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Sunbathing on radioactive beaches 
Guarapari, Brazil  
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The city of Pripyat in the Chernobyl zone 
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Chernobyl eco-system 



Chernobyl 

Å50 deaths 
ï31 radiation poisoning 
ï9 thyroid cancer 
ïRest from physical accidents (helicopter crash) 

Å4000 deaths from cancer based on LNT model 
ïWill be undetectable against background cancer rate 

(i.e., statistically equivalent to zero). Most doses are 
comparable to background doses. 

ÅGreatest medical problems to survivors has been 
psychological not radiological. 
ÅThe eco-system is healthy and intact, although 

radioactive. 
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http:// www.who.int/mediacentre/news/releases/2005/pr38/en/index.html 



Fukushima 

ÅNo deaths 

ÅNo projected deaths. WHO did not release 
such numbers. Increased cancer rates will be 
not detectable against the background cancer 
rate. 

ÅGreatest medical problem for evacuees again 
is psychological not radiological 

ÅRadiation released by Fukushima 1/5th of 
Chernobyl. Presumably the eco-system is 
intact. 
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Nuclear Power Is it safe? So 



Future Fukushimas? 

ÅWheatley, Sovacool, & 
Sornette ς 2015 

ÅProbability of another 
Fukushima 50:50 in 50 years. 

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

ÅIf Nuclear supplied all the world power (a factor of 20), 
then probability of another Fukushima is 50:50 in 
5000÷20 = 250 years. 
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Future Fukushimas? 

ÅIn 40 years or less, more 
likely much less, GEN IV 
reactors will come on line. 
GEN IV reactors have no 
pressure vessels to blow up.  

ÅThe probability of a future Fukushima will then be 
zero 
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Open letter to policy makers 
November 2013 

ÅHansen, Caldeira, Emanuel, and Wigley 

ÅAsked all environmental policy makers to stop 
opposition to nuclear power 

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

ÅNo 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 

ÅWhile it may be theoretically possible to stabilize 

the climate without nuclear power, in the real world 

there is no credible path to climate stabilization 

that does not include a substantial role for nuclear 

power 
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So why did they say this? 

ÅBill McKibben Global Warming's Terrifying New Math 
Rolling Stone August 2, 2012 

ÅFor an 80% chance of not exceeding 2ÁC, global emissions 
must not exceed 565 Gt of CO2 

Å (Gt = 109 tonnes) (tonne = 1000 kg) 
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Consequences 
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So why did they say this? 

ÅBill McKibben Global Warming's Terrifying New Math 
Rolling Stone August 2, 2012 

ÅFor an 80% chance of not exceeding 2ÁC, global emissions 
must not exceed 565 Gt of CO2 

Å (Gt = 109 tonnes) (tonne = 1000 kg) 

Å In 2011 the world emitted  31.6 Gt of CO2 

ÅCO2 emissions are climbing at about 3.2% per year. 

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

ÅThat is by 2011 + 14 = 2025 !!! 
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GHG Free Power 
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Plant Type Capacity factor (%) 
Levelized Cost 

$/MWh 
GHG emissions 
g(CO2e)/kWh 

Advanced Nuclear 90 102.8 12 

Geothermal 91 45.0 38 

Advanced CCGT 87 57.2 490 

Hydro 58 67.8 24 

Wind 40 64.5 11 

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 



Nov 26, 2016 TRIUMF public lecture 18 

Local only 
40% renewable 
60% CCGT 
$67/MWh 
298 g(CO2e)/kWh 

Two locations 
64% renewable 
36% CCGT 
$87/MWh 
190 g(CO2e)/kWh 

Three locations 
78% renewables 
22% CCGT 
$113/MWh 
132 g(CO2e)/kWh 

renewable Combined cycle gas 
Turbine 
CCGT 

First location, local 

Second location 
Transmission line 



Summary of Smart Grid 

Nov 26, 2016 TRIUMF public lecture 19 

No. of locations % renewable 
 Cost 

$/MWh 
GHG emissions 
g(CO2e)/kWh 

1 40.0 67.4 298 

2 64.0 86.7 190 

3 78.4 112.5 132 

4 87.0 143.3 102 

5 92.2 178.3 89 

Advanced Nuclear 100.0 102.8 12 
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40% renewable 
45% batteries 
15% CCGT 
$176/MWh 
107 g(CO2e)/kWh 

So What about Energy Storage? 

