nuclear Reactor Regulation.
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NRC Post-Fukushima Safety Enhancements

Seismic
Defense quipment

Spent Fuel Pool
Instrumentation

mergency
reparedness

FLEX Offsite Flooding
Equipment Defense

Note: FLEX refers to the industry’s term for mitigation strategy equ
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NRC Research Funding, FY 2019

N

Total $63 Million

B Reactor Program—$47 Million
B New/Advanced Reactor Licensing—$14 Million
[l Materials and Waste—$2 Million

et

Note: Dollars are rounded to the nearest million.
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NRC Total Authority, FYs 2009-2019

Carryover Authority e Full-Time

E Total Authority
Dollars in Millions ® Equivalents (FTE)

Dollars in Millions

Note: Dollars are rounded to the nearest million.
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NUCLEUS

e

NUCLEUS NEW
NEUTRON & NEUTRON
’ >W \ 9
@)

. FRAGMENT
Nuclear Reaction
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Nuclear Share of Electricity Generated by Country

France Slovakia Ukraine Hungary Sweden Belgium Switzerland Slovenia
50.6% 37.7% 35.9%
Bulgaria Czech Rep. Finland Armenia Rep. Korea Spain U.S.A. Russia
( ( ( @ f } f@ -
OIS @, — A )
34.7% 34.5% 32.4% 25.6% 23.7% 19.3% 17.9%
United Klngdom Romama Canada Germany Pak|5tan Jﬂan Mexu:o Argentlna
& I B ‘
</
17.7% 17.2% 14.9% 11.7% 6.8% 6.2% 5.3% 4. 7%

S. Afrlca C&ina In-clia Netherlands Brazil

Y

4.7% 4.7%

Note: Each country’s short-form name is used.
Source: IAEA, Power Reactor Information System database, as of May 2019 for 2018
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Principles of Good Regulation
Independence: Nothing but the highest possible standards of ethical
performance and professionalism should influence regulation.
Openness: Nuclear regulation is the public’s business, and it must be
transacted publicly and candidly.
Efficiency: The highest technical and managerial competence is required
and must be a constant agency goal.
Clarity: Regulations should be coherent, logical, and practical. Agency
positions should be readily understood and easily applied.
Reliability: Regulations should be based on the best available knowledge
from research and operational experience.
N\
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Reactor Oversight Action Matrix Performance Indicators

Performance Indicators

INCREASING SAFETY SIGNIFICANCE

Inspection Findings

INCREASING SAFETY SIGNIFICANCE

pasilishl i

Protecting People and the Enviranment
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Reactor Oversight Framework

Mission

Strategic
Performance Reactor Safety Safeguards
Areas

Cornerstones Initiating Mitigating Barrigr Emergency Security
Events Systems Integrity | Preparedness

' USNRC
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Cross-Cutting
Areas




Reactor Phases of Decommissioning

*Under DECON some licensees have submitted the PSDAR before shutdown (license transfer model).

' USNRC

United Suaes Nuclear Regulatory Comission
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NRC Conducts (!
Survey i

Under SAFSTOR, a nuclear power plant is maintained and monitored in a condition that allows the
radioactivity to decay; afterwards, the plant shifts to DECON as the facility is dismantled and the property
decontaminated.

Under DECON, equipment, structures and portions of the facility containing radioactive contaminants are
removed or decontaminated to a level that permits release of the property and termination of the NRC
license.




