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THE MORAL IMPERATIVE OF GREEN NUCLEAR
ENERGY PRODUCTION

Don Howard*

I. THE CRISIS

A climate crisis is upon us. Human-caused global warming is already
changing our planet’s climate in dramatic ways, and the effects are forecast
to become far worse by the end of the century without rapid and radical
changes to the global energy economy and the other forms of human activ-
ity that generate CO, and other greenhouse gases, such as methane. The
ten hottest years on record have all occurred since 1998, with the past five
years topping the list.! We already see the disappearance of the arctic ice
pack, massive glacial melting in Greenland, sea-level rise, massive wildfires
in northern Canada, the Amazonian rainforest, the western United States,
Spain, France, and Siberia, ever more violent storms, and rapidly warming
ocean temperatures. If we are to avoid potentially catastrophic climate
change by 2100 by limiting the rise of global mean surface air temperature
to 2.0C, compared to the twentieth-century average, then we must aim for
the complete decarbonization of the energy economy, which will then also
include a more or less totally electrified, global transportation system, by
no later than 2065.? The question is, “How do we do that?”

II. ARE SOLAR, WIND, HYDRO, AND GEOTHERMAL THE ANSWER?

There is, of course, widespread agreement that we must replace coal,
oil, and natural gas with green energy sources, and that solar, wind, hydro,
and geothermal power will be a vital part of that effort. But will those
largely carbon-neutral energy sources suffice? Almost surely not. There
are several problems with reliance on solar, wind, hydro, and geothermal
energy.

The first and less serious problem is that, for the most part, steady

* Professor of Philosophy, University of Notre Dame Department of Philosophy; for-
mer director and a Fellow of the University of Notre Dame’s Reilly Center for Science,
Technology, and Values.

1 NAT’L CENTERS FOR ENVTL. INFO. NAT’L OCEANIC AND ATMOSPHERIC ADMIN., GLOBAL CLIMATE
REPORT - ANNUAL 2018(2019), https://www.ncdc.noaa.gov/sotc/global/201813.

2 JOSHUA S. GOLDSTEIN & STAFFAN A. QVIST, A Bright Future: How Some Countries Have
Solved Climate Change and the Rest Can Follow 16 (Public Affairs ed., 2019); Glen P. Pe-
ters et al., Key Indlicators to Track Current Progress and Future Ambition of the Paris
Agreement, 7 NATURE CLIMATE CHANGE 118 (2017).
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strong winds, abundant, year-round sunlight, and high-volume, damma-
ble water sources are not found near the major population and industrial
centers where electricity is most needed, and most regions of the world do
not have the infrastructure for high-capacity, continent-wide, long-dis-
tance electricity transmission. Of course, we can build such infrastructure,
but it would be expensive. A 2014 study carried out for the Western Elec-
tricity Coordinating Council estimated a cost of nearly $3 million per mile
for a typical high-tension line, hence $3 billion fora 1,000 mile line.> More-
over, transmission efficiency goes down linearly with distance and as the
square of the current, losses for a typical high-tension line being between
5% and 10% per 1,000 miles.*

A second, and much more serious problem is that the sun does not shine
and the wind does not blow all day long, every day of the year, whereas
what is referred to as “baseload,” the average minimum demand for elec-
tricity by all users remains more or less constant. With coal or gas-fired
generating stations or nuclear power plants, the output can be raised or
lowered as needed, within limits. That cannot be done with solar or wind.
Hydropower does run 24/7, and flow rates can be adjusted to meet need,
except in extreme low- or high-water conditions, but, again, abundant hy-
dro is not usually found in areas with the greatest need. Solar and wind
could meet the baseload problem if we achieved a near-term breakthrough
in high-capacity storage battery technology. But, while research on new
battery technologies is proceeding, there is little reason to expect a replace-
ment for lithium-ion batteries any time soon.* Moreover, current genera-
tion lithium-ion batteries are expensive, approximately $175 per kW-h,
meaning that the cost of batteries that could store one day’s power output
from a typical 2,500 MW power plant would be an astonishing $10.5 billion,
hence many times more expensive than the cost to build the plant in the
first place.¢ On top of that, even the best batteries have a limited life-span,
units like Tesla’s Powerwall system being expected to last only between

3 Capital Costs for Transmission and Substations: Updated Recommendations for
WECC Transmission Expansion P]anm’ng, BLACK & VEATCH HOLDING COMPANY (Feb. 2014),
https://www.wecc.org/Reliability/2014_TEPPC_Transmission_CapCost_Report_B+V.pdf.

% American Electric Power: Transmission Facts, https://web.archive.org/web/
20110604181007 /https://www.aep.com/about/transmission/docs/transmission-
facts.pdf (last visited Aug. 24, 2019).

5 See Akshat Rathi, How We Get to the Next Big Battery Breakthrough, QUARTZ (Apr.
8, 2019), https://qz.com/1588236/how-we-get-to-the-next-big-battery-breakthrough,.

¢ Logan Goldie-Scot, A Behind the Scenes Take on Lithium-ion Battery Prices,
BLOOMBERGNEF (Mar. 5, 2019), https://about.bnef.com/blog/behind-scenes-take-
lithium-ion-battery-prices/.
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seven and ten years.” An additional problem with lithium-ion batteries is
that lithium is a toxic substance, as is the cobalt widely used in the manu-
facture of lithium-ion batteries, combined with lithium as lithium cobalt
oxide, LiCo0;, in the battery’s cathode.® But there is no global infrastruc-
ture for the safe disposal or recycling of lithium and cobalt on the massive
scale that would be required were battery storage to become a major part of
our energy future.’ Finally, while lithium supplies are forecast to suffice if
we scale up lithium-ion battery production, global supplies of cobalt could
run out by mid-century .

A third major obstacle to a massive expansion of solar and wind is that
both require large areas of land. A 2013 study by the National Renewable
Energy Laboratory (NREL) reported that, depending on the specific design,
photovoltaic solar farms require between 7.5 to 9.1 acres per MW, which
means that to replace a 2,500 MW power plant with solar would require
roughly 20,000 acres or 31.5 square miles.** Wind is even more land-hun-
gry. A 2009 study by NREL estimated land use requirements of 64 acres per
MW for typical wind farms.!? Replacing a 2,500 MW generating plant with
wind would, therefore, require a whopping 160,000 acres, which is equal

7 Kandler Smith et al., Life Prediction Model for Grid-Connected Li-ion Battery En-
ergy Storage System, NAT'L RENEWABLE ENERGY LABORATORY PREPRINT (May 26, 2017),
https://www.nrel.gov/docs/fy170sti/67102.pdf.

¢ Melecita M. Archuleta, Toxicity of Materials Used in the Manufacture of Lithium
Batteries, 54 J. OF POWER SOURCES 138; Cobalt: The Toxic Hazard in Lithium Batteries that
Puts Profit before People and the Planet, Mepium, (Apr. 26, 2018), https://medium.com/
thebeammagazine/cobalt-the-toxic-hazard-in-lithium -batteries-that-puts-profit-be-
fore-people-and-the-planet-ae5a63e0f57c; Kevin Clemens, Understanding the Role of
Cobalt in Batteries: Cobalt Will Remain an Expensive but Necessary Ingredient in Our Bat-
tery Energy Future, DESIGN NEWS (Mar. 22, 2018), https://www.designnews.com/
electronics-test/understanding-role-cobalt-batteries/63068579258429.

9 SeeMitch Jacoby, it’s Time to Get Serious about Recycling Lithium-Ion Batteries,
CHEMICAL & ENGINEERING NEWS (June 15, 2019), https://cen.acs.org/materials/energy-stor-
age/time-serious-recycling-lithium/97/i28; Clare Church and Laurin Wunnenberg, Sus-
tainability and Second Life: The Case for Cobalt and Lithium Recycling, INT'LINST. FOR SUS-
TAINABLE DEV. (March 2019), https://www.iisd.org/sites/default/files/publications/
sustainability-second-life-cobalt-lithium-recycling. pdf.

1o Marcelo Azevedo et al., Lithium and Cobalt - A Tale of Two Commodities, McKIN-
SEY & COMPANY (June 2018), https://www.mckinsey.com/~/media/mckinsey/indus-
tries/metals%20and%20mining/our%20insights/lithium%20and%20co-
balt%20a%20tale%200{%20two%20commodities/lithium-and-cobalt-a-tale-of-two-com-
modities.ashx.

11 Sean Ong et al., Land-Use Requirements for Solar Power Plants in the United
States, NAT'L RENEWABLE ENERGY LABORATORY (June 2013), https://www.nrel.gov/docs/
fy13o0sti/56290.pdf.

