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Sunbathing on radioactive beaches

Guarapari, Brazil

TRIUMF public lecture

Nov 26, 2016



The city of Pripyat in the Chernobyl zone
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Chernobyl eco-system

Nov 26, 2016 TRIUMF public lecture



Chernoby!

A 50 deaths
I 31 radiation poisoning
I 9 thyroid cancer
I Rest from physical accidents (helicopter crash)

A 4000 deaths from cancer based on LNT model

I Will be undetectable against background cancer rate
(I.e., statistically equivalent to zero). Most doses are
comparable to background doses.

A Greatest medical problems to survivors has been
psychological not radiological.

A Theeco-systemis healthy and intact, although
radioactive.
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Chernobyl: the true scale of the accident

5

20 Years Later a UN Report Provides Definitive Answers and Ways to
Repair Lives

As of mid-2005, however, fewer than 50 deaths had been directly attributed to
radiation from the disaster, almost all being highly exposed rescue workers, many
who died within months of the accident but others who died as late as 2004.

The estimated 4000 casualties may occur during the lifetime of about 600 000 people
under consideration. As about quarter of them will eventually die from spontaneous

cancer not caused by Chernobyl radiation, the radiation-induced increase of about
3% will be difficult to observe.

Alongside radiation-induced deaths and diseases, the report labels the mental health
impact of Chernobyl as “the largest public health problem created by the accident”
and partially attributes this damaging psychological impact to a lack of accurate
information. These problems manifest as negative self-assessments of health, belief

in a shortened life expectancy, lack of initiative, and dependency on assistance from
the state.

http:// www.who.int mediacentrénews/releases/2005/pr38/enihdex.html
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Fukushima

A No deaths

A No projected deaths. WHO did not release
such numbers. Increased cancer rates will be
not detectable against the background cancer
rate.

A Greatest medical problem for evacuees again
IS psychological not radiological

A Radiation released by Fukushima ! /&f
Chernobyl. Presumably the esgstem is
Intact.



So Nuclear Power Is it safe?
Comparison of mortality rate from energy sources

Energy Source
Nuclear | 90 Data from: (Conca, 2012)
Hydro | 1,400

Wind | 150

Solar (rooftop) | 440
Biofuel/Biomass
Natural Gas
Oil
Coal-U.S.
Coal-China
Coal-global average

280,000

170,000

0 200,000 400,000

Mortality Rate (deaths/trillion kWhr)

Nov 26, 2016 TRIUMF public lecture



FutureFukushima®

A Wheatley,Sovacogl &
Sornettec 2015

A Probability of another
Fukushima 50:50 in 50 yeal

A They assumed GEN Il reactors forever. If all reactors are
replaced with GEN IlI+ (100 times safer), the probability
of another Fukushima will be 50:50 in 5000 years.

A If Nuclear supplied all the world power (a factor of 20),
then probability of another Fukushima is 50:50 In
500020 = 250 years.

Qs
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FutureFukushima®

A In 40 years or lessyore
likelymuch lessGENV
reactorswill comeonline.
GENV reactorshaveno
pressurevessels to blow up

A The probability of a future Fukushima will then be
Zero
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Open letter to policy makers

November 2013

A Hansen, Caldeira, Emanuel, and Wigley

A Asked all environmental policy makers to stop
opposition to nuclear power

A Quantitative analyses show that the risks
assoclated with the expanded use of nuclear
energy are orders of magnitude smaller than the
risks associated with fossil fuels.

A No energy system is without downsides. We ask
only that energy system decisions be based on
facts, and not on emotions and biases that do not
apply to 21st century nuclear technology.
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Open letter to policy makers

A While it may be theoretically possible to stabilize

t
t
t

ne climate without nuclear power, in the real world
nere I1s no credible path to climate stabilization

nat does not include a substantial role for nuclear

power



So why did they say this?

