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Nuclear energy is clean, safe and reliable, and should be considered
alongside other sources as a clean energy source. It has an excellent track

350 Colorado

For . . . . .
record, does not require any new inventions or discoveries and can
themself contribute significantly to our efforts to replace polluting energy sources
with clean ones, and to provide more energy to parts of our world that
need it.
We should not let semantics prevent us from using one of the most
powerful tools in our clean energy toolbox. Please support this legislation.
Gina Hardin Nuclear Energy is still far from "clean energy."
Against In fact, (1) it's so dirty that no one wants the waste in their vicinity. Hence,

decades of trying to establish a permanent waste dump have remained
unsuccessful. Hence, the waste is still stored in wholly inadequate facilities,
with no solution in sight.

(2) the mining of uranium has been an environmental disaster for the
communities that have hosted it.
https://www.ncbi.nlm.nih.gov/books/NBK201047

https://www.epa.gov/radtown/radioactive-waste-uranium-mining-and-
milling

https://www.vdh.virginia.gov/radiological-health/indoor-radon-
program/health-effects

(3) And, of course, we've already had enough experience with meltdowns
to know that it permanently poisons land and water to the extent that it
destroys huge areas from human and animal habitation and production.
For example, Fukishima is still leaking and is impacting California waters.
No people can live in the area; no farms; no animals. Poisoned water. It
can't get much dirtier than that! The accelerating number of catastrophic
weather events, makes disasters like Fukushima, all the more likely.
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Calling it clean does not make it so! Until nuclear energy can be proven to
be clean and safe, it would be farcical, let alone catastrophic, to call it and
treat it, as if were so.

Vote against SB23-079 as if human and animal lives, land and water
depended on it. They do.
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Remarks of William B. DeOreo, M.S., P.E. on SB23-(G79

Dear members of the transportation and energy committee, my name is William DeOreo
" and I have been a practicing professional engineer in Colorado since I graduated from the

University of Colorado in 1978. My areas of experience are water and energy.

I think we can all agree that two of the main functions of government are keeping the
~water flowing and the lights on. Energy plays a critical role in determining the standard of

living of our citizens, and if we have shortages of affordable energy people will suffer.

The question before us today is if we should classify nuclear power reactors as “clean

energy”. I believe the answer to that question is a resounding YES, for the following reasons.

1. Nuclear reéctors do not generate CO2 or other noxious air pollutants. If you want to
move towards a net-zero energy economy, I believe you have to include nuclear
power.

2. There are many types of nuclear reactors available today ranging from large gigawatt-
scale, to the small modular reactors being developed by several vendors that generate
in the kilowatt range. All of them have one thing in common: whatever waste they
generate is contained in the reactor or in sealed containeré on the site. Their wastes are
not spread out over the land.

- 3. New reactor designs are coming on-line which will generate even less waste than the
earlier designs because of the increased efficiency with which they use their fuel.

4. Nuclear energy does not require gas, coal or oil back up systems, all of which emit |

large amounts of CO2 and other worse pollutants.



Comments on SB 23-079

5. When life ‘c‘ycles are considered, wind and solar systems generate far more waste than
nuclear plants. Think of the millions of waste solar panels that will have to be
disposed of and the thousands of windmills that will have to be dealt with. Many have
already found their way to landfills.

6. Thave passed out a paper I wrote explaining what a Thorium breeder reactor is. This
device, which was invented at the Oak Ridge National Laboratory in the i960’s uses
the element Thorium as is source of fuel, and it breeds new fuel during the reac{ion
process, making is a renewable energy source as well. This is an examplé of an
advanced design that could power the country for generations.

" 7. Our current energy plans will have to rely on natural gas as the backup energy supply
whenever the weather conditions make wind and solar ﬁnavailable. Using natural gas
for power ge;neration is like using champagne to wash your dishes.

8. Burning natural gas emits both C02 and radiation in the form of radon gas. A large
natural gaé plant will emit more radiation than a comparable nuclear plant.

9. The price of natural gas is volatile and in times of shortages it can become prohibitive,
as happened in Texas a couple of years ago during that polar freeze event. Nuclear
plants are immune to these Vicissit\udes.