12 paul Denholm et al., Land-Use Requirements of Modern Wind Power Plants in the
United States, NAT'L RENEWABLE ENERGY LABORATORY (Aug. 2009), https://www.nrel.gov/
docs /fy09osti/45834.pdf.
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to 250 square miles. By comparison, a typical 2,500 MW coal-fired or nu-
clear power plant takes up less than one square mile.

In more densely populated parts of the world, land is simply not availa-
ble on the scale required for solar and wind farms equal in capacity to typi-
cal power plants. Germany, for example, which has aggressively developed
both its wind and solar power generating capacity, had a wind power ca-
pacity of 56.3 GW by the end of 2017 and a solar capacity of 43 GW. Wind
represented 18.8% of total power production in Germany in 2017 and solar
contributed 7%.** Further expansion of both is planned, but as giant wind
turbines dominate more and more of the German landscape, opposition
grows among people who do not want giant turbines, averaging more than
800 feet in height near their homes.** That, combined with high costs and
declining public subsidies, has dramatically slowed the growth of wind
power in Germany in the last year or so.** In less densely populated areas
such as the western United States and Canada, much of Africa, Siberia,
western China, Australia, and parts of South America, there is abundant
land for large wind and solar farms, but one again encounters the lack and
expense of and the inefficiencies in continent-wide transmission.

Put the land use needed for solar and wind in perspective. How much
land would be required to replace all current fossil fuels generating capacity
in the United States with solar and wind? Our total fossil fuel generating
capacity in 2018 was 842,529 MW. ¢ If we replaced that with solar and wind
in the same ratio that now exists between the two, 22% solar and 78% wind,
then we would need just over 68,000 square miles of land, which is roughly
equivalent to the area of Missouri, Oklahoma, or North Dakota. That is a
lot of land.

What would it cost to replace fossil fuels with wind and solar? In 2018,
a total of 2,651BkW-h of electricity was generated in the United States by

3 Bruno Burger, Power Generation in Germany - Assessment of 2017, FRAUNHOFER
INST. FOR SOLAR ENERGY SYSTEMS (June 8, 2018), https://www.ise.fraunhofer.de/content/
damy/ise/en/documents/publications/studies/Stromerzeugung 2017_e.pdf.

% Turbine Height, FRAUNHOFER INST. FOR WIND ENERGY SYSTEMS, http://windmonitor.
iee.fraunhofer.de/windmonitor_en/3_Onshore/2_technik/4_anlagengroesse/ (last visited
Aug. 26, 2019); Benjamin Wehrmann, Limits to Growth: Resistance against Wind Power
in Germany, CLEAN ENERGY WIRE (Mar. 27, 2019), https://www.cleanenergywire.org/
factsheets/fighting-windmills-when-growth-hits-resistance.

s Collapse in Wind Energy Growth Jeopardises German and EU Renewables targets,
WiND EUROPE (May 10, 2019), https://windeurope.org/newsroom/press-releases/
collapse-in-wind-energy-growth-jeopardises-german-and-eu-renewables-targets/ .

6 Flectricity: Current Issues & Trends, U.S. ENERGY INFO. ADMIN., tbl.4.3, “Existing
Capacity by Energy Source, 2017 (2017) https://www.eia.gov/electricity/annual/html/
epa_04_03.html.
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fossil fuels.?” Assuming the same 22% to 78% mix of solar and wind used
above, and costs of $0.05 per kW-h for solar and $0.125 per kW-h for wind,
the total annual cost to replace fossil fuels by solar and wind would be
$289B.1* But remember that the total decarbonization of our energy econ-
omy means also the total electrification of transportation as well as all res-
idential, commercial, industrial, and agricultural energy use. A 2018 study
by the National Renewable Energy Laboratory estimates that this will lead
to an increase in the demand for electricity of between 17% and 38%.° So
add that much more to the estimates given here for land use and cost.

In summary, there are many, serious obstacles to the decarbonization
of our energy system by means of solar and wind, the biggest of them being
the seeming impossibility of solving the base load problem without a mirac-
ulous and unlikely, near-term breakthrough in storage battery technology.
A combination of solar, wind, hydro, and geothermal simply cannot decar-
bonize our energy production by 2065.

III. THE NUCLEAR ALTERNATIVE

There is only one, currently available technology that can get us to the
goal of a totally carbon free energy economy by 2065, and that is nuclear
power. Let me repeat that. Nuclear power is the only option for preventing
a climate catastrophe. But public misunderstanding of the risks associated
with nuclear power and regulatory impediments partly driven by public
fears make it almost impossible, at present, for utilities in the United States
to invest in expanding our nuclear power capacity, even while most of the
rest of the world is doing just that. So, let us briefly examine the prospects
for expanded nuclear power, the risks, and the costs.

IV. NUCLEAR REACTOR TECHNOLOGIES
We have been generating electricity with nuclear reactors for nearly

seventy years, beginning in 1951 with the Experimental Breeder Reactor
operated by Argonne National Laboratory at the site near Idaho Falls that

7 Frequently Asked Questions: What Is U.S. Electricity Generation by Energy
Source?, U.S. ENERGY INFO. ADMIN., https://www.eia.gov/tools/fags/faq.php?id=427&t=3
(last updated Mar. 1, 2019).

¢ [evelized Cost and Levelized Avoided Cost of New Generation Resources in the An-
nual Energy Outlook 2018, U.S. ENERGY INFO. ADMIN. (Mar. 2018), https://www.eia.gov/
outlooks/archive/aeo018/pdf/electricity_generation.pdf.

1 Mai et. al, Electrification Futures Study: Scenarios of Electric Technology Adop-
tion and Power Consumption for the United States, NAT'L RENEWABLE ENERGY LABORATORY
(June 2018), https://www.nrel.gov/docs/fy180osti/71500.pdf.
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later became the Idaho National Laboratory.? The first reactor expressly
outfitted for electricity production was the Soviet AM-1 graphite moder-
ated breeder reactor at Obninsk, which began generating electricity in
1954.2 Great Britain connected its CO; cooled, graphite moderated reactor
at Calder Hall to the grid in 1956.22 The first large scale nuclear power plant
in the United States, located at Shippingport, PA and operated by the
United States Atomic Energy Commission, began producing power in 1957.
Its pressurized light water reactor (PWR) design was a descendent of the
Mark 1 reactor designed and built originally for the Navy’s nuclear propul-
sion program, which launched the first nuclear powered vessel, the subma-
rine USS Nautilus, SSN-571, in 1954. The reactor core of the Shippingport
plant had been intended for use on a nuclear-powered aircraft carrier but
was repurposed when the carrier project was canceled.?:

All commercial power reactors work by the fissioning of a fissile ele-
ment, such as uranium or plutonium, which releases tremendous amounts
of energy and neutrons that propagate through the fuel triggering addi-
tional fissioning in a chain reaction. Shippingport’s pressurized light water
reactor was the progenitor of most of the commercial nuclear power plants
built in the United States in the succeeding decades and is still the most
common type of reactor in use today, 64 of the 98, currently operational,
commercial reactors employing this design. Many such reactors have been
built in other countries as well.?* Enriched uranium fuel rods are cooled in
the core by ordinary water, H,O cycled through the core under high pres-
sure. The extreme heat generated in the pressurized water turns unpres-
surized water in a secondary loop into steam that drives a turbine, making
electricity. The design makes possible high thermodynamic efficiency and
comparative stability of operation.?®

The second most common design for power reactors is the boiling water

20 JAMES MAHAFFEY, ATOMIC AWAKENING: A NEW LOOK AT THE HISTORY AND FUTURE OF NU-
CLEAR POWER 206 (Pegasus Books 2009); Outline History of Nuclear Energy, WORLD NUCLEAR
Ass'N, https://www.world-nuclear. org/information-library/current-and-future-
generation/outline-history-of-nuclear-energy.aspx (last updated Apr. 2019).

21 See PAUL R JOSEPHSON, RED ATOM: RUSSIA'S NUCLEAR POWER PROGRAM FROM STALIN TO TO-
DAY, (University of Pittsburgh Press. 2005).

22 paul Brown, First Nuclear Power Plant to Close, THE GUARDIAN (Apr. 14, 2003)
https://www.theguardian.com/uk/2003/mar/21/nuclear.world.

3 Mahaffey supranote 20, at 228-30; See alsoNigel Buttery, Water Cooled Thermal
Reactor Designs, Operation and Fuel Cycle, inNUCLEAR FUEL CYCLE SCI. AND ENGINEERING 237
(Ian Crossland ed., 2012).

¥ Country Nuclear Power Profiles: United States of America, INT’L ATOMIC ENERGY
AGENCY, https://cnpp.iaea.org/countryprofiles/UnitedStatesof America/
UnitedStatesofAmerica.htm (last visited Sept. 1, 2019).