Security Components

Water Barriers _ Intrusion Detection
| System/Fenceline

Protecting nuclear facilities requires all of the security features to come
together and work as one.
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Simplified Fuel Fabrication Process

» (T

Incoming UFs U0, Powder Fuel Rod/ Transport to
UFg Vaporization Powder Processing/Pellet  Bundle/Assembly/  Nuclear
Cylinders Production Manufacturing Quality Check Reactors

Fabrication of commercial light-water reactor fuel consists of the following three basic steps:
(1) the chemical conversion of UFg to UO2 powder
(2) a ceramic process that converts UO2 powder to small ceramic pellets

(3) a mechanical process that loads the fuel pellets into rods and constructs finished fuel
assemblies

@ USNRC

United States Nuclear Regulatory Commission.
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Size Comparison of Commercial and Research Reactors

SMALLEST LARGEST
COMMERCIAL RESEARCH &
POWER REACTOR TEST REACTOR

1,677 Megawatts 20 Megawatts
thermal thermal

Note: Nuclear research and test reactors, also known as “nonpower” reactors, do not produce commercial
electricity.
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Spent Fuel Generation and Storage After Use

A nuclear reactor is

powered by enriched
uranium-235 fuel. Fission
(splitting of atoms) generates
heat, which produces steam
that turns turbines to
produce electricity. A reactor
rated at several hundred
megawatts may contain
100 or more tons of fuel
in the form of bullet-sized
pellets loaded into long
metal rods that are bundled

together into fuel assemblies.

Pressurized-water reactors
(PWRs) contain between

120 and 200 fuel assemblies.
Boiling-water reactors
(BWRs) contain between

370 and 800 fuel assemblies.

Protecting People and the

As of August 2019

Uranium
Fuel
Pellet

After 5-6 years, spent fuel

assemblies (which are
typically 14 feet [4.3 meters]
long and which contain nearly
200 fuel rods for PWRs and
80-100 fuel rods for BWRs)
are removed from the reactor
and allowed to cool in storage
pools. At this point, the
900-pound (409-kilogram)
assemblies contain only about
one-fifth the original amount of
uranium-235.

Bundle of
Spent Fuel
Assemblies

Storage
Cask

Canister

Commercial light-water
3 nuclear reactors store
spent radioactive fuel in
a steel-lined, seismically
designed concrete pool
under about 40 feet
(12.2 meters) of water that
provides shielding from
radiation. Pumps supply
continuously flowing water
to cool the spent fuel. Extra
water for the pool is provided
by other pumps that can
be powered from an onsite
emergency diesel generator.
Support features, such as
water-level monitors and
radiation detectors, are also
in the pool. Spent fuel is
stored in the pool until it is
transferred to dry casks
on site or transported off
site for interim storage or
disposal.




The Different NRC Classifications for Types of Reactors
Operating Reactors

Advanced Reactors

Small Modular Reactors

Research and Test Reactors
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The In Situ Uranium Recovery Process

Central
Processing
Plant

@ Injection Well
® Recovery Well
® Underlying Monitoring Well
M Overlying Monitoring Well
A Perimeter Monitoring Well

Wy, ZA

N

Injection
Well

Injection
( Well

Submersible Pump

Injection wells @ pump a solution of native groundwater, typically mixed with
oxygen or hydrogen peroxide and sodium bicarbonate or carbon dioxide, into the
aquifer (groundwater) containing uranium ore. The solution dissolves the uranium
from the deposit in the ground and is then pumped back to the surface through
recovery wells @, all controlled by the header house. From there, the solution is
sent to the processing plant. Monitoring wells @ B A are checked regularly to
ensure the injection solution is not escaping from the wellfield. Confining layers
keep groundwater from moving from one aquifer to another.

“*USNRC
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The International Nuclear and Radiological Event Scale

Accident with
4 Local Consequences

3 Serious Incident

Below Scale/Level 0
No Safety Significance

INES events are classified on the scale at seven levels. Levels 1-3 are called incidents, and
Levels 4-7 are called accidents. The scale is designed so that the severity of an event is about
10 times dreater for each increase in level on the scale. Events without safety significance are
called deviations and are classified as Below Scale or at Level O.