10.Wind and solar take up huge amounts of land and destroy habitat for wildlife.

Windmills kill millions of birds every year. Both wind and solar inte}‘feré with

agriculture.
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11.Nuclear plants can be installed at éxisting fossil fuel station and can use existing the
grid. The current Xcel energy plan requires construction of hundreds of miles of new
transmission lines and thousands of acres of land.

12.The heat from nuclear reactors can be used to purify and desalinate water through

distillation,

So, in summary, keep in mind that nuclear power stations have three main advantages:
they are a zero-emission source, they have a small land footprint and they produce minimal
-~ waste. I urge you to pass this legislation for consideration by the house.
William B. DeOreo
3030 15™ Street
Boulder, CO 80304

303-859-4997
bill@aquacraft.com
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Thorium Briefing Paper
Summary

The United States is at a crossroads. Our old energy technologies are no longer viable,
and we need to find replacements that are reliable, safe, economical, and carbon free. We are
also reaching the limit of high quality potable water that can be delivered in a way that does not
add to the carbon footprint. In one of the great ironies of history, a big part of the answer to this
dilemma could be a return to nuclear power, using the element Thorium in advanced nuclear
power plants call Thorium breeder reactors,

Thorium is the most energy dense material on Earth. It is over 400 times more energy
dense than Uranium' and millions of times more dense than coal, gas or oil. The best use of
Thorium appears to be in a reactor called a Liquid Fluoride Thorium Reactor (LFTRs), wh1ch are
Thorium breeders. These reactors can generate electricity and purify water using waste heat', and
provide heat for a wide range of industrial processes. . Because they are breeder reactors they
generate new fuel as they consume old fuel, so their life'spans are indefinite.

LFTRs do not use pressurized water for transfernng heat from the core. This allows them
to operate at atmospheric pressure thus ehrmnatmg the biggest source of danger in conventional
reactors...high pressure water that can flash to steam. In addition, LFTRs do not use solid fuel,
so they can be operated on a continuous basis. They do not generate significant amounts of high
level radioactive wastes, which makes them safe from ‘a nuclear weapons proliferation
standpoint. Their low waste productlon occurs because: they consume over 99% of their fuel,
compared to less than 1% consumption i in a conventional reactor.

From a water resources perspective LFTRs can be comblned with power turbines and the
waste heat from the power plants can be: directed’ to. thermal “desalination systems to generate
fresh water. A single plant therefore, located in an.a-semi-arid area, such as Denver, could
generate both electricity 'and water from local resources (South Platte return flows) in a
sustainable and environmentally friendly manner, .

Here are some items that United States and States should do to foster this revolution.

I. U.S. must take a lead role i in development of advanced nuclear power reactors.

2. Congress needs to fund development ofa demonstration LFTR" breeder, and then leave it to
industry to commermahze these reactors. ‘This was attempted by the U.S. Senate in the
Thorium Energy Independence and Security Act of 2009.

3. Decision makers and the public need to be educated about this technology so that misplaced
fears do not block its development.

4. An honest assessment of the risks nuclear power versus water and energy shortages needs to
be made and put before the public. Each year hundreds of thousands of people die from
hunger, sickness, water shortages pollution and other conditions tied to shortages of water
and power.

5. Demonstration thermal desahnauon systems need to be built in conjunction with existing gas
turbine plants so that U.S. experience in their construction and operation can be obtained.

Keep Reading for More Details

" A typical power plant will only be able to convert around 40% of the thermal energy generated by the core into
electrical energy. Most of the difference is waste heat that needs to be rejected. Using a thermal distillation system
this heat can be converted into distilled water suitable for potable uses rather than simply heating up the atmosphere.
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Introduction

As water engineers we know that civilization depends on having plentiful and economic
supplies of fresh water for municipal, agricultural, commercial and industrial uses. These
supplies must often be pumped to their point of use. Arguments have been made that a
contributing factor to the fall of Rome was their failure to develop the steam engine for pumping
water. This failure on their part required continued reliance on increasingly inadequate gravity
supplies, animals, and slave labor. The Romans knew about steam power, but they never leared
how to make a steam engine. If they had, the history of the world would have been different.