25 SAMUEL GLASSTONE & ALEXANDER SESONSKE, NUCLEAR REACTOR ENGINEERING: REACTOR DE-
SIGN BASICS (1984).
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reactor (BWR). In these, unpressurized water serving as the primary cool-
ant in the core is boiled directly, driving the turbines. Boiling water reac-
tors are less efficient thermodynamically, but engineering and mainte-
nance are, in several ways, easier than with a pressurized reactor.?¢

There are other reactor designs for electricity generation. Light water
graphite moderated (LWGR or RBMK in Russian) were popular in the Soviet
Union in the 1970s and early 1980s. As with boiling water reactors, steam
generated in the core drives the turbines, but graphite, rather than water
is used as the moderator for controlling neutron flux. Although the Cher-
nobyl accident in 1986 exposed the problems inherent in this design, a
number of such reactors still operate in Russia and some former Soviet cli-
ent states.?” All of the currently operational reactors in Canada and most in
India are pressurized heavy water reactors (PHWR).?® They use deuterium
oxide, D,0, as the coolant and moderator, deuterium being an isotope of
hydrogen with one neutron in addition to a single proton. Heavy water is
considerably more expensive than ordinary light water, but it is preferable
from the point of view of its ability to control neutron flux in the reactor.?

The first prototype nuclear power reactors at Calder Hall and Shipping-
port are now commonly referred to as “Gen I reactors, with their design
descendants being known as “Gen 11" reactors. Gen III reactors, which be-
gan to appear in the 1990s, are versions of Gen II reactor designs incorpo-
rating safety, performance, and manufacturing modifications but without
radical departures from existing PWR, BWR, and PHWR designs. Promi-
nent among the modifications is a switch from active to passive control sys-
tems that can automatically shut down the reactor in the event of an emer-
gency without the need for direct operator intervention and a downscaling
of designs to below 100 MW capacity so as to make possible easily transport-
able, pre-manufactured, self-contained reactors for use in areas with low
power needs or for such purposes as emergency electricity production after
a natural disaster. Asof 2011, 25 advanced Gen Il reactors were online in
the United States and many more are online with more in plan or under

26 ]d

¥ Country Nuclear Power Profiles: Russian Federation, INT'L ATOMIC ENERGY AGENCY,
https://cnpp.iaea.org/countryprofiles/Russia/Russia.htm (last visited Sept. 1, 2019);
RBMK Reactors - Appendix to Nuclear Power Reactors, WORLD NUCLEAR Ass'N, https://
www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-
reactors/appendices/rbmk-reactors.aspx (last updated July, 2019).

% Country Nuclear Power Profiles: Canada, INT'L ATOMIC ENERGY AGENCY,
https://cnpp.iaea.org/countryprofiles/Canada/Canada.htm (last visited Sept. 1, 2019);
Country Nuclear Power Profiles: India, INT'L AToMIC ENERGY AGENCY, https://cnpp.iaea.
org/countryprofiles/India/India.htm (last visited Sept. 1, 2019).

¥ Nuclear Power Reactors, WORLD NUCLEAR Ass'N, https://www.world-nu-
clear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/nuclear-
power-reactors.aspx (last updated Oct. 2018).
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construction in various places around the world.

In the past 20 years or so a number of dramatically different reactor de-
sign concepts have been proposed. These Gen IV reactors promise to be
safer, cheaper, cleaner, and more scalable than existing designs. Safety is,
again, a main goal, with some of these designs working in such a way that,
for reasons of simple physics, a core meltdown is impossible. Reducing
high-intensity radioactive waste is another important goal, with some Gen
IV reactor designs producing little to no waste while consuming waste from
older reactors.3®

Many observers find most promising the fast-neutron molten salt reac-
tor (MSFR). In a radical departure from conventional reactor designs,
MSEFR reactors dispense with fuel rods, instead dissolving the fissile mate-
rial, in the form of uranium, plutonium, or thorium fluoride salts, in mol-
ten lithium fluoride. That fluid mixture serves both as the locus of the fis-
sion reaction and as the primary coolant. Because of the physics of the pro-
cess, no moderator or control rods are needed and no cooling water is
needed, the reactors being wholly self-contained.** The technology was
first tested in an experimental molten salt reactor built at the Oak Ridge Na-
tional Laboratory in 1965.3? Today concept evaluation and testing of MSFR
reactors is proceeding in many countries. In the United States, with fund-
ing from the Department of Energy, the Southern Company, in partnership
with TerraPower, backed by Bill Gates, has plans to begin physical tests on
amolten chloride reactor (MCFR) in a test loop in the very near future.?

In the United States in 2018, nuclear represented 19.3% of electricity
generation.** Globally, 10% of electricity generation is nuclear.** Electricity
generated from Gen Il and Gen Ill nuclear facilities in the United States costs
between $0.097/ kW-h and $0.136/ kW-h in 2016, which is generally
cheaper than that produced by coal-fired plants but somewhat more

30 Generation IV Nuclear Reactors, WORLD NUCLEAR Ass'N, https://www.world-
nuclear. org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/generation-
iv-nuclear-reactors.aspx (last updated May, 2019).

3 Darryl D. Siemer, Why the Molten Salt Fast Reactor (MSFR) Is the ‘Best’ Gen IV Re-
actor, 3 ENERGY ScI. AND ENG'R. 83, 83-97 (2019).

32 Molten Salt Reactor Experiment, OAK RIDGE NAT'L LABORATORY (MAR. 3, 2016),
https://web.archive.org/web/20160303211133/https://dl.dropboxusercontent.com/u/
15726934 /Historic_Molten_Salt_Reactor_Experiment_Brochure_ORNL_1965-1972.pdf.

3% Southern Company and TerraPower Prep for Testing on Molten Salt Reactor, DEp'T
OF ENERGY, OFFICE OF NUCLEAR ENERGY (Aug. 9, 2018), https://www.energy.gov/ne/articles/
southern-company-and-terrapower-prep-testing-molten-salt-reactor.

% Frequently Asked Questions: What Is U.S. Electricity Generation by Energy
Source?, U.S. ENERGY INFO. ADMIN., https://www.eia.gov/tools/fags/faq.php?id=427 &t=3
(last updated March 1, 2019).

35 Global Energy & CO2 Status Report, INT'LENERGY AGENCY, https://www.iea.org/
geco/electricity/ (last visited Sept. 4, 2019).
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expensive than onshore wind, utility scale solar, and natural gas, the costs
of which range from $0.32/kW-h to $0.078/ kW-h.*¢ Gen1V reactor designs
are expected to bring down the cost of nuclear considerably. For example,
the Canadian company, Terrestrial Energy, expects the MSFR reactor that
it is designing to produce electricity at a cost of $0.05/kW-h , which would
be, on average, equal to the cost of solar and onshore wind, and cheaper
than natural gas.*”

In summary, nuclear power is an old, well-proven, easily affordable,
shovel-ready, and more or less totally green technology. It solves the base
load problem and Gen Il nuclear power plants can be built anywhere as long
as there is sufficient water for cooling, while Gen IV designs such as MSFR
reactors eliminate even that need. The question, then, is why, knowing
the devastating environmental consequences of burning fossil fuels, have
we not already a decade ago launched a crash campaign to replace fossil fuel
electricity generation by nuclear? Sweden and France long ago decarbon-
ized their electricity production, and other nations, like Canada, China,
and Russia are committed to rapidly expanding nuclear power.** Tragi-
cally, Germany and Japan are deliberately scaling back their once-signifi-
cant nuclear capacity, and the expansion of nuclear power in the United
States has been stalled for decades.*® With a clear path to decarbonizing
electricity production, why have not all of the nations of the world commit-
ted themselves to following that path?

V. HEALTH AND ENVIRONMENTAL RI1SKS OF NUCLEAR ENERGY

Why are we not greening our energy economy with a rapid shift to nu-
clear power? The answer is irrational fear. That fear focuses on two issues:
the risk of major nuclear reactor accidents and the risk associated with the
storage or disposal of nuclear waste. Consider, first, the danger of reactor
accidents.

In the 66 years since we began to generate electricity in nuclear power
plants, and with 631 nuclear power reactors having been or currently in
operation globally, there have been only three significant accidents; the
Three Mile Island accident in Pennsylvania in 1979, the Chernobyl accident

3¢ Lazard’s Levelized Cost of Energy Analysis-Version 10.0, LAZARD ASSET MGMT. COM-
PANY (Dec. 2016), https://www.lazard.com/media/438038/levelized-cost-of-energy-
v100.pdf.

37 Brian Wang, Terrestrial Energy on Track to Commercial Molten Salt Reactor Com-
petitive with Natural Gas Prices, NEXTBIGFUTURE (March 18, 2018), https://www.
nextbigfuture.com/2018/03/terrestrial-energy-on-track-to-commercial-molten-salt-
reactor-competitive-with-natural-gas-prices. html.

