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Purpose

Nuclear Energy

B Roadmap provides guideposts to help ensure nuclear energy
remains a compelling and viable energy option for the U.S.

B Nuclear energy imperatives were developed to focus resources
on national objectives for clean energy, economic prosperity,
and national security.

B Contribution of nuclear power to U.S. energy mix must
Increase significantly to meet these aggressive objectives.

B NE Roadmap outlines an integrated approach to meet
objectives.

— Roadmap was developed in cooperation with the national laboratories.

B Roadmap also addresses transformation of NE RD&D
programs to a more science-based approach.
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EXECUTIVE SUMMARY

INTRODUCTION

BACKGROUND

MISSION AND GOALS OF THE OFFICE OF NUCLEAR ENERGY

3.1. The Office of Nuclear Energy Mission

3.2. Five Nuclear Energy Imperatives and the Role of NE in Achieving Them

AN INTEGRATED NUCLEAR ENERGY ROADMAP

4.1. Imperative 1: Extend life, improve performance, and maintain safety of the current fleet

4.2. Imperative 2: Enable New Builds for Electricity Production and Improve the Affordability of
Nuclear Power

4.3. Imperative 3: Enable a Transition Away from Fossil Fuels by Producing Process Heat for Use in
the Transportation and Industrial Sectors

4.4 Imperative 4: Enable Sustainable Fuel Cycles
4.5. Imperative 5: Assure proliferation risk is not an obstacle to nuclear power deployment
RD&D APPROACH

5.1. Solution-Driven, Goal-Oriented, Science Based Approach to Nuclear Energy
Development

5.2. Enabling Technologies

5.3 RD&D Facilities and Infrastructure Requirements
5.4. Interfaces and Coordination

SUMMARY AND CONCLUSIONS



£E B>, U-S. DEPARTMENT OF

WENERGY  nyclear Energy Imperatives

Nuclear Energy

B Extend life, improve performance, and sustain
health and safety of the current fleet

Industrial and
Transportation

. .. . (BTU)

B Enable new builds for electricity production
and improve the affordability of nuclear energy

B Enable transition away from fossil fuels by e e Impezeive

. . ustain Enable Enable
producing process heat for use in the Ciren Now Transitin
transportation and industrial sectors i F“““"T"‘*
lmpe;ative
B Enable sustainable fuel cycles Enable Sustainabl FuelCyces
B Understand and minimize proliferation risk HigaTinE

Understand and Minimize Proliferation Risk
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Science Based Approach to

Nuclear Energy Development
Nuclear Energy

B Experiments — Physical tests done to develop

understanding of single effects or integrated system
behaviors.

Q=

Modeling &
Simulation

Engineering-Scale Demonstration
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Theory — Creation of models (i.e. theories) of physical
behaviors based on understanding of fundamental
scientific principals and/or experimental observations.

Modeling and Simulation — Use of computational models
to develop scientific understanding of the physical
behaviors of systems. Also used to apply scientific
understanding to predict the behavior of complex physical
systems.

Demonstrations — New technologies, regulatory
frameworks, and business models integrated into first-of-
kind system demonstrations that provide top-level
validation of integrated system technical and financial
performance .
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Nuclear material aging and degiadatlon R&D

A Complete comprehenswe assessment of
materials degradation and reliability issues

ADemonfstrate viability of advanced mitigétion strategies

} Materials data, mitigation stra:tegies and performance
models developed to enable appllcatlons for life extension

_ Develop advanced monitoring and NDE technologies and

develop plant [1&C modernlzatlon strategy

S Initiate pilot demonstratlon digital modernlzatlon program

A Demonstrate advanced monltorlng and NDE
technologies and modernized lI&C system at a plant

_ e
long-life LWR fuel

A Complete prellmmary safety analysis report for

advanced claddlng materials and initiate lead rod testing

‘1 Initial lead test assembly wra@atlon with advanced
composite cladding materlals

Fleet-wide use of advanced composﬂe cladding materials !
_ i e
safety analysis tools
5 State-of-the- art predictive reactor core anaIyS|s capability

AFully coupled safety analysis } iools validated and issued for
industry use

Widespread use of next generatlon safety analysis tool ‘1
: Develop technologies for
_ poveer Uprates

Enable the |mplementat|0n of 10 GWe of power uprates A

2010 2020 2030 2040
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_ Exercise Part 52 licensing process on first Generatron II1+ plant

A COL approved for flrst Gen lIl+ plant

A ITAAC Process Completed for the First Gen 1+ Plant

_ Accelerate licensing and constructron of first LWR-based
i SMR design

A COL Approved for first LWR- based SMR Design

A COL Approved for Advanced SMR Design

_ Develop advanced reacter concepts, technologies, and

licensing tools for high- performance plants

: Initial demonstratron of advanced modeling ar_nd simulation tools for plant
design, safety assessment and validation

A Demonstratron of advanced manufacturlng and
A constructlon technologies

2010 2020 2030 2040
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A Select the design techinology for NGNP

Establish coIIaboratlons in process heat and energy conver5|on
technologies with EE and FE :

A Partner with mdustry to demonstrate the Ilcensmg and permitting
process for a r:eactor configured for process hea:t applications

Fuel, :materials methods and system dievelopment
and testlng to support design and ||cen5|ng for NGNP

A Partner W|ih industry to develop the next generatlon of high
temperature electrolysis cells for hydrogen productlon