Good water management is able to avoid waste, and maximize the percent of available
supplies that get applied to beneficial uses, but no matter how excellent the management
practices, there will need for new freshwater supplies if we are to avoid breakdown of civil order,
such as currently being seen in many parts of the world. I one looks, it can be seen that before
many of these trouble spots burst onto the news they were also experiencing long term drought
and economic dislocations brought about by water and power scarcity.

Collection, treatment, and distribution of water all require energy. Given a good supply
of energy, however, even seawater or polluted brackish water can be converted to potable water
and delivered to its point of use’. The purpose of this paper is to explain that there is a nuclear
technology available that can provide a virtually limitless supply of energy in a safe and
economical fashion. This technology is the Liquid Fluoride Thorium Reactor, or LFTR. These
reactors are vastly different from conventional pressurized light water reactors we are familiar
with.”

Our purpose here is not to prove a point, but to lay out a set of facts as we understand
them based on publicly available sources, with references that will allow the reader to perform
due diligence and explore the subject. The key goal is to make decision makers and interested
citizens aware that this technology exists, so that it can be incorporated into energy and water
planning. It is surprising that in the country that developed atomic power including the first
Liquid Fluoride Thorium Reactor, so few people are aware of its existence, or of its potential to
provide a truly safe, reliable and environmentally benign source of power and water.

Why do We Need Advanced Nuclear Power?

Nuclear power is the only power supply that is carbon neutral and capable of supplying
the large amounts of base energy and water that civilization in the 21% century will need. Wind
and solar may provide energy during periods when these resources are available, but since there
is no way to guarantee that wind and solar will be available at a given moment in time, back-up
capacity is always needed. The preferred source for back-up is currently the natural gas turbine,
but natural gas is not renewable, it emits CO, and radon gas to the atmosphere, and there is no
guarantee that it will be available in the future as the natural gas fracking bubble deflates™. In
fact, burning natural gas to generate electricity is a terrible waste of this resource. Because
Thorium reactors generate as much fuel as they consume they are for practical purposes
renewable resources. Since they do not emit any CO,, they are the only power source, with the
possible exception of large scape hydropower, that can be used for base load that is also carbon
free. Unfortunately, most of the large hydropower sites have already been developed.

3| FPage



Thorium Briefing Paper
What is Thorium?

Thorium is element number 90 on the periodic table. It is an actinide metal with some
remarkable properties. It is also the most energy dense substance on the planet, more than 400
times as energy dense as Uranium. The average American’s annual energy needs could be
supplied by ~4 grams (0.15 oz.) of Thorium. Thorium is generally found as a bye-product of
rare earth mining, so it can be obtained without developing new mines.

Thorium is only very slightly radioactive. Its half-life, the time required for half of it to
decay is 2.4 billion years. The time it would take for a sample of Thorium to decay to the point
where it was no longer radioactive would be ~14 billion years, or about the age of the universe.
The long half-life is a measure of the low rate at which. Thorium emits radiation. Really
dangerous radioactive substances have very low half~11ves whlch mean that they emit very high
levels of radioactivity over short periods of time. =

Thorium is a fertile element, not a fissile one ThlS means that Thorium, by itself will
never undergo nuclear fission, no matter how rnuch of it is compressed into a volume. This
makes is an inherently safe material that has no praetrcal weapons uses Thorium is not water
soluble, and cannot be metabolized. -

When Thorium is exposed to neuiron radiatron however, it transforms into Uranium 233,
which is a fissile material, but one which then decays:into short Tived fission by-products without
yielding Plutonium 239, or any significant amounts ‘of : the other highly toxic transuranic by-
products such as Neptunium, Americium, Curium etc. These are the long lived, toxic substances
that require geologic isolation and are the bye products of current highly inefficient light water
reactors. '

Thorium, as part. of :the. Thonum Uramum233 fuel cycle IS the source of most of the
geological energy that; keeps the core and mantle of pianet Rarth hot and active.

The fact that Thonum generates Uramungg ‘when exposed to neutrons means that it can
serve as a breeder of new fuel. This'new fuel can be fed back into the system to keep it running
indefinitely, All Thorium has this abrhty, not just’a small fraction as is the case with Uranium.
This makes Thorrum a renewable resource for a]l practlcai purposes, and allows electricity to be
generated by “burning rocks”. .