3¢ Goldstein & Qvist, supranote 2, at 20-29.

¥ Id. at 29-40.



2020] THE MORAL IMPERATIVE OF GREEN NUCLEAR ENERGY 74

in Ukraine in 1986, and the Fukushima Daiichi accident in Japan in 2011.%
As serious as were those three accidents, that is actually a very good safety
record. Only Chernobyl involved the release of significant amounts of radi-
ation and human deaths and injuries, and the design of the light water,
graphite-moderated (LWGR) reactors at Chernobyl had long been recog-
nized as problematic, by comparison with the PWR and BWR designs mainly
employed in other countries, both because of inherent instabilities in reac-
tor response in the event of a rapid shutdown and because those Soviet style
reactors lacked containment structures. All three accidents involved par-
tial or, in the case of Chernobyl, a near total core meltdown. But at Three
Mile Island and at one of the three affected reactors at Fukushima, the con-
tainment structures worked as designed, preventing significant radiation
releases and no serious injuries, illnesses, or fatalities.*

A. Three Mile Island

The Three Mile Island accident occurred on March 28, 1979. The initial
cause was a failure of the pumps providing cooling water to the core.
Backup pumps also failed owing to operator error. Temperature and water
pressure in the core increased, a pressure relief valve opened automati-
cally, but then failed to close as it was supposed to, allowing coolant to es-
cape the core, which led to a partial core meltdown. A very small amount
of low-level radiation escaped with the coolant, the extra exposure to
nearby populations being no more than that consequent on living in a high-
altitude city such as Denver, CO. Radioactively contaminated coolant also
leaked from the core into the containment building but was held there. Un-
derstandably, in the confused, early hours after the accident, there was
concern among authorities and the public about whether the accident
would get worse and some voluntary evacuations were recommended by
state officials at the suggestion of the Nuclear Regulatory Commission
(NRC). But, aside from the small, temporary release of radiation through
the pressure relief valve, no radiation escaped the containment facility, and
there were no health or environmental consequences.*

Even though the containment at Three Mile Island worked and there
were no health or environmental impacts, the accident stoked intense pub-
lic fears about the risks of nuclear power. Why? One reason was surely that

% power Reactor Information System, INT'L ATOMIC ENERGY AGENCY, https://pris.iaea.
org/PRIS/home.aspx (last visited Sept. 5, 2019).

# Mahaffey, supranote 20, at 325-375; see alsoMitchell Rogovin & George T.
Frampton (Jan. 1980), Three Mile Island: A Report to the Commissioners and the Public.
NUCLEAR REGULATORY COMMISSION (Apr. 5, 1979), http://threemileisland.org/wp-
content/uploads/2019/03/354.pdf.

4 Mahaffey, supranote 20, at 341-357; Rogovin and Frampton, supranote 41.
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public concern about the health and environmental impacts of new tech-
nologies in general were acute in the late 1970s in the wake of major envi-
ronmental and health disasters such as the Love Canal scandal, in which
scores of people who lived and went to school on the site of a former indus-
trial chemical dump in New York sickened and died.* Of more immediate
relevance, however, is the fact that just 12 days before the Three Mile Is-
land accident Columbia Pictures released the hit film, “The China Syn-
drome,” starring Jane Fonda, Jack Lemmon, and Michael Douglas, which
featured a potentially serious accident involving a potential core meltdown
triggered by an earthquake at a nuclear power plant in California.** For
many people at the time, it seemed as if fiction had become reality. Public
opinion quickly turned against nuclear power and the expansion of nuclear
power in the United States ground to a halt.** But while one understands
the anxieties aroused by the accident, the fact remains that no one died, no
one got sick, the containment structure worked as it was supposed to, and
the damaged reactor was soon brought under control. It was a bad accident
costing the owners, Metropolitan Edison, Jersey Central Power & Light, and
Pennsylvania Electric, a lot of money.* Still, no one died, no one got sick,
there were no environmental impacts, and the containment structure
worked as planned, but for the inconsequential release of radiation because
of the stuck pressure relief valve.

B. Chernobyl

The Chernobyl accident occurred on April 26, 1986. Ironically, a safety
test was being run on the fairly new light water graphite moderated (LWGR)
reactor number 4 to study the response of back-up electrical generators for
providing power to the pumps in the primary cooling in the event of a
power outage. Because of numerous, serious operator errors and the in-
herently unstable LWGR design, the reactor went into an uncontrolled
chain reaction that produced, first, a steam explosion that breached the re-
actor core and then a fire in the core that burned for nine days. Since there

> Edkardt C. Beck, The Love Canal Tragedy, 5 EPAJ. 17, 18-21 (1979); RICHARD S.
NEWMAN, LOVE CANAL: A ToxiC HISTORY FROM COLONIAL TIMES TO THE PRESENT, (New York: Ox-
ford University Press 2016).

% Vincent Canby, Film: Nuclear Plant is Villain in ‘China Syndrome’: A Question of
Ethics, N.Y. TiMES, March 16, 1979, at C16; Goldstein and Qvist, supranote 2, at 91.

# Kimberly Amadeo, The Three Mile Island Nuclear Accident and Its Impact on U.S.
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https://www.thebalance.com/three-mile-island-nuclear-accident-facts-impact-today-
3306337 (last updated May 30, 2019).

% A Corporate History of Three Mile Island, THREE MILE ISLAND ALERT (Jan. 27, 2009),
http://www.tmia.com/corp.historyTMI.
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was no containment structure, the explosion and fire produced significant
amounts of radioactive steam, smoke, and ash that spread quickly over a
wide region, reaching parts of central Europe and Scandinavia within two
days. Heroic first responders fought desperately and at great personal risk
to control the fire, mainly with thousands of helicopter flights to drop a
mixture of sand, lead, clay, and boron. To prevent material from the mol-
ten core from reaching the water table, which would have spread additional
contamination over a wide area, there was, first, the injection of tons of
liquid nitrogen under the reactor floor to cool the core. Then miners exca-
vated a large chamber under the core to house a more permanent water-
cooling system. A concrete “sarcophagus” enclosing the site was com-
pleted by December of 1986, and a new, more durable containment struc-
ture was added in 2017. The nearby city of Pripyat was evacuated the day
after the accident and eventually a 2,800 sq km (1,084 sqmi) exclusion zone
was established.*

It was a horrible accident, the impact of which will be felt for decades
more. The economic cost is hard to measure, but a widely cited recent lit-
erature review arrives at an estimate of $700 billion between 1986 and
2016, which would make it one of the costliest disasters in history. But, to
put it into perspective, that is roughly equal to Canada’s annual budget in
2017,* and it represents about 20% of the global cost of electricity in 2017,
which, if amortized over the thirty years between 1986 and 2016, repre-
sents less than 1% of the global cost of electricity per year.*

The health and environmental impact of the Chernobyl accident is also
hard to measure. Estimates of deaths and disease vary widely. The most
widely accepted numbers come from reports prepared by the The Cherno-
byl Forum, which is a consortium of eight major international agencies, in-
cluding the World Health Organization (WHO) and the International Atomic
Energy Agency (IAEA), along with the governments of Belarus, the Russian
Federation, and Ukraine and United Nations Scientific Committee on the
Effects of Atomic Radiation.*® There were 30 confirmed deaths in the

47 Mahaffey, supranote 20, at 357-375; Serhii Plokhy, CHERNOBYL: HISTORY OF A TRAG-
EDY (2018).

% World Fact Book, CENT. INTELLIGENCE AGENCY, https://www.cia.gov/library/
publications/the-world-factbook/fields/224 .html (last visited Sept. 7, 2019).
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consumption of 21,372/TWh. See Global Energy Prices, ENERGY USE CALCULATOR,_
http://energyusecalculator.com/global_electricity_prices.htm (last visited Sept. 7,
2019); Electricity Statistics, INT'LENERGY AGENCY, https://www.iea.org/statistics/
electricity/ (last visited Sept. 7, 2019).
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immediate wake of the accident, including 2 plant workers who died at the
time of the accident from physical injuries and 28 emergency workers who
died of acute radiation sickness (ACS). An additional 106 individuals were
diagnosed with ACS but survived.** By 2008, approximately 6,000 cases of
thyroid cancer were observed among people exposed to the radiation,
chiefly from Iodine-131, with a significant number of those cases probably
being attributable to Chernobyl exposure. Fifteen of those thyroid cancer
cases proved fatal by 2002.52 Otherwise, no statistically significant in-
creases in cancer or other serious diseases have been observed. There has
been a small increase in morbidity and mortality related to cardiovascular
disease among emergency and cleanup workers, but experts are reluctant
to attribute that directly to the accident because so many other factors can
contribute to such illnesses.*

