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Discussion Topics

= Pre-Fukushima Industry Review

= The Rise, Fall and Rise of Nuclear Energy

= Post-Fukushima Outlook

= Concluding Remarks

= Geologic Implications
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Birth of the Nuclear Energy Industry
Atoms for Peace - 1953

=  Serve the peaceful pursuits of mankind,
provide abundant electrical energy in
power starved areas of the worl

L A

*  Encourage world-wide investigations
with the most effective peacetime uses
of fissionable material

Ll Create international controls to prevent
proliferation (IAEA)

Sliclear electricity
it bulbs were

Shippingport Atomic Power Station, Pennsylvania, the |
first full-scale nuclear power generating station in the
US began operating in 1957.
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The Fall...

U.S. Nuclear Plant Capacity Factors
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...capacity factors (efficiency) didn’'t keep pace.

Still, we now have 104 plants, making ~100GW low-carbon energy with a capacity factor of 90%
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The Rise of a Nuclear Renaissance

INSIDE THIS WEEK: TECHNOLOGY QUARTERLY

Bl NEW YORK VS. LONDON .

5 mmmmmmmsmm
The The credit arisis, continued

Economist In search of the good company

India’s airline magnate

sorumaes are-3ere 2900 ey Time to abolish Belgium

Generator

Steam
Turbine

Condenser

Water-Filled
PoolBelow

NuScale notified the NRC in January 2008 of its

Ground
intent to begin the Pre-Application Review
process for the preparation of the Design NS5S
Certification request and the combined g :
Construction & Operating License application. 4

© 2010 Babcock & Wilcox Nuclear Energy, Inc. All rights reserved.

1 Nylander and M Cohen
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Factors Favoring a Global Nuclear Renaissance

Starting ~2001

Economics of high-capacity factor plants (analogous to a Saudi oil well)

" South Texas Project has the lowest production cost reported by nuclear power plants
nationwide, at 1.356 cents per kilowatt-hour in 2006.

" Improved construction management practice and experience
GHG and climate change concerns, potential for Carbon Tax Credits
" Overturning of state moratoriums on new build for construction jobs and clean energy objectives

NRC COL Implemented 10 CFR 52 streamlined licensing (vs. two step process under 10 CFR
50)

" By issuing a Combined Construction and Operating license (COL), the NRC authorizes the
licensee to construct and operate a nuclear power plant at a specific site, valid for 40 years.

U.S. Federal Loan Guarantees and similar Federal Government Support programs in other
nations

" $18.5B under Bush 2005 EPAct, Obama T to $54B and made first awards
" 2005 Renewal of the Price Anderson Nuclear Industries Indemnity Act

" 1.8 cent/kWh production tax credit

Increase in overall energy demand while reducing strategic importance of fossil fuels and
foreign oil

" Tempered by global recession

" Desires for energy security
Improved Public and Political Support

PUC approving ‘Construction Work In Progress’ enabling utilities to recover costs before first
power.
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QB2 Are you totally in favour, fairly in favour, fairly opposed or
totally opposed to energy production by power stations?
%EU

W Totally in favour B Fairly in favour B Fairly opposed MTotally opposed EDK

EB69 Winter 2008 [EEET

Eurobarometer on Radioactive Waste
published in June 2008, indicated
there were almost as many citizens in
favor of nuclear energy (44%) as
against it (45%). Likely tied to
concerns with climate change and
supply security issues.

Acceptability of Adding a New Reactor Next to the
Nearest Operating Nuclear Power Plant

“IF A NEW POWER PLANT WERE NEEDED TO SUPPLY ELECTRICI-
TY, WOULD IT BE ACCEPTABLE TO YOU OR NOT ACCEPTABLE TO
YOU TO ADD A NEW REACTOR AT THE SITE OF THE NEAREST
NUCLEAR POWER PLANT THAT IS ALREADY OPERATING?"




Investor Confidence Yields Plans for New Build

River Bend
— ESBWR -1 Unit Grand Gulf
o ESBWR - 1 Unit Callaway
~ EPR -1 Unit
- ) Fermi
- ESBWR - 1 Unit

