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EXECUTIVE SUMMARY

The document reports the description of the main international meetings attended by POLIMI in the period 2011-2012,
referred to international collaborations and corresponding contributions on the topic of Small Modular Reactors.

The four meetings/workshops are:

INTERNATIONAL ATOMIC ENERGY AGENCY

Technical Meeting on “Options to Enhance Energy Supply Security using NPPs based on SMRs™
IAEA Headquarters, Vienna, Austria, 3 — 6 October 2011, VIC, Building A: Room A0531
Scientific Secretaries: M. Hadid Subki (NENP/NPTDS), M. K. Laina (NENP/NPTDS)

INTERNATIONAL ATOMIC ENERGY AGENCY

Workshop on ““Technology Assessment of Small and Medium-sized Reactors (SMRs) for Near Term
Deployment™

IAEA Headquarters, Vienna, Austria, 5 - 9 December 2011, VIC, Building M, Room M6

Scientific Secretaries: M. Hadid Subki (NENP/NPTDS), M. K. Laina (Ms) (NENP/NPTDS)

INTERNATIONAL ATOMIC ENERGY AGENCY

Consultants’ Meeting on “Incorporating Lessons Learned from the Fukushima Accident in SMR Technology
Assessment for Design of Engineered Safety Systems™

IAEA Headquarters, Vienna, Austria, 30 May — 1 June 2012 VIC Building-A, Room A0541

Scientific Secretary: M. Hadid Subki (NENP/NPTDS)

OECD-NEA

Committee for Technical and Economic Studies on Nuclear Energy Development and The Fuel Cycle (NDC)
7" Meeting of the Working Party on Nuclear Energy Economics, 10 November 2011, OECD Headquarters, 2
Rue André Pascal, 75016 Paris, Conference Centre, Room E

Secretariat of the Meeting: Jan Horst Keppler, Marco Cometto

The last page of the report includes short info on the Collaboration Agreements between Politecnico di Milano and

some Small Modular Reactors projects, namely NuScale, FlexBlue and Flibe Energy company.
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INTERNATIONAL ATOMIC ENERGY AGENCY
Technical Meeting on “Options to Enhance Energy Supply Security using NPPs based on SMRs”
IAEA Headquarters, Vienna, Austria, 3 — 6 October 2011

List of the presentations, contributions and discussions

Objectives of the Meeting and Update of IAEA Programme on H. Subki NENP/NPTDS
Common Technology and Issues for SMRs

In the past three decades, Nuclear Power Technology Development Section at the IAEA has engaged with its Member
States activities relating to cross-cutting technology and institutional issues for small and medium-sized power
reactors. The IAEA ensures the overall coordination of Member State experts participating in SMR activities by
facilitating the sharing of experience and transfer of knowledge in the field, coordinating efforts of Member States to
facilitate the development of SMRs by taking a systematic approach to identify key enabling technologies to achieve
competitiveness and reliable performance of SMRs, and by addressing common issues of deployment. The current
focus has been on developing international recommendations and guidance on SMRs focusing on specific needs of
newcomer countries.

Featured Presentation #1: Benefits from Integrating SMRs with Mr. D. Shropshire EC — JRC, Petten, the
Renewable Energy Resources in Electricity Generation Netherlands

Nuclear power supports the goals of the European Union low-carbon society by being a dependable source of energy,
while emitting no CO2. SMRs could supply balancing electricity to even out the supply from renewable resources.
Current nuclear technology has the capability for a degree of load-following, and future reactors could extend this
capability through increased flexibility over a wide power range. Strategies for integrating SMRs with wind energy to
reduce the daily and seasonal power variation are presented. SMRs of various types, sizes, and operational
conditions could lead to the largest reductions in power variability and highest utilization of transmission resources.
Technology-SMRs coupled with off-shore wind could cut the power variability of the combined system in half.

Featured Presentation #2:The NEOP Approach - Ensuring Mr. R. Sollychin NEFW/RRS
Relevance of Nuclear Technology to the Emerging Users

A study is required to investigate whether or not nuclear energy’s contribution to world energy usage is really
increasing. Centralized energy systems are being compared to the locally optimized energy systems. Nuclear energy
of the populace system (NEOP) treats nuclear energy as part of the locally optimized energy system, in which the role
of Thorium utilization is deemed essential. NEOP systems can be developed from existing or innovative technologies,
requiring a shift in paradigm in design, licensing, economic assessment, and so forth.

Featured Presentation #3: Potential strategies for utilizing SMRs for | Mr. D. Shropshire EC — JRC, Petten, the
Combined-Heat-and-Power Generation Netherlands

A hybrid system of nuclear and renewables offer promising advantages. The current SMR technology can be utilized
as “plug-in” power sources. The approach can facilitate high utilization and improve capacity factor in an energy
system for electricity. Transmission infrastructure costs will be shared by both nuclear and renewable plants projects.
From the operation point of view, the scheme would further reduce power variability from RES, provide energy sink
for excess wind energy, and produce heat for various applications.

Role of Small and Medium Nuclear Reactors (SMRs) to Support Mr. W. M. Butt PAEC, Pakistan
Nuclear Power Program in Pakistan

The first Nuclear Power Plant of the country started commercial operation in 1972 and this was a 137MWe PHWR.
Due to non-availability of vendor support, the plant was operated indigenously. This involved all types of engineering
support to ensure safe and continuing operation of plant. Necessary facilities were developed for supporting the
O&M of first NPP and providing infrastructure for the future NPPs. At present, two more NPPs (325 MWe PWRs)
are in operation, two under construction while more in planning phases. The operating experience resulted in
developing the infrastructure for considering the effective use of SMRs for suiting with the energy requirements of
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different regions of the country.

Application of Small Fast Reactor 4S for Energy Supply Security Mr. K. Arie Toshiba Corp., Japan

The small fast reactor, 4S (Super-Safe, Small and Simple) has distinguished features such as enhanced passive safety,
long refuelling interval and low maintenance requirements as well as high temperature capability and enhanced
security. Using these features, the 4S is suitable to supply electricity and/or heat for remote area communities, mining
sites, oil sands recovery, seawater desalination and hydrogen production. In addition, the 4S-based Hybrid System
along with its enhanced nuclear safety could be a key social infrastructure for energy supply security by combination
with smart grid, energy storage system, and desalination plant.

Update on Slovenia Nuclear Energy Programme Mr. G. Miroslav Ministry of the
Environment and Spatial Planning,
Slovenia

Slovenia is operating one unit of 700 MWe class two-loop pressurized water reactor made by Westinghouse at the
Krsko NPP site, which is jointly owned by Croatia. The PWR was the first western nuclear power plant in eastern
Europe. The construction of the plant was started in 1975 and the plant was connected to the grid in 1981, followed
by the commercial operation in 1983. Replacement of the two steam generators was done in 2001 and the plant was
uprated 6% then 3% subsequently. The reactor has 40 years operational life, but a 20-year extension is being
pursued.

INPRO Methodology for Nuclear Energy System Assessmentand | Mr. R. Beatty NENP/INPRO
Activities on Technology Assessment for Future Nuclear Energy
System

INPRO has developed a methodology to assess sustainable nuclear systems on national, regional and global levels,
consistent with the goals set out in its basic principles. With the methodology, Member States understanding has
improved that the implementation of nuclear energy requires a holistic approach and a long range review. INPRO
supports countries developing new nuclear energy capacity to consider technology assessment activities as they
develop their nuclear system deployment plans.

Integrated Nuclear Infrastructure Development Programme for Mr. D. Kovacic NENP/INIG
Newcomer Countries

The Integrated Nuclear Infrastructure Development Programme adopts the Milestones approach, which identifies
gaps and helps Member States develop the national infrastructure to implement their first NPP based on the existing
nuclear reactor technology. It deals with key infrastructure issues for newcomer countries and provides guidance for
understanding the nuclear power option and issues associated with its long-term national and international
commitments.

IAEA’s Approaches to Assess Environmental Impacts due to Ms. A. Miketa NENP/PESS
NPP operation

Planning and Economic Studies Section at the IAEA assists Member States in capacity building, so the countries
have inherent capability to perform analysis and develop alternative strategies to achieve sustainable energy supply,
to evaluate the energy-economic-environmental implications, and to assess the potential contribution of nuclear
energy in securing affordable and clean supplies of energy. To date, the IAEA has developed and made available to
its Member States various Energy Analysis and Planning tools for the assessment of nuclear energy contribution in
country’s national energy mix, and to provide justification for introduction of nuclear power, and helped establish
national position that covers social, economic, environmental aspects.

Potential Contributions of Modular HTGRs to Energy Suppliesin | Mr. Y. Sun INET - Tsinghua
China University, China

Nuclear energy is a practical energy source which can help to ease the challenge of energy supply security and
power generation. China has already been implementing a nuclear power program. A large number of nuclear
power plants are being operated, constructed or under planning. The graphite moderated high temperature gas-
cooled reactor (HTGR) has been under development in China for the past decades and the first demonstration plant
is under construction. The modular HTGR technology has unique features such as high temperature and inherent
safety characteristics that apart from power generation enable supplying process heat at various temperature levels.

The Development of Small and Medium Reactors (SMRs) in China | Mr. S. Cui Huaneng Nuclear Power
Development, China
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Although the Fukushima nuclear accident has not reversed China’s decision to develop nuclear power for satisfying
the growing demand for electricity, it made the Chinese government elevate the safety standard for nuclear power
plants. Under these circumstances, SMRs featuring safety, flexibility and compatibility to the grid begin to draw
wide attention. Currently, SMRs under development in China include PWR type CNP, CANDU reactor, HTR
(including High Temperature Gas-Cooling Reactor, HTGR), Fast Neutron Reactor and Nuclear Heating Reactor.
China has given importance to the development of HTR, and has launched a demonstration project of 200MW
HTGR in Shidao Bay. The project is run by China Huaneng Group.

Technology Development, Design and Utilization Features of Mr. S. Borovitskiy JSC AKME
SVBR-100 and its Deployment Scheme Engineering, Russian Federation

SVBR-100 is an integral, modular, small sized fast reactor with the net electrical power of 100 MW, designed both
for newcomer as well as expanding nuclear countries. The reactor has been developed since 2009 by the JSC AKME
Engineering, a joint venture of Rosatom and EuroSibEnergo in collaboration with other established institutions. The
SVBR-100 design takes advantage of 80 reactor-year experience in the operation of small lead-bismuth cooled
reactors for nuclear submarines. The small fast reactor adopts up to 9 years fuel cycle that allows a significant
reduction of natural uranium consumption.

Technology Development, Design and Utilization Features of IRIS | Mr. M. Ricotti Politecnico di Milano,
and its Deployment Scheme Italy

The first 10 years of the IRIS project will be presented, summarizing its technical achievements and influence on the
resurgence of SMRs. IRIS is one of several small reactor concepts originated in late 1990s. The reactor design
incorporates a number of novel technology advancements that it either introduced for the first time, or improved from
its predecessors to bring them into a higher technical level.

Major findings of the INPRO project on Legal and Institutional Mr. V. V. Kuznetsov NENP/INPRO
Issues for Transportable NPPs and possible follow-up activity

A Transportable Nuclear Power Plant (TNPP) is a factory manufactured, transportable and relocatable NPP that
when fuelled is capable to produce final energy products like electricity, process heat, and so forth. The deployment
of TNPP could face new legal issues in the international context, related for instance to obligation and responsibility
of the operators to comply with international legal instruments as well as with IAEA safety standards and security
recommendations. The INPRO project on the subject has studied legal and institutationl issues for TNPP deployment
and to propose solutions to address the identified challenges.

Malaysia Energy Policy: New Role to Malaysia Nuclear Agency Mr. M. Rawi Malaysia Nuclear Agency,
Malaysia

The previous and current status of the Malaysia Energy Policy will be discussed. The Malaysia Energy Policy in the
tenth Malaysia Plan emphasizes on the nuclear power as an energy option for Malaysia and the new role for the
Malaysian Nuclear Agency in supporting the National Nuclear Power Programme. The Malaysian Government has
formulated the first National Energy Policy in 1979, with three objectives: (1) sustainable energy supply, (2)
optimum utilisation and (3) environmental preservation. The environmental objective is about securing that factors
pertaining to environmental protection are not neglected in pursuing the energy supply and utilisation objectives.

Prospects of SMRs in Indonesia’s Energy System Ms. C. Johari, Mr. S. Soenarko
NENP/INPRO and INIG

Indonesia possesses unique features that present opportunities to incorporate SMRs in the national energy system
for the introduction of electricity, and possibly co-generation, in small islands, given the fact that nuclear energy is
already part of the national energy mix policy. Recent study indicates that SMRs are a viable option for a capital
cost of less than US$3,500 /kWe. The deployment of SMRs in such locations, however, poses real challenges with
regard to issues such as infrastructure development, electricity grid, availability of skilled personnel, emergency
preparedness, and safety-security-safeguard aspects, and more importantly due to recent Fukushima accident,
political commitment and public acceptance.

Small Sized Reactors: Case for the Asia-Pacific Region Mr. H. Peimani Energy Studies
Institute/NUS, Singapore

The countries of the Asian-Pacific region, suffering from land scarcity and some facing financial restrains and/or
electricity demand from small scattered energy-consuming locations could benefit from SMRs. As determined by
their specific geographical, geological and climatic circumstances, a combination of SMRs and renewables
operating in a well-integrated power grid can address growing electricity requirements without contributing to
global warming. This kind of systems could be a means to deal with the excessive demand and to replace some of
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their existing fossil fuelled-power generators; they can also be a measure for combating global warming through
reducing their current CO2 emissions.

Prospects and Constraints of SMR Deployments in Thailand: A Mr. P Boonsuwana Bureau of Nuclear
regulatory perspective Safety Regulation, Thailand

In Thailand, the need for reliable energy sources in response to increased electricity demand makes nuclear power
an alternative reliable energy option, regardless public opposition due to Fukushima. Large LWR-type-reactors are
most likely to be approved primarily due to their proven technology and established licensing process. However,
their construction cost, large footprint and the possibility to produce large-scale accidents make their construction
less attractive. The SMRs start making economic sense, as they are smaller, cheaper, easier to deploy and probably
safer than the typical LWRs due to their smaller size and passive safety features. Despite the benefits, concerns that
SMR technologies are not “proven”, the issues of nuclear proliferation, and the licensing process are perceived as
challenges.

Technical Requirements of Jamaica for Nuclear Reactor Mr. Z. Mian Office of Utilities
Technology for Near Term Deployment Regulation, Jamaica

Jamaica is the largest English Speaking Island economy in the Caribbean with a total land area of about 11
thousand km2 and a population of 2.7 million. The per capita income is US$ 4,980 (2010). The country is
determined to reduce its dependency on imported oil by optimizing the potentials of renewable energy. The
government has created a roadmap towards achieving 20% fuel supply mix shift towards renewable sources. The
Energy Policy places enhanced reliance on fuel diversification strategy that would rely on natural gas and other
such fuel in the short- to medium-term. In view of development of SMRs and advancements in nuclear technology, in
the longer-term Jamaica would have to evaluate the potential role of nuclear options in its overall energy supply
mix.

Technical Requirements of Mongolia for Nuclear Reactor Mr. G. Manlaijav, Nuclear Technology
Technology for Near Term Deployment (tentative) Authority, Mongolia

Development of New and Renewable Energy in Mongolia Mr. T. Tseren Ministry for Mineral
(tentative) Resources and Energy, Mongolia
Guideline of Development of NE Series Report on the Subject Mr. H. Subki — IAEA Mr. D.

Shropshire — EC-JRC

Working Session #1: Development of Outline for the publication on | All - lead by Meeting Chairmen

the subject

Working Session #2: Development of Terms of Reference, All — lead by Meeting Chairmen
Introduction/Executive Summary for the publication

Wrap Up Session, Meeting Conclusion and Action Plan H. Subki NENP/NPTDS

During the meeting, the presentation offered by prof. Ricotti is in the largest part similar to the presentation offered in
the IAEA Workshop on “Technology Assessment of Small and Medium-sized Reactors (SMRs) for Near Term
Deployment” (5 - 9 December 2011). The content of the speech is reported in the following section hence is not

repeated here.
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INTERNATIONAL ATOMIC ENERGY AGENCY

Workshop on “Technology Assessment of Small and Medium-sized Reactors (SMRs) for Near Term
Deployment”

IAEA Headquarters, Vienna, Austria, 5 - 9 December 2011

List of the presentations, contributions and discussions

Workshop Outline and Update of IAEA Programme on Common
Technology and Issues for SMRs

M.H. Subki
NENP/NPTDS

IAEA Programme on Advanced Nuclear Power Technology
Development

T. Koshy SH - NENP/NPTDS

IAEA Programme on Reactor Technology Assessment and
Selection: Process and Approach

S. P. Schultz
NENP/NPTDS

Technology Development, Design and Safety Features of CAREM-
25 and its Deployment Scheme

P. Zanocco CNEA, Argentina

Technology Development, Design and Safety Features of KLT-40s
and its Deployment Scheme

Y. Fadeev OKBM Afrikantov,
Russian Federation

Technical Requirements of Malaysia for Nuclear Reactor
Technology for Near Term Deployment

M. Maskin (Ms) MOSTI, Malaysia

Technology Development, Design and Safety Features of CNP-300
and new Small Reactors in China

Q. Lin SNERDI, China

Pakistan’s Experience in Operating CNP-300s and Near Term
Deployment Scheme

M. K. Chughtai PAEC, Pakistan

Overview of Nuclear Power Infrastructure Preparedness in
Newcomer Countries

D. Kovacic, NENP/INIG

INPRO Methodology for Nuclear Energy System Assessment and
Activities on Technology Assessment for Future Nuclear Energy
System

R. Beatty
NENP/INPRO

IAEA Safety Assessment Requirements

H. Khartabil NSNI/NSNS

Technology Development, Design and Safety Features of SMART
and its Deployment Scheme

H.K. Joo KAERI, Republic of Korea

Technology Development, Design and Safety Features of mPower
and its Deployment Scheme

D.E. Lee Babcock & Wilcox, USA

Technology Development, Design and Safety Features of NuScale
and its Deployment Scheme

J. N. Reyes NuScale Power, USA

Technology Development, Design and Safety Features of
Westinghouse SMR and its Deployment Scheme

M. Anness Westinghouse Electric,
USA

Technology Development, Design and Safety Features of IRIS and
its Deployment Scheme

M.E. Ricotti Politecnico di Milano,
Italy

A Proposal to Prepare for Introduction of SMR Using Feasibility
Studies Based on the SUSTINE-NEOP Approach