RD&D to integrate nuclear energy with fossil and
_ renewable sources to supply heat for industrial uses
A Partner with industry, EE and FE to site a
renewable/fossil/nuclear hybrid energy industrial park

A Initial operation of the NGNP demonstration facility

Initiate operation of publrc/prlvate demonstration of 1
renewable/fossﬂ/nuclear rid energy industrial park

Flrst fuIIy commercial large-scale hybrld energy industrial park A

2010 2020 2030 2040
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Once-Through Fuel C cle
_ Develop high- burnup fuel for once-through cycle

AAFeasmnlty studles for once-through fuel cycle
Adentn‘y candidate fuel types for pln-scale testing

ADown-seIect fuel for lead test assemblies
AQuallfy hlgh-burnup fuel for licensing
Modified Open Fuel C cle

_ Develop technologles for modified open cycle

AFeasmlIlty studles for modified open ﬁuel cycle

ADown -select modified open fuel cycle technolog|es Tor development

AStart up englneenng -scale LWR USed fuel test facility
: ASeIect fuel cycle optlon( s) for demonstration
Start up modified open fuel cycle system A '

Demonstrate modified open fuel cyi:le system A
Full Recycle

I —

i for full recycle
AADown -select full recycle technologies for demanstratlon

AStart up englneerlng -scale LWR used fuel test facility
: _AA Start up test reactor for full recycle
Start ¢ up advanced fuel cycle iaC|I|ty for test reactor A

Demonstrate: fuII recycle system A

2010 2020 2030 2040 2050
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ACompIete gap analy5|s and establish path forward for comprehenswe proliferation
risk assessments :

AACompIete initial demonstration of advanced prollferatlon risk
assessment tool : i

- Perform relevant prollferatlon risk assessments
| required to inform fueE cycle down- selectlons

A Demonstrate fully mtegrated advanced nuclear material
.,A measurement and |:nformat|on analysis systems

_ Develop énd demonstrate safeguérds technologies
: informed by advances in fuel cyclé and reactor technology
: Demonstrate real- t|me continuous material

A accountancy and control capability in the
i engineering-scale fuel cycle test facility

Develop the capabﬁities to incorporate matérial measurement
and data analysis systems into the design of commercial-scale
fuel cycle faC|I|t|es j

2010 2020 2030 2040 2050
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Integrated Milestones

#) [mperative

3) Enable Transifion from
Fossil Fuels

2) Enable new builds

U.5. Nuclear Energy System
{stars indicate potential
future achievem ents;
possible "firsts")

N
Select the Initial operation
design of the MGNP
technalogy demonstration
for NG MNP facility
COL approved COL approved for
for first GEM I+ first SMR designs
plant

2D,

12 GEN lll+ plant™s,

to gperate in U.S. Y,

=7

kY
v

N . 1#tnew commercial

. '\ SMRs generate
.

s power

Initial aperation of
publiciprivate
demanstration of
hybrid energy
industrial park

[

v 1= fully commercial
\, large-scale hybrid
+ energy industrial

30% reduction
inlU.s.

greenhouse
fas emissions
achieved

1=t permanent disposal
capahility for civilian used

fuelhigh level waste
assurned to be operational

+T

i " .
1% LWR to receive,” %0 gwve

S+

Secure,
sustainahle

fuel cycle
capatilities

-

S 1R LWRs to

’

L
¥ " # ’ .
2010 license EXtE”S'?P’fD/ power /reduce used fuel 2050 - /1= commercial
80 years.” . uprates /*  generation by K ./ advanced fuel cycle
I/ . ; 25.50% S/ /! systems for re-use of
. ] {n o’ 3 s ’ LWR fuel
1) Sustain Current Fleat Maﬁ:;?.;‘?a' ’ J /!
strategies and  Advanced Develop high I s
petforrnance  Safety analysis performance s !
models tools issued for long-life fuel s ’
R industry use + !
4) Enable sustainable fusi cycies: developed / .
. i’
A) Onece-through options AN A A/ X
8) Modfied oper prfOﬁS Feasibility Technology | Startup Staup Starfup  Statup  Demonstrate  Demonstrate
C) Full recycle options Studies Dowre  engineering- test  modified advanced modified open  full recycle
. i salacts scale LWWR reactor  open fuel recycle system system
Combined milestone used fuel test fuel  facility for
facility cycle  test reactor
ystem
8) Understand and Minimize N
Proliferation Risk Complete  Complete Cemonstrate  Demonstrate Develop the capabilities
gap initial advanced real-time to incorporate raterial
analysis  deranstration nuclear material  continuous measurement and data
of advanced  measurement material analysis systems into
risk systems accountancy design of cormmerciak
assessmernt and control scale fuel cycle facilities
toal

capahility
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Research Areas

Mission

Provide
Integrated

Nuclear
Energy
Solutions

Impacts Imperatives

Sustain
Current Fleet

Enable New Builds

Enable Reduced
Fossil Fuel Use

. >
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Cycles

Manage
Proliferation Risk
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Interfaces

Nuclear Energy

B Department of Energy

National Nuclear Security Administration

Office of Civilian Radioactive Waste Management
Office of Environmental Management

Office of Science

Office of Fossil Energy

Office of Energy Efficiency and Renewable Energy

Other Government

Nuclear Regulatory Commission
State Department

Nuclear Industry
Universities
International Partners

Country-to-Country
Multilateral
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B Report to Congress

B Imperative Implementation Plans
— Detailed description of the research program
— Schedule of milestones
— Program management plan

B FY 2011 Budget
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