A BillMcKibben Global Warming's Terrifying New Math
Rolling Stonéugust 2, 2012

A For an 80% chance nbt exceeding 2C, global emissions
must not exceed 56&tof CQ

A (Gt= 10 tonnes (tonne = 1000 kQ)
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Consequences
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So why did they say this?

A BillMcKibben Global Warming's Terrifying New Math
Rolling Stonéugust 2, 2012

A For an 80% chance nbt exceeding 2C, global emissions
must not exceed 56&tof CQ

A (Gt= 10 tonnes (tonne = 1000 kQ)
A In 2011 the world emitted 31.6tof CQ
A CQ emissions are climbing at about 3.2% per year.

A Do the math. That means we have 14 years emitting as we
have been doing until our carbon budget is used up.

A That is by 2011 + 14 = 2025 !l
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GHG Free Power

Plant Type Capacity factor (% Le\glﬁs\/cﬁost Ggl?g Qee)r;]li\s/\s/ir? ns
Advanced Nuclear 90 102.8 12 <i
Geothermal 91 45.0 38
Advanced CCGT 87 57.2 490 <i
Hydro 58 67.8 24
Wind 4o<i 64.5 11 <i
Wind - Offshore 45 158.1 12
Solar PV 25 84.7 48
Solar- Thermal 20 235.9 27

U.S. Energy Information Administration GHG emissions from IPCC



First location, local

renewable

Second location

Nov 26, 2016

Combined cycle gas

Turbine
CCGT

Transmission Iine/

TRIUMF public lecture

Local only

40% renewable
60% CCGT
$67/MWh

298 g(CQ)/kWh

Two locations
64% renewable
36% CCGT
$87/MWh
190g(CQ.)/kWh

Three locations
78% renewables
22% CCGT
$113/MWh
1329(CQ,)/kWh
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Summary of Smart Grid

No. oflocations % renewable Cost GHG emissions
' $/MWh 9(CQ)/kWh
1 40.0 67.4 208
2 64.0 86.7 190
3 78.4 112.5 132
4 87.0 143.3 102
S 92.2 178.3 89
Advanced Nuclear 100.0 102.8 12
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So What about Energy Storage?

TRIUMF public lecture

40% renewable
45% batteries
15% CCGT
$176/MWh

107 g(CQ)/kWh

However

Batteries last only 8 years.
Over 40 years of a Wind
Farm must be replaced 5
Times.

40% renewable
45% batteries
15% CCGT
$476/MWh

194 g(CQ)/kWh
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Summary of Renewables

GHG emissions

% renewable

g(CQY)/KWh

3 station smart grid 78.4 112.5 114

300% infrastructure

with batteries 85.0 176.4 107

same with battery

80.0 476.4 194
replacement

Advanced Nuclear 100.0 102.8 12




Tom Murphy, physicist, UCSI

52 0O0KS al

A The current mineral reserves of the entire planet for crucial
elements like Lead andthium, necessary for the
construction of batteries, will only supply <10% of the U.S.
requirement for energy storage.

A The geological capacity of the U.S. can only supply <10% of
the necessary pumped storage for U.S. requirementss
result should be the same for the world as a whole.

A All schemes for energy storage prove to be woefully
Inadequate when putting in the numbers to scale them up to
the capacity that will be requiredt will require a miracle in
energy storage technology and none is currently on the time
horizon.
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So

A Non-dispatchablaenewables cannot supply 100% of
the power 100% of the time.

A NeeddispatchableGHG emissions free power to
cover the down time

A What choices are there?

Hydro Geographically limitec
Geothermal Geographically limitec
Biomass Competes with food and arable lanc

and has air pollution
Advanced Nuclear There are no other choices
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Nuclear Checklist

Als it safe? v

Als it economical? ¢/

Als it green?

A2 KIF G F o2dzi vy dzObtgdt NI & |



Nuclear Waste Problem?

A Deep underground repositories in geological
secure sites Is an adequate solution.

