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SMR DEFINITIONSSMR DEFINITIONS
SMR can stand for both Small Modular Reactors, or 
also Small and Medium Size Reactors:
- Small Size Reactors: 10 – 300 MW [IAEA, DOE]

- Medium Size Reactors: 300 – 700 MW [IAEA]

Large Size Reactors: 700 1700 MW [IAEA]- Large Size Reactors: 700 – 1700 MW [IAEA]

A reactor can be Small or Medium Size and not Modular.
Mod lar means a m lti mod lar NPP on a common baseModular means a multi-modular NPP on a common base
mat, with NPP modules added when needed. 
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O i I t ti lOverview - International
Current SMR ConceptsCurrent SMR Concepts

Near term SMR Project Status
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List of SMR Concepts
Source:  IAEA TECDOC 1451

List of SMR Concepts
Source:  IAEA TECDOC 1451
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List of SMR Concepts (2)
Source:  IAEA TECDOC 1451

List of SMR Concepts (2)
Source:  IAEA TECDOC 1451
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List of SMR Concepts (3)
Source:  IAEA TECDOC 1451

List of SMR Concepts (3)
Source:  IAEA TECDOC 1451
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List of SMR Concepts (4)
Source:  IAEA TECDOC 1451

List of SMR Concepts (4)
Source:  IAEA TECDOC 1451
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List of SMR Concepts (5)
Source:  IAEA TECDOC 1451

List of SMR Concepts (5)
Source:  IAEA TECDOC 1451
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List of SMR Concepts (6)
Source:  IAEA TECDOC 1451

List of SMR Concepts (6)
Source:  IAEA TECDOC 1451

EXCEL SERVICES CORPORATION 9



List of SMR Concepts (7)
Source:  IAEA TECDOC 1451

List of SMR Concepts (7)
Source:  IAEA TECDOC 1451

EXCEL SERVICES CORPORATION 10



List of SMR Concepts (8)
Source:  IAEA TECDOC 1451

List of SMR Concepts (8)
Source:  IAEA TECDOC 1451

NOTE:  CANDLE is an old concept.  In U.S. it is called Traveling Wave Reactor (TeraPower / Bill Gates).
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List of SMR Concepts (9)
Source:  WNA - Small Nuclear Power Reactors, September 2010
List of SMR Concepts (9)

Source:  WNA - Small Nuclear Power Reactors, September 2010
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IAEA concluded 2009 there could be 96 / 43 (hi/low) 
SMRs in operation by 2030 – and the following types
IAEA concluded 2009 there could be 96 / 43 (hi/low) 
SMRs in operation by 2030 – and the following types

Name Capacity Type Developer

KLT-40S 35 MWe PWR OKBM, Russia

VK-300 300 MWe PWR Atomenergoproekt, Russia

CAREM 27 MWe PWR CNEA & INVAP, Argentina

IRIS 100-335 MWe PWR Westinghouse

mPower 125 MWe PWR Babcock & Wilcox, USA
SMART 100 MWe PWR KAERI, South Korea
NuScale 45 MWe PWR NuScale Power, USA

HTR PM 2 105 MW HTR INET & H ChiHTR-PM 2x105 MWe HTR INET & Huaneng, China

PBMR 80 MWe HTR Eskom, South Africa

GT-MHR 285 MWe HTR General Atomics (USA), 
Rosatom (Russia)( )

BREST 300 MWe LMR RDIPE, Russia
SVBR-100 100 MWe LMR Rosatom/En+, Russia

FUJI 100 MWe MSR ITHMSO, Japan-Russia-USA

13EXCEL SERVICES CORPORATION



SMRs under Construction
Source:  WNA – Country Briefing

SMRs under Construction
Source:  WNA – Country Briefing

Russia:
Vilyuchinsk Floating NPP (KLT-40S, 2x40 MW) – Ship “Academician Lomonosov”
21 500 tonne hull 144 m long and 30 m wide21,500 tonne hull, 144 m long and 30 m wide
Construction start 05/2009,  Commercial Operation 2012
2 x PWR (<20% U235) based on Icebreaker reactor design
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SMRs under Construction (2)
Source:  WNA – Country Briefing