Thorium is plentiful Tt makes up approxrmateiy 10-20 ppm of the crust of the earth, and
is found world wide. The U:S. has estimates supplies of 595,000 tons of known reserves'",
Much of this" s buned in contamers in Nevada having been by-products of rare earth mining
activities. -

Thorium is often produced as a by-product of mining rare earth minerals, which are
essential raw materials for modern economies. Currently, this is a problem for U.S. rare earth
miners, since there is no current use for the Thorium, and regulations require that it be treated as
a hazardous substance. Hence U.S. miners cannot economically produce rare earth minerals,
which leaves the U.S. at the mercy of China for its supplies, but this is another story.

In 1942, when Glen Seaborg and his graduate students, while working at the Lawrence
Cyclotron laboratory in Berkeley, CA, discovered that Thorium would generate fissile Up; when
exposed to neutrons, and that when Us,s; fissioned it also generated more than 2.3 additional
neutrons per fission reaction, he described this as a $50 quadrillion discovery, since he saw that
the Thorium-Uranium cycle represented an essentially limitless energy source.

According to the published reports, with 5000 tons of Thorium/year as fuel the United
States could generate its entire energy requirements, and replace:

e 65,000 tons of Uranium
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¢ 5 billion tons of coal
* 31 billion barrels of oil and
¢ 5 trillion cubic feet of natural gas
This would be true carbon free energy independence, and the fossil fuels could then be
used as feed materials for industry, agriculture and medicine.

How does the Molten Salt Thorium Reactor Work and What Makes it Better

than Conventional Light Water Reactors?

There are several reactor designs that use the Thorium-Uranium cycle, but one with the
most long term promise seems to be the Liquid Fluoride Thorium Reactor or LFTR, or “lifter”,
which is being actively pursued by several companies and governments around the world, but is
still some years away from production. The LFTR is the reactor that is causing the greatest
amount of interest, to us, in the so-called nuclear renaissance.

The LFTR was conceived of by Eugene Wigner and developed by Alvin Weinberg and
H.G. MacPherson at the Oak Ridge National Laboratory (ORNL) at the time. This occurred
during the period from 1955 and 1973.

Weinberg was also the inventor of the conventional
Uranium-Plutonium pressurize light water reactor, but he
advocated switching from this technology to the LFTR for
production of commercial power. This put him at odds with
Admiral Hymen Rickover, who wanted pressurized water
reactors for naval propulsion and also advocated the Uranium-
Plutonium reactors because they provided a source of
Plutonium for manufacturing nuclear weapons. While
something of an over-simplification, the need to generate
weapons during the cold war was a major factor in the decision
to pursue the Uranium-Plutonium reactor and drop the
Thorium-Uranium cycle.

A liquid fluoride thorium breeder reactor of the kind
we are considering here can be thought of as a reactor in
which the nuclear fuel is dissolved in a high temperature salt so that the fuel/salt mixture can be
pumped between the reactor core and a heat exchanger. The melted salt is almost colorless and
only slightly more viscous than water. The reactor core is designed so that this is the only portion
of the system in which the fuel reaches a state of criticality sufficient to sustain a nuclear
reaction. Once the fuel mixture leaves the reactor core it stops being critical and the nuclear
reactions cease.

The preferred salt mixture for the Thorium breeder, according to the advocates for this
design, consists of Lithium, and Fluorine, with a small amount of Beryllium. Figure 2 shows a
simple schematic of how a breeding LFTR works. This version of the reactor consists of two
streams of liquid salt: one, shown on the right side of the diagram, between the core of the
reactor and the heat exchanger and the other, on the left side, between the Thorium blanket and
the system that separates the Upss that is generated in the core, via a simple oxidation/reduction
chemical process. This new Uass is fed back into the core providing fuel for the reaction. As
long as new Thorium is fed into the blanket the reaction will sustain itself indefinitely. Another

Figure 1: Alvin Weinberg
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nice thing about these reactors is that they can also be fed Plutonium from decommissioned
warheads or high level wastes from conventional reactors and “burn” it to a safe state.