The low number of deaths from radiation exposure is due to the fact
that, except for emergency and cleanup workers, the average additional ra-
diation exposure among the roughly five million people living in the af-
fected area was about 1 mSv, which is roughly equivalent to normal, annual
background radiation, less than a typical chest CT scan, and about half of
the additional annual radiation exposure for an airline pilot.**

The environmental impact has been comparably low. There were se-
vere, short-term impacts in some areas near the reactor that received
heavy radiation doses, including dead vegetation and birth defects in ani-
mals. But today, forests and wildlife thrive in the exclusion zone, which
has become, in effect, a protected nature reserve, and many have observed
that the result is an unintended experiment in how rapidly traditional eco-
systems can reestablish themselves when a human presence is removed.*

One does not want to portray the Chernobyl accident as anything other
than a terrible disaster. Moreover, had it not been for the fast response by
Soviet authorities and the bravery and sacrifice of the tens of thousands of
people who fought the fire in the reactor core and secured the site over suc-
ceeding months, it could have become an even more calamitous event. The
Soviet government was rightly condemned both for policies and practices
that contributed to the accident in the first place, for their delay in alerting

default/files/chernobyl.pdf; UNSCEAR, LEVELS AND EFFECTS OF RADIATION EXPOSURE DUE TO THE
NUCLEAR ACCIDENT AFTER THE 2011 GREAT EAST-JAPAN EARTHQUAKE AND TSUNAMI 19-311 (2014).

51 UNSCEAR, supranote 50, at 58.

52 Chernobyl Forum, supranote 50, at 16.

3 Id. at 19.
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55 Colin Barras, The Chernobyl Exclusion Zone Is Arguably a Nature Reserve, BBC
EARTH (April 22, 2016), http://www .bbc.com/earth/story/20160421-the-chernobyl-
exclusion-zone-is-arguably-a-nature-reserve.
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neighboring countries, and for their years-long coverup and denial of the
extent and severity of the accident. But the actual consequences of the ac-
cident are far less dramatic than suggested in some popular media and by
many opponents of nuclear power.

As bad as it was, Chernobyl is far from being the worst industrial acci-
dent in history. The Bhopal disaster at a Union Carbide chemical plant in
India in 1984 killed at least 2,200 people and injured perhaps as many as
500,000.%¢ We do not, as a consequence, hear strident calls to close down
all chemical plants. For another perspective, consider the fact that gener-
ating electricity by burning coal kills between 600,000 and 1,000,000 peo-
ple every year, and sickens many more, mainly due to the health effects of
the air pollution from coal fired power plants.*” But those deaths take place
one at a time and out of the public view, so they become invisible and, thus,
largely ignored in debates about energy policy.

C. Fukushima Daiichi

The Fukushima Daiichi power station was a complex of six boiling water
nuclear reactors near the town of Okuma in the Fukushima Prefecture of
Japan. The station was built in the late 1960s and 1970s and was, at the time
of the accident, one of the world’s largest nuclear power plants. The acci-
dent began with the Tohoku earthquake and tsunami at 14:46 JST on March
11, 2011. By design, the reactors shut down automatically as soon as the
earthquake was detected, but the electrical supply to the plant failed, at
which point backup diesel generators started automatically, supplying
electricity to operate the pumps circulating cooling water to reactor cores.
Direct damage from the earthquake was minimal and, were it not for the
tsunami, the reactors would have been brought to a safe state without fur-
ther incident. But approximately 50 minutes after the earthquake the
roughly 14-meter tsunami overtopped the 5.7-meter seawall protecting the
plant, flooding the basement where the diesel generators were located.
Backup batteries then kicked in, but they could power the pumps for no
more than about eight hours. Additional batteries and portable generators
did not reach the site until shortly before midnight, but the generators
could not be connected to the plant’s power system due to the flooding in
the basement. The uncooled fuel rods in reactors 1, 2, and 3 began to

s¢ Edward Broughton, The Bhopal Disaster and Its Aftermath: A Review, ENV'T
HEALTH 4, 6 (2005); INGRID ECKERMAN, THE BHOPAL SAGA—CAUSES AND CONSEQUENCES OF THE
WORLD'S LARGEST INDUSTRIAL DISASTER. (2005); Apoorva Mandavilli, The World's Worst In-
dustrial Disaster Is Still Unfolding, THE ATLANTIC (July 10, 2018), https://www.theatlan-
tic.com/science/archive/2018/07/the-worlds-worst-industrial-disaster-is-still-
unfolding/560726/.

57 Goldstein & Qvist, supranote 2, at 94-95.
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overheat, which led first to hydrogen explosions that breached the contain-
ment in units 1 and 3, and then to core meltdowns in all three reactors.
Because of the radiation escaping from the damaged reactors, on the fol-
lowing 2 days, approximately 170,000 people were evacuated from the area
around the plant.*® In the eight years since the accident, many evacuees
have been allowed back, but large areas, especially to the northwest of the
plant, remain closed with thousands of people still blocked from returning
to their homes.*

There has been only one fatality attributed to radiation exposure at Fu-
kushima, this a plant worker who had been monitoring radiation levels, re-
ceiving, himself, a dose of 195 mSv and died of lung cancer.¢® But some
have disputed the attribution, because lung cancer is not a common conse-
quence of radiation exposure and certainly not at that exposure level. It
has been suggested that the Japanese government wanted to avoid a public
fuss by allowing the man and his family to claim compensation.®* There
have been no additional deaths and no reported cases of cancer or other
diseases attributable to radiation exposure, mainly because average expo-
sure among the evacuees was very low, on the order of 2 mSv, which is
barely above annual background radiation levels, and exposure levels for
plant workers and others participating in the cleanup, though high enough
so that some cancers might appear, were still not expected to have serious
health impacts.®> However, something on the order of 50 deaths are at-
tributed to the evacuation, chiefly among hospital patients and elderly
nursing home patients as a result of hypothermia, dehydration, and exist-
ing medical conditions that were not well treated during the hasty evacua-
tion. Was the evacuation, therefore, a mistake? Lives would have been
saved had the order to evacuate not been given and what was known about

58 DAVID LOCHBAUM, EDWIN LYMAN & SUSAN Q. STRANAHAN, FUKUSHIMA: THE STORY OF A NU-
CLEAR DISASTER (2014); Mahaffey, supranote 20, at 376-403.
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radiation levels at the time would not, by itself, have warranted such a step.
But, given uncertainty about the possibility of additional radiation releases
and the horrible and confusing conditions in the larger region in the wake
of the tsunami, it is hard to fault the decision.

So, at most one person died as a direct result of the Fukushima Daiichi
accident and there have been no other cases of cancer or other diseases at-
tributed to radiation exposure. But, curiously, the Fukushima accident had
a far greater impact on public perceptions of the risks of nuclear power than
even Chernobyl. Japan shut down all of its nuclear power reactors after the
accident, making up for the lost power production mainly by burning more
coal, though 37 of their reactors are now back online.®* Most dramatically,
as a consequence of the Fukushima accident, Germany decided to begin an
immediate phase out of its nuclear power industry, replacing the lost ca-
pacity mainly by, like Japan, burning more coal.¢* Of course, there had long
been widespread skepticism in Germany about nuclear power, opposition
to nuclear power being a major part of the rise of the German Green Party . ¢
But the Fukushima accident triggered the decision by the Merkel govern-
ment to shutter all German nuclear power plants by 2020. In many other
countries, such as South Korea, which was once determined to become a
global leader in nuclear power, the Fukushima accident had a major impact
on public opinion and, at the very least, slowed the further growth of nu-
clear power, giving rise to the term, “the Fukushima effect” to describe the
accident’s impact.

VI. NUCLEAR WASTE DISPOSAL AND STORAGE

Taken together, the 3 worst nuclear accidents killed fewer than 100
people, whereas hundreds of thousands die every year from burning coal to
produce electricity. And, yet, the public fears nuclear power far more than
fossil fuels. Why? There is one other concern about nuclear power that
many cite as a reason for not going further down the nuclear path, namely,
the risks associated with nuclear waste.

The IAEA reports that, as of the end of 2013, nuclear power plants
around the world had generated approximately 370,000 metric tons of
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¢ Germany: Nuclear Power Plants to Close by 2022, BBC NEws (May 30, 2011),
https://www.bbc.com/news/world-europe-13592208.

¢¢ David P. Conradt et al, Green Party of Germany, ENCYCLOPZEDIA BRITANNICA, https://
www. britannica.com/topic/Green-Party-of-Germany (last updated Sept. 23, 2013).