SMRs under Construction (2)
Source:  WNA – Country Briefing
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SMRs under Construction (3)
Source:  WNA – Country Briefing

SMRs under Construction (3)
Source:  WNA – Country Briefing

Argentina:
Prototype CAREM (Central Argentina Modular Elements Reactor)
(simplified modular natural circulation PWR, integral Steam Generators, using(simplified modular natural circulation PWR, integral Steam Generators, using
standard 3.4% U235 PWR fuel, 27 MWe. Can be scaled to 150 MWe)
Construction start 2010,  Commercial Operation – n/a
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SMRs under Construction (4)
Source:  WNA – Country Briefing

SMRs under Construction (4)
Source:  WNA – Country Briefing
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SMRs under Construction (5)
Source:  WNA – Country Briefing

SMRs under Construction (5)
Source:  WNA – Country Briefing

China:
Shidaowan - Demonstration HTR-PM, using Pebble-Bed concept
2x105 MWe reactor units driving a single 210 MWe Turbine
EPC contract placed 10/2008, site work completed
Construction start – planned end of 2010.  Startup planned 2015

South Korea:
Prototype SMART (System-integrated Modular Advanced Reactor)
65 MWth Prototype design completed 
Commercial SMART-100 has 330 MWth
SMART-100  FOAK SMR startup expected earliest by 2017+

$Overnight construction cost target ~$5,800/kWe (equal to Generation-III/III+ NPPs)
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SMART-100 Time Schedule
Source: KAERI Presentation – July 2011

SMART-100 Time Schedule
Source: KAERI Presentation – July 2011
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O i U SOverview – U.S.
Current Status and ActivitiesCurrent Status and Activities
for Small Modular Reactors

(10 – 300 MW)
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Fast Growing Interest in U.S. in SMRs

There are several trends in Nuclear New Build (NNB) market 
favoring smaller modularized NPP types:g yp
- NNB itself has become accepted by public opinion (climate change)

- New large NPPs have become expensive (about $6-$9B per reactor)New large NPPs have become expensive (about $6 $9B per reactor)

- Financing new NPPs has become difficult and LGs are needed 
(Utility Market Cap is too small compared to NNB investment at risk)

- Large reactor size (1,700 MW) adds more capacity / increment than 
often needed at a time (additional financial risk)

- Financial risks of cost/schedule overrun on large NNB projects

- SMRs can offer a “way out” for utilities to avoid above challenges
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Fast Growing Interest in U.S. in SMRs (2)

- U.S. Nuclear renaissance has practically stalled, because 
of “discovery” of large deposits of “shale gas”, and 
waiting for Loan guarantees

- U.S. Utility interest is growing rapidly in “small / modular” 
reactors that cost ~5 to 10x less, and can be put in 
operation in ~¼ to ½ of the time needed for a large reactor

A tilit ld d th i d ti it i ll- A utility could expand their production capacity in smaller
more manageable increments, while receiving cash flow 
from reactor modules coming on-lineg

- Replication (factory ‘assembly line’) could bring costs 
down dramatically, while raising NPP quality significantly
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Fast Growing Interest in U.S. in SMRs (3)
Source:  TVA Presentation Nov 2010

• Re-powering aging fossil sites (reusing assets such as 
environmental permits transmission and waterenvironmental permits, transmission and water
availability)

• SMR size fits easy with grid reliability requirementsy g y q
• Re-establishing U.S. manufacturing base for nuclear 

components
• Will the SMRs replace the large NPPs (like PC replaced 

Mainframes)?
• Maybe not, because of the NUCLEAR price tag
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Fast Growing Interest in U.S. in SMRs (4)
Source:  TVA Presentation Nov 2010

EXCEL SERVICES CORPORATION 24



Fast Growing Interest in U.S. in SMRs (5)
Source:  TVA Presentation Nov 2010
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O i U SOverview – U.S.
NRC Activities in Support ofNRC Activities in Support of