Nine Mile Point
EPR - 1 Unit

Bell Bend
EPR - 1 Unit

Calvert Cliffs
EPR - 1 Unit

North Anna
ESBWR - 1 Unit

Harris

AP1000 - 2 Units

Hammett

EPR - 1 Unit
Blue Castle
Design / Units - TBA

William Lee
AP1000 - 2 Units

Bellefonte
AP1000 - 2 Units

Comanche Peak
USAPWR - 2 Units

Turkey Point
AP1000 - 2 Units

Amarillo
EPR - 2 Units

Levy County

Vogtle "
AP1000 - 2 Units
Victoria County AP1000 - 2 Units

ESBWR - 2 Units South Texas

ABWR - 2 Units V.C. Summer
AP1000 - 2 Units

Construction and Operating License (COL) Status

41 Under Nuclear Regulatory Review (NRC) . Planned Future Submittal @ NRC Review Suspended

Between 2007 and 2009, NRC accepted and docketed a total of 17 applications for 26 new units (approximately
31 GW new, a 30% increase in nuclear).
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World NPP Locatlons
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NE growth follows population growth W y
I and energy security pressures.. I
) International Nuclear Safety Center at ANL, Aug 2005

* As of July 2012, there were 435 nuclear reactors operating in 30 countries, with a total capacity of 370 GWe

» The United States, France and Japan have > half of the world’s nuclear generating capacity, 16 countries relied on
nuclear energy to generate over 25% of their electricity.

» 61 plants with an installed capacity of 45 GWe are under construction in 14 countries
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World NPP Numbers
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A Global Nuclear Rise?

= 10/2006: Brazil announced the construction of seven nuclear plants by
2025 to ensure energy sufficiency with economic efficiency

= (08/2008: China head of National Energy Administration targets nuclear
power share to 5% for 2020

= 10/2008: Industry Minister Scajola announces Italy may start work by
2013 “reversing the 'terrible mistake' made in phasing out nuclear
power”, to build the first of as many as 10 nuclear reactors over the
next two decades

= 1/2009: India envisages a capacity of 60,000 MW by 2032 and to
increase nuclear energy's share from 4.1% of total domestic energy
production to 9% within the next 25 years.

= 2/2009: ltaly and France pen a deal to revive Italian nuclear industry

= 12/2009: Emirates Nuclear Energy Corporation awards Korea Electric
Power Corporation (KEPCO) a $20 billion bid to build the first nuclear
power plant in the UAE.

= 10/2010: The UK Energy Secretary gives the go-ahead for eight new
nuclear power stations in Britain

= 10/2010: Vietnam signed an agreement with Russia for the
construction of the country's first nuclear power plant, with plans to
build fourteen reactors at eight locations by 2030.
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Worldwide Nuclear Units Under Construction

Source: IAEA PRIS database as of 1/11 (# of Units & MW)

BMLWGR ®FBR ®mCANDU ®ABWR ®PWR

Orrell = 1GC August 9, 2012



But Challenges Remain...

Commodity Costs
Capital credit market, global recession, deficits

Weak dollar (FEX), need for foreign goods (ultra-heavy
forgings)

Construction schedule duration uncertainty

Buchholz LOneturg

Workforce availability fi“‘
Low Natural Gas prices o
Public Perceptions and Acceptance
Waste disposal uncertainty

8 B e of possiblasouke ofraln oy . - ERANGE GERMANY

nuclear waste taken at Last minute 100 M1 £S5

URANIUM

LEAVE IT
IN THE

GROUND
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Pre-Fukushima Conclusion

By all accounts and projections, nuclear
energy will grow significantly in the next 25

years

 Whether led by the US or the EU or China,
significant growth was expected

 Nuclear is one of the best means to add such
dense baseload capacity, addressing climate
concerns, energy security

 Challenges were being overcome, in the US,
the EU and Asia
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And then...

]
|

o s it

e

-, -

March 11, 2011: About 14:46, a 9.0 magnitude earthquake struck

Plant design basis earthquake: 8.2 Plant safety systems reportedly function satisfactorily.
Units 1,2 & 3 Scram & Unit 4 has 100 day old core off-loaded into Unit 4 Spent Fuel Pool

~ 1 hour later, a tsunami 14-15 meters high inundates the site, whose design basis was 5.7 meters, the reactors and backup
diesel power sit roughly 10 to 13 meters above sea level

The impacts up and down the northeast coast result in tragic loss of 13,000+ lives, damage, and destruction of infrastructure.
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Tohoku, Japan Earthquake: Finite Fault Model
USGS V2 - 2011/03/18

Updated modeling shows peak slips
of 30+ m, depending on the
parameterization of rupture velocity.
This updated model shows peak slip
of -32 m, using a range of rupture
velocity from 1.25 - 3 km/s.
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Models with constant rupture velocity
show slips of 40-50 m, all at shallow .
depths. This may imply that the up-

dip nature of rupture is well resolved,
but peak slips are not. ‘Low’ slip 7
regions near the fault edges, and "
fault base, are also poorly resolved.

