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A Setting the Scene: History of early development of Nuclear Energy
A The link to nuclear weapons

A Development of Nuclear Power upto Fukushima

A Nuclear Power Post Fukushima: Status and Uncertain Outlook

A Challenges to a Robust Future Role of Nuclear Power:

A Will SMR Offer Brighter Future for Nuclear Energy

A Nuclear Fusion: The ultimate solution?



The promise: Brief History of the Development of < s
Nuclear Energy

1. 1936: Discovery of nuclear fission enabling A 1951 EBR-1 at ANL, first NR

huge leap in energy density ~ 100,000 x oil & 1954 first PWR nuclear Submarine
A First practical application and use was A 1957 first Demo. PWR (60), in PENN

unfortunately for Weapons due WWII _ _

o _ A 1960 first commercial PWR & BWR (250)
A Einstein Letter & Manhattan project _ , _
_ . _ A 1960+ different NPP designs in US, USSR, UK,

A 1942: Fermi: 0The Sailor FRaRc®, Canada biYelv@yPto doRiBdnded?
A 1945: first use of nuclear weapons! i PWR (79%), and BWR (20%), GEN 1,11, and 1l
A 1946+ Some attention shifted to NP after end

of WWII; USAEC established
A FSU (49), UK(52), France (60), China (64) Join

the NWS Club
A 1953: ftoo cheap to met el
A 1953 fAAtoms for Peaceo,

Eisenhower), led to IAEA (1957)
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History & Development of Nuclear Energy v

link to nuclear weapons

Quick review of the early development
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Brief History of Early Development of Nuclear Energy: 15t S
Applications: Nuclear Weapons & Link to Nuclear Power: 1/2

A Following Discovery of nuclear fission with a huge leap in energy
density, it was realized early that this could be used for good or evil
(like all concentrated energy forms 1 cf. TNT from Nobel)

A First practical application (unfortunately due to timing of WW Il) was by
military

i Einstein letter
I Manhattan Project
I 1stt wo A s-bombsli devé&lopment since then in explosive power

A The pace of the race to seek strategic parity accelerated, with FSU
(1949), UK (1952) and France (1960) and later China (1964) joining the
club T then tried to limit further members(NPT)

A Joined later India (1974), Pakistan (1998), Israel (?) North Korea (2006)
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Brief History of early development: 1St Application
development of nuclear weapons 2/2

Immediately after end of WWII,

A steps were taken to development of peaceful uses, e.qg.
patents for NPP

A With the recognition of need to avoid proliferation whilst
expanding global use of nuclear power T measures were

taken:

I Baruch Plan (1946)
I Eisenhower Atoms for Peace (1953)

I NPT (1970)
A Key Articles are IV fiinalienable rightd  a Wil d@nuclear disarmamento



Modern nuclear weapons dwarf the originals

Nuclear weapons in 1945 and 2018 in comparison
Estimated yield of nuclear weapons in kilotons, TNT equivalent

1945 2018

15kt 22kt 455kt 800kt
“Little Boy" (Hiroshima) "Fat Man" (Nagasaki) Trident (SLBM) SS (ICBM)
United States United States United States Russia
*SLBM = Submarine launched ballistic missile
@ ® @ ICBM = Intercontinental ballistic missile
@statistaCharts Source: The Economist

statista %a

https://www.statista.com/chart/3714/nuclear-weapons-in-comparison/
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NPT Nuclear Weapon States (China, France, Russia, United Kingdom, U.S.)
Non-NPT Nuclear Weapon States (India, North Korea, Pakistan)
Undeclared Nuclear Weapon States (Israel) o

NATO nuclear weapons sharing states (Belgium, Germany, Netherlands, ltaly, Turkey)
States formerly possessing nuclear weapons (Belarus, Kazakstan, Ukraine, South Africa.) Sourcehttps:/commons.wikimedia.org/wiki/File:Nuclear_weapons_states.s



https://commons.wikimedia.org/wiki/File:Nuclear_weapons_states.svg

Past Experience

Nuclear Weapons Proliferation To-Date
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History & Development of Nuclear Power KRS

AEar |l y optimism: fiTu®Busech e ¢

A Soon, faced reality of a massive & complex
Industry

Alt endured impact of a couple of major accidents

A Attempted Renaissance aborted each time
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Development of Nuclear Power prior to Fukushima =< KFAS

Construction starts 1950 to 2010
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A Rising interest post 73 2 3 1
A Increasing const. delays, High $l N JIIIIIIlI
Inflation, and cost over-runs IR
A TMI 79
A Chernobyl 86 ¥ o .,

A Renewed interest post 2003:

I Higher capacity factor; License f
extensions; Market in used reactor;
money printing machines

A A Renaissance ?