R. Sollychin NEFW/RRS

Breakout Session #1: Member States Exercise on Technology
Assessment for Light Water Reactor - SMRs

Lead by T. Koshy NENP/NPTDS

LP1.B3 -8-
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Technology Development, Design and Safety Features of the
Enhanced CANDUG6 (EC-6) and its Deployment Scheme

J. Hopwood CANDU Energy, Inc.
Canada

Technology Development, Design and Safety Features of PHWR
220, PHWR 540, and PHWR 700 and their Operating Performance

U. Muktibodh NPCIL, India

Technology Development, Design and Safety Features of
AHWR300-LEU and its Deployment Scheme

A. K. Nayak BARC, India

Breakout Session #2: Member States Exercise on Technology
Assessment for Heavy Water Reactor - SMRs

Lead by J.H. Choi NENP/NPTDS

Technical Requirements of Uruguay for Nuclear Reactor
Technology for Near Term Deployment

P. De Lucia Terni (Ms) ANCAP,
Uruguay

Possible Financing Schemes for Current and Near Term Nuclear
Power Projects

N. Barkatullah (Ms)
NE/PESS

Technical Requirements of Ghana for Nuclear Reactor Technology
for Near Term Deployment

1. Aboh GAEC, Ghana

IAEA Programme on Non-Electric Applications coupled with
Small and Medium-sized Reactors

I. Khamis
NENP/NPTDS

Member States Exercise on Technology Assessment for Non-Electric
Applications

Lead by I. Khamis NENP/NPTDS

IAEA Programme on Gas Cooled Reactors Technology

B.M. Tyobeka NENP/NPTDS

Technology Development, Design and Safety Features of HTR-PM
and its Deployment Scheme

Y. Sun INET, China

Technology Development, Design and Safety Features of EM2/GT-
MHR and its Deployment Scheme

R. W. Schleicher General Atomic,
USA

Member States Exercise on Technology Assessment for Gas Cooled
Reactor - SMRs

Lead by B.M. Tyobeka
NENP/NPTDS

Technical Requirements of Indonesia for Nuclear Reactor
Technology for Near Term Deployment

M. D. Purwadi BATAN, Indonesia

IAEA Programme on Fast Reactors Technology

S. Monti NENP/NPTDS

Technology Development, Design and Safety Features of PRISM
and its Deployment Scheme

E. Loewen GE Hitachi, USA

Member States Exercise on Technology Assessment for Fast Reactor
/ Liquid Metal Reactor - SMRs

Lead by S. Monti

Newcomer Countries’ Exercise and Feedback Presentations:
0o LWR-SMRs

HWR - SMRs

GCR - SMRs

FR/LMR-SMRs

Non-Electric Applications

O O O o

Member States and NPTDS
Technical Leads

Closing Remarks

T. Koshy, S/H-NPTDS

LP1.B3
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Breakout Session #1: Member States Exercise on Technology Assessment for LWR - SMRs

Group A B C
Room M6 M OE 67 M OE 68
Technology Developers | Korea— SMART Russian Federation — Argentina — CAREM-25
Italy — IRIS KLT-40s USA — NuScale
USA — mPower China — CNP300 USA — Westinghouse
Pakistan — CNP300 SMR
Scope of Discussion Standardization & Plant performance and Economics
Simplification operability Constructability
Safety Proven Technology
Facilitators: T. Koshy A.S. Rao J. Cleveland
S.P. Schultz K. Yamada D. Ingersoll
Newcomer Countries: Albania Croatia Bangladesh
Algeria Ghana Kenya
Indonesia Malaysia Nigeria
Vietnam Sudan Thailand
Singapore Uruguay

The invited Group Leads (Rapporteurs) for the LWR — SMRs breakout sessions:
Group A Lead: Mr. Zaki Su’ud — Indonesia

Group B Lead: Mr. Zeljko Tomsic — Croatia

Group C Lead: Mr. Francis Ibitoye — Nigeria

The presentation offered by prof. Ricotti during the workshop is reported in the next section.

The subsequent section (“Newcomer Countries’ Exercise and Feedback Presentation — Group C for LWR - SMRs”)
shows the results of the Breakout Session #1 and the related discussion and Q&A process, including the contribution
given by POLIMI on the IRIS SMR concept.
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Technical Mesting/ Workshop on
Technology Assessment of SMRs for
Mear Term Deployment

LAEA, Vienna, 5 - 9 Decembear 2011
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N HisTorY OF IRIS

09/09/1999, kick-off meeting at MIT:
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

UP TO 2009-2010, 3
IRIS: REFERENCE SMR DESIGN FOR US DoE e

MUCLEAR ENERGY
RESEARCH AMD DEVELOPMEMT
ROADMAP

REPCRT TO COMGRESS

. ENERGY

Muchear Enengy

The IRIS approach B

SAFETY

«  Driven by simplicity to ensure safety and economy
«  Uses proven light water technology [PWR)

= Implements anginaecing innovations, new solutions,
but does not require new/breakthrough technology development

B B oo
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL f%ﬁ
MODULAR REACTORS (SMR)” 0

Safety-by-Design ™
-aims at eliminating by design possibility for accidents 10 occur,
-al reducing probabllity of cccurrence for remaining accidents,
-al reducing consaquances
-gliminates systema/components hat wera neadad 1o deal with thosa
accidents,

Passive Safety Systems
-profect against still remaining accidenis and mitigate their consequences,
-fenwear and simplar than In passiva LWRHS,

Active Safety Systems
-no active safety systems are required,
-but, active non-safety systems may contribute to reducing the probability of
CDF {Core Damage Freguency),

IMPROVES SAFETY WHILE SIMPLIFYING DESIGN

. Mt B M | ] POLITECHICD: B iLhbdG

—
4 g | IRIS: integral solution for primary system
[]

tion of external
g and components,

FORLITECHICCE Dl A0 N O
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MODULAR REACTORS (SMR)” N

u}i IRIS: integral solution and reduced size
containment

500 M¥e

Loop-Type PWR Integral solution allows

for:

40m
= glimination of external
piping and components,

» adoption of a compact
containment

8 raduce NPP dimensions

FORLITECHICCE Dl A0 N O

uﬁ IRIS Design Features

.

= [Integral PWR module 335 MWe,
Safety-by-Design™ approach

e s L ]

# Long Life Core (~4 years, no
masnlenance n:-.rlage within iy

= 8 helical-coil steam goenerators
{compressed lwbas, no cred; no Skness
Commasion Cracking)

= 8§ axial flow fully immersed primary
coolant pumps (low AP, no laakages,
no mainienance, self-coobed, already
wsed al S00°C in chemical indusiny)

*  Internal Contral Rod Drive
Mechanisms (no peneirationsieakanges,
no Kod Epection Accident)

- LE AU

o

= [Integral Pressurizer (high prz voleme |
reacior power ratio, no sprays)

=  COF 10 event/r y {internal+seismic)

| PFOLITECHIC O Dl ML A
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL _ : |
MODULAR REACTORS (SMR)” ‘-.,q__j

H IRIS: Containment Vessel integrated into
aafety Strategy
THE &

=  Pressure Suppression Confainment,
spherical, steel, 25 m diam.

* Design Pressure 15 bar (rel.) P B——

»  Suppression Pool limit peak prossure g WessiL
to 9 bar (red.); walar injechan by gravity
i case of LOGA

= Sel-limiting LOCA due to conlainman-
RPY pressure equalization

* Heat-sink: exlamal air cooling of sleel
shell repects heat to almosphera

= Auxiliary building seismically isolated

o Manin B Mool FORLITECHICCE Dl A0 N O

‘ﬂ IRlS: Small Break LOCA (SBLOCA)

= Mo large break LOCA

= |n 58 LOCA, Reactor Vessel and
Containmen! become thermodynamically
coupled

» Reaclor Vessel depressurized by inbernal
heat remowval

1

L

= Containment pressure allowed o rise (smail,
spherical geometry)

« Pressure diferential across the break
equalizes quickly and LOCA is stopped

s Long term sequence depends on outs ide
heat remaval

T | e e o v e P o LR e ) U e
. n 3

ra s = e o =

= Self-limiting, no need for water injection iy

ino HRESI)

Example: Double ended break in 2° DVI line
Collagsed waler level
(wery conservative, mixture bevel higher)

prl Maca B Fleook -Il | | FORLITECHICCE O |0 N O

«  Core remains coverad for all postulated
breaks during the whole fransient
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

IRIS: Safety-by-Design™

implementation

M e prmary g

4 e beni Losd ol Coolesl Largs Brass LOCA,

Hleramprad

) Brmtends [LCHE A
Wl P mdt = O LDCAa
LT T + Dm0 bl rermossl
Lurge, bal wwmis L ]
' Aerornodwiens el Conesi e o famd  Spacium of conigiirod. Cimnmnsd
1 Detes Mrharauma (CE0RR) e ]
Dmprwamarions. primary syuben by + LOCAE
Bl et by bzw of reams
[ Pecive: bl remosl by Sie < RHGhE
"h"'"'"*"““"'"""" WWT|EGW: H-#- 4 Bl i B wlaiR i
ViLhi Rasuiei Bywiemn [EHREE) e & Pl

S it e T AL
i

Reossn ire Feur Bradiid g Vet Panh premarg o LR
dew apnay

L EEREsT
Deomansd rpoiares ol rghs purrg 0 Lockssd el | ol isirurs’ E.lﬂawpnp W ETar s d=d
Wirpis reegrad AT - aluif [sudh
et Conkad [navi 3 Al + L of Fiow Accolerts Rt bie cowsiaid o Dmmmgradesd
H L CHF i | I
Hz TN =
[ —— canrok e -prenar. | genr b [ TR ———]
i o =aphre Nphuis
Hgh Sson MUY ¢ o i Srpsiun Piping ciaipind
" . e ll Bpecin Coimalard) TACHEE Sl s ow Smam 1pdier poeg Crnmmgr pien]
NI Mo ppre o T —y Indurs
- > -
e dercadg nidam ' Faad el beal eyl pywlee e merge ndurl
r#l e et S 1 GiRar b Dram brmah.

Y —r———
[N —— Lups e ke it e B b

SATYE
Foami varadng scodermy  LnsHecrea

L oo

assive emergency heat removal system (EHRS)
-

IRIS: Safety systems

[ wessdmsssss

EHRS *

—

g LI Ty
-
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

Gontamment preselrs EUppreseion ey etam (FS5)
IRIS: Safety systems
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MODULAR REACTORS (SMR)”

m Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL

Small attomatic depressurization system (A0S}

IRIS: Safety systems

Lang term coo
-

IRIS: Safety systems

=22 LICH == f

prd. Waedin B Mool
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

N Safety Systems and Functions

Emergency Heat Removal System (EHRS), 4 trains (redundant; only 1 needed
to reject decay heat)
«  Safety grade decay heat removal fallowing SLB, FLEB, LOHS events (2 traing sclusted)
Reactor and containment depressurization/cooling following LOCA events (4 trains actuated)
Main Feed and Steam Isolation Valves (MFIVIMSIV), redundant and fast closing
Provides isalation Following Steam Genarator Tube Rupture event - lerminating leak
+  Part of EHRS actuation

Automatic Depressurization System (ADS), 1 stage
Assists EHRS to equalize RV and containment presswres following LOCAS at low BV
Iseatisne

Emergency Boration Tank (EET), 2 tanks (redundant)

«  Borates primary system 19 mainiain resctor subsritical 81 low (eMmperaieres
Provides diverse means of shutdown for ATWS ovenis
+  Provides a limited amount of water I'H.ﬂ.l:hp f-u-l'lmuhm LOCA and coaldown event
Long Term Core Makeup System (LTCMS), 2 trains (redundant)
= Provide passivie, long 1erm, water makeup o RV from reactor cavity and suppression pools

N Safety Systems and Functions (Cont' d)

Contalnment System

= High Design Pressure (12 bar /175 psig) Steel Shell
+  Pressurization following LOCA reduces break flow
«  Panerations isolated automatically on high-nigh pressure
*  Low leakage - limits offsite dosa

« Suppression Pool
+  Limits contalnment pressurization to 8 bar, following worst DBA
* Floods BV cavity after prossure suppression function completed
+ Source of gravity-driven, borated, makeup water to RV
+ Reactor Vessel Cavity
«  Assures bottom 173 of vessol externally flooded following LOCAS
+ Source of gravity-driven, borated, makeup water to RV for unlimited time
Refueling Water Storage Tank
Frovides gut-ef-contalnment heat sink for EHRS His
Source of borated water for refwaling and haat sink for shutdown accidents

LP1.B3 -20 - CERSE-POLIMI RL-1481/2012



Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

N IRIS: SBLOCA safety strategy 21

* High pressure suppression containment + primary vessel + passive
safety systems coupling:

Break bnitiafi

_— —

» Safety-By-Design approach
= Active, non-safety systems have passive, safety-related back-up
to perform nuclear safety functions

= Safety functions automaltically actuated, no reliance on operator
action

= Passive features actuated by stored energy (batteries, compressed
airy

* Once acluated, their continued operation relies anly on natural forces
(gravity, natural circulation) with no motors, fans, diesels, elc.
Core will remain covered under all accident sequences

« Heat sink designed to provide cooling for 7 days without

operator action or off-site assistance for replenishin

« Additional diverse systems to minimize probability of Core
Damage/Radioactivity Release

LP1.B3 -21- CERSE-POLIMI RL-1481/2012



Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

IRIS: Pressure Vessel Embrittlement 23
eliminated IR s, e

56 modules <% large Downcomer water thickness (core-vessel]: 1.7 m

* Fasin flux on vessel ~10* times less than in current PWRs — “Cold vessel
* External dose practically avolded

* Mo embrittlement, no surveillance

o R Radial fast neutron flux Fr-nﬂlu

« Decommissioning 1618 frto| LOOT PWRS n | =
simplified e _“\\ ‘/ | |
|

I‘E‘m = x e h—— - =

1E={# I_llm_clll i -i

?—I |
: 1E=l6 1‘.“\“"" 1 l
i H"""-\ .l( |

1E=04 - T

1 Esii2 ! i

1Es A, - T :

LE-0

103 30 ko] 20 a a0 DY &5
Fliikal pesins piomi

N IRIS: Risk-Informed PROCESS 24

= Deterministic safety analysis and PSA calculation during the
development of the preliminary design

MSIGASAFETY P Procedune PSA TEAM
ANMALYSE TEAM T E—
Providmg RIS Analyds of Sysneen' oo

wystem data (mitial j reliability

Providing IRES Identification of high
syl data updadc rink aoenaring

TRk bl rved Dhagin  paresvalinde

Analysan af
idemificd scquinoes

Iilenti Bicatinn of wguases
requiring analysis

i : i

e
Incomporation of | : Recommend changes vo
changes in design 1 i mimpun e PRA fesils
—. | 2 e —

B B oo

LP1.B3 -22- CERSE-POLIMI RL-1481/2012
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IRIS: Risk-Informed process — CDF 25
reduction

Design development I PSA B Design development 3 PSA B ...

- 1.90E-6
< : 1 e
r | |
1 i
—
= 238E-8 "|
|9 - - I -..
T —— -Tl
ol I E r ’ 5 (I
E IRIS: auxiliary building seismically isolated 26

L

Numerical and experimental study:

= 120 rubber-sieel isolators (High Damping Rubber ! —
Bearings-HDRBs), 1 m diam, 84 mm heighl -

=  PEA =023 g, isolation frequency = 0.7 Hz
= lateral displacements < 12 ¢m

- 25% reduction PGA at vessel suppors leveal,
5 times reduction al roal lavel

= HDRB expanmenial campaign already carried out

=
B SR R S
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MODULAR REACTORS (SMR)”

N IRIS: results of the Safety-by-Design™ & 27
Risk-Informed approaches P i =

Criterion L s
Advanced LWRs
Redundant andlor No active systems;
Defense-in-Depth (DID) diverse active Safety-by-Design™
systems or Passive | with fewer passive safety systems
systems
Class ¥ Design Basis B typically Only 1 remains Class IV
Events considered {fuel handling accldent)
Cora Damage =10* - 107 events =10* avents
Frequency (CDF) per year par year
Large Early Release ={0-¥ - 10 events =10" ewents
Frequency (LERF) PEr year per year

B B oo

N IRIS Safety-by-Design™: The 5 Most Savere 28

Accident Precursors since 1979 as ranked by NRC b

{Cannot Occur or are Intrinsically Mitigated in IRIS)

Rank ear Fiant Accident Precurior R

Same aockdent canmol occur: RIS has
rfegral roesswizer and no power
operaied ool valaa, Samidar accitenis
L@y smal broak LUCSR) Raee inlrinsic
miBgation {oore afways Covsed)

Canmot occind. IRIS salely grade décay
Tona Lok of Fespewater (main s | hoal removal systern (EMRS) doas rot
E RN NeLEe Ay sourmn Ol water inpechon (o

Pressurizer Power Operates Relal

1 1978 | Thies M talng | Y FRICK Coen

Partial Core Maelidown ocourmed

z 1065 Devs Besse Ihe deam gereraionrs. alko, moesied
Cars Damags Probability = 71007 | pimary seie thésmal inerla inhenenty
i At 08E o Fai Mddwalsl dvinia
Residual Beat Remaal (RHR ) BWR Event: by and
Wit Hiat Exchangss Fadurs Wy du—
3 1887 Brwrriaick | operElnnal profedunes for AHR,
S 10 DORBHE (oyited Bhily) indwrant miigating featares
Cong Damags Probability = 3°107
WUrsavailabilty of high pressune Canmot gocwr RIS doos nol nesd
4 1981 Shaaron Marris salety imjechion (HPSE) pump thus dos not horve safely relaled HPS|
Cone Damage Probability = 6100 | pumgs
Degrasdad vadis| Fiad; unguilfiad
coaings and debes o Canrdt oeeulr RIS Nan fd wRssl
5 ol iFs Doeyrs Pt oontsnment poienia MES| pump | paneiraRaens: By ASophion of indernal

Pl duning fediftulahon CROME 8nd hird no HPSE pufmnis
Gore Damage Probability = 6710

el Maeds B Mol
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL @

IRIS response to Fukushima-like events 20

* Full exploitation of simple, passive safety systems, no need for
energylelectricity supply

« Grace period: >1 week; beyond 1 week: air-cooling, eventually
supply of water (not electricity or oil for DG) in the Auxiliary
Building (not in the containment), plug-in solutions under study

*  Fully seismically isolated Auxiliary Building

N OPERATION & MAINTENANCE

*Main Goal: Perform
maintenance shutdowns no
sooner than each 48 months

«MIT study completed in 1996

investigated extending PWR to 48
month cycle

«3743 maintenance items {on-line
and off-line) identified

By recategorizing 625 items from
off-line to on-line, only 54 were left
unresolved for PWR

«Accounting for IRIS configuration,
unresaolved items are reduced to 7

PWHR Surveillanee Program
Comparkan

‘ s

Proposed
d48-Manth
Cycle

¢ 1000 2000 3000 4000

Current 18-
Month Cycle

B Unreeshoed B iwcling @0W-line |

LP1.B3
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MODULAR REACTORS (SMR)”

N After MIT study, only 7 items unresolved

Relief valve testing

Steam generator inspection
Main condenser cleaning
Safety system testing

Main turbine throttle control
Rod contral system testing
Reduced power window items

1.
2.
3.
4.
o
6.
T.

