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Background

HTGR Technology Well Established

PROTOTYPE PLANTS
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Background

HTGRs Feature Passive Safety
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Background

HTGRs Offer Economic Advantages
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Background

HTGR Design Dependent On Fuel
Form

Prismatic Pebble-bed
— (Dragon, Peach Bottom, FSV, etc.) (AVR, THTR, SA PBMR, China, etc.)
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Background

All HTGRs Rely on Coated Particle
Fuel

Diameter = 60 mm

Pebble bed

5 mm graphite layer

Coated particles imbedded
in Graphite Matrix

Fuel Sphere
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Advantages of VHTRs: Safety Advantage
of VHTRS
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Advantages of VHTRs: Large Margin to
Fuel Integrity Limits
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Advantages of VHTRs: Robust High
Performance Fuel

Parameter LWR PBMR GT-MHR

Natural uranium consumption (kg/MWe-day) 0.630 0.573 0.497
Separative work consumption (SWU/MWe-day) 0.397 0.415 0.385
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NGNP Motivation

Several Factors Motivate Recent
U.S. HTGR Interest

e High temperature applications
e Process heat
e Hydrogen production
e Inherent safety
e Simplified licensing and emergency planning requirements
e Reduced safety requirements
e More flexible siting requirements
e Political
e Reduce greenhouse gas emissions
e Energy Policy Act of 2005 (EPAct)
e Energy independence
e Grow US nuclear infrastructure
[

~e Increased public acceptance
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Addressing the Energy Challenge...

* Volatile prices for oil and natural
gas

 Dependence on foreign sources

* Increased risk of climate change
with burning of fossil fuels
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Using High Temperature Reactors to
Produce Process Heat and Hydrogen

If all industrial coal heating and 50% of natural gas heating were
replaced with nuclear heat from HTGR’s (by 2050):

e GHG emissions from this sector could be reduced to ~28% below current
levels, and 37% below business as usual levels in 2050

 Would require ~550 HTGR’s be deployed to this sector

Petrochemical

Coal-to-Liquids



NGNP Motivation

Several Industrial Processes Require
Temperatures Only Attainable by HTRs

HTSE and Thermo-chfamical 800-1000°C
hydrogen production
Coal Gasification
Steam Reforming of Natural Gas R18-R00 l
Cogeneration of Electricity and 350-800°C '
Steam
Qil Shale and Oil Sand Processing 300-600°C l

Petroleum Refining 250-550°C I

LWR

80-200°C

District Heating
Seawater Desalination
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NGNP Motivation

Energy Policy Act of 2005

« NGNP Project as authorized by the Energy
Policy Act of 2005 to be built at INL by 2021.

« Use VHTR technology to:
— Produce electricity, and

— Process heat for hydrogen production and other
applications

e Concelived as a public/private partnership
— Demonstrate the basis for commercialization

— U.S. nuclear industry expected to play integral
part in advancing VHTR technologies

ﬁll be licensed by NRC
ldaho National Laboratory
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Next Generation Nuclear Plant (NGNP)

« 600 MWIt (upper limit), helium cooled high
temperature reactor

e Qutlet temperature from 850 to 950°C

 Process heat demonstration - hydrogen production
by thermo-chemical cycle or high temperature
electrolysis

e Electricity generation

 60-year design life - however, components can be
replaced

\
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NGNP Commercialization

NGNP will enable commercialization of High Temperature
Gas-Cooled Reactor technology to provide process heat

Electricity
to Grid

Stubstation

llext Generation e = d 1
Nuclear Plant - N = Heat Exchanger

Huydrogen
Production




Current NGNP Project Status

e Current plan is for DOE to enter into a
financial assistance agreement with private
sector to share risks and costs

e Current emphasis is on R&D, reduction of
high technical risks and licensing planning
Issues until the Financial Offer of
Assistance is sent by DOE to proceed with
Conceptual Design (2 concepts)

« Completion of NGNP demonstration plant
scheduled for early 2020s
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NGNP Design

Industry Design Efforts Guide
Technology Development
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Proposed Partnership
Organization

NGNP Public-Private Partnership

| 1
| I
| 1
| Cooperative !
| Agreement !
'+ | US Department of .
> !
i Energy Technology I
! Investment i
| Agreement |
1
| I
e e e e
Management
Organization
National Laboratories Technology Architect/ Equipment

Developers Engineers Suppliers

ldaho National Laboroto




NGNP R&D

NGNP Technology Development

Addresses Technical Risks
e Qualification and Fabrication of

— Fuel

— Graphite (Fuel and Structural)

— Metals (Ductwork, IHX, Vessel)
 Design and Safety Methods and Validation
e Instrumentation Development and Qualification
« Hydrogen Production Process Development
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Fuel R&D

Coated Particle Fuel Qualification
ldentified as Key Technology Need
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Fuel R&D

Program Elements Address Fuel
Technology Needs

Fuel Supply

: j i j . » Coated Particle Fuel
who R Fabrication

Fission Product Transport * Fuel Qualification

& Source Term » Analysis Methods
Development &

Fuel Performance Modeling Validation

Fuel and Materials
Irradiation

Post Irradiation
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Graphite

Program Elements Address
Graphite Technology Needs

Graphite Type A

Nuclear Graphite

» Structural Graphite
Whole Core Development ASTM Tests

Modeling « Material Properties

* Whole Core Models

Unirradiated
Database

Irradiated
Properties

Program Participants
INL, ORNL




Materials

High Temperature Qualification Data
Needed for IHX Alloy

bath plating dgaped TP
Cr Oxide
surface layer

Development of Material
Properties, Design Rules,

Al Oxide
intergrowth

and
ASME Codification

Materials:

 Pressure vessel steels

* Alloys for heat Material
exchangers (up to Characterization
800°C)

Mechanical « Control rod sleeves

Testing and other core

internals

Program
Participants
INL, ORNL




Methods R&D

NGNP Methods Program Elements
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Summary

Prior experience demonstrates HTGR technology
offers unigue safety and economic benefits.

— High efficiency power production

— High temperatures for process heat and hydrogen
production

— Inherent safety

« The U.S. NGNP Project defined to:

— Develop and implement technologies important to
achieving design and performance requirements through
collaboration with commercial end-users

— Demonstrate basis for commercialization of nuclear
system, hydrogen production facility and power conversion
concepts

— Establish basis for licensing commercial version of NGNP
by NRC by licensing prototype

3 address technical risks identified in
\m%ﬁﬁ reﬁ J’Fatori / Iaboratori Interactions




End-users are Defining the HTGR
Commercial Concept

Energy Delivery

 Co-generation of process steam and electricity of more
immediate interest

 Intermediate Nuclear System outlet temperature (~750°C) may
suffice

« Hydrogen (and oxygen) production — of interest in selected
applications — potentially drives higher Nuclear System outlet

temperature requ irement

Business Model — nuclear owner/operator in long term
business relationship with end-user

Schedule — 2021 operational date for NGNP

~&demonstration at far end of acceptable schedule
“i ldaho National Laboratory