81 NOTRE DAME JOURNAL ON EMERGING TECHNOLOGIES [1:64

radioactive waste.® That seems like a big number. But, in addition to CO,
emissions, burning coal to make electricity produces in the United States
alone some 120 million tons of highly toxic fly ash every year.¢” About 90%
of the radioactive waste is in the form of what is termed “low-level waste”
(LLW), which consists of easily disposed of ordinary refuse like paper, rags,
tools, etc. that are contaminated with mostly short-lived, low intensity ra-
dioactive material. It can be safely buried in landfills or incinerated. 7% of
the waste is “intermediate-level” (ILW) such as cladding from fuel rods.
Some shielding is required, but such waste can be encased in concrete and
buried. Only 3% of the waste is “high-level” (HLW). It consists mainly of
the spent reactor fuel and is sufficiently radioactive that it generates
enough heat so that both shielding and some form of cooling, at least in the
near term, is needed, and it poses the greatest challenge.¢® According to
the IAEA, at the end of 2013 22,000 m? of high-level waste was in storage.

Finland, Sweden, and France have taken the lead in developing long-
term storage and disposal facilities for high-level waste. Finland and Swe-
den have collaborated on developing a new, permanent disposal technol-
ogy, KBS-3, which involves encapsulating high-level waste in corrosion re-
sistant copper containers that are buried deep underground, embedded in
swelling bentonite clay. Finland is now building the first deep storage fa-
cility using this technology at Onkalo, near the northern tip of the Gulf of
Bothnia, where the containers will be placed in tunnels cut in geologically
stable rock at a depth of more than 400 m. The waste is expected to remain
safely buried for at least 100,000 years. Plans currently call for waste to
begin being deposited at Onkalo in 2014. Progress on Sweden’s own first
facility based on this technology at Forsmark has been slowed by legal chal-
lenges, but the Swedish Nuclear Fuel and Waste Management Company is
now awaiting final license approval .

France, which makes 72% of its electricity from nuclear power, is the
world leader in reprocessing spent nuclear fuel, turning spent plutonium
and uranium into recycled fuel. Not only does this reduce the need for new
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fuel, it also eliminates roughly 96% of the high-level waste.” But France is
also moving ahead with its own long-term storage facility, CIGEO (Centre
industriel de stockage géologique) near the village of Bure in the depart-
ment of Meuse in northeastern France. Sealed containers will be buried in
a geologically stable argillite clay formation at a depth of 500 m. There has
been opposition to the CIGEO facility.”* Still, the operator, ANDRA (Agence
nationale pour la gestion des déchets radioactifs) is awaiting final govern-
ment approval, with the last phase of construction expected to begin in just
a few years.”

The experience of Finland, Sweden, and France prove the feasibility of
deep underground disposal as a safe, more or less permanent disposal
method. Ironically, the United States could have been the world leader in
this approach to handling high-level nuclear waste years ago had it not been
for President Obama’s ill-advised and politically-motivated decision in early
2009 to shut down the project to build our own such deep storage facility at
Yucca Mountain in Nevada. A $12 billion investment in research, site prep-
aration, and licensing preparation was written off and the United States was
left with no safe, long-term storage option for high-level nuclear waste.”?
There had been a long history of local opposition and debate about whether
the site would be as secure as promised over a time scale of 100,000 to
1,000,000 years, particular attention being paid to the site’s vulnerability
to seismic activity and ground water infiltration. But in early 2008 the En-
vironmental Protection Agency declared that the site met all requirements,
after which the Department of Energy filed an application for a construction
license with the Nuclear Regulatory Commission.”

The United States has had one, long-term, underground nuclear waste
storage facility in operation since 1999, the WIPP (Waste Isolation Pilot
Plant) near Carlsbad, New Mexico, where packaged waste is stored 2,000
feet underground in a massive salt formation. But WIPP is designed only to

70 Shant Krikorian, France’s Efficiency in the Nuclear Fuel Cycle: What Can Oui
Learn?, TAEA BULLETIN, MGMT. OF SPENT FUEL FROM NUCLEAR POWER REACTORS: LEARNING FROM
THE PAST, ENABLING THE FUTURE 8-9 (June 2019), https://www.iaea.org/sites/default/files/
publications/magazines/bulletin/bull60-2/6020809.pdf.

7t France: Anti-nuclear Camp in Bure this Summer, EARTH FIRST! (Apr. 21, 2015),
https://earthfirstjournal.org/newswire/2015/04/21/france-anti-nuclear-camp-in-bure-
this-summery.

72 Cigéo, ANDRA, https://www.andra.fr/cigeo (last visited Sept. 12, 2019).

7> Hannah Northey, GAO: Death of Yucca Mountain Caused by Political Maneuver-
ing."N.Y. TiMes (May 10, 2011), https://archive.nytimes.com/www.nytimes.com/
gwire/2011/05/10/10greenwire-gao-death-of-yucca-mountain-caused-by-politica-
36298.html

7% Jay Schecker, Yucca Mountain: The Million Year Promise. 1663: Los ALAMOS SCI.
AND TECH. MAG. 14-18 (Dec. 2008), https://web.archive.org/web/20090506074828/
http://lanl.gov/1663/files/documents/Item/633/1663_dec08_yucca.pdf.



83 NOTRE DAME JOURNAL ON EMERGING TECHNOLOGIES [1:64

receive waste from nuclear weapons research and production, not waste
from civilian nuclear power plants, and it is certified for only 10,000
years.”s In 2014, there was an accidental release of radiation when a waste
canister ruptured. There was no significant harm to workers. It was even-
tually determined that the rupture occurred because the wrong kind of ab-
sorbate was used when the canister was packed at the Los Alamos National
Laboratory for shipment to WIPP.”¢ The facility reopened only in 2017.7
Prior to the accident, a number of people asked whether WIPP could replace
Yucca Mountain as a disposal site for civilian nuclear waste, but the acci-
dent seems to have killed interest in that proposal. 7¢

At the end of 2018, there were 81,518 metric tons of spent uranium fuel
in storage in the United States.” With no long-term disposal facility and no
reprocessing, this waste sits as it has for decades in insecure storage units
at the reactors that generated the waste. Usually spent fuel rods are al-
lowed to cool for about ten years in pools of water after which they are
packed in sealed concrete casks that are stored above ground, typically out-
doors.® While this is a reasonably safe system for temporary storage, there
is reason for concern about the obvious risks that it poses, risks that are
significantly greater than those associated with deep geological storage.
For example, were a large jet aircraft to crash into a group of storage casks,
there could be a major release of radiation in the immediate area. Thus,
even if the United States does not expand its nuclear power capacity, it is a
matter of great urgency that the long-term storage problem be addressed.
There has been interest in Congress and from the White House and the Nu-
clear Regulatory Commission in restarting the Yucca Mountain project, and
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President Trump’s 2020 budget proposal includes funding for it.®* But there
is still strong opposition in Nevada, and the fate of the project remains un-
clear.®?

Much of the opposition to long-term nuclear waste storage sites seems
to be of the “not in my backyard” variety. This is especially true in the case
of Yucca Mountain, even though the site is ten miles from the nearby small
towns of Beatty, Ashton, and Amargosa Valley, and roughly one-hundred
miles from Las Vegas, the nearest large city, and the EPA has certified the
safety and minimal environmental impacts of the project.®> More serious
and deserving of more respect is the long-standing opposition from Native
American groups, especially the Western Shoshone, who regard the region
as sacred land..®

Clearly the greatest source of justifiable concern is, precisely, the long-
term stability and security of the site. Never in history have humans had
the audacity to build something that could still be hazardous 100,000 years
from now, more than 20 times longer than civilization has so far existed on
the Earth. One wants to be sure that all possible failures of such storage
sites have been addressed. That, is precisely the point of the site and engi-
neering studies that are required for licensing. One hundred thousand
years is a long time, but what does that mean from the point of view of the
risks?

High level nuclear reactor waste contains a wide array of radioactive
isotopes. The key questions concern the intensity of the heat and radiation
produced by those isotopes and their half-lives, which is the time it takes
for half of a radioactive substance to decay. For typical spent fuel from light
water reactors, most of the heat and radiation is produced by light weight
fission products, such as the isotopes cesium-137 and strontium-90. But
these tend to have shorter half-lives, about thirty years for cesium-137 and
strontium-90, which means that the high intensity isotopes will mostly be
gone within 100 years and so not pose a problem on a longer time scale. A
much smaller fraction of the spent fuel consists of heavy isotopes, such as

88 US Budget Request Supports Yucca Mountain, WORLD NUCLEAR NEWs (Mar.12,
2019), http://world-nuclear-news.org/Articles/US-budget-request-supports-Yucca-
Mountain.

82 John Sadler, Nevada Official Testifies against Bill to Restart Yucca Mountain, L.V
SuN (June 13, 2019), https://lasvegassun.com/news/2019/jun/13/nevada-official-
testifies-against-bill-to-restart/.