In 2003, TVA addressed and resolved or found resolution programmes
for all 7 items

Once you have reached a sound safely level for SMR, fo suppor the claim “EPZ
reduction”, & mew sciantific-based approachimethod is nesded

Risk-Informed approach: No Emergency Planning Zone
= Elimination/strong reduction (NPP fences) of the Emerg. Planning Zone

= Mew procedure developed: Deterministic + Probabilistic evaluation of
the EFZ, as a function of radiation dose limit and NPP safety level
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

N IRIS - Site Plot Arrangement Example

« \Vary compact

- Low profile

« Modular construction

- Shared buildings and
systems (except
containment)

Multiple twin-units
(2 twin-units, 1340 MWe)

* Also well suited for co-gen (desalination, district heating,
agro-industrial steam)

B BB olcchicooiwuno

N Co-generation: Desalination, District 34

Heating, Ethanol production B o e

'IRIS Coupled to an MSF Plant

Resulis for IRIE + MEF Plamnt

e LR
Dimriesiiy sl Forrg Sy P g— L3 N
=]

=7 E‘

ST
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Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL @

Ethanol + Desalination: Outputs and Energy
Balance

1
J— - =
q | {1 Surge
. s R 256 MW, pacty, | 270 MWe
g aly
r-.,.- i
- o Ethanal + HP bieeding (10% Surge
| Eapaity]
@ + :}? Sy 240 MWe
I -';]il'f i
L3 Desalina
3 wﬂ MW, 208 MWe
T D =l !
— Ethana| {10% Surge
- 253 MW capacky)
= + i + i h 110 MWe
' Dresalination
S22 Wiy st
_ 635 MW,
ﬂ o Ethanol + HP bleeding {10% Sunge
+ °r + ' MW, capachy)
(i & 300 M, 105 MWe
e ||l"|l:;|l|l-'u Tl el ol w
506 MW,

ol Maoin B Mool FIRIT WG Ol el |0 O

IRIS Prototypic Components & Test
Facilities for Design Certification

IETI {SIET Italy) Facllity:
thermal-fluid-dynamics
expariments on a fulkscale
helical-coil tube of the IRIS
Reactor Steam Geneérator

SPES-1 at SIET (Placanza, Ialy)

Prototypie 20 MW bundle, will be used to demonstrate
tesied originally for SIS RIS integrated sysiam
Ansalde reactor and having performance and to support
ihe same diameisr &5 one af design approval [APBID testing
the IRIS Steam Generalorns was performed at SIET)
ol Macen B Fecoli | rSLITEEHICE D1 MiLAMS

LP1.B3 -28 - CERSE-POLIMI RL-1481/2012



Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
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N IRIS: experimental campaigns on SG and 37
Safety Systems (basic set

ENEA + POLIMI in collaboration with SIET labs
(Piacenza)

1. Steam generator helical coll tubes = full scale

2. EHRS passive safety systems - scaled on power/
volume

— e

[ﬂr“ Logo A contoling aeg

=
ot olY
h"._ll_

I"M‘\-nl
EE" f—_—

LTI 45

N SPES-3 facility

Primary circuit
B and internals:

{ohE SFSULAG (RacInica by Feaied rod butdle), iser and CROM ons,
lerwle AT

an outed cieculation pump (simalating sighi IRIS pumps)

Secondary eireults [Iree leaps simulating four IRIS leaps)
Biwam genarwiors (1 504 simukaing B; 28, 29, 476)
Ftwid Lirvies:

Sleam Lines

Emargency sysiems components and piping
EBT [ Emergency Bombon Tanks)
EMRS (31 Ememency Hex Hemoval Systems|
RWET {2 Fedssling Wiansds SAorags Tanks)
ADS {2 rairg Automakc DHEOEEsunzasen Sysams
simulating Frea)
D% {2 Daneac] Vesssl [npschon nes)

Conminment system simulabed by sepaane fnks and plping
OW {1 Diry Wiad)
@t {1 Guench Tark),
P55 (1 Prossun Suppression Systims)
RC {1 Reacior Caviy)
LGMS (2 Long Term Grasity Make-up Sysiems)
BCC {1 Passiva Conminman Dooling ks tha 0W)

el Macds B Mol -
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H SPES3 facility design and construction
steps

# Technical specification for IRIS testing;

= 2PES3 facility preliminary design (layoul, components, instrumentation],
# RELAFS simulation of SPES3;

» Comparison with IRIS results by RELAPS and GOTHIC coupled code;

* Review of the Technical specification to adjust component volumes

» SPES-3 design modification and optimization to match the IRIS results.
= RV final design by Mangiarotti Nuclear;

» Containment components prefiminary design by SIET, final design by ouler
suppliers =+ assembling/installation by mid-2012;

» Supporting tests on: electrical heaters simulating the reactor core, single and
double helicoidal tube of the IRIS 356G, EHRS system (esls;

» Data Acquisition System definition by SIET (National instruments products);

F Special instrumentation for two-phase low measures under development by
SIET/POLITO;

# Load bearing structure design and construction by outer suppliers.

prl Maca B Fleoohi _ PFORLITECHICCE Dol 0 N O

H 2PES-3: area preparation for components
instaliation, heating rods testing

i
il m

PFORLITECHICCE Dol 0 N O
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SPES3 nodalization: Primary, secondary and N

RWST (RELAP, GOTHIC, TRACE)

g 2 =
i kg 1 (1
il
prod Maeia B Mool
SPES3 nodalization: containment -
(RELAP, GOTHIC, TRACE) -y

pro Manin B Mool
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N‘ SPES-3: reactor simulator

+ 3 forged pieces + 4 helical
coil SG simulators

* Detailed design provided by
italian manufacturing
enterprises

* Co-funding (50%) by same
industries

+ Estimated cost: >5 ME

« Co-funding: discussions with
Regional Government,
Ministry of Economic
Development

« Partnership: Industries,
ENEA, SIET labs, POLIMI

—

N IRIS R&D on SMRs' ECONOMICS 45

Multi-dimensional concept:

QUANTITATIVE FACTORS: Technologlcal +

° " Fimancials.
\55 « Discounted Cash Flow Model c.a'flurﬁs. Mot

Present Walue, Internal Rate of Keturn,
“e Levelized Unit Eleciricity Cost, Pay Back
Time, elc.

‘o Approaches fo assess
competitiveness of Small RISK EVALUATION: uncertainties in the input/

and Medium sized output parameters.
Reactors »  Sensitivity to diferent scenano condiions,
diﬁeremwm'.'aslment strategies

« Stochasiic distribution of inputfoutput
parameters and varianca analysis

"EXTERNAL FACTORS": non-monatary
sire s and weaknesses, not fully guantifiable,

but relevant for the success of the project,

v Typical features of strategic projects

SR PR occon o
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N INCAS as a tool for an integrated 46
evaluation

INtegrated model for the Competitiveness Analysis of Small-medium modular
reaclors

Fingagnel &

Propet
Asrracriveness,
Project Rizk

O

INCAS conceived for the competitiveness analysis of SMRs va. LR [IRIS project and IAEA CRP)
Econamic pII"II'I'II'H'H: model 10 calsulate Glp-l'!.ll [~ 101
“Ecanamy of Mulliples™ vs. "Economy of Scale™

i R R ouiichico o mino
N INVESTMENT MODEL: parametric model for 47

capital costs

L]
‘g‘ TW (D) Assumes single site and same design concept
ol (@) Ce-siting scomomiss for multiple units on the
,,I]. Leaning [T TR
:.' @5::;_ IEI On siie Inaming procass
§ Lalar m Modularization and Tectory
= a fabrication
% Factor f lE' Irl'-'dr::-hmrnlpléll:;lahlﬂ:.l
‘ ) [ o
5 | @raceor B
b ] d
S lorm P § (S tprens Bosie
() ®nesign Present Value
Factors ¥ € CapitaiCost €
+ “SMR Design’ —
um

Plant Capacity [MWe]

7 B B oo
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N\ INVESTMENT MODEL: parametric model for s -
capital costs A e

i [ieywesner 501

% INVESTMENT MODEL: other modelling  —
assumptions - Mt

i [eywsner 501

® Design Saving factor: | Dissconamy of scale and co-stng
“expert elicitation™,

base assumption: lower NPP size =
enhanced design simplification

O&M and D&D: (dis)economy of scale i
for SMRs, learning and co-siting . :
economies apply as well . - - |

- Revenue Model: based on capacity factor (differential between LR and SMR) and
constant electricity price in real monetary terms

» INCAS-revenue model could be linked fo couniry-specific forecas! models
(eleciricily price time seres)

# Financial Model: based on Discounted Cash Flow with cash-transfer mechanism
between successive MPP units

£a ] unlls smf-ﬁ'lan g, l.hanwﬂi'l new dehl and : ﬂﬂﬂl‘lﬂ
mix™
» “Top-Down” approach [subslantial lack of sultable, open data on current SMR projecis)
P SRR TR roiionico o o |
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N SMRs comparison, size & design saving 50
factor: trade-off investigation

Construction
(overnight) costs
£

Econamy of scse panalry o
SMIFS, i same hechnokog
daign of LR & ke

Tt Pty Rl s
SOONOMICITHS “jumps” e
edy o oocur if SR wire

e eoonoemyy Of SCake Il Dyt Sl
Cianyis Foor S Sl vlue s (nare SCORoMY of
Ichrplog yidaugn SMRS sCale ouUrve )

|agEgn waNing wWilh reaped]

16 LK B assurmed) \, SMqu
-

MR2 \\. SMR3 “L" -
.y

=

Reactor akz&r

aptimal” aroa for a givan

SMR technologyi'doesign

N Conclusions on economics 51

INCAS conceived as a tool for comparative evaluation of economic
performance of SMR versus LR: “Economy of multiples™ vs.
“Economy of Scale™.

= Praliminary results: scenarios seem to exist where deployment

of multiple 5MRs compensate for loss of economy o
scale (vs. LR of equivalent power), i.e. economic performance gap
reduction”

INCAS ver.1.1 is currently under testing / validation at JAEA-PESS
and at JRC-Petten.

Further developments:

= from “Top-Down" to “Bottom-Up" approach (SMR design -
ralated costs breakdown)

= uncertainties/sensitivity analysis & risk evaluation
« external factors & MADM
« real options model
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N R&D role in the IRIS project 52

Universities’ collaboration:
« Within University labs and/or through Company internships
+ Thesis work {3-6-12 months), PhD program (6 months-3 years)
+ Post-graduation period (6 month-1 year)

>120 students worked on IRIS
Professors/permanent researchers involved:; =25

Open Literature — Open Knowledge:
~400 papers

(2 reference papers on 10 years of R&D history on IRIS fo be published in
apr-may 20712 on “Nuclear Technology ™ - ANS)

B B oo
L

N The “IRIS Universities" 53

PR CHIDD
s LR R 2]
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N Dimension of the students’ involvement 54

FER - Univ. of Zagreh 3 1

Georgia Tech 2

Massachusetls Inst. of Te-chmi:gy 1 4 1

Polytechnic of Milan (CIRTEM) 1 28 10

Polytechnic of Turin (CIRTEN] 3

Univ. of Pisa (CIRTEMN) 28 B 1

Tokyo Inst, of Technology B B

‘Univ. of California at Berkeley 2

Liniv. of Tennessea 1 &

Ohio State Univ, ' 4 1

Linki. of Michigan G 2

B DB ook |
N Feedbacks from ten years of SMR R&D o
activity

= “(re)think different” - a non-bias approach

= innovation - no technological jump
= international cooperation and team
* involve young, talented, motivated people

« address all items at the same time (“parallel & loop design™)

B B oo
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N‘ CRITICAL ITEMS .

On the path to deployment (currently in stand-by mode):

= find a vendor

= keep open collaboration approach (to prepare for
international market)

= involve countries interested into deployment (to share R&D
activities, knowledge)

« complete large scale testing phase for licensing purposes
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Mewcomer Countries’ Exercise and Feedback Presentation
Friday, 9 December 2011:

Group C for LWR - SMRs

Economics, Constructability

Presenter: Francis Ibitoye [Nigeria)

HALA Winrkhes on Technokogy Aviepumend of SRHL for Keger Term Deplopmant. § - 5 Degemitesrs H11 L

Structure of Group C for LWR — SMRs

* SMR Designs, Technology Developers:
— IRIS, Politecnico di Milano - Italy (M. Ricotti)
— NuScale, MuScale Power — USA (J.N. Reyes)
— Woestinghouse SMR, Westinghouse — LSA (M. Anness)
Newcomer Countries:
— Bangladesh
— Kenya
— Migeria
— Thailand
= Uruguay
= Expert Facilitators:
= J. Cleveland (Consultant, Austria)
= D.T. Ingersoll (ORNL, USA)

AL A Winrkhogy i Techrackogy Avsepumend of SRR for Megr Term Deplopmant. § - 5 Degemibess H17 L
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Assessment Summary on IRIS (1)

*  On Economics

— Capital cost: A simulation tool was used to estimate costs in a top-down
approach. Penakty is of the order of 70% but can be reduced to 7% by multiple
sawing factors. Need to conduct a bottom-up approach.

= Preliminary estimate of overnight cost is 7-10% more than for LRs in terms of
5/kW installed,

= Costs will be reduced if SMRs are constructed in sequence, Costs can be bower
than for an equivalent LR on the long run.

= Fuel costs for multiple units should be about the same for an equivalent LR,

— Q&EM: e.g consider 4 5SMAs; penalty: 4 control rooms, staffing, Compared with
one |large reactor, O&M cost can be reduced for equivalent SMRAs because of
higher CF. Shutting down 1 unit for maintenance still enable generation from 3
other units, This may eventually override the penalty.

= Need to compare costs of SMRs with other options, not just LREs.

— Because of much lower n flux on the PV, decommissioning costs should be
loweer than for LAs

HALA Winrkhes on Technokogy Aviepumend of SRHL for Keger Term Deplopmant. § - 5 Degemitesrs H11 L

Assessment Summary on IRIS (2)

* On Constructability

— Modularization: Each IRIS system is an
independent plant, in terms of safety systems and
control.

— Key systems are separated. Administration and
services can be shared.

— The footprint of 4 SMRs is about the same as that
for 1 LR.

— Construction time: 3 years is assumed, but this is
not yet optimized.

HALA Winrkhes on Technokogy Aviepumend of SRHL for Keger Term Deplopmant. § - 5 Degemitesrs H11 L
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Assessment Summary on NuScale (1)

* On Economics
= Meed to understand what is included in the costs.

— Costs can be reduced by "economy of small®
= Dwraagn Sorigessly oend Soalainbly
= Simpbar Salely Syaaemd Bhd AnakaEs
= Factory Fabroabon
& odulsr Parslel Coratnichon
= Inngyainy Ciparatnonm

= Q&M cost: cost of labour different for different countries. Savings on
staffing and infrastructure, since a 12-module unit can be contrelled
from one contrel room.

~ Decommissioning cost is only small fraction of total cost. Medule
includes PV & containment. Decommissioning is matter of lifting out
the module, A new module can actually be reinstalled in same location
immediately.

=~ Cost estimates made available only on request following a non-
disclosure agreement.

HALA Winrkhes on Technokogy Aviepumend of SRHL for Keger Term Deplopmant. § - 5 Degemitesrs H11 L

Assessment Summary on NuScale (2)

* On Constructability
— Factory constructed
— Units can be transported by truck, rail or barge.
— Skid-mounted turbines and easily replaceable.
— Highly scalable

— Adding more units is an installation, not a major
construction project.

— Construction time 36 months for a base unit of 12
modules

HALA Winrkhes on Technokogy Aviepumend of SRHL for Keger Term Deplopmant. § - 5 Degemitesrs H11 L
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Assessment Summary on
Westinghouse SMR (1)

* On Economics

— Capital costs 73% of total cost. High level of certainty for the
estimates.

— Operating costs 15%. B/fc of less systems, passive safety systems,
reduction in the amount of cables, length of piping etc. result in lower
O&M costs, Reduction of the amount of labour.

— Standardization: robust global network for replacement of
components.

— Fuel costs 10%: No striking differences bf/w conventional LWR and
SMR in terms of burnup; security of fuel supply and price stability
reduces prices uncertainties.

= Localization: cost efficiency will mean less localization. Simplifications,
maore local resources to be used hopefully in the future.

= Detailed cost estimates can be released to potential clients after
signing a confidentiality agreement.

HALA Winrkhes on Technokogy Aviepumend of SRHL for Keger Term Deplopmant. § - 5 Degemitesrs H11 L

Assessment Summary on
Westinghouse SMR (2)

* On Constructability

— Draws experience from on-going AP1000 projects
in US and China. Construction time is 40 mths for
AP1000.

— Construction time for SMR : 18 -24 mths for first
module, and12 mths for site excavation before

construction.

— Cost effective deployment scheme: optimizing use
of labour, concrete, welders etc. Local industry
can be used for deployment

HALA Winrkhes on Technokogy Aviepumend of SRHL for Keger Term Deplopmant. § - 5 Degemitesrs H11 L
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Specific Requirements from
Newcomer Countries (if any)

= Bangladesh
- Corafnachion fime and capital costs a0e main concerma
= Eegulatory requiremend dori nol prinment us froe furming Bo sestiar
= Spest fuel and High Level wasie concems
= Suppom for Anancing.
& Em
=  Regulatory authceity snce 15983 Collaboraton with US MAC. Nuckear optan slveady identifed in a natonal
EneTRy Masier plan. NEPID abeo sebup. AL tad phase of midespone 1.