The second part of the flow stream consists of the transfer of the core salts to a heat
exchanger, which will generate hot gases, such as supercritical CO, for electric generation,
industrial processes, or, of special interest to water engineers, water treatment, including thermal
de-salination, and pumping. Because Thorium reactors operate at high temperatures they
provide enough heat to both generate electricity and to supply waste heat to thermal desalination
plants.

Conventional reactors run on solid fuel rods. These reactors must be shut down
approximately every 18 months so that the old fuel can be removed and new fuel inserted into
the core. The reason this is such a short period is that the sol1d fuels collect impurities (such as
Xenon gas) which poison the nuclear reaction. In a LFTR the fuel is a liquid, so it can be
processed continuously in a chemical separation fac1hty and the impurities and other fission by-
products can be extracted for sale. This allows the LFTR to opcrate as a conlinuous process
rather than a batch reactor. It also means that __the Thorium fuel .can be much more fully
consumed than in a conventional reactor. A LFTR uses over 99% of the energy in the supplied
fuel, while a conventional reactor uses less than’ 1% of its fuel, leavmg the other 99% behind as

high level waste.

Uss3 Recycled from blanket to core B 1 Heat and reaction by-products transferred out of system.
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Figure 2: Simple schematic of a LFTR

Here are the advantages of a LFTR over a light water reactor (LWR),

1. A LFTR uses salt as its cooling agent, not water. The salt of choice (a mixture or
Flouride, Lithium and Berylium) melts at 400 °C and boils at 1400 °C

2. LFTRs do not require water for cooling, but rather can be used to purify water
through co-generation. This means they can be put in water scare areas such as
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10.

11.

12.

13.

14.

Southern California or Denver and used to generate power and fresh water from the
ocean or polluted surface supplies.

Because the coolant is liquid at the operating temperature of the reactor it does not
need to be pressurized. Tt operates a ~1 atmosphere of pressure. No pressure: no need
for a major containment vessel.

The MSR will consume 99+% of its fuel, compared to less than 1% consumption in a
LWR.

Thorium power plants can be built in a factory and shipped to existing power plant
sites, so the existing sites can be used, and there is no need to lay out a new grid.

A LFTR can be “seeded” with U,ss or PUsse, and once operating can consume spent
uranium fuel from LWRs. The U.S. Currently has over 70,000 tons of spent fuel rods
stored at reactors around the county. This is a way to eliminate this waste that also
generates power and water.

A LFTR does not produce more than trace levels of high level transuranic wastes; it
consumes them in the reaction yielding only low level or short half-life fission
products, many of which are valuable. Most of the high level waste they generate is in
the form of PUszs, which is a valuable isotope used for thermal power generation.

So, not only do LFTRs not create high level wastes, they can consume existing
stockpiles of high level wastes, thus solving the “Yucca Mountain problem.”

LETRs do not yield weapons materials. The products of a LFTR cannot be turned
into nuclear weapons (at least not in a practical manner). This is at least part of the
reason why they were rejected by the Department of Energy in the 1970’s in favor of
the Fast Breeder Plutonium Reactors.

The LFTR is an inherently safe system: it is walk-away safe. H the reactor becomes
disconnected from grid, for example in an earthquake, flood, or tsunami it will simply
shut itself down and go dormant. Tt cannot melt, since it is already liquid; it cannot
boil, since it can’t get hot enough to boil. The liquid in the system will simply dramn
to a special storage tank where is will cease being reactive and will slowly cool down.
Once the emergency is over, the material can be re-melted and the reaction started
again.

If the Fukushima reactors” had been LFTRs they simply would have gone dormant
until the flood was over, and then could have been restarted once the cleanup was
completed. There would have been no hydrogen explosions or venting of radioactive
elements to the atmosphere, which would all have been safely contained in the salt
solution, which bind strongly to elements such a iodine, cesium and strontium.

LFTRs can generate high temperature gas, which can be coupled to a gas turbine for
generating electricity. The waste heat can then be used for a range of industrial
processes, one being thermal desalination of brackish or sea water.

The fact that MSRs can operate without water for either cooling or energy generation
makes them ideal for locations that are short of water. The fact that they can be used
to treat and distribute potable water makes them essential for supplying the future
water needs of humans on earth.

