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Idaho National Laboratory — Vision

."l Foster education, research, indusiry,
government and international

collaborations to produce the needed

investment, programs and expertise

Center for Rdvanced
Energy Studies

Develop world-class nuclear
energy capability
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INL Wire/ess

Become a major center for - R 1 =N Become a leading clean energy

national and homeland security = systems RD&D laboratory and
technology RD&D a regional resource

The National Nuclear Laboratory with Multi-Program Capabilities

The nuclear energy mission is the reason INL exists 2



Idaho National Laboratory:

The Nuclear Future (and Past)

Generation Il Generation Il / lll+

Generation |
——

Generation IV

Big Rock Point, GE BWR Diablo Canyon, Westinghouse PWR Kashiwazaki, GE ABWR AP1000, Westinghouse PWR Japan Sodium Fast Reactor

Early Large-scale Evolutionary Revolutionary
prototypes power stations designs designs
o Calder Hall (GCR) © Bruce (PHWR/CANDU) * ABWR (GE-Hitachi; Toshiba) © EPR (AREVA NP PWR) e GCR gas-cooled fast
* Douglas Point o Calvert Cliffs (PWR)  ACR 1000 « ESBWR (GE-Hitachi BWR) reactor
:)PHW;VCAIN(DBL\JI\)IR)  Flamanville 1-2 (PWR) X\PE%—O%ANDU PHWR) o Small Modular Reactors * LFR Irizt(l;igtr)oled fast
* Dresden- i = O -
o Fermi-1 (SFR) : El::::hém (I|I3\7VF:) (W) (Areva NP PWR) : égvr\n/erﬁggﬁsrrfanWR * MSR molten salt reactor
e Kola 1-2 (PWR/VVER) « Kalinin (PWR/VVER) * APR-1400 (KHNP PWR) ~ India DAE AHWR * SFR sodium-cooled fast
« Peach Bottom 1 (HTGR) o Kursk 1-4 (LWGR/RBMK) - :Pw“ gMif“biSEiPPWR) - KAERI SMART PWR n— ;ﬁ,ffcrmica, .
¢ Shippingport (PWR) o Palo Verde (PWR) ° -It/llgsel?b-ish(i mﬂ) - \l:lvuSEalehPWR — - cooIeI:! rﬁactor
 CANDU 6 (AECL PHWR = ULV - very hig
( ) VVER-1200 (Gidropress PWR) temperature reactor
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New nuclear plant applications in Us

River Bend*
Design/Units - TBA  Grand Gulf*

EPR - 1 Unit

Fermi
ESBWR - 1 Unit

Nine Mile Point*
b EPR - 1 Unit
Bell Bend

EPR - 1 Unit

Calvert Cliffs
EPR - 1 Unit

North Anna
ESBWR - 1 Unit
Harris

AP1000 - 2 Units

William Lee
AP1000 - 2 Units

Source: US NRC Bellefonte

AP1000 - 2 Units

Comanche Peak Vogtle Levy County
USAPWR - 2 Units AP1000 - 2 Units / AP1000 - 2 Units

Victoria County* South Texas mmer
Design/Units - TBA  ABWR - 2 Units ng_osgo - 2 Units

Turkey Point
AP1000 - 2 Units
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The Nuclear Renaissance is upon us...

* Increased public understanding
& acceptance of nuclear

energy's role
License extensions

Enabling new reactor
construction

Exploring advanced reactor
concepts and fuel cycles

Growing enroliments in nuclear
science and engineering at
universities

feat Source System
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Nuclear Engineering degree trend
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Hub-Node University Network

Regional focus to enable university access

O mIt

O Oregon State

Western
Nuclear
% Science

Alliance

(O University of New
Mexico

O NC State University

O Ohio State University

Southeast
Consortium
Consortium

Idaho University
Consortium

‘ INL
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Special schools to prepare nuclear engineers of
the future

MeV'

Modeling « Experimentation « Validation
SUMMER SCHOOL

www.MeVSchool.org
July 20, 2010 — July 29, 2010

OAK
RIDGE

vvvvvvv | Laboratory
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Special schools, cont’d.