A Yucca Mountain repository in Nevada for the
U.S. waste was closed for political reasons no
for technical reasons —

At KS 62NI R! - Ol vy
be stored in areas th@i e
the size of a couple ¢
football fields.
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Nuclear Waste Problem?
A Burn it!

Today’s approach to nuclear energy

— -
' ——
2
; J
A5 1 of ennched uramum
(1151 U-235) Uramnum-2325 content is 351 of spent fuel stored
E "burned” out of the fuel, some on-site untill disposal at
250 t_ of na‘xural plutomum is formed and Yucca Mountain. It
uranium = butrned comains
containing 175t = o
1J-235 =334t uranium-238

2 2 312 &
215t of depleted uranium * 0.3 turamum-235
comaming 06t LUL-235—

« 03 tplutonium
disposal plans uncertain

= 1.0t fission products

Energy from thorium

W‘\' T Within 10 years, 83% of
‘ fission products are
/ stable and can be
M S —_— . partitoned and sold

Lt |
One tonne One tonne N

of natural fission products, no =] The remaining 17%
thorium Thorium introduced Into uranium, plutonium, fission products go to
blanket of fluornde reactor, or other actinides geologic isolation for
completely converted to ~300 vears

uranium-222 and "burned”
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Is It Abundant?

FCCG Presentation

Distribution of Uranium in the Earth’s Crust

1014

1.~ Average Crust

Namibia 100 pp A

The ratio between amounts
Of high grade ore and low's

Grade ore is ~100:1 S
Q
£
< 5
= 100 g|g g N
Cost of nuclear fuel mostly-Ei |,
In the enrichment processz CLHARHENEE
L ¢ &lmls e|= gle
4 EEEEHE HAELE Z|3
10 : é‘f A HEHE HE
_.-Egﬁééiﬁs | % |8
100,000 1,000 10 A .001

Ore Grade (Parts per Million of Uranium)

Reno Presentation RS038-00 2001 ANS Winter Meeting Reno, NV Movember 13, 2001 9
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When critics say there is not enough uranium for expansion

Is It Abundant?
They are referring to this figure\

A Assume that nucleariinstantaneously
produced all the energy now.produced by
fossil fuels and nuclear

A There is enough high quality ore to 2
years

A There is enough low quality ore to last 520
years

A If breeder reactors come on line there is
enough fuel to last 300,000 years.




Nuclear Checklist

Als it safe? v

Als it economical? ¢/

Als it green?

Az KId +Fo2dzi ydght SI NI &1
Als it plentiful? v




THEREFORE, IN ORDER TO MAKE THE HUMAN SPECIES 1.7 BILLION
USE 100% RENEWABLE ENERGIES WE WOULD NEED: ROOF PHOTOVOLTAIC SYSTEMS

A SMALL PERCENTAGE OF THESE TECHNOLOGIES ARE ALREADY IN PLACE (3-KW EACH)

P Rawalpindi

De]hi‘

- L
-'5--;ra,.P F athrnafd

*_Jodhpur
F Eankipn:ur‘e-*

*Eth-:npal

“ A Karachi
g Ea]cutta* =
*N'E'JF"-'F e !-.:' R

3.8 MILLION
WIND TURBINES

(5-MW EACH) Hh

5
Al
1

Huderébéd* AR bk,
i 490,000

TIDAL TURBINES

(1-MW EACH)

i,
&

o

- =
I:-:-]-:-ml:-




A Energy Return on Investment

EROI for U.S. Qll

data from
Hall et al.
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70

® EROI, unbuffered
» EROI, buffered

EROI

2 S pachet al. Energ2(2013)210
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Nuclear energy Is the ongnergy
systemwhere the EROI Is increasing!

To 2000 Fertile to fissile conversion

Nuclear ERO|

100
90
80 )
70 2 S Jbachet al.

60
50 <
40
30

20
10 Gaddiffussionenrichment

EROI

Centrifuge enrichment

1960 1980 2000 2020 2040

year
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Conclusions

A We must transition from a fossil fuel economy to a green

house gas (GHG) emissions free economy as soon as
possible.