Small Modular Reactors
(10 – 300 MW)
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NRC is looking at these SMRsNRC is looking at these SMRs
• Light Water Reactor  – ‘familiar technology’

– IRIS 335 MW Westinghouseg
– mPower 125 MW B&W
– NuScale 45 MW NuScale Power

S di F t R t ‘l f ili t h l ’• Sodium Fast Reactor – ‘less familiar technology’
– PRISM 311 MW GE-Hitachi
– 4S 10 MW Toshiba

• Lead-Bismuth coolant  – ‘exotic technology’
– Hyperion 25 MW Hyperion Power Generation

• Gas cooled reactor  – ‘prototype technology’
– PBMR 165 MW PBMR Ltd

27EXCEL SERVICES CORPORATION



Westinghouse - IRISWestinghouse - IRIS
Designer: Westinghouse Electric Company

Reactor Power: 1000 MWt
Electrical Output: 335 MWep
Outlet Conditions: 330 C

Coolant: Light Water
Fuel Design: 17 x 17 assemblies 4.95% 

enrichment UO2enrichment UO2

Refueling: 3-3.5 years
Letter of Intent: Updated March 18, 2009
Licensing Plan: Design Certification
Expected Submittal: Q3 2012p Q
Design Information: Pressurized water reactor with 

reactor vessel, helical-coil 
steam generators, reactor 
coolant pumps, and pressurizer
within a reactor vessel which ist a eacto esse c s
enclosed in a spherical steel 
containment vessel.
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B&W - mPowerB&W - mPower
Designer: Babcock & Wilcox 

Company (B&W)

Reactor Power: 400 MWtReactor Power: 400 MWt

Electrical Output: 125 MWe

Outlet Conditions: 327 C

Coolant: Light water

Fuel Design: Proprietary

Refueling: Proprietary

Letter of Intent: April 28, 2009

Licensing Plan: Design Certificationg g

Expected
Submittal:

Q4 CY 2012

Design
Information:

LWR with the reactor and steam generator 
located in a single reactor vessel located in an 
underground containmentunderground containment.

Status/Other 
Info:

Pre-Application stage for Design Control 
Document (DCD)

Website: http://www.babcock.com/products/modular_n
uclear/
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NuScaleNuScale
Designer: NuScale Power, Inc.
Reactor Power: 150 MWt
Electrical Output: 45 MWe
Outlet Conditions: 1500 psig, 575 FOutlet Conditions: 1500 psig, 575 F
Coolant: Light Water
Fuel Design: 17 x 17 fuel bundles, 6', 4.95% enrichment

Refueling: 24 months
Letter of Intent: January 2008Letter of Intent: January, 2008
Licensing Plan: Design Certification
Expected Submittal: Q2 FY 2012

Design Information: Natural circulation light water reactor with 
the reactor core and helical coil steam 

t l t d i tgenerators located in a common reactor
vessel. The reactor vessel is submerged in a 
pool of water.

Status/Other Info: Pre-Application stage for Design Control 
Document (DCD). Based on MASLWRDocument (DCD). Based on MASLWR 
(Multi-Application Small Light Water Reactor) 
developed at Oregon State University in the 
early 2000s.

Website: http://www.nuscalepower.com/
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GE-Hitachi - PRISMGE-Hitachi - PRISM
Designer: GE Hitachi Nuclear Energy (GE-H)
Reactor Power: 840 MWt
Electrical Output: 311 MWe
Outlet Conditions: 930 F
Coolant: Liquid metal (sodium)
Fuel Design: Metallic
Refueling: 12-24 months
Letter of Intent: Updated March 15, 2010p ,
Licensing Plan: COL Prototype (long-term - Manufacturing 

License)
Expected Submittal: First quarter 2012
Design
Information:

Underground containment on seismic isolators 
with a passive air cooling ultimate heat sink.Information: with a passive air cooling ultimate heat sink. 
Modular design with two reactor modules per 
power unit (turbine generator).