World Nuclear University Summer Institute

Oxford



Energy Innovation Hub -
Modeling and Simulation for Nuclear Reactors

CASL: The Consortium for Advanced

Simulation of Light Water Reactors
Overview

Doug Kothe and Ronaldo Szilard
Director and Deputy Director, CASL

kothe@ornl.gov
C/\Sl_ ronaldo.szilard@inl.gov

Consortium for Advanced Simulation of LWRs

S=45. U.S. DEPARTMENT OF

{7) ENERGY.  Ererer”




CASL mission: Develop and apply the VR to address
J critical performance goals for nuclear power

OReduce capital eReduce nuclear waste QEnhance nuclear safety
and operating costs volume generated by enabling high-fidelity
per unit energy by: by enabling higher predictive capability
. fuel burnups for component and

Power uprates system performance

* Lifetime extension from beginning
of life through failure




Generation-I1V
Challenges

High temperature
Exotic materials
Helium

Liquid metals
Supercritical water
Supercritical CO,

Minor actinides
Major actinides
High burnup cores
nonproliferation
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Higher temperature expands the range of applications

HTSE and thermo-chemical
hydrogen production o00-1 ”“0"_
coal gasification

Steam reforming of 50029005C |

natural gas

Cogeneration of electricity 50-800°C |

and steam

Oil shale and oil sand UORTEEE 000 |

processing

Petroleum refining

District heating seawater 80-200°C  [LLight Water Reactor
desalination -

Process temperature, °C

0 100 200 300 400 500 600 700 800 900 1000
LWRs >

)

There is a role for existing LWRs, advanced LWRs, and small reactors...




Temperature (C)
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Service environments and material choices vary

widely between reactor concepts
febpd
1000 :
800 L. i) o SiC
fusion | |, _
600 [ . . Ml )1V allpy, ODS steel
R > i
400 [ . 2 e JI [ F/M steel
200 E i Austenitic steel
Current (gsen Il) fission reactors .
| ITER fusion réactor ]
o I 1607 11100 150 200

Displacement Damage (dpa)

250
Source: S.J. Zinkle ,(OECD NEA
Workshop on Structural Materials for

Innovative Nuclejr nergy Systeznzgos1,o Us
Karlsruhe, Germaif¥, June 20607 2" \rons

Meeti
ng
Title
TBD



DOE has a new
R&D roadmap

NUCLEAR ENERGY
RESEARCH AND DEVELOPMENT

ROADMAP

REPORT TO CONGRESS

April 2010

U.S. DEPARTMENT OF

” ENERGY

Nuclear Energy
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Used nuclear fuel: options for US policy

* Once through cycle
(throwaway)

* Modified open cycle
(partial recycle)

* Full recycle
(reprocessing and
engineered waste
forms)

ONCE-THROUGH FUEL CYCLE

Develop high-burnup fuel for
once-through cycle

- Feasibility research for once-through fuel cycle

A Idendfy candidate fuel types for testng

Development of a framework of advanced computational models for disposal
system performance
Down-select fuel(s) lead test assemblies

© Qualify high-burnup fuel for licensing

Prove feasibility of storage options for©
high-burnup LWR used fuel

MoDiFiED OPEN FUEL CYCLE

Develop technologies for modified
open cycle

Feasibility research for modified open fuel cycle

Down-select modified open fuel cycle technologies for further development

O Evaluate the need for an advanced fuel research facility

Identify most promising modified
open fuel cycle opdon(s)
Further validaton of modified open fugl cycke systam

Prove feasibility of advanced waste forms for modified open fuel cycle options O
FuLL RECYCLE

Develop technologies
for full recycle

Feasibility research for full recycle fuel cycle

‘ Down-select full recycle technologies for further development

O Evaluate the need for an advanced fuel research facility

Identify most promising full recycle
fuel cycle option(s)

Begin fuel testing for full recycle

Further validation of full recycle fuel cycle system O

Prove feasibility of advanced waste forms for full recycle fuel cycle options o
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Enabling solar system exploration

- Radioisotope power
systems

* Nuclear rockets

* Intense scientific
exploration
— Mars Science Lab

— Multi-kilowatt power
requirements




~Q
m Idaho National Laboratory

The future of nuclear engineering?

Applied science
nternational alliances
_arge teams

ncreased reliance on high performance computing
Energy systems integration

And the engineers who actually produce the
energy!