(Vertical seafloor rise of >7m reported)
(> 1035 quakes since March 11, 57 > M6) -

http://www.japanquakemap.com/ oo L
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Then th
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Immediate Aftermath International Response

Most (but not all) international nuclear programs declare a moratorium or time-out to conduct safety reviews,
and incorporate lessons learned.

China has temporarily suspended work on 26 or so nuclear reactors currently under
construction, pending revision of its safety standards, and since resumed construction.

In Germany Chancellor Angela Merkel ordered all nuclear plants operating before 1980 to
be closed for three months, and has moved to abandon nuclear energy by 2022.

The Italian government put a one-year moratorium on plans to revive nuclear power

In the UAE: "Once we fully understand the details of what has happened in Japan, we will
use this information to enhance the safety of the peaceful nuclear power program here in
the U.ALE."

The Vietnamese government states it intends to forge ahead with a plan to build the
country’s first nuclear power plants, with Japanese and Russian assistance.

In the UK, the Secretary of State for Energy and Climate Change, asked for a report '‘on the
implications of the situation and the lessons to be learned for the UK nuclear industry,
expressing regret that that some European politicians were 'rushing to judgment' before
assessments had been carried out, and said that it was too early to determine if the private

sector willingness to invest in new nuclear plants would be affected. RECOMMENDATIONS s

ENHANCING REACTOR SAFETY
WTE2TTCENTURY

In the US, the NRC issued temporary instructions to assess the licensee’s
capability to mitigate conditions that result from beyond design basis events,
with focus on determine that the severe accident management guidelines
(SAMGS) are available and how they are being maintained. Implemented a
90 day short-term and 9 month long-term review of regulatory processes

FUKUSHI]
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Post-Fukushima Nuclear Energy
So is this the end of nuclear power?




The Practicality of NE

“Shortly after the Fukushima accident in March 2011, German leaders ordered closed the eight
reactors that began operation in or before 1980, with a plan to close the remaining 15 by 2022.
Germany's third largest aluminum producer has filed for bankruptcy as trade groups call for
affordable power supply equivalent to the nuclear capacity taken off the grid as a response to
the Fukushima accident. The industry should not suffer, said Grillo [president of Germany's trade
body for the metal industry], because of "electricity price rises that result clearly from the state
support system for renewable energies, and especially photovoltaics."

=  Support for nuclear energy as part of the UK's energy mix has increased over the last year with
63% agreeing that it has a role to play, an opinion poll commissioned by EDF Energy has found.

=  (Citing the plant's low-carbon power production and economic contribution, the Spanish
government has wiped away a previous ruling to close the Garofia nuclear power plant in July
2013 - opening the possibility for it to operate until 2019.

= The Japanese government has announced it will be able to scale back energy saving targets in
some areas thanks to the restart of Kansai Electric's Ohi 3. The 1180 MWe unit reached full
capacity in the early hours of 9 July, becoming the first Japanese reactor to restart following
suspension for periodic inspection since the March 2011 Fukushima Daiichi nuclear accident. Its
sister unit, Ohi 4, is expected to follow later this month.”
= Source: Researched and written by World Nuclear News: http://www.world-nuclear-news.org/sectionhub.aspx?fid=800

= Concerns over energy security (availability) are strong among nations most
sensitive to energy shortages.
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Why the Interest in Nuclear Energy?
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~ India
8 0.5 Pakistan
L:l>.] Congo (Kinshasa)
m
A 0.4
Z
= WO et HUMAN DEVELOPMENT INDEX, a measure of basic
E ' top1a human well-being used by the United Nations,

reaches a plateau at about 4000 kilowatt hours of
0.2 annual electricity use per capita. Sixty nations were
analyzed, representing 90% of Earth’s population.

o1 (Adapted from ref. 3.)
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ANNUAL PER CAPITA ELECTRICITY USE (kWh)
Alan Pasternack showed in 2000 that the Human Development Index, an index combining normalized measures of life
expectancy, literacy, health, education, standard of living, and Gross Domestic Product per Capita, correlates reasonably well

with annual Ber cagita electricitx use.
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Potential Asian Influence on the
Development of Nuclear Energy

Human Development Index (2005) vs. kWh Electric Consumption (2004)
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GDP & Energy Consumption
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Source: Graph produced from data in the 2006 Key World Energy Statistics from the International Energy Agency, by Frank van Mierlo

Orrell = 1GC August 9, 2012




Energy Content of Fuels

10000000
3.9M
1000000
Fuel Form & Heat Value (MJ/kg)
100000
10000
£ = =
1000 < s
~
7 T
— o 121
100
43 22
25
16 17 20
10 I I I I
Firewood Lignite/brown Sub-bituminous Hard black coal Crude oil Natural gas as Hydrogen Uranium
coal coal LNG enriched to
3.5%, in LWR

Adapted from: http://world-nuclear.org/info/energy-conversion-heat-values-fuels.htmi
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World Nuclear Energy Consumption

Billion kilowatt-hours
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Post-Fukushima Conclusion...