Status/Other Info: NRC staff conducted pre-application review in 
early 1990s that resulted in the publication of 
NUREG 1368 "Preapplication SafetyNUREG-1368, "Preapplication Safety
Evaluation Report for the Power Reactor 
Innovative Small Module (PRISM) Liquid-Metal 
Reactor (January 1994)."
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Toshiba – 4SToshiba – 4S
Designer: Toshiba Corporation

Reactor Power: 30 MWt

Electrical Output: 10 MWeElectrical Output: 10 MWe

Outlet Conditions: 510 C

Coolant: Liquid-metal (sodium)

Fuel Design: 18 hexagonal fuel g g
assemblies - U-10%Zr 
Alloy with 19.9% 
enrichment

Refueling: 30 years

Letter of Intent: Updated March 23, 2010

Licensing Plan: Design Approval

Expected Submittal: Second quarter 2012

D i I f ti S ll di l dDesign Information: Small, sodium-cooled,
underground reactor

Status/Other Info: Working with the city of Galena, AK as a potential 
COL partner.
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Hyperion – HPM moduleHyperion – HPM module
Designer: Hyperion Power Generation, Inc.
Reactor Power: 70 MWt
Output: 25 MWe
Outlet Temp 500C
Coolant: Lead-bismuth eutectic, primary secondary loopsCoolant: Lead bismuth eutectic, primary secondary loops
Fuel Design: Stainless steel clad uranium nitride
Refueling: Entire reactor module replaced every 7 to 10 years
Licensing Plan: Combined License (prototypical design) and/or Design

Certification
Design The HPM is sealed at the factory sited undergroundDesign
Information:

The HPM is sealed at the factory, sited underground,
and eventually returned to the factory for waste and 
fuel disposition after a useful life of seven to ten years.
The principle materials in the core are uranium nitride 
(UN) fuel, stainless steel as the structural material, 
lead-bismuth eutectic (LBE) as the coolant, quartz as 
the radial reflector B4C rods and pellets for in corethe radial reflector, B4C rods and pellets for in-core
reactivity control and shutdown. The LBE permits 
ambient pressure operation of core, eliminating 
pressure vessel requirements.

Status/Other 
Info:

The outer diameter of the entire reactor system, 
including the outer reflector and coolant downcomer, 
i li it d t 1 5 t b bl t l th t lis limited to 1.5 m to be able to seal the reactor vessel
system at the fabrication facility and transport it to the
site in a conventional nuclear fuel shipping cask. The 
total mass of the reactor vessel with fuel and coolant 
is <20 metric tons.

Website: http://www.hyperionpowergeneration.com/
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PBMR Ltd – PBMR modulePBMR Ltd – PBMR module
Designer: PBMR (Pty.), Ltd.

Reactor Power: 400 MWt

Electrical Output: 165 MWeect ca Output 65 e

Outlet Conditions: Up to 900 C (1652 F)

Coolant: Helium

Fuel Design: ~450,000 low-enriched UO2 TRISO fuel 
particles in pebblesp p

Refueling: Online

Letter of Intent: Updated March 24, 2009

Licensing Plan: Design Certification

E t d S b itt l FY2013Expected Submittal: FY2013

Design Information: Modular, gas-cooled, pebble bed reactor with 
online refueling that generates electricity via a 
gas or steam turbine and which may also be 
used for process heat applications.

Status/Other Info: Licensing of a demonstration plant in South 
Africa is being reconsidered. Agreement with 
Chinese for cooperation in development.

Website: http://www.pbmr.co.za/
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NRC is not yet looking atNRC is not yet looking at
• Light Water Reactor  – ‘familiar technology’

– AP200 (225 MW) Westinghouse (integral PWR using( ) g ( g g
AP1000 safety technology) replaces IRIS?