= Elalpral agresmenti pialeried companed 15 muhilitesal Bppresch theough LAEA
= Meed for information about the price that coongnes sre expected bo offer
*  Migeria
= A dieeekesers 1o ke iS40 Sariater 5o Ehe hthviue wtdther dondBacd in Lome tountdie = agh
ambsant Eemperyiuee and Forredity

= Need 10 proveds e ¥ Bl brany ceaky, ince these could become guite significant for iome
locations.
*  Thailand
= i vereders arE reidy 10 w8l meernationsly, theey iheuld huve a proposal lor finanding opteern.
*  Uroguay
= ModuliritaSon i importan Bet s Unagusy Bud pmall grd and amall pepulition and nudless ¢onlribution
Can grore i dernaed prows

—  Cominstability; drease in oods becauis of delays

IALA Winrkahog on Techroiogy Ausament of SMHL for Kesr Term Deploymint, § - 9 Degemibesr JOTL J
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INTERNATIONAL ATOMIC ENERGY AGENCY

Consultants’ Meeting on “Incorporating Lessons Learned from the Fukushima Accident in SMR Technology

Assessment for Design of Engineered Safety Systems”
IAEA Headquarters, Vienna, Austria, 30 May — 1 June 2012

List of the presentations, contributions and discussions

e Engineered Safety Features adopted in Advanced SMR Designs for Near
Term and Future Deployment

e Overview of the IAEA Activities on Severe Accident Management in
response to the Fukushima Accident

e Overview of the Recent International R&D Activities on Reactor Safety

e INPRO project on Review of Innovative Reactor Concepts for Prevention
and Mitigation of Severe Accidents

e  Applying Lessons-Learned from the Fukushima Accident to Water
Cooled Reactor Technology Development

e What really happened at the Fukushima Daiichi nuclear Power Plants?

e Concepts to Enhance Safety Systems’ Performance in SMRs on the Basis
of Lessons-Learned from the Fukushima Accident

e Prevention of recurrence of the Fukushima Accidents

e R&D activities in Japanese universities on reactor safety; advanced study
on two-phase flow dynamics

e Evolution of BWR designs and technologies; operating fundamentals;
suppression-pool containment performance;

e Advanced concepts of passive safety cooling systems of ESBWR to cope
with various DBA and severe accidents

o Design Characteristics and Advanced Safety Features of the AHWR300-
LEU reactor

e Technical requirements of Newcomer Countries on Reactor Safety;
R&D activities in PRA of small reactors

e The Implementation of a Risk-Informed Approach to the Safety Design of
the IRIS reactor

o Design Characteristics and Advanced Safety Features of the SMART
reactor

e Provisions for KLT-40S Reactor Plant Safety Performance under Extreme
External Hazards

e Discussion on the Available Deterministic and Probabilistic Analyses
Methodologies for Advanced Reactors

e Consultants Input to the IAEA on identification of safety lessons-learned
to be incorporated in the design of advanced SMRs of integral water-
cooled reactor type

e Identification of subjects of near-term and long-term international R&D
activities in SMR technology development, in the area of advanced
engineered safety features designs

e Wrap Up Session, Meeting Conclusions and Action Plan
e Closing Remarks

Mr. H. Subki,
NENP/NPTDS

Mr. M. Kim NSNI/SAS

Mr. L. Meyer NENP/INPRO

Mr. K. Yamada
NENP/NPTDS

Mr. M. Aritomi
Tokyo Institute of Technology,
Japan

Mr. M. Aritomi
Tokyo Institute of Technology,
Japan

Mr. W. Marquino
GE Power & Water, USA

Mr. W. Marquino
GE Power & Water, USA

Mr. A. K. Nayak

BARC, India

Mr. S. Syarip BATAN,
Indonesia

Mr. M. Ricotti

Politecnico di Milano, Italy
Mr. S. Choi KAERI, Republic
of Korea

Mr. 1. Bylov and Mr. K.
Veshnyakov

OKBM Afrikantov, Russian
Federation

All

All

All

H. Subki NENP/NPTDS
T. Koshy, SH-NPTDS
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Consultans” Mesing on

Incorporating Lessans Learned from the
Fukushima Accldent bn SMHE lechnobogy
Azssassment for Design af Engineered Saleby
Syaiems’

IAEA. Vienma 3 Moy -1 Jun 3012

POLITECHICDO DI MILAND

N The Implementation of a Risk-Informed Approach
to the Safety Design of an SMR-iPWR reactor
(IRIS)

porl bl B ik
Podebpalrnatns e Widirny, Dlarialntriasil oo Evmegy CotMEF Mhualegi B Daresi

Wimrwsn, J01F My N1
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“Risk-informed”™: a suitable/obliged approach after
Fukushima events? oA e

Example of R-| applied to a SMR (iPWR-type): IRIS

1! IRIS safety features

I! Risk-Informed process in a SMR design phase: internal events,
seismics, EPZ

'! Tools for “Risk-Informed” SMRs: probabilistic + deterministic

! Final/Personal considerations

gl Bl £ Rl

“Risk-informed”™: a suitable/obliged approach after
Fukushima events? A

Meaning of “Risk-Informed approach’” in this example:

Concurrent use of deterministic + probabifistic safety tools and analysis.
aiming at providing the highest, robust, balanced, optimised safety
fealures for new reactor systems, at all levels {design, operation,
accident management)

il Wil [ Rl
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ﬂ The IRIS (International Reactor Innovative & Secure) 4
project: 10 years of R&D

I Festrghouie. W Cak Rioge NatLab. (UCBarkaky)

Arnakdo Muciears, Politecnics di Eilano, Uniyv. di Pisas,
Polfiecmicn di Tories, EHES, Mangiareri Muclear, Balrg
Teceémond, ATH Rbra Calzonl, SAIPEM [EMI)

[ - ERTAEEE
BN crEN msasrch centor, NUGLEF indusiries
B cnsa indusiries. Empresaros Agnupados
Unie of Tageel
§ Tokyo inst.of Technology

=
A
- Litwanian Eneegy mifigie
(L]
L

BN tiddich Lafier

EESTI Ensrgis

«  Growing interest on the project: at 2009, 20 partrers from 10 countries
- Key italian contribution
- 2010: Westinghouse decided to abandon the initiative

= The IRIS project kept on goin Italy-Croatia-Japan partners, ke
activity: 1argj:st:ala 1attir‘i|§ ;eﬂs"? Ial:rE; for licensing phase '

gl Bl £ Rl

.*i IRIS Three-Tier Safety 5

Safety-by-Design™
-aims al eliminating by design possibility for accidenis to occur,
-gliminates systems/components that were needed to deal with those
accidents,
-al reducing probability of cccumrence for remaining accidents,
-at reducing consequences.

Passive Safety Systems
-protect against stll remaining accidents and mitigate their consequeances,
-fewer and simpler than in passive LWRs,

Active Systems
-no active safety systems are required,
-bult, active non-safety systems may confribute to reducing the probability of
CDF (Core Damage Freguency} in Accident Management.

IMPROVES SAFETY WHILE SIMPLIFYING DESIGN

il Wil [ Rl
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IRIS Design Features

Integral PYWR module 335 MW,
Safety-by-Design™ approach

Long Life Core (~4 years, no
maintenance outage within it)

8 halical-cail steam generators
(compressed tubes, no crud: no Siress
Corrosion Cracking )

8 axial Aow fully immersed primary
coolant pumps (low AP, no leakages,
no maintanance, sall-cosded, alneady
used at S00°C in chemacal indusiny)

Intarnal Contral Rod Drive
Mechanisms (no penstrationsieakages,
no Rod Ejection Accident)

|ﬂtlﬂﬂ“ Pressurizer “'llﬂh Prz volume |
reactor power ratio, no sprays)

Probabilistic target: CDF 108 event/r y
{internal+seismic)

IRIS: Containment Vessel integrated into
aatety atrategy

.

Pressure Suppression Containment,
spherical, steel, 25 m diam

Deslgn Pressure 15 bar [rel.)

Suppression Pool limit peak pressure
to 9 bar (rel.); watar injection by gravity
in casa of LOCA

Salf-limiting LOCA dua o conlainmant-
RPV pressure equalization

Heat-sink: exiemal air cooling of steel
shell rejecis heal to atmosphera

Auziliary building seismically isclated

FOLITECHICS DI MILAWD

CONT AINMENT
VESSEL

FOLITECHICS DI MILAWD

LP1.B3
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j IRIS: Small Break LOCA (SBLOCA) B

= No large break LOCA

= [0 58 LOCA, Reactor Yessal and
Containment become thermodynamically

couplad "
» Reactor Vessel depressurized by internal ; | ]

heat remowval ) — =t
=  Containment pressure allowed o rise (small, E-a-

spherical geometry) .l —
=  Pressure differential across the break E 1 e el

aqualizes quickly and LOGA is stopped e
= Long term sequence depends on outside % : ! ] | | |

heat remaval = | I

" abi an i L e Lk

=  Self-limiting, no need for water injection
ino HPSI)

*  Core remains covered for all postulated Example: Double ended break in 2° DV line

breaks during the whole transient Collapsed waler jovel
(very conservative, mixture level higher)

v (%1

B B olcchicoowuo

Passive emergency heat removal system (EHRS)

IRIS: Safely systems

JIIII‘III‘II‘ e

_AADS —
FEEEEEEEE : - EEEENEEEEE . ¥ — mEEm
: I:ll'..,|L.'| B »*
EEEEE ,...' i, :Illjlli
;T. el 2B . .
g B
._'.._..J._-. i‘
T -
! .
Ermargercy Hymceal
mTﬂl ; -
A 1 ofl & Suibarraisime 7 "
_. L
- g | EA .
: o .
=. - F
- I olinis Pyl Ll [V I .‘
L] i - i '1
" r--u_l-._-_.;‘,'
"
o
B -‘,l [
-
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.i IRIS: SBLOCA safety strategy T

* High pressure suppression containment + primary vessal + passive

safety systems coupling: Bl
IJWd.D‘HII'I

Break Initiation Pressure Suppression Viessel Depressurization
by Condemsation & ADS

B TR oo o]

.i SAFETY APPROACH

« “Safety-By-Design™ approach
«  Active, non-safety systems have passive, safety-related back-up
to perform nuclear safety functions
« Safety functions automatically actuated, no refiance on operator
action
* Passive features actuated by stored energy (batteries, compressed
air)
« Once actuated, their continued operation relies only on natural forces
{gravity, natural circulation) with no molors, fans, diesels, elc.
« Core will remain covered under all accident sequences

Heat sink designed t vide cooling for 7 days without

operator action or off-site assistance for replenishing
» Additional diverse systems to minimize probability of Core
Damage/Radioactivity Release

B BB olcchicooiwuno
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IRIS: other useful safety-related features 12

H’.H

5G modules =¥ large Downcomer water thickness (core-vessel): 1.7 m

= Fast neutron flux on vessel. ~10° times less than in current PWRs — “Cold
vessel”

* External dose practically avoided
*  No embrittlement, no surveillance
= “Aeternal’ Vessel Radial fast neutron flux profile
= Decommissioning LOOP PWRs

S|mpII“Ed 1E=13 __.,\\., .'/ ] -
a

1E=1a

Useful feature to i e \"x, EJ}E

reduce environment ! ] ' g
severity during i Ly Sl 7 |
accident managmt in o
150 L Dewncamer \
L E2 | | |
10 1] 20 51 ¥ I8 44 450

ek i Tl
B R ourccconiuuno

Hj Risk-Informed process in a SMR design 13
phase: the IRIS case e

» Deterministic safety analysis and PSA calculation during the
development of the preliminary design

DESHCNSAFETY
ANALYSE TEAM

Provideng RIS
‘ sysbern daks initial)

A Procedure PSA TEAM

Providing IRES

ldentificaton of bagh
sysle data fupdatc)

riske Speman os

Analysis of
identificd sequences

B BB olcchicoowuno
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EJ Risk-Informed approach: other examples 14

Ierative design guidance methodology

-“m Aiciswr Capessnng and Design 233 (G105 FIFr-15338
Rigb-informed detsgn purdancs lor fulere re s ioe wyalsms
Mrraal J§ Dby Gaorgs T Spcascdaba Bchssl | Eraced

b oicconuo

Ed Risk-Informed process: design + 5
deterministic safety + PSA level-1 e

* Improvements from starting phase to iterative phase

iy e Cokn pories Bon tl.E:l’.l::)l
'I\IF_FHIEE Tt ol by b obiiaad P4 b el -adoarmaal ign

1. Ceverall LODCA | Chemeral LOCA
3 Masdil oy e o se uypiorn ow beak I Spurman s e O prrs oy gisse relre m aeien
Hih 1 Bmargercy borsiem o bresk
5 Lomg-tormm graciiy maheup syviem e beak 4 Dhewcd vl anprctiom lme Brosk
il O 3. Resctin coolent vdiem o age
& Sicars goscrair fabe fupime A Sirsn prrmalor b nglarn
5 B wpuerd fuphiie 7. B vpum | ruplsie
. B e g ey LA . beriacing wysem LOCA,
. Tramienis with msn Soad waim 9 Tramemty wih ms s feadesm
B Tinmmieiis wilared i ford walei ﬂ' (T P T ———
9. Lime o comnermci Sartess Bopasi vindes PR Rawiii ol oy’
Vlama of ommlerr ¢t ar Tnpas e 11 L ol uwrguesen | i e i b e v compre sl g
I Eemi of olfsie ey I v o ol iy
11 Steam line teral 14 Han vwam e ek doesssmam of S5V
d%rmrn Iwer brrak | 15, Mol i i e B, saireim of M5V 5
T ramsx i saliend man food =i i (e gy & Gourusm
TL ATWS i wrwn ki b ama lyiad IT. ATWS p =i rae bl BT ]
TATWS jevars Wi b @aal el 15 AT pe widdbe nl b el ey s b i by
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E’d Risk-Informed process: design + 6
deterministic safety + PSA level-1 xc
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E’d Risk-Informed process: design +
deterministic safety + PSA level-1 e
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* Improvements from starting phase to iterative phase
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E-i Risk-Informed process 18
IRIS CDF reduction " 0 g 12

Design development I PSA B Design development 3 PSA B ...

1.E-05
1.E-06
1EO7T

1.E-0&

1E-08

B B oo

El ;| Risk-Informed process
Current IRIS CDF value g

i
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Risk-Informed and seismics 20
IRIS: auxiliary building seismically isolated

Deterministic solution to overcome prob. results
MNumerical and experimental study:

120 rubber-stesl isolators (High Damping Rubber
Bearings-HDRBs), 1 m diam, 84 mm height !

v PGA = 0.3 g, isolation frequency = 0.7 Hz
lateral displacemenis < 12 cm

25% reduciion PGA at vessel supporis
level, 5 times reduction at roof level

HDRB experimental campaign already carried out

Ej IRIS: results of the Safety-by-Design™ & 21
Risk-Informed aEEH:a::hes g

=1 Bk

¥ e il

prep p—

1

pro Manin B Mool

Typical
Advanced LWRs

Criterion

Redundant andlor Mo active sysiems;
Defense-in-Depth (DID) diverse active Safety-by-Design™
systems or Passive | with fewer passive safety systems
systems
Class ¥ Design Basis B typically Only 1 remains Class IV
Events considered [tuel handling accldent)
Cora Damage =10 - 107 events =10* gvants
Frequency (CDF) per year per year
Large Early Release ={0-¥ - 10 events =10" ewvents
Frequency (LERF) PEr year per year

105, 107, to be interpreted as “robust, balanced, optimal design” of the reactor

safaty lovel

pro Manin B Mool
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Ej Risk-Informed approach and O&M

*Main Goal: Perform maintenance
shutdowns no sconer than each 48
months

(wide use of In-Service Inspection
solutions)

MIT study in 1996 investigated
exiending PWR to 48 month cycle

+ 3743 maintenance items (on-line and
off-line) identified

By recalegorizing 625 items from off-line
o an-ling, only 54 wene laff unresolved
for PWR

« Accounting for IRIS configuration,
ll.in[raﬁnhred iterms are reduced completed
0

*In 2003 A .
found resolution programmes for all 7
items

FWH Surveillance Frogram
Canparian

.-

0 1000 2000 3000 4000

Proposed
Current 18- 48-Month
Cycle

Month Cycle

B Unreished W Os-dine B 00Fline

B DB ook |
Risk-Informed approach and EPZ reduction 23

Risk-Informed approach to “Mo (or reduced) Emergency Planning Zone™
= Elimination/strong reduction (NPP fences) of the Emerg. Planning Zone

=  Mew procedure developed: Deterministic + Probabilistic needed to
evaluate EFZ (functicn of radiation dose limit and MPP safety level)

; discussed with NR
1.-" - ._.I"'

LP1.B3
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?ﬂ Risk-Informed approach
EPZ Redefinition Methodology i - Womne

= Stepl
PRA accident sequences re-categorization —{ "
and release scenario definition

* Step2 P
Deterministic dose vs distance
evaluation for relevant release scenarios

» Stepd
Identify Limiting dose, D* -
(eg 1 rem or 10-100 m3v, and the time period)” = Distarea

» Stepd
Identify Limiting frequency,

(eg 107 efy)

» Steph
EPZ definition

?ﬂ Risk-Informed process: design + 25
deterministic safety + PSA level-2 and -3

418 FRA & A5 releass SBQLENCES 14 releans LOSMBNCE
Bpodend rlaEha
SEqUENCES categoties _ | cutegonation siep 11 cubegoresbon slep
* Trarmanhis *
I SLB Success
1 *I ﬂ Gt as SaquBncad * LENAN0S
POS | b | SGTR | i " 110
| FHA | mmh|  FuelMandingAccdent  [mm) | FHA(Y)
4 I
ch POS ﬂ-:cmm ) COseg (12) ﬂcﬂ-ﬂq T q| CD sean ()
Determinisiic Frobabistc
sonsdenatons sonLaeatang
(LERF)
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gj Risk-Informed process: design +
deterministic safety + PSA level-2 and -3 T S il

= Effective dose at 30 days: rain conditions (RODOS code)

gj Risk-Informed process: design +
deterministic safety + PSA level-2 and -3 T S il

= Effective dose at 30 days: stability conditions (RODOS code)

i o e i
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E.ﬂ Risk-Informed process: design +
deterministic safety + PSA level-2 and -3 T il

Large PWR - Effective dose at 30 days: 100 mSv (rain conditions)

1 O0E-D4

1. D0E-05

—  RQUBnEa o

Freguenzs dose = OF

flaacs
=— Frogquenza
Emila
1. D00
1 00608
] 5000 10000 15000 ME00

D it [

el Macds B Mol

E.ﬂ Risk-Informed process: design +
deterministic safety + PSA level-2 and -3

SMR - Effective dose at 30 days: 10 mSv (rain conditions)