VI ¥




Drivers of Revived Inte_rest In Nuclear AV KFAS
Power Prior to Fukushima petween 2003 & end of 2010)

A Economics Competitiveness: '

I Competed favorably with most other available
base load power generation systems.
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A Low carbon base load power option / P ‘114
i readily available to meet Climate Change S T e
challenge.
A High level of Fuel Security for ""l'r
dispatchable Generation J g
i Fuel load for several years can be stored easily at il = :
little cost. ami .

A Good (relative) Safety Record, despite TMI
and Chernobyl accidents
I Lingering questions/concerns remained of risks
from future accidents at NPPs & NFC facilities  ;;
(particularly the lack of verifiable & proven safe _
permanent waste disposal !!7??

A Then Fukushima !l “




The Fukushima Shock: What happened & why (11.03.2011) { IéFAS

A @ 14:46 Earthquake of Magnitude 9 (acceleration at site
close to design); all reactors (1,2 &3) automatically shutdown!

A @15:45 Tsunami wave height at site: 14 M!!! : (Design: 5.7
M, DG & Reactor at 10 -13 m. C Historical record > 20 M!)
A Flooded station (o/c) & station Blackout (sBo)
A & loss of coolant € loss of decay heat removal X~
/ °°9 [Onagawa N
A € Core-melt € release of radioactivity & H from reactor vessel Japan /
with steam being vented | |
. : . _ Fukushima 1 \ |
A € H explosions in 3reactors (above 4% concentration) — 7 Y

A € someradioactive release to atmosphere and sea (23
and) 137Cs - ~ % of Chernobyl total release)

A Stabilization (Cold shutdown) took months 1

o | | | :> fj Pacific
A Mitigation on & off site: control & disposal of contaminated ' Ocean
water, damaged SF, remediation of site, define exclusion zones,

evacuation, rehabilitation, exposure control, health impacts &
regaining confidence,

A Full Story sofar: The IAEA 2015 report




Health impact of Fukushima: wHo, UNESCAR & IAEA %FEFAS
Assessment of risk to public from exposure to radiation from released
radioactivity

WHO 2013 Report UNESCAR 2014 Report & 2016 WP
A For general population inside & outside Japan, A fiNo discernable increases in radiation related
predicted risks are low & no observable increases health effects are expected among members of
in cancer rates above baseline are anticipated. public or their descendento

A AThe most i mportant sobiaandt h
well being related to the impact of the earthquake ,
tsunami & fear related to perceived risk of
radiati ono

A A h o we estimated risk for specific cancers in
certain subsets of the population in Fukushima
Prefecture has increased,;

A it calls for long term continued monitoring and

health screening for those people The IAEA Encyclopedic report (2015), & updates

2018 Update:

A There were no acute radiation injuries or deaths among the workers or the public due to exposure to radiation
resulting from FDNPS accident; Considering the level of estimated doses, the lifetime radiation-induced cancer risks
other than thyroid are small and much smaller than the lifetime baseline cancer risks.

A Regarding the risk of thyroid cancer in exposed infants and children, the level of risk is uncertain since it is difficult
to verify thyroid dose estimates by direct measurements of radiation exposure.

Source: WHO, 2013); WHO Chernobyl 2016 update:;UNSCAR 2014 http://www.unscear.ora/,, UNESCAR 2016 white paper:;
IAEA DG report on Fukushima Daiichi Accident, GC/59, 2015;


http://www.unscear.org/
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Lesson Learned Response varied

like Chernobyl, Profoundly Man made from political, to prudently cautious
(Stress Tests), wait & see

"In 2006 Japan revised standards for A Initial impact of responses was mixed;
sei smic r esTERPCCneaded.to € But Renaissance stalled & combined with
implement reinforcement. e coul d n odther factors, Nuclear Power is no longer
exclude €eEarthquake daavRgeopbtion in mbst OECD

reactor components. . O . _

A Decisions by few OECD countries has a
ANI SA andwédrda&&of the need powerful multiplier effect; impact will last
to improve safety before 2011 for at least another decade.

N T haecident was a profoundly man made A Germany® Energywende: succeeded in
disaster that could and should have been increasing installedrenewablecapacity : from
foreseen and prevent edolld4A 112GW Q0022019

Al ts f un dauses are ta be foundin A but at what cost? enormous

the ingrained conventions of Japanese overcapacity215GwW(Max. Consumption~
Cultureo 83 GW)
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Uncertain growth outlook for Nuclear Power:
Revival, then post Fukushima Brown-out

The role of nuclear energy, | N

Is it still indispensable as part of response to climate change?

If as Paris Agreement aims to keep rise in T below 1.5,
Then most likely: Yes

Is it likely to play an important role by 20507
Not clear! but likely-to-may-be,
but must overcome major obstacles/challenges
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Nuclear Power Today
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