40% renewable 
45% batteries 
15% CCGT 
$476/MWh 
194 g(CO2e)/kWh 

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



Summary of Renewables 
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type % renewable 
 Cost 

$/MWh 
GHG emissions 
g(CO2e)/kWh 

3 station smart grid 78.4 112.5 114 

300% infrastructure 
with batteries 

85.0 176.4 107 

same with battery 
replacement 

80.0 476.4 194 

Advanced Nuclear 100.0 102.8 12 



Tom Murphy, physicist, UCSD 
ά5ƻ ǘƘŜ aŀǘƘέ 

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

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

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

ÅNon-dispatchable renewables cannot supply 100% of 
the power 100% of the time. 

ÅNeed dispatchable GHG emissions free power to 
cover the down time 

ÅWhat choices are there? 
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Geographically limited 

Geographically limited 

Competes with food and arable land 
and has air pollution 

Hydro 

Geothermal 

Biomass 

Advanced Nuclear There are no other choices 



Nuclear Checklist 
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ÅIs it safe? 

ÅIs it economical? 

ÅIs it green? 

Å²Ƙŀǘ ŀōƻǳǘ ƴǳŎƭŜŀǊ ǿŀǎǘŜΚ Χ Not yet 



Nuclear Waste Problem? 

ÅDeep underground repositories in geological 
secure sites is an adequate solution. 

ÅYucca Mountain repository in Nevada for the 
U.S. waste was closed for political reasons not 
for technical reasons 

Å¢ƘŜ ǿƻǊƭŘΩǎ ǿŀǎǘŜ Ŏŀƴ 
be stored in areas the 
the size of a couple of 
football fields. 
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Nuclear Waste Problem? 
ÅBurn it! 
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Is It Abundant? 

Namibia 100 ppm 

The ratio between amount 
Of high grade ore and low 
Grade ore is ~100:1 

Cost of nuclear fuel mostly 
In the enrichment process 
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Is It Abundant? 

ÅAssume that nuclear instantaneously 
produced all the energy now produced by 
fossil fuels and nuclear 

ÅThere is enough high quality ore to last 5.2 
years 

ÅThere is enough low quality ore to last 520 
years 

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

 

When critics say there is not enough uranium for expansion 

They are referring to this figure 
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Nuclear Checklist 
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ÅIs it safe? 

ÅIs it economical? 

ÅIs it green? 

Å²Ƙŀǘ ŀōƻǳǘ ƴǳŎƭŜŀǊ ǿŀǎǘŜΚ Χ 

ÅIs it plentiful? 
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EROI 

ÅEnergy Return on Investment 
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EROI for U.S. Oil 
data from 
Hall et al. 
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²Ŝƛʲbach et al. Energy 52(2013)210  
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A Typical Gen IV Reactor 



Nuclear energy is the only energy 
system where the EROI is increasing! 
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Conclusions 

ÅWe must transition from a fossil fuel economy to a green 

house gas (GHG) emissions free economy as soon as 

possible. 

ÅModern nuclear technology exists and is ready to be 

implemented now. 

ÅThere is no credible path to climate stabilization that 

does not include a substantial role for nuclear power. 

ÅNuclear power is one of the safest, most economical, 

plentiful, and greenest sources of energy available. 
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Conclusions 

 

ÅTo mitigate global climate change we do not 

have the luxury of a priori eliminating one of the 

most potent GHG emissions free technology 

because of inappropriate ñreservationsò which 

do not stand up in the face of rational fact. 
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The Case For 

Nuclear Power 



If you want to know more 

pwalden 
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Fukushima Doses 
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Cancer risk 

~0.5% 

Radiation Risks Limits 

TRIUMF continuous occupation 

1 ɛSv/hr 

 

TRIUMF yearly dose 

10 mSv/y => 1.14 ɛSv/hr 

 

Radiation Worker yearly dose 

20 or 50 mSv/y  

Dental Xray  0.15 mSv 

 

Background ~4 mSv/y 

 

CT scan 10 mSv 

 

Radiation poisoning 

First symptoms 400 mSv 

 

Severe radiation poisoning 

2 Sv 

 

Death 4Sv or more 

1 Sv = 1 Joule/kg 



Nov 26, 2016 TRIUMF public lecture 40 

Brazil vs. Chernobyl 

43.8 mSv/y 18.25 mSv/y 



A dark lining in a silver cloud 
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Is it safe? 

16 years/TWh for nuclear due to estimates from LNT model 
Krewitt et al. Risk Analysis, 18, 377, 1998 
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Is it safe? 
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Presumably no LNT estimates in this projection 



Is it Green? 
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Is it Green? 
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From the IPCC Special Report on Renewable Energy Sources  