A Modern nuclear technology exists and is ready to be
Implemented now.

A There is no credible path to climate stabilization that
does not include a substantial role for nuclear power.

A Nuclear power is one of the safest, most economical,
plentiful, and greenest sources of energy available.

Nov 26, 2016 TRIUMF public lecture
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Nuclear Power
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If you want to know more

Google
pwalden
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Fukushima Doses

IN THE ZONE

Most residents and nuclear workers in the Fukushima region received modest radiation doses from the
power-piant meitdown, and in April the Japanese government lifted some restrictions on citizens’
access to their homes. But rescde/% of litate and Namie may have received higher doses.

%

ITATE ’ .
b MINAMISOMA

Estimated effective
doses after one year:

1-10 mSy .

U.l=1U

]
1YY

TAMURA
Evacuation
zones

Fukushima
Daiichi

7% <20 mSy per year
Citizens allowed to return
>20 mSv per year

Visits allowed, residence banned

JAPAN  Tokyo

Fukushima

A previous evacuation Daini
<

request remains
B >50 mSy per year
Mandatory evacuation, some visits allowed

B Restricted area, citizens prohibited 5 km

FUKUSHIMA

rane
rene

Sessssnnes

142 3 G

PLANT-WORKER

DOSES

® = 10 workers

who received:
<10 mSv
10-20 mSv

(= a single full-body
CT scan)

* 20-50 mSv

(= annual exposure
limit for nuclear
workers)

50-100 mSv

100-150 mSv
(= slight increase
in cancer risk)

150-200 mSy

200-250 mSy

(= maximum allowed
dose for emergency
workers)

>250 mSvy

mSy = millisievert
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Radiation Risks

Models for the Health Risks from Exposure
to Low Levels of lonizing Radiation

Cancer risk g
~05% R .
2

Approximate lowest acute
| dose known to cause cancer

7 100 mSy
Dose (above background)
............. Hypersensitivity
LNT
Threshold

w=w Hormesis
@ Epidemiological data

1 Sv =1 Joule/kg
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Limits
TRIUMF continuous occupation
le Shar

TRIUMF yearly dose
10 mSvly =>1.14 ¢ Shar

Radiation Worker yearly dose
20 or 50 mSvly

Dental Xray 0.15 mSv
Background ~4 mSvly
CT scan 10 mSyv

Radiation poisoning
First symptoms 400 mSv

Severe radiation poisoning
2 Sv

Death 4Sv or more
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Brazil vs. Chernobyl

18.25 mSvly 43.8 mSvly
=



A dark lining in a silver cloud




IS It safe?

160

100 +

Coal | Gas Muclear Solar | WYind

16 yearsTWhfor nuclear due to estimates from LNT model

Krewitt et al. Risk Analysj4.8, 377, 1998
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IS It safe?

death rate per watts produced

Presumably no LNT estimates in this projection



IS It Green?

Electricity Generation Technologies Powered by Renewable Resources Electricity Generation Technologies
Powered by Non-Renewable Resources
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IS It Green?

Table A.IL.4 | Aggregated results of literature review of LCAs of GHG emissions from electricity generation technologies as displayed in Figure 9.8 (g CO,eq/kWh).

Bio- Solar Geothermal Ocean Wind Nuclear Natural .
Values Hydropower oil Coal
power PV CSP Energy Energy Energy Energy Gas

Minimum -633 5 7 6 0 2 2 1 290 510 675
25th percentile 360 29 14 20 3 6 8 8 422 122 877
0th 18 16 2 85 4 8 1 16 469 840 1001
percentile

b 37 80 2 57 7 9 20 15 548 907 1130
percentile

Maximum 75 217 89 79 43 23 81 220 930 1170 1689
CCS min -1368 65 98
CCS max -504 245 306

Note: CCS = Carbon capture and storage, PV = Photovoltaic, CSP = Concentrating solar power.

From the IPCC Special Report on Renewable Energy Sources
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