The United States had an operating LFTR at Oak Ridge for nearly 5 years, so the
technology is not merely theoretical.

? These were GE BWR Mark 1 plants that were built in the 1970"s using designs from the 50’s and 60’s.
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If LFTRs are so Good, Why Don’t We Have Any?

The main reason why there are no working LFTRs in the United States, or elsewhere, is
that this technology was abandoned by the Department of Energy during the Nixon
administration in favor of the Fast Breeder Reactor, which used the Uranium-Plutonium fuel
cycle that was familiar to the industry. The Thorium reactor did not generate passionate support
in the Atomic Energy Commission, despite its advantages for civilian power production. One
reason for this lack of interest was that it did not generate Plutonium, which was needed for
weapons production. Also, at the time there was an abundant supply of cheap coal, and the
impacts on the atmosphere and oceans of burning coal were not generally understood.

Once the decision was made to go forward with the Uranium-Plutonium cycle, the major
industrial companies, such as General Electric and Westlnghouse came to understand the light
water reactors, and made enormous investments in them. Given these investments there was a
natural tendency to want to stay with what was known rather than develop a radically different
approach such as the LFTR, especially when coal was so cheap that there was little incentive for
a new nuclear power reactor technology. i

The driving force in nuclear reactor des1g11 after the Second Woﬂd War was the desire of
the U.S. Navy to have a reactor that would drive. nuclear submarines, armed with atomic
warheads. The pressurized light water reactor worked: fo__r_ this, and was quickly adopted by the
Navy. Once it was developed and the manufacturers became familiar with its operation it was
then used as the basis for the commercml power reactors.” This was done despite the many
drawbacks of pressurized hght water reactors and thelr fundamental unsultabihty for commercial
power generation. R : ek

During the 1960’5 the hquld salt Thonum reactor contmued to be developed as an
experimental demonstration of the technology at Oak Ridge. The team headed by Alvin
Weinberg and H.G. MacPherson bullt a test reactor that operated successfully for ~five years,
and proved that the Thorium reactor. ‘was practlcal For a number of reasons, including both
getting jobs for Southern Cahforma and ‘generation of Plutonium for nuclear weapons, the
Thorium reactor work at_Oak Rldge was cancelled in 1973 in favor of the Fast Plutonium
Breeder Reactor. This reactor design, which was cooled by liquid sodium, generated Plutonium
from Usjag much as the Thouum reactor: generatcd Uazss from Thoriumoss in its cycle. Uraniumaas
is fissile, but has no practlcai weapons uses, while the Plutoniumssg is directly useful for
construction of atomic weapons. {(Although proponents of the Fast Breeder Reactors argue that
getting Plutonium from a Fast Breeder Reactor is next to impossible. yi

After the Thorium program was cancelled efforts to build a Fast Plutonium Breeder
Reactor continued, but these were ill-fated, and while a successful demonstration reactor was
built in Idaho, no commercial reactor was ever built. The entire program was finally cancelled
under the Clinton administration. Since then there has been little innovation and no
fundamentally new breakthroughs in nuclear reactor design in the United States.

Why Are Things Different Now?

Things are fundamentally different now for several reasons. First, it is generally
understood that we cannot continue to burn fossil fuels for electrical generation. Between global
warming and ocean amdiflcatlon the continued burning of fossil fuels is threatening to destroy
the planet’s life support system.” This means that not only do we need to not build any new coal
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or gas fired power plants, but we have to replace the existing inventory of both coal and gas
plants with non-carbon based alternatives. This is a huge undertaking.

Second, there is simply not enough wind, solar or hydropower sources of energy
available to meet the need for this new power. While natural gas supplies are currently large this
is probably a short term effect of the fracking bubble, and cannot be counted on to continue.

Third, the existing fleet of first generation nuclear plants, which supply nearly 20% of the
electricity generated in the U.S. are at the end of their economical lives, and they will start being
retired over the coming years.

Fourth, the fundamental design flaws of the pressurized light water reactors are too clear
to ignore. Three Mile Island, Chernobyl and Fukushima are all examples of these shortcomings.
Relying on this technology is not an option. They are inherently unstable (operating at 70
atmospheres or more of pressure), highly inefficient (using less than 1% of the energy in their
fuel), unsafe in emergencies (see Fukushima), and generate large volumes of highly toxic
transuranic wastes.