1.00E-03

1_=ﬁ-I:IIL-

E—meﬂn a

i e
foo

s FrRqUSnZ S
1 GOE-08 [ iimite
1 DOE-OT
1 OE-08
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Risk-Informed process: design +
deterministic safety + PSA level-2 and -3

Emergency action
S

« Evacualion

« Sheltering

» |-tahlats fo adults

« |<tablets to children

?i Risk-Informed approach
Design + Deterministic safety + PSA level -1 -2 -3

Metig@iiology
EPZ CDFE Design change
L™ EHRE". SR
l: % ergel pecs
4 ADST LGMS
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Ed Risk-Informed approach and use of SMRs 12
for co-production

a | {1 Surge
+ *,, 256 MW, pacty, | 270 MWe
- ) | Ethanol + HP blseding {10% Surge
capacity) MWe
ﬁ. * % 385 MW, .
I aky
i -
5 wﬂﬂ MW, 208 MWe
T D =l
F’ IEM {10% Surge
= + + | ESAMG 110 MWe
| Desalination
#a0 g aiy 00 Dl o j
B35 MW,,
+ E1w + HP blaeding (1% Surpe
S:EE M, - 105 MWe
.H'I‘Hull-f Toals Dell vl
o T
E‘Iﬂ Tools for Risk-Informed SMRs: probabilistic 33

+ deterministic analysis

* Probabilistic side:
- P3A tools are available, dynamic & living PSA are under
development
- uncertainties have to be taken into account
- Human Factors to be included since the beginning

- concurrent evaluation of complex systems besides NPP (SMRs
are suitable for co-generation/co-production)

* Deterministic side:

- Identification and consideration of extreme boundary conditions
in the area, following extreme external events

- Suitable modelling tools and experimental validation for
passive safety systems and integral layout (eg for SMRE-IPWR)

B B oo
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E.ﬂ Tools: deterministic needs 34
Experimental investigation & validation

EMEA + POLIMI in collaboration with SIET labs (Piacenza)
1. Steam Generator Helical Coil tubes — full scale

2. EHRS Passive Safety System — scaled on power/
volume

E:‘Iﬂ SMR-iPWR (IRIS): SPES-3 large scale 15
integral test facilit

Ui
3. Integral Test Facility N
«  Full scale (1:1) in height — lemperalure —
Pressune
s Scaled 1:100 in power — volumea
=  Testing of most accident scenarios
« Validation of codes and behavior of
passive safety systems and
containment-vessel coupling
s > 700 measuramant points, new
instrumentation developed

2010: scaling phase and design phase
completed

2011: site preparation and conirod room
completed, bid for componentis excepl
REPY simulator

2012: start construction phase

B P oo
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- | B
Hj SPES-3 facility
Primary circuit
E¥ and intarnals:
fohe Armulator (skcicaly Feated mod burdle), feer and CROM mona,
presiuine), dowhiomed, fler-i-ammonmer Sonnichion chack vakeg, it
lordele (DT,

an outed cieculation pump (simalating sighi IRIS pumps)

Secondiy cirtults [Ihree leaps smulaing four IRIS isops)
Steam genaralors [1 5G4 simulagng B 208, 1F, 478)
Faaid Lines
Slmam Linss

Emargency sysiems comgonents and piping
EBT [ Emergency Bombon Tanks)
EMRS (31 Ememency Hex Hemoval Systems|
AWET {2 Redusling iiates Saorags Tanks)
ADS |2 Iraird Aitomatc DeprisssLUrizaten Sysmms
simulating Frea)
D1 ({2 Darect Viessel Injection Ines)

Containmen sysiom simulated by sepasabe anks and piping
O {1 Diry Wil
aT {1 duench Tank),
PES [I Prssumn Suppression Syslams]
RC [1 Rlacior Cavey)
LIGMS (2 Long Tem Grawity Malka-up Sysiems)
PCC {1 Passhe Comanment Cooling inaise tha W)

e

Hj SPES-3 nodalization: Primary, Secondary
and RWST (RELAP, GOTHIC, TRACE) oo

B B oo
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Ej SPES-3 nodalization: Containment
(RELAP, GOTHIC, TRACE) e

s
]

L I T

Ej SPES-3: integral reactor
simulator

= 3 forged pieces + 4 halical coil
SG simulators

= Delalled design provided by
italian manufaciuring enterprises

= Co-funding (50%) by same
industries

= Eslimated cost: 5 ME

= Co-funding: discussions with
Regional Government, Ministry
of Economic Development

= Parinership: Industries, ENEA,
SIET labs, POLIMI
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E:‘Iﬂ SPES-3 large scale integral test facility an

Possible evolution of the facility:

*hecome an “International” facility for SMR-IPWR studies & testing
- Investment cost: supplied by Italy

- Experimental campaign cost: shared among organisations
{industries, authorities, R&D organisations)

- lead by an International Scientific Committee (IAEA collaboration)
- provide experimental data to validate codes (licensing; design), eg

ISP
R B oiniccoo mino
I.]ﬂ FINAL COMMENTS on SMRs after o

Fukushima events (1/3)

* Risk-Informed: a suitable approach to implement since the early
stage of design phase the key safety requirements (internal +
external + extreme + HF)

v For IRIS (SMR-IPWR) example:

- Full exploitation of simple, passive safety systems, no need for
energy/elecincity supply

- Grace period: 1 week;
beyond 1 week: air-cooling, eventually supply of water (no needs
for electricity or oil for DG) in the Auxiliary Bullding (not in the
containment), by means of plug-in solutions

- Fully seismically isolated Auxiliary Building (ie Control Room
included)

In-vessel core retention

B B oo
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ﬂ'i FINAL COMMENTS on SMRs after 43 :
Fukushima events (2/3) im

» 5MRs are likely to be more robust (with respect to current
technology) towards extreme boundary conditions in the area,
following severe external events: this potentiality has to be
demonstrated (implementing Fukushima lessons leamned is a
critical test bed)

More easy to extend grace period? (3 =» 7 days with no
intervention); to set up "plug-in" supply systems’ (water,
electricity); to cope with extreme boundary conditions?
{fransportabion, communications)

- Warnings: multiple modules (common cause failure, HF)

= A new approach? “Progressive safely”, to avoid cliff-edge effects?
- Example: main building seismically isolated
- Designed for a reference PGA

- Later in time, new knowledge on the site may require to increase,
even sensibly, the ref. PGA

- Mew seismic isolators designed, tested and substituted

Elj “Progressive safety : Is the answer already 43
suggested in Fukushima? g e

FUKUSHIMA
DAICHI

Anti-Tsunami wall: failed
DG flooding: avoided or
limited (DG elevation)

— PRI IR 1* 1 10150 e s e
|
B roLITECHICO D1 MiLANO ]

el karon E. Feosl

LP1.B3 - 66 - CERSE-POLIMI RL-1481/2012



Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL " :
MODULAR REACTORS (SMR)” '."'-\-\__,_,-'-".

LP1.B3 -67 - CERSE-POLIMI RL-1481/2012



Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL " :
MODULAR REACTORS (SMR)” '."'-\-\__,_,-'-".

LP1.B3 - 68 - CERSE-POLIMI RL-1481/2012



Lessons Learned from Fukushima Accident to Apply to Nuclear Power Technology Development

SMRRev.0 2012/06/01

Additional Input from the Consultancy on SMR Engineered Safety Features on 30 May- 01 June 2012

Individual Lessons Learned and

Integrated Lessons Learned

Possible Countermeasures / Technology

Category Recommendations Sources /CM Lessons (?g;lzl)ZOlZ +June 1, Applicable Reactor Type Development
LWR | HWR | HTGR| FR
1. External Hazards: IAEA | 1.1 Strengthen measures against A SMR countermeasures / developments:
Design | There is a need to ensure that in Lesson |extreme external events and -usually SMRs have small footprint for the
and considering external natural 1 subsequent events containment building/main building; some
siting | hazards: - Excess of design basis earthquake SMRs adopt the seismic isolation option; in

« the siting and design of nuclear
plants should include sufficient
protection against infrequent and
complex combinations of external
events and these should be
considered in the plant safety
analysis — specifically those that
can cause site flooding and which
may have longer term impacts;

« plant layout should be based on
maintaining a ‘dry site concept’,
where practicable, as a defence-in-
depth measure against site flooding
as well as physical separation and
diversity of critical safety systems;
» common cause failure should be
particularly considered for
multiple unit sites and multiple
sites, and for independent unit
recovery options, utilizing all on-
site resources should be provided;
« any changes in external hazards
or understanding of them should
be periodically reviewed for their
impact on the current plant

did not cause any known significant
damage (will apply also to SMRs)

- Design basis tsunami height is less
than actual (could apply also to SMRs)
- Extensive tsunami and explosion
damage and debris created significant
logistical difficulties and inhibited
response actions (could apply, to a less
extent -H2 explosions could be avoided
in SMRs- also to SMRs)

- Repeated earthquakes and tsunami
threats stopped work on occasions
(could apply also to SMRs)

Positive lessons
Negative lessons
Neutral lessons

[Note]

case of re-evaluation of the seismic grade of
the site (see NRC recommendation), the
isolators could be re-designed and
substituted, allowing further flexibility in
updating the seismic resistance of the
containment building/main building
-cliff-edge effects, eg due to tsunami
exceeding protective walls, can be avoided by
use of passive safety systems (eg no DG, use
of air cooling systems, etc.), or by
incorporating by design suitable solutions
(water-tight rooms, high elevation for critical
safety systems outside the main building, H2
passive recombiners, explosion-proof
secondary building, etc.)

warnings:

-in case of underground site (positive solution
for seismics), water tightness of safety critical
SSC and access paths (corridors, stairs,
rooms, etc.) should be ensured

-in case of safety critical SSC moved to
higher elevation, other hazards should be
addressed (aircraft crash, tornadoes, seismics,
etc.)




L]

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

configuration; and

* an active tsunami warning system
should be established with the
provision for immediate operator
action.

Strengthen measures against
earthquakes and tsunamis:

we will consider the handling of
plurally linked seismic centers as
well as the strengthening of the
quake resistance of external power
supplies. Regarding tsunamis,
from the viewpoint of preventing a
severe accident, we will assume
appropriate frequency and
adequate height of tsunamis in
consideration of a sufficient
recurrence period for attaining a
safety goal. Then, we will perform
a safety design of structures, etc. to
prevent the impact of flooding of
the site caused by tsunamis of
adequately assumed heights, in
consideration of the destructive
power of tsunamis. While fully
recognizing a possible risk caused
by the flooding into buildings of
tsunamis exceeding the ones
assumed in design, we will take
measures from the viewpoint of
having defenses-in-depth, to
sustain the important safety
functions by considering flooded

Japanes
e
Govern
ment
Lesson
1
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Individual Lessons Learned and Integrated Les§ons Learned . Possible Countermeasures / Technology
Category : Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type
Recommendations 2012) Development
LWR | HWR | HTGR| FR
sites and the huge destructive
power of run-up waves.
Consideration of NPS Japanes
arrangement in basic designs: e
Japan will promote the adequate Govern
placement of facilities and ment
buildings at the stage of basic Lesson
design of NPS arrangement, etc. in 7
order to further ensure the
conducting of robust cooling, etc.
and prevent an expansion of
impacts from the accident, in
consideration of the occurrence of
serious accidents. In this regard, as
for existing facilities, additional
response measures will be taken to
add equivalent levels of
functionality to them.
Ensuring Protection: NRC
The Task Force recommends that Recom
the NRC require licensees to mendati
reevaluate and upgrade as on2
necessary the design-basis seismic
and flooding protection of
structures, systems, and
components for each operating
reactor.
Ensuring Protection: NRC
The Task Force recommends, as Recom
part of the longer term review, that | mendati
the NRC evaluate potential on3
enhancements to the capability to
LP1.B3 71 CERSE-POLIMI RL-1481/2012
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

prevent or mitigate seismically
induced fires and floods.

Enhancing Mitigation:

The Task Force recommends that
the NRC strengthen SBO
mitigation capability at all
operating and new reactors for
design-basis and beyond-design-
basis external events.

NRC
Recom
mendati

on4

Impact of Natural Hazards:

The UK nuclear industry should
initiate a review of flooding
studies, including from tsunamis,
in light of the Japanese experience,
to confirm the design basis and
margins for flooding at UK nuclear
sites, and whether there is a need
to improve further site - specific
flood risk assessments as part of
the periodic safety review
programme, and for any new
reactors. This should include sea -
level protection.

ONR
IR-10

Seismeic Resilience:

Once detailed information
becomes available on the
performance of concrete, other
structures and equipment, the UK
nuclear industry should consider

ONR
IR-15

LP1.B3
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

any implications for improved
understanding of the relevant
design and analyses.

Extreme External Events:

When considering the
recommendations in this report the
UK nuclear industry should
consider them in the light of all
extreme hazards, particularly for
plant layout and design of safety -
related plant.

ONR
IR-16

Safety Case:

All nuclear site licensees should
give appropriate and consistent
priority to completing Periodic
Safety Reviews (PSR) to the
required standards and timescales,
and to implementing identified
reasonably practicable plant
improvements.

ONR
FR-1

Extreme External Events:

The UK nuclear industry should
ensure that structures, systems and
components needed for managing
and controlling actions in response
to an accident, including plant
control rooms, on - site emergency
control centres and off - site
emergency centres, are adequately
protected against hazards that

ONR
FR-2

LP1.B3
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

could affect several
simultaneously.

Extreme External Events:
Structures, systems and
components needed for managing
and controlling actions in response
to an accident, including plant
control rooms, on - site emergency
control centres and off - site
emergency centres, should be
capable of operating adequately in
the conditions, and for the
duration, for which they could be
needed, including possible severe
accident conditions.

ONR
FR-3

External Hazards:

There is a need to ensure that in
considering external natural
hazards:

» common cause failure should be
particularly considered for
multiple unit sites and multiple
sites, and for independent unit
recovery options, utilizing all on-
site resources should be provided,;

IAEA
Lesson
1

1.2 Consider issues concerning
multiple reactor sites and multiple
sites

- Benefit from twin units (allowed
temporary cross connection with
electrical systems between unit 5 and
unit 6) (will apply also to SMRs)

- Unexpected problem from twin units
(H2 explosion in unit 4)

- Multi-unit failure caused
unexpected challenges (may apply also
to SMRs)

LP1.B3
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SMR countermeasures / developments:
-some SMRs are proposed in multiple units:
some safety related SSC could be designed in
order to supply endangered units on the site

warnings:

-multiple SMR units on the same site or in
the same building have to duly address the
common cause failure issues and related
accident management concerns
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

Severe accidents:

External events have a potential of
affecting several plants and several
units at the plants at the same time.
This requires a sufficiently large
resource in terms of trained
experienced people, equipment,
supplies and external support. An
adequate pool of experienced
personnel who can deal with each
type of unit and can be called upon
to support the affected sites should
be ensured.

IAEA
Lesson
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Individual Lessons Learned and Integrated Les§ons Learned . Possible Countermeasures / Technology
Category : Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type
Recommendations 2012) Development
LWR | HWR | HTGR| FR
Response to issues concerning Japanes
the siting with more than one e
reactor: Govern
Japan will take measures to ensure | ment
that emergency operations at a Lesson
reactor where an accident occurs 6
can be conducted independently
from operation at other reactors if
one power station has more than
one reactor. Also, Japan will
assure the engineering
independence of each reactor to
prevent an accident at one reactor
from affecting nearby reactors. In
addition, Japan will promote the
development of a structure that
enables each unit to carry out
accident responses independently,
by choosing a responsible person
for ensuring the nuclear safety of
each unit.
Strengthening Emergency NRC
Preparedness: Recom
The Task Force recommends that | mendati
the NRC require that facility on9
emergency plans address
prolonged SBO and multiunit
events.
Strengthening Emergency NRC
Preparedness: Recom
The Task Force recommends, as mendati
part of the longer term review, that { on 10
the NRC pursue additional
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Individual Lessons Learned and

Integrated Lessons Learned

Possible Countermeasures / Technology

Category Recommendations Sources /CM Lessons (April)2012 +June 1, Applicable Reactor Type Development
2012
LWR | HWR | HTGR| FR
emergency preparedness topics
related to multiunit events and
prolonged SBO.
Multi-reactor Sites: ONR
The UK nuclear industry should IR-11
ensure that safety cases for new
sites for multiple reactors
adequately demonstrate the
capability for dealing with multiple
serious concurrent events induced
by extreme off - site hazards.
Ensure power supplies: Japanes | 1.3 Ensure off-site and on-site A SMR countermeasures / developments:
Japan will secure a power supply e electricity supplies -usually SMRs rely on passive safety, thus
at sites for a longer time set forth Govern | - All emergency D/Gs started as on-site and off-site electricity should not be
as a goal even in severe ment | designed after off-site power loss (will needed for the grace period; DG systems
circumstances of emergencies, Lesson |apply also to SMRs that use DGs) could be avoided (at least as safety grade
through the diversification of 2 - Location of switchboards low in the systems)

power supply sources by preparing
various emergency power supply
sources such as air-cooled diesel
generators, gas turbine generators,
etc., deploying power-supply
vehicles and so on, as well as
equipping switchboards, etc. with
high environmental tolerance and
generators for battery charging,
and so on.

building with little margin to external
flooding design level was critical to
the outcome of the accident (could be
avoided by SMRs)

- Complete loss of DC power was not
considered (e.g. LOCA closure of IC
AC valves) (could be considered by
SMRs)

- Signal was generated by loss of all
DC power and caused IC valves to
close (LOCA signal) disabling passive
systems (could be avoided by SMRs)
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-SMRs could incorporate since the design
phase the adoption of "plug-in"
water+electricity supply, and the adoption of
renewables+storage systems (?!?)

warnings:

-the identification of a suitable grace period
(without need of intervention from operators
and of electricity supply) should be duly
addressed
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Individual Lessons Learned and Integrated Les§ons Learned . Possible Countermeasures / Technology
Category : Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type
Recommendations 2012) Development
LWR | HWR | HTGR| FR
Enhancing Mitigation: NRC
The Task Force recommends that Recom
the NRC strengthen SBO mendati
mitigation capability at all on4
operating and new reactors for
design-basis and beyond-design-
basis external events.
Strengthening Emergency NRC
Preparedness: Recom
The Task Force recommends that | mendati
the NRC require that facility on9
emergency plans address
prolonged SBO and multiunit
events.
Strengthening Emergency NRC
Preparedness: Recom
The Task Force recommends, as mendati
part of the longer term review, that { on 10
the NRC pursue additional
emergency preparedness topics
related to multiunit events and
prolonged SBO.
Off-site Electricity Supplies: ONR
The UK nuclear industry should IR-17
undertake further work with the
National Grid to establish the
robustness and potential
unavailability of off - site
electrical supplies under severe
hazard conditions.
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

On-site Electricity Supplies:
The UK nuclear industry should
review any need for the provision
of additional, diverse means of
providing robust sufficiently long

- term independent electrical
supplies on sites, reflecting the loss
of availability of off - site
electrical supplies under severe
conditions.