• Sodium Fast Reactor  – ‘less familiar technology’y
– ARC-100 (125 MW) Based on EBR-II experience

20 years fuel cycle, metal fuel

• Gas cooled reactor  – ‘prototype technology’
– EM2 (240 MW) General Atomic He-cooled Fast Reactor

12 years $1 7 B needed for development12 years, $1.7 B needed for development
30 yrs fuel cycle, runs on LWR spent fuel
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O i U SOverview – U.S.
DOE and Political SupportDOE and Political Support

for Small Modular Reactors
(10 – 300 MW)
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DOE & Political Support of U.S. SMRs

DOE Chief Steven Chu calls SMRs ”America’s new Nuclear 
Option”, and suggests two choices “America develops SMR p , gg p
technologies today or imports them tomorrow.
- 2011 DOE Budget request contains $39M for SMRs

- Nuclear Power 2021 Act - seeks to authorize DOE to lead a PPP 
(Public-Private-Partnership) to develop innovative SMRs

- The Nuclear Energy Research Initiative Improvement Act – aims at 
providing DOE with $2.5B in next 5 years for SMR commercialization

- The SMRs have caught the imagination of U S Policy Makers- The SMRs have caught the imagination of U.S. Policy Makers

- SMRs are likely to be more publically acceptable than large ALWRs
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DOE Support of SMR ValidationDOE Support of SMR Validation

• Savannah River (DOE Site):( )
– Hyperion to build a demo plant of their 25MW design (Fast Reactor 

using Uranium Nitride fuel and Lead-Bismuth Eutectic Coolant)

– Prototype in operation by 2017/18 (costing ~$50M)

– DOE/Savannah Rive is discussing with 5-6 other SMR vendors  to 
b ild t tbuild prototypes

– All Demo SMRs at DOE’s Savannah Site will use either Plutonium, 
or high-enriched Uranium, or Spent Fuel, and Light Water Reactoror high enriched Uranium, or Spent Fuel, and Light Water Reactor
types will be excluded (i.e., known technology)
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SMR Technology Introduction
Expected Time Table (DOE)

SMR Technology Introduction
Expected Time Table (DOE)Expected Time Table (DOE)

Source:  NRC Workshop on SMRs, October 2009 
Expected Time Table (DOE)

Source:  NRC Workshop on SMRs, October 2009 

SMR designs and concepts can be grouped into three sets based on 
design type, licensing and deployment schedule, and maturity of design:

• LWR based designs
» 5-10 years

• Non-LWR designsg
» 10-15 years

• Advanced Reactor Concepts and Technologies
» 15-25 years» 15 25 years
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Expected Near-Term SMRs in U.S.
Source:  DOE Presentation to Nuclear Infrastructure Council, Dec 2010,
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Expected Longer-Term SMRs in U.S.
Source:  DOE Presentation to Nuclear Infrastructure Council, Dec 2010,
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Nominal SMR Licensing Schedule
Source:  DOE Presentation to Nuclear Infrastructure Council, Dec 2010
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O i U SOverview – U.S.
Major ChallengesMajor Challenges

for Small Modular Reactors
(10 – 300 MW)
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MAJOR CHALLENGES FOR SMRs

- Regulatory Resources & Licensing Requirements
too man SMR designs for NRC to re ie and appro e• too many SMR designs for NRC to review and approve

• SMR Design Certification and Licensing effort equal to large 
commercial NPPs (or more for non-familiar technology concepts)

• supervision of large number of sites/installations

- Nuclear Rules and Regulations
i t ti ll t d SMR l ti ( lik FAA t l )• internationally accepted SMR regulations (e.g., like FAA-style)

• impractical to have individual SMR regulations in each country

Nuclear Safeguards & Logistics challenges- Nuclear Safeguards & Logistics challenges
• monitoring (thousands?) of  SMR sites in 3rd world countries
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MAJOR CHALLENGES FOR SMRs (2)

- Nuclear Non-proliferation
• many new challenges with (large) number of SMRs worldwide
• Especially if they are ‘transportable’

- Nuclear Waste
• Logistics with large number of new sites
• Transports from large number of new sites

P bli A t- Public Acceptance
• Public opinion now ‘accepts’ a few large NPP sites in a country
• What about large number of SMR sites in a country (‘NIMBY’)?