8 NIMBY: Nevada Says Not In My Back Yard on Trump Revival of Yucca Mountain
Nuclear Waste Dump, ENVIRONEWS (Apr. 16, 2017), https://www.environews.tv/041617-
nimby-nevada-says-not-back-yard-trump-revival-yucca-mountain-nuclear-waste-
dumpy.

8 Jennifer Solis, Western Shoshone Step Up Resistance to Yucca Project. NEV. CUR-
RENT (May 14, 2019), https://www.nevadacurrent.com/2019/05/14/western-shoshone-
step-up- resistance-to-yucca-project/.
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plutonium-239, which has a half-life of 24,000 years and so would still pose
a risk, albeit a steadily declining one, with one-sixteenth of the original
amount still radioactive after 100 years.

How significant is the risk? Posiva Oy, the nuclear waste management
firm that is building the Onkalo disposal facility in Finland, has conducted
many studies to estimate the consequences of a buried waste cannister’s
rupturing and leaking radiation. Considering all possible pathways for the
radioactive material to reach the surface and contaminate soil and water,
mainly by leaching out via ground water, and extending the analysis out
10,000 years, they concluded that the most seriously exposed individuals
would receive an annual dose of approximately 1.8 x 10 mSv, which is
roughly equivalent to the dose one gets from eating two bananas.®

VII. THE MORAL PERSPECTIVE

We must totally decarbonize our energy economy within at most a few
decades if we are to avert a climate catastrophe that will kill billions of peo-
ple and render large parts of our planet uninhabitable. We have seen that
this cannot be done with solar and wind power alone. Nuclear power is the
only technologically feasible solution. It is comparatively safe and shovel
ready. Putting irrational fears aside, what could be the objection to a crash
program to replace fossil fuels in electricity generation by nuclear power?

Critics of nuclear power have raised a number of ethical objections to
nuclear power. But before we review them, let us recall that the decision
to be made is not about nuclear power alone. Instead, the decision is a com-
parative one. The ethical issues concern a program of rapidly expanding
nuclear power in comparison with other courses of action of which there
are really only two:

(1) Do nothing, which dooms the planet.

(2) Continue on the path called for in the Paris Agreement by expanding
renewables as rapidly as possible, reducing energy consumption,
and developing new approaches to CO, capture and sequestration,
all the while hoping for some miraculous technological break-
through. This approach will mitigate the impacts of climate change,
but will still leave our children and grandchildren with a planet dra-
matically different from the world we know, a planet far less hospi-
table, where those who survive will lead seriously diminished lives.

There are no other alternatives.
The more serious ethical objections to expanded nuclear

8 THoMAS HJERPE, ARIT. K. IKONEN, & ROBERT BROED, BIOSPHERE ASSESSMENT REPORT 2009,
137 (2010).
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power fall into two categories, social and environmental justice and obliga-
tions to future generations. Many of those who criticize nuclear power on
grounds of social and environmental justice base their arguments on seri-
ous but commonplace errors about the health and environmental risks and
the comparative safety of nuclear power, errors that have already been ad-
dressed in this paper, as well as misunderstandings of the science and engi-
neering of nuclear power. As an example, consider the Unitarian Univer-
salist Association’s 1976 Social Justice Statement on nuclear power, which
starts from three premises:

1. The high probability that many people would be exposed to low-
level radiation, an eventuality which is known to cause birth defects
and to result in deaths from cancer, usually after time delays of
years.

2. The highly probable exposure of future generations to the lethal ef-
fects of the long-lived radioactive waste products inevitably pro-
duced by nuclear power plants.

3. Uncertainty in regard to the likelihood of catastrophic release of ra-
dioactive materials into the environment, because estimates of “nu-
clear safety” published by the nuclear power industry and its gov-
ernment sponsors neglect the dangers resulting from defects in con-
struction and the lack of an adequate program for training nuclear
power plant inspectors and operators.

Where do those probability estimates come from? Whence the uncer-
tainty in those estimates of the likelihood of catastrophic releases of radio-
active materials? No documentation is given and none could be given, be-
cause there are no such high probabilities, and the suggestion that risk
analyses ignore possible construction defects and deficient training is hard
to credit.

Or consider a recent paper on “Emerging Environmental Justice Issues
in Nuclear Power and Radioactive Contamination” from the International
Journal of Environmental Research and Public Health, where the authors,
one a sociologist from the University of Texas Rio Grande Valley, the other
a sociologist from Arizona State, write:

Commercial nuclear power has also proved repeatedly to lack the “absolute

safety” guaranteed by industry proponents (see [3]). As a series of cata-

strophic reactor accidents has shown, the commercial uses of nuclear fission
materials to generate electricity are not without potentially severe multiscale
risks. . . . This potential has been variously displayed at Chernobyl in Russia

(1986), Three Mile Island (TMI) in U.S. (1979), and most recently at Fuku-

shima in Japan (2011). Indeed, on the 30th anniversary of the Chernobyl dis-
aster (2016), no technology yet exists to handle the melted highly radioactive

8 Nuclear Power: 1976 General Resolution, UNITARIAN UNIVERSALIST Ass'N, https://
Wwww.uua.org/action/statements/nuclear-power (last visited Sept. 15, 2019).
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2000-ton core of the failed reactor, a core that will be lethal to humans for

thousands of years [5].%7

When one follows the footnotes, the first leads to an article in the Bu/-
letin of the Atomic Scientists that discusses the myth of “absolute safety”
only in the context of the Fukushima accident, the point being about the
practice in Japan of overselling the safety of nuclear power to allay concerns
deriving from Japan’s experience with nuclear weapons in World War I, a
practice that, the authors argue, contributed to a lack of preparedness.®
The paper did not generalize beyond the unique situation in Japan, because
there is no global myth of “absolute safety.”*" The second footnote leads to
an article at McClatchy on the thirtieth anniversary of the Chernobyl acci-
dent that includes claims such as that the “death toll estimates run from
hundreds to millions,” when the actual death toll as determined by the
United Nations Scientific Committee on the Effects of Atomic Radiation is,
as was mentioned earlier, 58.9° And what is this supposed series of cata-
strophic reactor accidents? Chernobyl is the only accident that qualifies as
a “catastrophe,” and there only 58 people died. At Three Mile Island, there
was no significant radiation release, and no one died or even got sick as a
result of the Fukushima accident, aside from those who died because of the
hasty and questionable evacuation.

still, there are legitimate and serious questions of social and environ-
mental justice concerning nuclear power. A good place to turn for more
sober and well-grounded scholarship on the topic is the 2015 collection,
The Ethics of Nuclear Energy.’* Foremost among the significant social and
environmental justice concerns about nuclear power are issues such as sit-
ing decisions, exemplified by government and industry’s callous disregard
of the interests of local communities in deciding to locate the Yucca Moun-
tain storage facility on land sacred to the Shoshone and Paiute peoples or by
regulatory agencies neither seeking nor respecting public input, an all-too-
common occurrence.’? It goes without saying that the interests and

¢ Dean Kyne & Bob Bolin, Emerging Environmental Justice Issues in Nuclear Power
and Radioactive Contamination, 13 INT'L. . oF ENVTL. REs. AND PuB. HEALTH 700, 701
(2016).

8 Yoichi Funabashi & Kay Kitazawa, Fukushima in Review: A Complex Disaster, A
Disastrous Response, 68 BULL. OF THE ATOMIC SCIENTIST 9 (2012).
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90 Matthew Schofield, Ruined Chernobyl Nuclear Plant Will Remain a Threat for
3,000 years, McCLATCHY DC BUREA (Apr. 24, 2016), https://www.mcclatchydc.com/news/
nation-world/world/article73405857 . html.

9t Behnam Taebi & Sabine Roeser eds, THE ETHICS OF NUCLEAR ENERGY (Cambridge Uni-
versity Press 2015).

92 See Stephen M. Gardiner, The Need for a Public "Explosion" in the Ethics of Radio-
logical Protection, Especially for Nuclear Power, THE ETHICS OF NUCLEAR ENERGY 87-118
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opinions of all who are potentially affected by a decision on the location of
a nuclear power plant or nuclear waste depository must be respected.