ONR
IR-18

External Hazards:

There is a need to ensure that in
considering external natural
hazards:

« the siting and design of nuclear
plants should include sufficient
protection against infrequent and
complex combinations of external
events and these should be
considered in the plant safety
analysis — specifically those that
can cause site flooding and which
may have longer term impacts;

« plant layout should be based on
maintaining a ‘dry site concept’,
where practicable, as a defence-in-
depth measure against site flooding
as well as physical separation and
diversity of critical safety systems;
» common cause failure should be
particularly considered for
multiple unit sites and multiple
sites, and for independent unit

IAEA
Lesson
1

1.4 Ensure design of safety-related
structures, systems and components

- All control rods successfully inserted
(will have to apply also to SMRs)

- Non-electrically-driven systems (IC,
RCIC) started as designed (will have
to apply also to SMRs)

- Containment vessel integrity was
lost on all at power units (1,2,3)
(should be avoided by design by SMRs)
- Once-through cooling system in a
damaged reactor creates a large
amount of radioactive liquid waste
(could apply also to SMRs)

- Access to some manual valves was
difficult due to radiation concerns
(should be avoided by design by SMRs)
- If unit 1 1C had been kept in service
(and water makeup to tanks) the core
damage would have been delayed or
avoided

- Unit 2 and unit 3 would have needed
to bleed (vent) and feed to avoid core

LP1.B3
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SMR countermeasures / developments:
-SMRs can implement since the design phase
the safety related SSC needed to cope with
CV integrity, diverse shutdown, core cooling
and decay heat removal, with positive
features easily exploitable by SMRs:
*reduced decay heat and sorce term (due to
small size),

*wide use of passive safety features (eg air
cooling or easily externally cooling
containment vessel, large pools/large amount
of water per MWth, with respect to current
reactors),

*reduced radiation field (internal shielding),
*positioning of manually-activate safety
components/systems in suitable areas,
*in-vessel core retention and cooling

warnings:

-once through cooling system should be
addressed and possibly eliminated, especially
in case of underground siting
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L Integrated Lessons Learned
Category Indw'%gl(');iﬁggg;?:;gw and Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type

Possible Countermeasures / Technology
Development

2012)
LWR | HWR | HTGR| FR

recovery options, utilizing all on- damage - limited by water supply and
site resources should be provided; power to pump (steam)
LI ; and
Severe accidents: IAEA
Particularly in relation to Lesson
preventing loss of safety 9

functionality, the robustness of
defence-in-depth against common
cause failure should be based on
providing adequate diversity (as
well as redundancy and physical
separation) for essential safety

functions.

Ensure robust cooling functions ! Japanes
of reactors and PCVs: e
Japan will secure robust alternative | Govern
cooling functions for its reactors ment
and PCVs by securing alternative Lesson
final heat sinks for a durable time. 3

This will be pursued through such
means as diversifying alternative
water injection functions,
diversifying and increasing sources
for injection water, and

LP1.B3 80 CERSE-POLIMI RL-1481/2012




D Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL ‘%ﬁi |
MODULAR REACTORS (SMR)” ey
L Integrated Lessons Learned .
Category Individual Lessons Lgarned and Sources JCM Lessons (April 2012 + June 1, Applicable Reactor Type Possible Countermeasures / Technology
Recommendations 2012) Development
LWR | HWR | HTGR| FR

introducing air-cooling systems.

Ensuring the water tightness of | Japanes

essential equipment facilities: e

Japan will ensure the important Govern

safety functions even in the case of { ment

tsunamis greater than ones Lesson

expected by the design or floods 8

hitting facilities located near

rivers. In concrete terms, Japan

will ensure the water-tightness of

important equipment facilities by

installing watertight doors in

consideration of the destructive

power of tsunamis and floods,

blocking flooding routes such as

pipes, and installing drain pumps,

etc.

Ensuring the independence and | Japanes

diversity of safety systems: e

the Japanese Government will Govern

ensure the independence and ment

diversity of safety systems so that | Lesson

common cause failures can be 26

adequately addressed and the

reliability of safety functions can

be further improved.
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

Enhancing Mitigation:

The Task Force recommends that
the NRC strengthen SBO
mitigation capability at all
operating and new reactors for
design-basis and beyond-design-
basis external events.

NRC
Recom
mendati

on4

Site and Plant Layout:

The UK nuclear industry should
review the plant and site layouts of
existing plants and any proposed
new designs to ensure that safety
systems and their essential supplies
and controls have adequate
robustness against severe flooding
and other extreme external events.

ONR
IR-13

Extreme External Events:

When considering the
recommendations in this report the
UK nuclear industry should
consider them in the light of all
extreme hazards, particularly for
plant layout and design of safety -
related plant.

ONR
IR-16

Exteme External Events:
Structures, systems and
components needed for managing
and controlling actions in response
to an accident, including plant
control rooms, on - site emergency
control centres and off - site
emergency centres, should be
capable of operating adequately in

ONR
FR-3
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Individual Lessons Learned and

Integrated Lessons Learned

Possible Countermeasures / Technology

Category Recommendations Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type Development
2012)
LWR | HWR |HTGR| FR
the conditions, and for the
duration, for which they could be
needed, including possible severe
accident conditions.
Severe accidents: IAEA ]1.5 Ensure measures for prevention A SMR countermeasures / developments:

The risk and implications of
hydrogen explosions should be
revisited and necessary mitigating
systems should be implemented.

Lesson

and mitigation of hydrogen explosions
- Radioactive release was significantly
reduced on unit 1 and unit 3 due to
water scrubbing (could apply also to
SMRs)
- Extensive tsunami and explosion
damage and debris created significant
logistical difficulties and inhibited
response actions (could apply, to a less
extent -H2 explosions could be avoided
in SMRs- also to SMRs)
- Venting did not prevent
containment failure due to inability to
properly implement
o0 Venting delay due to practical
difficulties;

High dose

Lack of control air

Lack of DC

Lack of light

Communication difficulties
(could be avoided by SMRs)
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-SMRs could exploit reduced H2 production
due to smaller size

warnings:
-SMRs probably cannot avoid by design the
H2 concerns
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Individual Lessons Learned and Integrated Les§ons Learned . Possible Countermeasures / Technology
Category : Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type
Recommendations 2012) Development
LWR | HWR | HTGR| FR
Enhancement of measures to Japanes
prevent hydrogen explosions: e
we will enhance measures to Govern
prevent hydrogen explosions such ment
as by installing of flammability Lesson
control systems that would 9
function in the event of a severe
accident in reactor buildings, for
the purpose of discharging or
reducing hydrogen in the reactor
buildings, in addition to measures
to address hydrogen within the
PCVs.
Enhancement of containment Japanes
venting system: e
we will enhance the containment Govern
venting system by improving its ment
operability, ensuring its Lesson
independence, and strengthening 10
its function of removing released
radioactive materials.
Enhancing Mitigation: NRC
The Task Force recommends Recom
requiring reliable hardened vent mendati
designs in BWR facilities with onb5
Mark I and Mark Il containments.
Enhancing Mitigation: NRC
The Task Force recommends, as Recom
part of the longer term review, that | mendati
the NRC identify insights about on 6
hydrogen control and mitigation
inside containment or in other
buildings as additional information
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

is revealed through further study of
the Fukushima Dai-ichi accident.

Combustible Gases:

The UK nuclear industry should
review the ventilation and venting
routes for nuclear facilities where
significant concentrations of
combustible gases may be flowing
or accumulating to determine
whether more should be done to
protect them.

ONR
IR-21

Severe accidents:

Emergency Response Centres
should have available as far as
practicable essential safety related
parameters based on hardened
instrumentation and lines such as
coolant levels, containment status,
pressure, etc., and have sufficient
secure communication lines to
control rooms and other places on-
site and off-site.

IAEA
Lesson
5

1.6 Ensure hardened instrumentation
and lines for safety-related
parameters and monitoring
equipment

- Loss of reactor instrumentation data
hampered operator understanding
and response (also from TMI)

- Situation awareness was very
difficult under these conditions
(situation may apply also to SMRs)

Off-site Emergency Arrangements
to Protect the Public and
Environment:

Greater consideration should be
given to providing hardened
systems, communications and
sources of monitoring equipment

IAEA
Lesson
10
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SMR countermeasures / developments:
SMR simplification in design and O&M
should help in reducing that type of concern;
also "mild and slow accident evolution™
transients should help

warnings:

the topic requires innovative solutions - ie
reliable instrumentation should be developed
anyway for all the NPPs
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

for providing essential information
for on-site and off-site responses,
especially for severe accidents.

Enhancement of instrumentation to
identify the status of the reactors
and PCVs:

we will enhance the
instrumentation of reactors and
PCVs, etc. to enable them to
function effectively even in the
wake of severe accidents.

Japanes
e
Govern
ment
Lesson
14

Enhancing Mitigation:

The Task Force recommends
enhancing spent fuel pool makeup
capability and instrumentation for
the spent fuel pool.

NRC
Recom
mendati

on7

Emergency Control Centres,
Instrumentation and
Communications:
The UK nuclear industry should
review the provision on - site of
emergency control,
instrumentation and
communications in light of the
circumstances of the Fukushima
accident including long timescales,
wide spread on and off - site
disruption, and the environment on
- site associated with a severe
accident.

ONR
IR-22
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

Ensure robust cooling functions of
spent fuel pools:

Japan will secure robust cooling
measures by introducing
alternative cooling functions such
as a natural circulation cooling
system or an air-cooling system, as
well as alternative water injection
functions in order to maintain the
cooling of spent fuel pools even in
case of the loss of power supplies.

Japanes
e
Govern
ment
Lesson
4

Enhancing Mitigation:

The Task Force recommends
enhancing spent fuel pool makeup
capability and instrumentation for
the spent fuel pool.

NRC
Recom
mendati

on7

Spent Fuel Strategies:

The UK nuclear industry should
ensure the adequacy of any new
spent fuel strategies compared with
the expectations in the Safety
Assessment Principles of passive
safety and good engineering
practice.

ONR
IR-12

Fuel Pond Design:

The UK nuclear industry should
ensure that the design of new spent
fuel ponds close to reactors
minimises the need for bottom
penetrations and lines that are
prone to siphoning faults. Any that
are necessary should be as robust
to faults as are the ponds

ONR
IR-14

1.7 Enhance robustness of spent fuel
cooling

LP1.B3

87

CERSE-POLIMI RL-1481/2012

SMR countermeasures / developments:
several SMRs solutions use spent fuel pit
below grade; due to the size of the core, less
decay heat and less source term should be
considered
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Individual Lessons Learned and

Integrated Lessons Learned

Possible Countermeasures / Technology

Category Recommendations Sources /CM Lessons (April)2012 +June 1, Applicable Reactor Type Development
2012
LWR | HWR | HTGR| FR
themselves.
Cooling Supplies: ONR
The UK nuclear industry should IR-20
review the site contingency plans
for pond water make up under
severe accident conditions to see
whether they can and should be
enhanced given the experience at
Fukushima.
Effective use of probabilistic Japanes | 1.8 Use PSA effectively for risk A SMR countermeasures / developments:
safety assessment (PSA) in risk e assessment and management SMRs can/must exploit risk-informed
management: Govern | - Analysis of plant had not previously approach since the design phase, to encrease
the Japanese Government will ment | considered all the failure modes that robustness of the safety level
further actively and swiftly utilize i Lesson |occurred (in principle, that may apply
PSA while developing 27 to any NPP technology, GenlV
improvements to safety measures included...)
including effective accident -The physical consequence of the
management measures based on events were largely in line with
PSA. previous understanding
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Individual Lessons Learned and

Integrated Lessons Learned

Possible Countermeasures / Technology

Category Recommendations Sources /CM Lessons (,;\g;iZI)ZOlZ +June 1, Applicable Reactor Type Development
LWR | HWR |HTGR| FR
Safety Case: ONR
The nuclear industry should ensure | FR-4
that adequate Level 2 Probabilistic
Safety Analyses (PSA) are
provided for all nuclear facilities
that could have accidents with
significant off - site consequences
and use the results to inform
further consideration of severe
accident management measures.
The PSAs should consider a full
range of external events including
“beyond design basis” events and
extended mission times.
2.0n- | Severe accidents: IAEA |2.1 Ensure on-site emergency A SMR countermeasures / developments:
site For severe situations, such as total | Leson 2 | response facilities, equipment and SMRs usually provide simplification as a
emergen | loss of off-site power or loss of all procedures common characteristic: that should help
cy heat sinks or the engineering safety - On-site emergency response center significantly in reducing the problems (eg
prepared | systems, simple alternative sources (seismically isolated) was very useful seismically isolated buildings, passive safety
ness and | for these functions including any (should apply also to SMRs) systems with active non-safety-related
response | necessary equipment (such as - The use of Non-Safety related systems, standardised "plug-in" systems)
mobile power, compressed air and systems limited damage (should apply
water supplies) should be provided also to SMRs) warnings:
for severe accident management. - Loss of power supplies removed the problem of communications and supply
some communication equipment and of emergency energy for light and
delayed actions instrumentation is probably a common issue
- Lack of information limited external for all the NPP technologies (innovative
advice solutions are needed)
- Recovery of heavily damaged
equipment was not achieved
- Failure of some on-site
communication systems delayed and
complicated actions (specifically
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

Severe accidents:

Such provisions as are identified in
Lesson 2 should be located at a
safe place and the plant operators
should be trained to use them. This
may involve centralized stores and
means to rapidly transfer them to
the affected site(s).

IAEA
Lesson
3

Severe accidents:

Nuclear sites should have adequate
on-site seismically robust, suitably
shielded, ventilated and well
equipped buildings to house the
Emergency Response Centres,
with similar capabilities to those
provided at Fukushima Dai-ni and
Dai-ichi, which are also secure

IAEA
Lesson

mobile systems)

- Lack of standardized external
connections could have delayed re-
energization

- Lack of light was a major issue

- Loss of HVAC created access
difficulties

(in principle, some could apply also to
SMRs - eg communication lost, some
could be avoided by design by SMRs -
eg standardised external connections)
- The ability to physically locate and
manually operate valves and
equipment under difficult
circumstances on the plant was very
important
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned

/CM Lessons (April 2012 + June 1,

2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

against other external hazards such
as flooding. They will require
sufficient provisions and must be
sized to maintain the welfare and
radiological protection of workers
needed to manage the accident.

Severe accidents:

Emergency Response Centres
should have available as far as
practicable essential safety related
parameters based on hardened
instrumentation and lines such as
coolant levels, containment status,
pressure, etc., and have sufficient
secure communication lines to
control rooms and other places on-
site and off-site.

IAEA
Lesson
5

Severe accidents:

Severe Accident Management
Guidelines and associated
procedures should take account of
the potential unavailability of
instruments, lighting, power and
abnormal conditions including
plant state and high radiation
fields.

IAEA
Lesson
6
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned

/CM Lessons (April 2012 + June 1,

2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

Thorough accident management
(AM) measures:

we will change the accident
management measures from
voluntary safety efforts by
operators to legal requirements,
and develop accident management
measures to prevent severe
accidents, including a review of
design requirements as well, by
utilizing a probabilistic safety
assessment approach.

Japanes
e
Govern
ment
Lesson
5

Improvements to the accident
response environment:

we will enhance the accident
response environment that enables
continued accident response
activities even in case of severe
accidents through measures such
as strengthening radiation
shielding in the control rooms and
the emergency centers, enhancing
the exclusive ventilation and air
conditioning systems on site, as
well as strengthening related
equipment, including
communication and lightening
systems, without use of AC power

supply.

Japanes
e
Govern
ment
Lesson
11
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

Enhancement of the radiation
exposure management system at
the time of the accident:

we will enhance the radiation
exposure management system at
the time of an accident occurs by
storing the adequate amount of
personal dosimeters and protection
suits and gears for accidents,
developing asystem in which
radioactive management personnel
can be expanded at the time of the
accident and improving the
structures and equipment by which
the radiation doses of radiation
workers are measured promptly.

Japanes
e
Govern
ment
Lesson
12

Enhancing Mitigation:

The Task Force recommends
strengthening and integrating
onsite emergency response
capabilities such as emergency
operating procedures, severe
accident management guidelines,
and extensive damage mitigation
guidelines.

NRC
Recom
mendati

on 8

Off - site Infrastructure Resilience:
The UK nuclear industry should
review the dependency of nuclear
safety on off - site infrastructure in
extreme conditions, and consider
whether enhancements are
necessary to sites’ self sufficiency
given for the reliability of the grid

ONR
IR-8
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Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

under such extreme circumstances.

Cooling Supplies:

The UK nuclear industry should
review the need for, and if
required, the ability to provide
longer term coolant supplies to
nuclear sites in the UK in the event
of a severe off - site disruption,
considering whether further on -
site supplies or greater off - site
capability is needed. This relates to
both carbon dioxide and fresh
water supplies, and for existing
and proposed new plants.

ONR
IR-19

Safety Case:

The UK nuclear industry should
review, and if necessary extend,
analysis of accident sequences for
long - term severe accidents. This
should identify appropriate repair
and recovery strategies to the point
at which a stable state is achieved,
identifying any enhanced
requirements for central stocks of
equipment and logistical support.

ONR
IR-25
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Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

Extreme External Events:
Structures, systems and
components needed for managing
and controlling actions in response
to an accident, including plant
control rooms, on - site emergency
control centres and off - site
emergency centres, should be
capable of operating adequately in
the conditions, and for the
duration, for which they could be
needed, including possible severe
accident conditions.

ONR
FR-3

Severe accidents:

External events have a potential of
affecting several plants and several
units at the plants at the same time.
This requires a sufficiently large
resource in terms of trained
experienced people, equipment,
supplies and external support. An
adequate pool of experienced
personnel who can deal with each
type of unit and can be called upon
to support the affected sites should
be ensured.