'WORLD ENERGY COUNCIL
SOMSEIL MONDIAL BE LENEDGE

= "The IAEA argues that Fukushima has not led
to a significant retraction in nuclear power
programmes outside Europe, except for
Japan. Progress in several national |
programmes, especially in countries new to g‘.;‘,:c‘ifé‘igs,ﬁgﬁeé“,‘,f :
nuclear power, has been delayed, especially Fukushima
with regard to near-term decisions to start B
such programmes. Generally, however, these
countries have not shown any indication that
their pursuit of nuclear power has declined
after Fukushima. It seems likely that greater
attention will be paid to issues of safety and
regulation, including education, and that
ambitious construction timelines may give

way to more realistic schedules"

Source: World Energy Council, "World Energy Perspective: Nuclear Energy One Year After Fukushima”
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Nuclear Energy, Climate, Jobs/Economy, Security

A message from Australia’s coal miners

Climate change is real and we need a Government that will tackle it.
Doing nothing is no longer an option.

Voters have a choice at the election:

Labor ' Coalition

& Support $1.5 billion investmentin | Continue to neglect Clean Coal Technology
Ciean Coal Technology Develop nuclear power stations that would

5

qﬂomchvpmmﬁm replace the coal industry.

m.mm.mwmmmmmwmmm

— " — Nioeduy, November 18, 3057 The Courer-lial 21
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Nuclear Energy & Geologic Issues

= As a profession, there will be renewed calls for deeper understanding of the
geologic features, events and processes, both nominal and extreme, that
potentially affect the safety of nuclear facilities, including the siting of NPPs,
interim storage facilities, siting and closure of deep geologic repositories, and
other nuclear service facilities.

= The events at Fukushima have highlighted the failure to understand the importance
of time in assessing geologic hazards. Over time even rare events become likely.

Assessed Risk
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Nuclear Energy & Geologic Issues

= As a profession, there will be continuing challenges in the sequestration of
carbon AND nuclear waste
= The attributes of nuclear energy and the ever-increasing desire for energy security

suggest nuclear energy will be a significant and increasing portion of the world
energy portfolio; nuclear waste inventories will continue to climb

= We know how to sequester nuclear waste at scale, but it still needs to be done in
many more places, each with specific technical and sociopolitical challenges.

Property Salt Shale Granite Deep
boreholes
Thermal conductivity High Low Medium Medium '
Permmeability in?ptﬂ?algle Very low to low (u nxggytdcr’;:i) to Very low
permeable (fractured)
Strength Medium Low to medium High High
Deformation behavior Visco-plastic (creep) Plastic to brittle Brittle Brittle
Stability of cavities e s et da ,ei:f?;::em Eigf('h(i;:flgafc:.:rzdr&o) e ;npau: great
required
In situ stress Isotropic Anisotropic Anisotropic Anisotropic
Dissolution behavior High Very low Very low Very low
Sorption behavior Very low Very high Medium to high Medium to high . .
Chemical Reducing Reducing Reducing Reducing . §
Heatresistance High Low High High Ne hﬂue fo buq lFas far a’
Mining experience High Low High Low = .
Available geology™* Wide Wide Medium Wide mﬂble w *he ne.raf ded’lon
Geologic stability High High High High - —
Engineered barriers Minimal Minimal Needed Minimal
B Favorable property B ~veroee I unfavorable property
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Concluding Remarks

Nuclear energy is, and probably will be, a fundamental
contributor to the global energy portfolio

All nuclear energy fuel cycles need geologic repositories
=  Geologic repositories — properly sited and built — will be safe
=  There is no reasonable alterative to deep geological disposal

No safe and secure geological repositories without
=  Sound engineering concepts

=  Suitable geological environments

Geologic repository implementation is a technically and
socially challenging and interdisciplinary task

No societally accepted geological repositories without
competent and communicative engineers and geologists.

Following presentations will address several of these
issues in more detail

THE DISPOSAL OF RADIOACTIVE WASTE ON LAND

Report of the
Committee on Waste Disposal
of the
Division of Earth Sciences

Committee Members

Harry H. Hess, Chairman
John N. Adkins William B. Heroy
William E. Benson M. King Hubbert
John C. Frye Richard J. Russell
Charles V. Theis

Publication 519
Price $1.00

National Academy of Sciences - National Research Council

Washington, D. C.
September 1957
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