But there is nothing unique to the nuclear power industry in this regard.
Exactly the same kind of insensitivity and indifference is encountered in
every industry, as evidenced by disasters like the 2008 coal ash spill at the
Tennessee Valley Authority’s Kingston Steam Plant that unleashed more
than a billion gallons of highly toxic fly ash slurry, destroying homes,
farms, and the lives of some 30 clean-up workers.?> Any form of large-scale
power generation will raise the same questions. If anything, the problem
could be much worse with solar and wind, for, as we saw above, the land
use needs for dramatically expanded solar and wind power are immense.
While they do not produce waste on the scale of a coal-fired power plant,
there are toxic materials in those solar panels, and significant toxic waste
is generated in their manufacture. Currently, we do not reprocess and re-
cycle that waste, instead mostly just shipping it to less developed parts of
the world and hoping, against the evidence, that it will be dealt with
safely.’* A big problem with wind farms, aside from the huge amount of
land they require, is their aesthetic impact on the environment. Owners of
the land where towers are sited are compensated usually with annual pay-
ments, either a fixed rent or a fixed rate based on the power produced.
Neighbors are not compensated. There are also growing expressions of
concern about impacts on wildlife.?

While nuclear and other forms of power production are on par regard-
ing social and environmental justice issues such as siting and waste dis-
posal, one might argue that nuclear poses unique challenges of intergener-
ational justice, for the obvious reason that nuclear waste can remain a haz-
ard for 100,000 years or more. When we start burying nuclear waste at the
Onkalo facility in Finland, we will be imposing risks and obligations on gen-
erations to come. Can we even imagine the task of securing and monitoring

(Behnam Taebi & Sabine Roeser eds., 2015); Pius Kriitli et al., Distributive Versus Proce-
dural Justice in Nuclear Waste Repository Siting, THE ETHICS OF NUCLEAR ENERGY 119-40
(Behnam Taebi & Sabine Roeser eds., 2015); Bindu Panikkar & Ronald Sandler, Nuclear
Energy, Justice, and Power: the Case of the Pilgrim Nuclear Power Station License Re-
newal, THEETHICS OF NUCLEAR ENERGY 141-56 (Behnam Taebi & Sabine Roeser eds., 2015).

9 Joel K. Bourne, Jr., Coal’s Other Dark Side: Toxic Ash That Can Poison Water and
People, NAT'L GEOGRAPHIC (Feb. 19, 2019), https://www.nationalgeographic.com/
environment/2019/02/coal-other-dark-side-toxic-ash/.

9% SeeMichael Schellenberger, If Solar Panels Are So Clean, Why Do They Produce So
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these sites for, say, 5,000 years? It seems at first glance as if it were the
height of arrogance and the callous disregard of the interests of unborn gen-
erations to do this.

But consider again that we cannot pose the question of intergenera-
tional justice about nuclear power alone. These are also comparative ques-
tions. Viewed through that lens, nuclear power might appear more re-
spectful of the rights and interests of future generations. Nuclear waste,
for all of the risks it poses, decays over time. The toxic stew in the oceans
of fly ash slurry adjacent to coal-fired power plants all around the world will
remain toxic forever. This is a crucial difference between many forms of
chemical toxicity and radiological toxicity. The same is true of the chemical
toxins associated with the production and disposal of solar panels. One re-
cent study claims to show that photovoltaic solar panels produce three hun-
dred times more waste (measured by volume), per unit energy generated,
than does nuclear.?® While some chemical toxins are eventually broken
down naturally, by sunlight, water, bacteria, and other processes, many of
the worst, including heavy metals, are not. Lead today is lead 1,000,000
years from now. They remain toxic forever. And, yet, we virtually never
hear of this toxic burden being represented as a problem of intergenera-
tional justice. Why not?

Of course, the single biggest problem of intergenerational justice is that
of climate change itself. If we do not take drastic action within the next few
decades, we will bequeath to our descendants a planet far less hospitable to
human life and civilization than it is today. If rapid decarbonization of the
energy economy through expanded use of nuclear power is the only guar-
anteed route to a carbon-free energy economy by 2065, and we forego that
option then our generation will have committed a crime of intergenera-
tional injustice far larger than any that can otherwise be imagined.

VIII. THE CONSEQUENTIALIST ARGUMENT FOR NUCLEAR POWER

The two most helpful theoretical frameworks for an ethical evaluation
of nuclear power are consequentialism and virtue ethics. Knowingly or not,
almost everyone defaults to the consequentialist framework, so let us begin
a summary evaluation there.

The key idea in the consequentialist framework is that one judges the
comparative morality of various possible alternative courses of action by
determining which maximizes human happiness and minimizes human suf-
fering. It is a seemingly simple and straightforward mode of assessment

9 SeeJemin Desai & Mark Nelson, Are We Headed for a Solar Waste Crisis?, ENVTL.
PROGRESS (June 21, 2017), http://environmentalprogress.org/big-news/2017/6/21/are-
we-headed-for-a-solar-waste-crisis.
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employed in everyday moral judgments of relatively minor consequence
and, in a more formalized way, in all cost-benefit analyses. There are fa-
mous challenges to consequentialism, such as whether it is possible to
measure all forms of happiness and suffering with a single metric, as when,
in many cost-benefit analyses, one assigns a dollar value to lives lost or
saved. Two of the classic challenges loom especially large in the case of cli-
mate change. The philosopher Stephen Gardiner dubs them the “spatial”
and the “temporal” problems.” The spatial problem is whether the happi-
ness or suffering of all people everywhere counts equally, or do we rightly
attach more weight to the happiness and suffering of those nearer and
dearer to us. The temporal problem is this: How far out in time do we ex-
tend the calculation? Do we consider only those living today? What about
the happiness and suffering of unborn generations or generations that
might not be born because of the decisions we make today? This is a very
serious problem, because, if we extend the calculation far enough into the
future, then the sheer number of people who will likely come after us will
so overwhelm the population of the Earth today as to render our happiness
and suffering relatively meaningless in the calculation. That cannot be
right. Is there a reasonable and objective way to discount future harms and
goods based on the time elapsed from the present?

In spite of these problems, most of us think in consequentialist terms,
so, again, let us start there. The argument to this point has been that the
only guaranteed way to decarbonize our energy economy by 2065 and so
preserve for future generations a modestly habitable planet is through the
rapid expansion of nuclear power. Solar and wind cannot do it. CO; capture
and sequestration is little more than a technological dream at present. In-
creased energy efficiency and reduced consumption cannot free up the
green energy necessary both to replace fossil fuels and provide the energy
needed to give the billions of people in the developing world the standard
of living that is their due. The consequentialist calculation seems, then,
obvious. Only the most rapid possible expansion of nuclear power can guar-
antee a world in which future generations can flourish rather than languish
or die. Yes, it is really that simple. Go the nuclear route now or condemn
future generations to death or a miserable existence.

IX. THE ARGUMENT FROM VIRTUE
Still, as noted, the consequentialist framework has its limits. How else

might we assay the argument for nuclear power? An ever more important
alternative to consequentialism is virtue ethics. As old as Aristotle, virtue

97 STEPHEN M. GARDINER, A PERFECT MORAL STORM: THE ETHICAL TRAGEDY OF CLIMATE CHANGE
(2011).
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ethics enjoyed a rebirth in the late twentieth century following the publica-
tion in 1981 of Alasdair MacIntyre’s seminal book, Affer Virtue.’® 1t is, to-
day, ever more widely employed in technology ethics.?

Virtue ethics departs radically from consequentialism by asking, first,
not about the moral character of the act, but instead about the moral char-
acter of the actor. It defines character as a set of virtues, each virtue being
understood as a settled habit of action oriented toward a good. Many dif-
ferent virtues are found in the character of a genuinely virtuous individual,
among them justice, temperance, mutual respect, charity, benevolence,
fortitude, forbearance, prudence, and wisdom. Several of these might in-
cline one to seriously consider the promotion of nuclear energy as the opti-
mal route to a happy climate future. But, given the complicated and highly
contested argument space in which these issues are being thrashed out,
perhaps the most relevant is that form of individual and collective, intellec-
tual and moral courage that is required to venture reasonable risk in the
face of sometimes intense opposition to a still not widely popular plan of
action.

To each virtue there correspond two vices, one the excess of the virtue,
the other the defect of the virtue. In the case of courage, the vices are rash-
ness and timidity. The rash individual rushes ahead, heedless of risk. The
timid individual so exaggerates risk as to paralyze action. One might say of
the critics of green nuclear energy that they err on the side of timidity.
They would respond by saying that they exhibit the virtue of prudence, or
warranted caution, which is, of course, a virtue. The vice of rashness and
the vice of timidity both court disaster. The moral challenge, from the vir-
tue ethics point of view, is to find the appropriate median between rashness
and timidity. The argument of this essay suggests that the aggressive ex-
pansion of nuclear power, mindful always of risk and due precaution, is the
properly courageous response to the challenge of anthropogenic climate
change.

98 ALASDAIR MACINTYRE, AFTER VIRTUE (3d. ed. 2007).
99 See SHANNON VALLOR, TECHNOLOGY AND THE VIRTUES: A PHILOSOPHICAL GUIDE TO A FUTURE
WORTH WANTING (2016).