- Nuclear Liability
• Nuclear Liability Insurance (worldwide, w/o Price-Anderson)
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MAJOR CHALLENGES FOR SMRs (3)MAJOR CHALLENGES FOR SMRs (3)

• NRC Resources to handle too many different SMR designs
• Licensing schedule (~42 months for advanced LWRs)
• SMR Prototype testing requirements
• New NUREGs for SMRs
• Emergency Planningg y g
• Staffing / manpower
• Security & Non-proliferation (thousands of SMR sites)
• Nuclear Waste (non standard fuel many types)• Nuclear Waste (non-standard fuel, many types)
• Multi-module construction issues (e.g., aircraft protection)
• Insurance (Price Anderson)

Fi i l Q lifi i l• Financial Qualifications rules
• NRC Fee rule
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Overview – U S DOE ProgramOverview U.S. DOE Program
Next Generation Nuclear Plant (NGNP)( )

(200 - 600 MWth / 80 - 250 MWe)
S ll M d l Hi h T tSmall Modular High Temperature

Reactors
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Next Generation Nuclear PlantNext Generation Nuclear Plant
Sponsor: Department of Energy (DOE)
Designer: To be determined (TBD)

Reactor Power: TBD

Electrical Output: TBD

Outlet Conditions: >750 C

Coolant: Gas-cooledCoolant: Gas cooled

Fuel Design: Prismatic or Pebble Bed

Refueling: TBD

Letter of Intent: See NGNP Licensing Strategy Report to Congress (August 2008)

Li i Pl C bi d LiLicensing Plan: Combined License

Expected Submittal: FY 2013

Design Information: DOE is currently selecting which reactor design will be used for the NGNP. NGNP is part 
of the Generation IV program.

Status/Other Info: Required by Energy Policy Act of 2005. The staff has been working with DOE on the 
licensing strategy for the plant and provided the NGNP Licensing Strategy Report to 
Congress in August 2008.

Website: http://www.ne.doe.gov/neri/neneriresearch.html
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Next Generation Nuclear Plant (2)Next Generation Nuclear Plant (2)
Prismatic Fuel – e.g., 
AREVA  ANTARES, 

GA HTGR

PBMR Fuel

G G
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U.S. NGNP – Time Schedule
Source:  2008 NGNP Report to Congress

U.S. NGNP – Time Schedule
Source:  2008 NGNP Report to Congress

DOE/NRC estimate of the schedule to develop, 
review, construct an NGNP under recommended 
licensing strategy (Subpart C of 10CFR Part 52):
• 2008–2011 Programmatic and key technical issues identified, design 

underway

• 2011–2013 Design and COL application developed 

• 2013 COL application submitted• 2013 COL application submitted

• 2016 Applicant begins site preparation activities 

• 2017 COL issued and safety-related construction begins at INL/Idahoy g
• 2021 Construction complete and fuel loading begins 
• Total licensing cost estimate $128 – 149 million (FY2009-18)
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U.S. SMR/NGNP Market 2020-50
Source:  INL/EXT-10-19037

U.S. SMR/NGNP Market 2020-50
Source:  INL/EXT-10-19037
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SMR INSIGHTS - SUMMARYSMR INSIGHTS - SUMMARY
• In the 1950’s and 60’s there existed a great number of more or less 

exotic/innovative reactor designs – all were Small or Medium size 
prototypes (but not modular), which eventually consolidated into the 
three (BWR, PWR, HWR) large size commercial NPP designs  today

• Today a ‘second wave’ of many familiar, innovative and/or exotic SMR 
designs are arriving – many created by enthusiastic newcomers anddesigns are arriving – many created by enthusiastic newcomers and
focusing on the multi-modular NPP concept

• High entry barriers and harsh market forces (methods, verification, 
licensing, new infrastructure costs, etc) will again force consolidation, 
and only very few SMR designs based on familiar technologies can 
become commercially viable in the near term

• SMR standardization, factory-based replication and multi-modular 
NPP design - and alliances with large existing/credible NPP Vendors 
will be key success factors - for a few surviving future SMRs
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Johann LindnerJohann Lindner
11921 Rockville Pike, Suite 100
Rockville, Maryland 20852 USA

+1 240 355 3418+1 240 355 3418

johann.lindner@excelservices.com
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