Meanwhile, the need for energy continues and grows. We have a huge amount of
investment to do just to stay in the same place with respect to energy. In order to supply the new
population with energy, and the people in the world that have no access to energy will require
that much more.

This combination of conditions puts humanity in a terrible dilemma. All of the old
sources of energy are untenable, while the demand for energy grows. This is the kind of crisis
that tends to focus the mind, and may allow us to take the bold steps needed to transform our
entire energy economy from fossil fuels to a combination of the advanced nuclear plus whatever
wind, solar, geothermal and hydropower can be generated. We simply have no alternative. Wind
and solar are too intermittent and diffuse, and nuclear fusion is still decades from development,
and there is no guarantee that the obstacles to its success can be overcome.

What Should Be Done?

The first thing that needs to be done is that we all have to educate ourselves better about
this issue. We have to learn the history of the development of nuclear power to the extent we
understand the basic differences between the Molten Salt Reactors, Fast Breeder Reactors and
the conventional Light Water Reactors. Viewing the 10 videos on the Thorium remix web site
is a good place to start, and then reading the books, such as Richard Martin’s book, “Super
Fuel”, Alvin Weinberg’s autobiography and the other books in the reference list could follow.
Each of these sources contains other references, which the motivated readers could follow.

We have to disenthrall ourselves from the notion that renewables like wind and solar can
replace the existing inventory of fossil fueled and old nuclear plants. They can help reduce fuel
requirements, but they cannot replace the entire existing power system.

If we cannot rely on wind and solar, and must retire our existing power plants then we
have to launch a major program to pick up where the Oak Ridge team left off in 1973 and build a
new demonstration liquid fluoride Thorium breeder reactor.® Some speak of this as a new
Manhattan Project, but this is nothing like a Manhattan project, since most of the fundamental
work has already been done, and all we need to do now is the engineering. This is a large and
challenging task, but not on the scale of either the Manhattan project, or the Apollo Program, for
that matter.

Such a development process could easily be funded from carbon taxes, collecting
royalties on oil and gas drilling, or by reallocating part of NASA’s budget. (There is no way to
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ever colonize space without nuclear reactors, so NASA is a logical agency to take a lead in their
development.) The Army could use these reactors for powering remote bases, and the U.S.
Agency for International Development could use them to assist countries in need to water and
power. (Since they have no weapons proliferation potential this technology can be safely
exported.)

The U.S. government needs to set up a system for collecting Thorium from rare earth
mines, refining and storing it, and making it available to the Thorium reactor industry. This will
free up both the rare earth mining industry and provide the essential fuel stock for the Thorium
energy economy.

Utilities must shed their complacency on the matter of new energy productlon They
cannot continue to rely on natural gas as an alternative to coal: Once natural gas prices start to
rise, as they most certainly will, the cost of electricity may become prohibitive.

It is estimated that small Thorium reactors can b_e_assembled in factories, much as Boeing
or Airbus currently assembles jet airliners. They can be trucked or barged to the power plants
and assembled. This theory needs to be tested.. If it proves possible then the construction of
these units can be standardized and the process can be scaled up. I Boeing can build 1 airliner
per day then perhaps one LFTR per day could be built. At 250 MW per teactor this represents
approximately 100 GW of electrical power generauon per year that could be brought on-line. At
this rate the entire 1000 GW generating capacity of the: Country could be replaced in 10 years.

Consumers of electricity and envnenmentahsts must demand that new generation nuclear
power reactors, such as the LFTR, be' developed and used to replace the existing fossil fuel and
obsolete nuclear reactors. If we do not do this we have to consider the massive dislocations,
social breakdown, wars and famines that are bound to occur as’ ‘the energy and water systems
gradually unravel, and as the contmued use of carbon based energy sources destroys the
atmosphere and the oceans :

Without energy, it will be 1mpos‘a1b1e to do all of the thmgs that are necessary to supply
civilization with potable water. With shortages for both water and power many portions of the
earth will become. umnhabltable, but,; 'with a good supply of energy any site with access to even
polluted or- saline- water supphes can be made. most comfortable®.