Source: https.//www.iaea.org/topics/emergency-preparedness-and-response-epr/international-nuclear-radiological-
event-scale-ines
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The Nuclear Fuel Cycle

Fuel
Fabrication

Storage

oo

Reprocessed
ranium

Reprocessing
Facility*

Uranium Recovery
- A

O Am—

In Situ  Mining Le%ﬁ;%

Natural
Uranium

* Reprocessing of spent nuclear fuel, including mixed-oxide (MOX) fuel, is not practiced in the United States.
Note: The NRC has no regulatory role in mining uranium.
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Transforming the NRC

Investing in people, innovating processes,
and building partnerships by —

e Assessing the Future

e Investing in Our People

e  Modernizing NRC Decision-Making
* Fostering a Culture of Change

e Innovating How We Work

e Building Strong Partnerships

DECIDE
{
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U.S. Commercial Nuclear Power Reactors—Years of Operation by the
End of 2019

reactors

1-19 years 20-29 years 30-39 years >40 years

Note: Ages are based on operating license issued date and have been rounded up to the end of the year. For
the most recent information, go to the Dataset Index Web page at https://www.nrc.gov/reading-rm/
doc-collections/datasets/.
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U.S. Electricity Generation by Energy Source, 2013-2018
Thousand Megawatt-hours

5,000,000
4,000,000 —_—
3,000,000
2,000,000
1,000,000
*
2013 2014 2015 2016 2017 2018
— all fuels (utility-scale) = coal — natural gas nuclear = conventional hydroelectric
— all solar =— wind

Note: Figures are rounded.

Source: DOE/EIA, April 19, 2019, https://www.eia.gov—Electricity Data Browser— Electricity Net Generation: Total (All
Sectors —Annually 2013-2018)
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U.S. Gross Electricity Share by Energy Source, 2018

Petroleum
Natural Gas 0.6%
35.1%
Coal
27.4°
e Nuclear
19.3% Renewable
17.1%

Note: Figures are rounded.
Source: DOE/EIA, April 19, 2019, https://www.eia.gov—Table 7.2a Electricity Net Generation: Total (All Sectors)

Hydropower
7%
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A Typical Boiling-Water Reactor

Walls made of
concrete and steel
3-5 feet thick
(1=1.5 meters)

T,
Containment
Structure

FUSNRC
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How Nuclear Reactors Work
In a typical design concept of a commercial BWR, the following process occurs:

1. The nuclkear fusl core inside the reactor vessel creates heat from nuclear fission,

2. A steam-water mixture is produced when very pure water {reactor coolant) moves
upward through the core, absorbing heat.

3. The steam-water mixture leaves the top of the core and enters the two stages
of moisture separation where water droplets are removed before the steam is
allowed to enter the steamline.

4. The steam is piped to the main turbine, causing it to turn the turbine generator,
which produces electricity.

5. The steam is exhausted to the condenser, where it is condensed into water, The
resulting water is pumped out of the condenser with a series of pumps
and pumped back to the reactor vessel,

The reactor's core contains fuel assemblies that are cooled by water circulated using
electrically powered pumps. These pumps and other operating systems in the plant
receive their power from the electrical grid. If offsite power is lost, cooling water is
supplied by other pumps, which can be powered by onsite diesel generators or
steam generated by the core. Other safety systemns, such as the containment cooling
system, also need electric power. BWHs contain between 370-800 fuel assemiolies.




Boiling-Water Reactor Refueling

BWR refueling

As new fuel shipping canisters arrive in the reactor building, the reactor
building crane lifts them to the refueling floor, where the fuel is removed from
the canister and inspected for defects. The fuel can then be stored in either
the new fuel storage area (which is dry) or in the refueling pool, depending
upon the needs of the site. Fuel in the new fuel storage area is moved into
the fuel pool before refueling begins. To refuel the reactor, the containment
vessel lid and the reactor vessel head are removed, the refueling cavity above
the reactor vessel is flooded, and the gates between the reactor cavity and
fuel pool are removed. The refueling bridge removes one fuel bundle at a time
from the reactor and transfers it to the spent fuel storage racks until about

a third of the fuel is removed. The process is reversed when fuel is removed
from the fuel pool and placed in the reactor. In BWRs, the fuel remains in a
vertical position throughout the process.