IAEA
Lesson
7

On-site Emergency Arrangements
to Protect Workers:

Large scale radiation protection for
workers on sites under severe
accident conditions can be
effective if appropriately organized
and with well led and suitable

IAEA
Lesson
14

2.2 Enhance human capabilities and
capacities

- Manual stop of HPCI in unit 3 prior
to confirmation that the alternative
system was effective

LP1.B3
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned

/CM Lessons (April 2012 + June 1,

2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

trained staff.

On-site Emergency Arrangements
to Protect Workers:

Exercises and drills for on-site
workers and external responders in
order to establish effective on-site
radiological protection in severe
accident conditions would benefit
from taking account of the
experiences at Fukushima.

IAEA
Lesson
15

Enhancement of training
responding to severe accidents:
we will enhance training to
respond to severe accidents by
promptly building a structure for
responding to accident restoration,
identifying situations within and
outside power plants, facilitating
the gathering of human resources
needed for securing the safety of
residents and collaborating
effectively with relevant
organizations.

Japanes
e
Govern
ment
Lesson
13
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Sources

Integrated Lessons Learned
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Applicable Reactor Type

LWR

HWR

HTGR
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Possible Countermeasures / Technology
Development

Human resources for nuclear
safety and nuclear emergency
preparedness and responses:

the Japanese Government will
enhance human resource
development within the activities
of nuclear operators and regulatory
organizations along with focusing
on nuclear safety education,
nuclear emergency preparedness
and response, crisis management
and radiation medicine at
educational organizations.

Japanes
e
Govern
ment
Lesson
25

Human Capabilities and
Capacities:
The UK nuclear industry should
review existing severe accident
contingency arrangements and
training, giving particular
consideration to the physical,
organisational, behavioural,
emotional and cultural aspects for
workers having to take actions on
- site, especially over long
periods. This should take account
of the impact of using contractors
for some aspects on - site such as
maintenance and their possible
response.

ONR
IR-24
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Recommendations 2012) Development
LWR | HWR | HTGR| FR
3. Off- | Severe accidents: IAEA ] 3.1 Strengthen off-site infrastructure A SMR countermeasures / developments:
site For severe situations, such as total { Leson 2 | resilience less dependence on off-site infrastructure
emergen | loss of off-site power or loss of all - The use of off-site resources limited should be implemented by design, passive
cy heat sinks or the engineering safety damage safety features help
prepared | systems, simple alternative sources - Recovery of a heavily damaged
ness and | for these functions including any plant is dependent on external
response | necessary equipment (such as equipment
mobile power, compressed air and
water supplies) should be provided
for severe accident management.
Severe accidents: IAEA
Such provisions as are identified in i Lesson
Lesson 2 should be located at a 3
safe place and the plant operators
should be trained to use them. This
may involve centralized stores and
means to rapidly transfer them to
the affected site(s).
Off-site Emergency Arrangements | IAEA
to Protect the Public and Lesson
Environment: 10
Greater consideration should be
given to providing hardened
systems, communications and
sources of monitoring equipment
for providing essential information
for on-site and off-site responses,
especially for severe accidents.
Central control of emergency Japanes
supplies and equipment and setting e
up rescue team: Govern
we will introduce systems for ment
centrally controlling emergency Lesson
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Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

supplies and equipment and setting
up rescue teams for operating such
systems in order to provide
emergency support smoothly even
under harsh circumstances.

15

Responses to combined
emergencies of both large-scale
natural disasters and prolonged
nuclear accident:

we will prepare the structures and
environments where appropriate
communication tools and devices
and channels to procure supplies
and equipment will be ensured in
the case of concurrent emergencies
of both a massive natural disaster
and a prolonged nuclear accident.
Also, assuming a prolonged
nuclear accident, we will enhance
emergency response preparedness
including effective mobilization
plans to gather human resources in
various fields who are involved
with accident response and support
for affected persons.

Japanes
e
Govern
ment
Lesson
16

Off - site Infrastructure Resilience:
Once further relevant information
becomes available, the UK nuclear
industry should review what
lessons can be learnt from the
comparison of the events at the
Fukushima - 1 (Fukushima Dai -

ONR
IR-9
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Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

ichi) and Fukushima - 2
(Fukushima Dai - ni) sites.

Emergency Control Centres,
Instrumentation and
Communications:

The UK nuclear industry, in
conjunction with other
organisations as necessary, should
review the robustness of necessary
off - site communications for
severe accidents involving
widespread disruption.

ONR
IR-23

Safety Case:

The UK nuclear industry should
review, and if necessary extend,
analysis of accident sequences for
long - term severe accidents. This
should identify appropriate repair
and recovery strategies to the point
at which a stable state is achieved,
identifying any enhanced
requirements for central stocks of
equipment and logistical support.

ONR
IR-25
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Integrated Lessons Learned

Possible Countermeasures / Technology

Category Recommendations Sources | /CM Lessons (2\8;'2')2012 +June 1, Applicable Reactor Type Development
LWR | HWR | HTGR| FR
External Hazards: IAEA ] 3.2 Strengthen national arrangements for emergency preparedness probably no difference from SMR to LR

There is a need to ensure that in
considering external natural
hazards:

* an active tsunami warning system
should be established with the
provision for immediate operator
action.

Lesson
1

Off-site Emergency Arrangements
to Protect the Public and
Environment:

The use of IAEA Safety
Requirements (such as GS-R-2)
and related guides on threat
categorization, event classification
and countermeasures, as well as
Operational Intervention Levels,
could make the off-site emergency
preparedness and response even
more effective in particular
circumstances.

IAEA
Lesson
11

Central control of emergency
supplies and equipment and setting
up rescue team:

we will introduce systems for
centrally controlling emergency
supplies and equipment and setting
up rescue teams for operating such
systems in order to provide

Japanes
e
Govern
ment
Lesson
15

and response

- Fire engines were successful in injecting water to systems but
limited to low pressure

- Off-site radiation monitoring posts did not consider loss of power
condition

- SPEEDI has to be used to be useful

LP1.B3
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/CM Lessons (April 2012 + June 1,
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Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

emergency support smoothly even
under harsh circumstances.

Responses to combined
emergencies of both large-scale
natural disasters and prolonged
nuclear accident:

we will prepare the structures and
environments where appropriate
communication tools and devices
and channels to procure supplies
and equipment will be ensured in
the case of concurrent emergencies
of both a massive natural disaster
and a prolonged nuclear accident.
Also, assuming a prolonged
nuclear accident, we will enhance
emergency response preparedness
including effective mobilization
plans to gather human resources in
various fields who are involved
with accident response and support
for affected persons.

Japanes
e
Govern
ment
Lesson
16

Reinforcement of environmental
monitoring:

the Government will develop a
structure through which the
Government will implement
environmental monitoring in a
reliable and well-planned manner
during emergencies.

Japanes
e
Govern
ment
Lesson
17

LP1.B3

102

CERSE-POLIMI RL-1481/2012




Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL
MODULAR REACTORS (SMR)”

Individual Lessons Learned and Integrated Les§ons Learned . Possible Countermeasures / Technology
Category : Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type
Recommendations 2012) Development
LWR | HWR | HTGR| FR
Enhancement of communication Japanes
relevant to the accident: e
we will reinforce the adequate Govern
provision of information on the ment
accident status and response, along | Lesson
with appropriate explanations of 19
the effects of radiation to the
residents in the vicinity. Also, we
will keep in mind having the future
outlook on risk factors is included
in the information delivered while
incidents are still ongoing.
Adequate identification and Japanes
forecasting of the effect of released e
radioactive materials: Govern
The Japanese Government will ment
improve its instrumentation and Lesson
facilities to ensure that release 21
source information can be securely
obtained. Also, it will develop a
plan to effectively utilize SPEEDI
(System for Prediction of
Environmental Emergency Dose
Information) and other systems to
address various emergent cases
and disclose the data and results
from SPEEDI, etc. from the
earliest stages of such cases.
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Individual Lessons Learned and
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Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

Strengthening Emergency
Preparedness:

The Task Force recommends, as
part of the longer term review, that
the NRC should pursue emergency
preparedness topics related to
decisionmaking, radiation
monitoring, and public education.

NRC
Recom
mendati

onll

National Emergency Response
Arrangements:

The Government should consider
carrying out a review of the
Japanese response to the
emergency to identify any lessons
for UK public contingency
planning for widespread
emergencies, taking account of any
social, cultural and organisational
differences.

ONR
IR-2

National Emergency Response
Arrangements:

The Nuclear Emergency Planning
Liaison Group should instigate a
review of the UK’s national
nuclear emergency arrangements
in light of the experience of
dealing with the prolonged
Japanese event.

ONR
IR-3

Openness and Transparency:

Both the UK nuclear industry and
ONR should consider ways of
enhancing the drive to ensure more
open, transparent and trusted

ONR
IR-4

LP1.B3
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

communications, and relationships,
with the public and other
stakeholders.

Planning Controls:

The relevant Government
departments in England, Wales
and Scotland should examine the
adequacy of the existing system of
planning controls for commercial
and residential developments off
the nuclear licensed site.

ONR
FR-5

National Emergency Response
Arrangements:

The nuclear industry with others
should review available techniques
for estimating radioactive source
terms and undertake research to
test the practicability of providing
real - time information on the
basic characteristics of radioactive
releases to the environment to the
responsible off - site authorities,
taking account of the range of
conditions that may exist on and
off the site.

ONR
FR-6
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Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

National Emergency Response
Arrangements:

The Government should review the
adequacy of arrangements for
environmental dose measurements
and for predicting dispersion and
public doses and environmental
impacts, and to ensure that
adequate up to date information is
available to support decisions on
emergency countermeasures.

ONR
FR-7

Openness and Transparency:

The Government should consider
ensuring that the legislation for the
new statutory body requires ONR
to be open and transparent about
its decision - making, so that it
may clearly demonstrate to
stakeholders its effective
independence from bodies or
organisations concerned with the
promotion or utilisation of nuclear
energy.

ONR
FR-8

Research:

ONR should expand its oversight
of nuclear safety - related research
to provide a strategic oversight of
its availability in the UK as well as
the availability of national
expertise, in particular that needed
to take forward lessons from
Fukushima. Part of this will be to
ensure that ONR has access to

ONR
FR-10
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Individual Lessons Learned and

Integrated Lessons Learned

Possible Countermeasures / Technology

Category Recommendations Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type Development
2012)
LWR | HWR | HTGR| FR
sufficient relevant expertise to
fulfil its duties in relation to a
major incident anywhere in the
world.
Off-site Emergency Arrangements | |AEA | 3.3 Enhance communication and A

to Protect the Public and
Environment:

The international nuclear
community should take advantage
of the data and information
generated from the Fukushima
accident to improve and refine the
existing methods and models to
determine the source term involved
in a nuclear accident and refine
emergency planning arrangements.

Lesson

contacts with the international

13 community

LP1.B3
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Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

Enhancement of responses to
assistance from other countries and
communication to the international
community:

the Japanese Government will
contribute to developing a global
structure for effective responses,
by cooperating with the
international community, for
example, developing a list of
supplies and equipment for
effective responses to any
accident, specifying contact points
for each country in advance in case
of an accident, enhancing the
information sharing framework
through improvements to the
international notification system,
and providing faster and more
accurate information to enable the
implementation of measures that
are based upon scientific evidence.

Japanes
e
Govern
ment
Lesson
20

International Arrangements for
Response:

The Government should approach
IAEA, in co - operation with
others, to ensure that improved
arrangements are in place for the
dissemination of timely
authoritative information relevant
to a nuclear event anywhere in the
world.

ONR
IR-1
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Sources

Integrated Lessons Learned

/CM Lessons (April 2012 + June 1,

2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

4,
Nuclear
safety
culture
and
infrastru
cture

Global Nuclear Safety:

The UK Government, nuclear
industry and ONR should support
international efforts to improve the
process of review and
implementation of IAEA and other
relevant nuclear safety standards
and initiatives in the light of the
Fukushima - 1 (Fukushima Dai -
ichi) accident.

ONR
FR-9

Off-site Emergency Arrangements
to Protect the Public and
Environment:

The use of long term sheltering is
not an effective approach and has
been abandoned and concepts of
‘deliberate evacuation’ and
‘evacuation-prepared area’” were
introduced for effective long term
countermeasures using guidelines
of the ICRP and 1AEA.

IAEA
Lesson
12

Establishment of a clear division
of labor between relevant central
and local organizations:

we will review and define roles
and responsibilities of relevant
organizations including the
NERHQs (Nuclear Emergency
Response Headquarters), clearly
specify roles, responsibilities and
tools for communication while also
improving institutional
mechanisms.

Japanes
e
Govern
ment
Lesson
18

4.1 Review and clarify regulatory
and emergency response framework
- Consideration between evacuations

and venting decision

LP1.B3
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Recommendations 2012) Development
LWR | HWR | HTGR| FR

Clear definition of widespread Japanes

evacuation areas and radiological e

protection guidelines in nuclear Govern

emergency: ment

the Japanese Government will Lesson

make much greater efforts to 22

clearly define evacuation areas and

guidelines for radiological

protection in nuclear emergencies.

Clarifying the Regulatory NRC

Framework: Recom

The Task Force recommends mendati

establishing a logical, systematic, onl

and coherent regulatory framework

for adequate protection that

appropriately balances defense-in-

depth and risk considerations.

Safety Assessment Approach: ONR

Once further detailed information IR-5

is available and studies are

completed, ONR should undertake

a formal review of the Safety

Assessment Principles to

determine whether any additional

guidance is necessary in the light

of the Fukushima accident,

particularly for “cliff - edge”

effects.
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Integrated Lessons Learned

Individual Lessons Learned and Possible Countermeasures / Technology

Category Recommendations Sources /CM Lessons (April 2012 + June 1, Applicable Reactor Type Development
2012)
LWR | HWR | HTGR| FR
External Hazards: IAEA | 4.2 Reinforce safety regulatory bodies A
There is a need to ensure that in Lesson |and legal structures
considering external natural 1
hazards:

« any changes in external hazards
or understanding of them should
be periodically reviewed for their
impact on the current plant
configuration; and

Off-site Emergency Arrangements | IAEA
to Protect the Public and Lesson
Environment: 11
The use of IAEA Safety
Requirements (such as GS-R-2)
and related guides on threat
categorization, event classification
and countermeasures, as well as
Operational Intervention Levels,
could make the off-site emergency
preparedness and response even
more effective in particular
circumstances.

Follow-up IRRS (Integrated IAEA
Regulatory Review Service ) Lesson
Mission: 16

Nuclear regulatory systems should
ensure that regulatory
independence and clarity of roles
are preserved in all circumstances
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LWR | HWR | HTGR| FR

in line with IAEA Safety

Standards.

Thorough accident management Japanes

(AM) measures: e

we will change the accident Govern

management measures from ment

voluntary safety efforts by Lesson

operators to legal requirements, 5

and develop accident management

measures to prevent severe

accidents, including a review of

design requirements as well, by

utilizing a probabilistic safety

assessment approach.

Reinforcement of safety regulatory | Japanes

bodies: e

the Japanese Government will Govern

separate NISA (Nuclear and ment

Industrial Safety Agency) from Lesson

METI (Ministry of Economy, 23

Trade and Industry) and start to

review implementing frameworks,

including the NSC (Nuclear Safety

Commission) and relevant

ministries, for the administration

of nuclear safety regulations and

for environmental monitoring.
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

Establishment and reinforcement
of legal structures, criteria and
guidelines:

the Japanese Government will
review and improve the legal
structures governing nuclear safety
and nuclear emergency
preparedness and response, along
with related criteria and guidelines.
During this process, it will
reevaluate measures taken against
age-related degradation of existing
facilities, from the viewpoint of
structural reliability as well as the
necessity of responding to new
knowledge and expertise including
progress in system concepts. Also,
the Japanese Government will
clarify technical requirements
based on new laws and regulations
or on new findings and knowledge
for facilities that have already been
approved and licensed, in other
words, it will clarify the status of
retrofitting in the context of the
legal and regulatory framework.
The Japanese Government will
make every effort to contribute to
improving safety standards and
guidelines of the IAEA by
providing related data.

Japanes
e
Govern
ment
Lesson
24
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR

HWR

HTGR

FR

Possible Countermeasures / Technology
Development

Human resources for nuclear
safety and nuclear emergency
preparedness and responses:

the Japanese Government will
enhance human resource
development within the activities
of nuclear operators and regulatory
organizations along with focusing
on nuclear safety education,
nuclear emergency preparedness
and response, crisis management
and radiation medicine at
educational organizations.

Japanes
e
Govern
ment
Lesson
25

Improving the Efficiency of NRC
Programs:

The Task Force recommends that
the NRC strengthen regulatory
oversight of licensee safety
performance (i.e., the Reactor
Oversight Process) by focusing
more attention on defense-in-depth
requirements consistent with the
recommended defense-in-depth
framework.

NRC
Recom
mendati
on 12

Emergency Response
Arrangements and Exercises:

ONR should consider to what
extent long - term severe accidents
can and should be covered by the
programme of emergency
exercises overseen by the
regulator.

ONR
IR-6
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2012)
LWR | HWR | HTGR| FR
Emergency Response ONR
Arrangements and Exercises: IR-7
ONR should review the
arrangements for regulatory
response to potential severe
accidents in the UK to see whether
more should be done to prepare for
such very remote events.
Thoroughly instill a safety culture: | Japanes | 4.3 Thoroughly improve and instil A SMR countermeasures / developments:
the nuclear operators whose e safety culture simplicity usually adopted in SMRs should
organization and individuals have | Govern |- Operators performed above and help
primary responsibility for securing | ment | beyond call of duty
safety should look at every Lesson |- Operators stayed within approved
knowledge and every finding, and 28 dose limits (except for limited
confirm whether or not they inadvertent events)
indicate a vulnerability of a plant. - Operators/utility had no hesitation
They should reflect as to whether in carrying out actions to the benefit
they have been serious in of the public but economic detriment
introducing appropriate measures to the facility
for improving safety, when they - Appropriate operational response
are not confident that risks was not constrained by fear of
concerning the public safety of the personal harm
plant remain low. - Operators initiated non-standard
organizations or individuals procedures early in the event (e.g. fire
involved in national nuclear engines)
regulations, as those who
responsible for ensuring the
nuclear safety of the public, should
reflect whether they have been
serious in addressing new
knowledge in a responsive and
prompt manner, not leaving any
doubts in terms of safety.
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Category

Individual Lessons Learned and
Recommendations

Sources

Integrated Lessons Learned
/CM Lessons (April 2012 + June 1,
2012)

Applicable Reactor Type

LWR | HWR |HTGR| FR

Possible Countermeasures / Technology
Development

Japan will establish a safety
culture by going back to the basics,
namely that pursuing defenses-in-
depth is essential for ensuring
nuclear safety, by constantly
learning professional knowledge
on safety, and by maintaining an
attitude of trying to identify
weaknesses as well as room in the
area of safety.