Reactor
Building
. Crane
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Commercial Irradiator

Unloading
~.  Radiation Processed
~_ Shield : Product g
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Dry Cask Storage
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Heap Leach Recovery Process
Acid Drip

Heap 6) S
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How We Regulate
1

Regulations and Guidance
* Rulemaking

* Guidance Development

* Generic Communications
* Standards Development

Licensing,
Decommissioning,
and Certification

* | icensing

* Decommissioning
* Certification

Support for Decisions

* Performance Assessment
* Advisory Committee Activities
* Adjudication

Oversight
* |nspection

* Assessment of Performance
* Enforcement

¢ Allegations

* |nvestigations

¢ Incident Response

RUSNRC
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The In Situ Uranium Recovery Process

Cenh‘a_l

@ Injection Well
@ Recovery Well
@ Underlying Monitoring Well
B Overlying Monitoring Well
A Perimeter Monitoring Well

Injection
L

¥ USNRC

Unieed Staien Mucleas l..-!u.lnmy Commissian
Pratecting Peaple and the Envivonment




Gauging Devices

Figure 31. Moisture Density Guage

Bioshield

Gauge

Surface Detectors

Radiation
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Detector

Figure 35. Cross-5ection of Fixed Fluid Gauge
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A Typical Pressurized-Water Reactor

Walls made of
cencrete and
steel

3-5 feet thick
(1-1.5 meters)

Demineralizer Reactor
Coolant
Fumps

Containment Emergency Water
Structure Supply Systems
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How Nuclear Reactors Work
In a typical design concept of a commercial PWR, the following process occurs:

1. The core inside the reactor vessel creates heat.

2. Pressurized water in the primary coolant loop carries the heat to the steam
generators,

3. Inside the steam generators, heat from the primary coolant loop vaporizes
the water in a secondary loop, producing steam.

4. The steamline directs the steam to the main turbine, causing it to turn the
turbine generators, which produces electricity.

The steam is exhausted to the condenser, where it is condensed into

water. The resulting water is pumped out of the condenser with a series of
pumps, reheated, and pumped back to the steam generators. The reactor's core
contains fuel assemblies that are cooled by water circulated using electrically
powered pumps. These pumps and other systems in the plant receive

their power from the electrical grid. If offsite power is lost, cooling

water is supplied by other pumps, which can be powered by onsite diessl
generators. Other safety systems, such as the containment cooling system, also
need electric power. PWRs contain between 120-200 fuel assemblies.




Pressurized-Water Reactor Refueling

PWR refueling
As new fuel shipping canisters arrive in the fuel building, the reactor building crane
(not shown) lifts them to the fuel inspection stand, where the fuel is removed from the
canister and inspected far defects. Fuel in the new fuel storage area is moved into the
fuel pool befare refueling begins. The fuel can then be stared in either the new fuel
storage racks (which are dry) or in the refueling pool, depending upon the needs of
the site. Fuel in the new fuel storage area is moved into the fuel pool before refueling
begins. To refuel the reactor, the vessel head is removed, the fuel transfer canals and
transfer tube areas are flooded, and removable gates are opened in arder to connect
the refueling canal to the fuel pool. The reactor building refueling bridge is used to
remove a fuel assembly from the reactor vessel and transfer it to the “up-ender”
basket, which is then tilted until it is horizontal, sent through the transfer tube into the
fuel building, and returned upright. The refueling bridge then maoves the fuel assembly
into the spent fuel storage racks. This process is reversed when fuel is loaded into the
reactor.

Reactor Building Fuel
[Containment) Building

Mew
Fuel
Storage
Racks

Spent
Fuel
Storage
Pool

Spent Fuel
Storage
Racks
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Radiation Warning Symbol
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