Strengthening Emergency
Preparedness:

The Task Force recommends, as
part of the longer term review, that
the NRC should pursue emergency
preparedness topics related to
decisionmaking, radiation
monitoring, and public education.

NRC
Recom
mendati

on1l

Human Capabilities and
Capacities:

The UK nuclear industry should
continue to promote sustained high
levels of safety culture amongst all
its employees, making use of the
National Skills Academy for
Nuclear and other schemes that
promote “nuclear
professionalism”.

ONR
FR-11
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OECD-NEA

Committee for Technical and Economic Studies on Nuclear Energy Development and The Fuel Cycle (NDC)

7" Meeting of the Working Party on Nuclear Energy Economics, 10 November 2011

List of the presentations, contributions and discussions

Report on Work of the International Atomic Energy Agency in the Areas of Economics and Finance
(Presentation by the IAEA Secretariat)

Results of the Workshop on “Enhancing the Contribution of Nuclear Power to a Low-carbon
Electricity Future” held on 9 November 2011 (Open discussion) [Agenda — NEA/NDC(2011)26]

Feedback on Presentations and Sales of the WPNE study on “Carbon Pricing, Power Markets and the
Competitiveness of Nuclear Energy” [NEA/NDC(2011)36]

The System Effects of Nuclear Power:

Detailed Outline: Update and Status of Activities in the Context of the System Effects Study
[NEA/NDC(2011)21/REV] (Presentation by Secretariat)

Chapter 1. “The System Effects Engendered and Experienced by Nuclear Power”
[NEA/NDC(2011)27] (Presentation by Secretariat of advanced draft for comment and discussion)

Chapter 3. “The Contribution of Nuclear Power to the Minimisation of Long-Run and Short-Run
System Effects” [NEA/NDC(2011)37]

Chapter 4. “A Comparaison of the Grid and System Costs of Different Technologies” (Presentation by

Secretariat and discussion)

Chapter 5. “The Institutional and Regulatory Framework for Integrating System Effects and
Flexibility Services” [NEA/NDC(2011)29]. (Presentation by Secretariat of advanced draft for

comment and discussion)

Chapter 6a. “Smart Electricity Grids” [NEA/NDC(2011)30] (Presentation of advanced draft for

comment and discussion, Dirk VVan Herten, University of Leuwen)

Chapter 6b. “SMR Economic Potential in Integrated Electricity Systems” [NEA/NDC(2011)38]

(Presentation of draft for comment and discussion, Marco Ricotti, Politecnico Di Milano)

Proposed New Title for the WPNE Project on “The System Effects of Nuclear Power”
[NEA/NDC(2011)31] (Initiating discussion about title and policy conclusions of study)

“Economics of Long-term Operation of Nuclear Power Plants” [NEA/NDC(2011)34] (Summary
Record of the 1st Meeting of the Expert Group) (Presentation by Secretariat)

“Economics of the Back-End of the Nuclear Fuel Cycle” [NEA/NDC(2011)24] (Draft Agenda of the
1st Meeting of the Expert Group). (Presentation by Secretariat).
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N-SMR economic potential in
integrated Electricity Systems

POLIMI muclesar soonomics ressanch group
Prol, Mares E. Fagadl, PhiD

Erof, Mapre Marcim, Pl

Proll Paala Trosen, Pab

M Giorgéo Locatelli, Fhi

Mz Sars Boarn

e Andvea Trigni

N Economic evaluation of SMRs o nt

SMRs are gaining increasing interest all around the “nuclear” world

But, since the nuclear "business as usual” is Large Size NPPs:
~» Are SMRs economically-financially competitive?

» Are SMRs' technology & deployment representing a “similar” or
“scaled” business with respect to LRs?

" Ha'lli: F;:a_? we evaluate and quantify penaities/advantages of SMRs
vs LRs

= Are there already suitable tools to compare such deployments?

Origin of the work: IRIS project opportunity + collaboration with IAEA
Scope: comparison of deployments (SMRs vs LRs)

S R rolchico oo |
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[Ntegrated model for the
Compelitiveness

Analysis of

Small-medium modwlar reactors

Financial &
anamic

» INCAS applies to the comparative evaluation of SMR vs. LR with
equivalent total power output installed

R LR rouecnico ol Miano

L

M| EXTERNAL FACTORS —

Project Risk

»  Faciors not fuly quantiiable and not explicily consigered
in 8 investment evaluation (lBchnical, social, )

- Impossibie to manage o contral In some o all the phases Evaluation of the impact

ok e on LR and SMR:
: = 2 iDL and SMB!
muhm i differential?

4 pred kst Rcoim w
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M| EXTERNAL FACTORS - Introduction

» An “external factor” is a factor usually not directly considered within
the investment evaluation, because is not directly controllable from
the investor and it resulls hardly accounted. However it strongly
influences the life cycle and the feasibility of the project itself.

~ Examples of external factors are: supply chain, public
acceptability, system affects, competences required to run the
plant, eic.

+ External Factors differential betwean LE and SME

SITE RELATED

Cualitative Sub- Factors Evaluation Result

Quantitative  Differential

= Mixed Differential

Overall population’s . Not
Pt S attitude Qualtative b rential

Local population’s e )

attitude Cualitative Differemntial
Technical Siting aMR stand alone Cualitalive Differantial
Consiraints _ Each configuration  Qualitative  Differential

6 PRI BB FouTiCNICO DI MilAND
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-y

N‘ EXTERNAL FACTORS - List

+ External Factors differential betwean LE and SME

PROJECT LIFE CYCLE RELATED

Qualitative aub- Factors Evaluation

FOAK risks Qualitative Differential
Supply Chain  Qualitative Differential
Construction Qualitative Differential

Risks Associated o the Project

Design Robustness - Cuantitative  Differential
Historical and Political Aspects = Crualitative Differantial
Competences Required for the LR i

Operations . Cualitative Differential

el hefR s R

ﬁﬂ Example-1: Spinning reserve o

»~ Ancillary services are in charge to maintain the security and the
quality of electricity supply

= To control the system frequency is the most imporiant of them: it
requires that a certain amount of active power be kept in reserve, to
re-establish the balance between load and generation in continuous.
Such reserve is usually named as "spinning reserve”,

SPINNING RESERVE DEFINITION:

Unutiized generation capacily which can be activated by the TS50
{ Transmission System COperator ) to control the electric system frequency,
independently from the time window of availabilify.

Spinning Reserve Required ™

el hefR s R
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N EF Example-1: Spinning reserve

QUANTIFICATION ALGORITHM

1. Split electric system in diferent areas which can be considered like isolated
syslems

2. Calculate the LC (Largest Contingency) for every area: it's the sum of the
two largest generaling unit, The WE (Worst Event) is the contemporary
outage of the wo main autonomous groups of generation in the area.

3. Hypothesize to astablish in each area a 1340 MWe LR or four stand-alone
335 MWe. Calculate new LC for each of new cases and the difference from
the actual LC. If difference ks not zero, new NPPs Increase required spinning
reserve and the burden for TSO.

4, Sum the differences of all areas for each configuration: one LR and four
SMRs. Results measure the increase of reserve due fo LRs or SMRs
construction on the whole territory. The nearer to one the ratic between
sums is, the smaller the differential impact will be.

Advantage 0 {EﬂLE.'-‘HE <1 Advantage
SMR Y ALC,q LR

0 R DR rourecnico Dl MiANS

IMPLEMENTATION ON THE ITALIAN SCENARIO
Step 1

& reference areas in laly

& ¢

TURIN RILAMN VENICE FLORENCE

ROME MWAPLES PALERMO CAGLIARI

TERNA (grid manager), 2009

T prd bt Ricod
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N EF Example-1: Spinning resereve

IMPLEMENTATION ON THE ITALIAN SCENARIO

Step 2 Step 3
r..l"' oy il '\\
amga ||ACTUAL | ACTUAL 1LR 4 SMR
WE LG WE LG DIFF, WE LC | OIFF
Turin Ta0=&00 1550 1.330+800 | 2140 550 Ak aciual | 1550 1]
Milan BO0E50 1650 M1340+a50 | 2190 | 540 [ Asecuas | 1650 | 0
Varnica BE0E40 1320 Mrasoeeen | zooo | es | Asscnm | 1320 | 0
Florence || 380+3%0 0 Wrasoeano | 170 | e50 |Asecwm| TEO [ 0
Rome Frosgsn 1.430 1.380+1T0 210 L) Ak sctual | 1430 1]
Haples SEOHEED 1320 1. 340+660 Z000 80 A aciunl | 1550 o
Pabeimen ANE=TTE il 1.340+3T6 1718 o AS achunl -7 a
Cagllari s Pagges7s | 1915 | 990 [ Asecusi]| 925 | o _..-/II
SUM [ B767 15801 | 6043 el 0
RATIO Step 4 +61,8% won | o

# The construction of LR would require 61,8% more spinning
reserve than today

# The construction of SMR does not cause any increments

» Impact on required spinning reserve supports SMR option

fassumption: 1 LR built in each area;
penally increase if 2 LRs per area are buill;
penally reduces if =2 LRs are buill per area)

F ETREEE BB oo oo |
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N| EF Example-2: Grid Vulnerabil

» Vulnerability Index (V1) of the Power
System [with LRs or with SMRs)

1. LRz /5MRs musf be located in the
different generation nodes of the grid;

2 for each new conliguration, the

calcifation of Vis evaluates the effect of
oulagas of aifferent ransmisson limss.

b Ei A PR | AREAS | VEER

(L L ] &
= Al same level of lines’ congestion: — g
the larger the site’s outpul, the g ot o | e

higher the risk of overloads. 0 ] S ML D
Differential impact (LR-SMRs) D) == R
higher In case of generation nodes Pt T m |

connected o the most congested
transmission lines.

F  Elecldc grid vulnerability is not
differential considering mutliple
SMRs on the same sila, with fotal
equivalent power insfafed than LR,

T ST R ourcchico oo |

N| EF Example-3: Mean Variance Portiolic

* Mean Vanance Portfolio theory (MVP) is the most widely used method for the
optimization of the electricity generation mix.

¥ dentify the best power plants portfolio from the investor point of view towards
risk attitude: IRR as key profitability indicator, with its probability distribution.

» Dptimal portfolio: the higher IRR expected value, with given IRR variance:;
OR
Optimal porifolio; lowest variance, with given IRR.

» Best mix on IRRNvariance: oplimum frontier match the Invesior risk aversion
and profitability requiremenits.

Large Eleclricity Markels: MVP analysis theorelical {best portfolio iz a public
gOVeImance issua)

Invastmeani decisions takan by each Uty {in a iberalized markef),
Generation capacily is imited, similar to Small Electricity markets (e.g. 2 GW)

“Large markels™ made up by “Small Markels™

T SN TR ourcchico oo |
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L Fasaine . Dasbas Tas i 8] LARSE Fermiciic - Cadbae Tus 6] 2]
LELL [ESH St | ol il i

e —

EERE e o nia L BT S s ]
L sl = -
BiEE P Efleog I 1P Bt B
Figurv 4 - Large marksi Porifslic - Elecericliy Figure 7 - Large market Pordfelis - Elecoriciry
Frrr 3000 %Wk - Carbes Ton #8549 Frice ¥ S MWh - Carban Tau 50 e

L . s DR A
0 B

\ EF Example-4: ln“:tmint Flexibility =

REAL OPTIONS APPROACH -

» The DCF is a capital budget method, which looks at projects in isolation. It
determines the future cash fiows Ihe project may generate, and discounts
those 1o today’ s value at a project-specific discount rate that reflacts the
parceived risk of the cash flows.

» DCF assumes that the firm will embark on a rigid and inflexible path forwarnd,
ignaring and failing to respond and adjust to any changes in the markel place.

= DCF ignores tha valua of manadgerial ﬂﬂh:i‘tlﬂﬁ'!.r 1o react 1o fulure uncarainlies,
in the future new information may arrive and the original investment plan will
change.

* DCF ignores the fact thal invesiments oflen come in nalural, seguential steps
with multiple “go” or “no-go” decisions

i7 R LR rouecnico ol Miano
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ar
options '

"all-’ﬁis A n aIy

3| REAL OPTIONS - Introduction

=

~ Real option is defined as the right but not the obligation to acquire
the present value of the expected cash flows by making an
invesiment when the opportunily is available.

» The real option concept applies financial option theory to real life
investments such as investments in manufacturing plants, information
technology projects, pharmaceutical research and development, new
wentures, etc.

» An option arises when information can modify the outcome of
future investment decisions. This methodology is particularly
applicable when there is a high degree of uncerainty, some
managerial flexibility, and not all the information is known at a given
fime.
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21 et fasis Raosm

N REAL OPTIONS - Example for nuclear case

Ckptions Description
Abandan Creating an abandonment oplion you have the rght not 1o continue

a project should the business conditions be negative (Brach, M.A,
2003), (Mun, Johnathan 2002).

Expand Managemen! can expand production or increase resource

deplayment if the market anvironmant develops favorably (Rogers,
Jamie 2002),

DelayDefer  The oplion to delay is exercised when the firm owning the rights to
the project decides when to invest on it (Brach, M.A. 2003}, (Mun,

Johnathan 2002}

Stage It ks the ability to break up invesiment into incremental, conditional
slep (Brach. M_A. 2003),

Leam It is the firm” 5 ability to reduce technical uncenainty throwugh

imvesiment to obtain a reliable and precise understanding of the
Tuture (Brach, MLA. 2003).

21 R LR rouecnico ol Miano
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N| REAL OPTIONS - macro approach

Underlyings:
"  Electricity price
Equipment cos Thie liabyility op tion
v Licsnsing time value of a modular
lear t
Monte Carlo Simulation e sl
Oither Input: based on ROA Thee Plexibility initial
+  Diher data of cost and opticn valeof a
tiene: manolithic LK
¥ Scheduling of
constructon
*  Taxrate, dacount rate,
change rate, risk free

rabe efc

Electricity Long run mean

i - ._ 11’ 13”.

Y LA LA g0 1%
0L ERE e 13174 A%
g8 g FETR man LT
Option Value [ME]
Sy
450
AW

HPY difforential gain

%5 & 65 70O TS B0 BS 80 95
Long Run Mean EE price £/MWh

ST R oo o o
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N| REAL OPTIONS - preliminary results ~

Equipment Volatility

% Option Value
%
e |
0% |
200 |
10% |
%
5% 10% 15% 20% 25%
Equipment volatility
24 B RN onichico o kiano |
—
e ]

P, W e ST

N EF Example-4: Investment Flexibil

= The flexibility allows the investor to react in an environment affected
by uncertain conditions

= The DCF technigues underestimate the value of SMR

= An investment in SMR has more degrees of freedom than an
investment in LR

# The intrinsic SMR’ investment flexibility can be fully quantified by Real
Options

~ Real Options do not aim to predict the future, but evaluate in financial
terms [€] the value of catching opportunities and/or heading negative
risks

= SEESEREY BB rolccuicoo o |
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Model development is still on-going, in the following areas:;

= Risk evaluation & stochastic approach (v DONE - oct. 2011)
~ Bottom-up cost-astimation of different SMR size and design
» External factors integration & MADM

~» Real Options model

26 R LR rouecnico ol Miano
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Short Info on the Collaboration Agreements between Politecnico di Milano and some Small Modular Reactor

projects

In the recent period, and due to the expertise gained by POLIMI in the last 10 years through the participation to the IRIS
international project, some Collaboration Agreements have been signed by POLIMI with some Small Modular Reactor
projects, paving the way for possible R&D activities in the very next future.

In particular:

- with DCNS company, a French organisation involved in the design of the FlexBlue reactor, an SMR of 100MWe size,
PWR integral type, mounted into a submarine hull and to be located 100m deep in the sea, interested in collaborating on
the design of passive safety systems and on experimental activities devoted to thermal fluid dynamics investigation of
the passive systems;

- with NuScale company, a US organisation involved in teh design of the NuScale reactor, an SMR of 45MWe per
module, PWR integral type, natural circulation, to be deployed in cluster of 12 modules, interested in collaborating on
the design and investigation, both modelling and experimental, of helical coil steam generators and of passive safety
systems, as well as on the investigation of the profitability and other financial and economic features for a multi-module
deployment strategy.

Recently, also another US company, Flibe Energy, asked for a collaboration on the modellig of molten salt modular
reactors, for the investigation of fluid dynamics and neutronics behavior, with Thorium as a reference fuel cycle.

Other relationships are under development and consolidation, mainly for the use, for R&D purposes, of the INCAS
code, developed by POLIMI for the simulation of different strategies of deployment of SMRs and the analysis of the
corresponding costs, profitability and other financial and economic features. An Agreement with the Ghana Atomic
Energy Commission has been already signed, others are under discussion (e.g. with Finland, China, South Korea,

Russia).
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CURRICULUM SCIENTIFICO DEL GRUPPO DI LAVORO

Il gruppo di lavoro impegnato nell’attivita & costituito da un professore ordinario di Impianti Nucleari del
Politecnico di Milano (Dipartimento Energia), Marco Enrico Ricotti, e da una Assegnista di Ricerca, Sara Boarin.

Il prof. Ricotti svolge attivita di ricerca da piu di 20 anni al Politecnico nel campo della Ingegneria Nucleare, con
particolare riferimento alla termoidraulica, alla sicurezza, agli aspetti economici dell’energia nucleare ed ha svolto o
coordinato ricerche teorico-modellistiche e sperimentali nel gruppo Reattori Nucleari del Dipartimento di Energia
del Politecnico di Milano, che attualmente guida, pubblicando i risultati su rivista e in atti di Congresso, quasi
esclusivamente internazionali. Insieme all’ing. Boarin & anche autore di diversi rapporti nell'ambito dei PAR
trascorsi.

L’ing. Boarin ha una esperienza pluriennale di collaborazione di ricerca con il Politecnico sulle tematiche economico-
finanziarie dei reattori nucleari, nonché una esperienza lavorativa presso banche di affari internazionali. E’
coautrice di paper scientifici e report per organizzazioni internazionali (OECD, IAEA).

Maggiori dettagli sulle attivita di ricerca nonché I'elenco delle pubblicazioni piu recenti si possono trovare sul sito

Web del gruppo di ricerca del Politecnico di Milano (http://www.nuclearenergy.polimi.it).
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