Compare the economies of: the Gulf Emirates, which have abundant energy supplies and
use these to manufacture drmklng water by thermal desalination, and have a peaceful and
thriving economy, to places like Syria and Yemen, with very poor energy supplies and chronic
water shortages, and total breakdowns in civil society. The decision is ours to make.

The Ex__ae_rgylwater Connection: Thermal Desalination

Energy and water ‘are ‘inextricably bound together. Tt takes energy to produce and
transport water, but the inverse is also true: given a large and reliable source of energy it is
possible to turn even seawater or polluted water in high quality drinking water, and deliver it to
where it is needed. The general opinion, however, is that desalination by any means is too costly
to be practical, and hence desalination is often disregarded as a practical water source. This is a
mistake, since even desalination using reverse osmosis, which requires high grade electrical
energy has become highly efficient, and can be accomplished for approximately 10 kwh/kgal of
produced water. For a typical single family home, that uses 100 kgal/year of potable water for
indoor and outdoor uses, this amounts to an additional 1000 kwh of energy use per year, or
approximately 6% of the average 18,000 kwh/year energy consumption of a typical single family
household in the United States.
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While RO is energy efficient it has its drawbacks. First it does require high grade
electrical power that could either be used for other purposes, or not generated at all. Thermal
desalination uses heat from the reactor or power plant that could not otherwise be used to
generate electricity, and would have to be rejected using cooling towers. This energy is
essentially free.

Secondly, the RO process can only produce water at 1% of the feed water TDS. So using
RO to desalinate seawater, starting at 30,000 ppm salt will produce water that still has
approximately 300 ppm salt, which is rather marginal for domestic use. Desalination, however,
can produce water at around 25 ppm, which is very high quality with respect to dissolved solids
by any standards.

Third, the RO process uses membranes at high pressure which tend to subject to both
chemical fouling and mechanical damage. These can be difficult to diagnose in what amounts to
microscopic level of the membranes. Distillers, however, are large devices that can be easily
inspected. They tend to be more resilient to changes in water conditions.

Energy Requirements for Thermal Distillation

The theoretical energy required to distill water is based on the latent heat of evaporation,
which is 1000 btu/lb of water or 102 MW/MGD of produced water. Reverse osmosis is capable
of producing desalinated water for approximately 5 btu/lb or approximately 10 MW/MGD of
produced water. Given this wide disparity in the theoretical energy requirements, why would
any consideration be given to thermal desalination. As mentioned above: first the energy used
for thermal desalination is waste energy, and secondly, in practice, distillers can be built that use
substantially less energy than the theoretical requirement. The most efficiency distillers can
produce water for between 4 and 15 MW/MGD. It is the combination of the more efficient
distillers with use of heat that would otherwise be wasted that makes thermal desalination
practical.

There are two main types of thermal distillers: multiple stage and multiple effect units. In
both cases the heated source water is fed into a series of tanks, stages, or effects, in which the
pressure is kept lower than atmospheric by evacuation. In the mutli-stage unit, see Figure 3, the
feed water must be heated to above 100 °C prior to passing into the first stage. The vapor from
this water is condensed using the feed seawater as a coolant. The distillate is collected in troughs
above the seawater process water, Process water leaves the first stage and enters the second
where additional water vapor is collected, and so-on. At each stage the process water is cooler,
but the feedwater entering the system is cooler as well, and the vacuum on the system is greater,
which induces evaporation and condensation.

A multiple effect distiller is shown in Figure 4. These are typically the most energy
efficient types of distillers. Notice that the temperature of the vapor in the first chamber, or
effect, is only 60 °C, which means that this type of unit can use the lowest grade heat from a
power plant to generate distilled water. In addition, MED distillers do not require as much
pumped seawater for cooling as do MSF units. This saves significant amount of energy.

A typical lay-out of a power/water cogeneration system is shown in Figure 5. This shows
how the waste heat from a gas turbine plant, which could be using heated gases from a molten
salt reactor, could be used after having passed through both a Brayton cycle turbine and a
Rankine turbine, to generate distilled water in a multipie effect or multiple stage distiller.
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Figure 5: Schematic of gas turbine/distiller co-generation system

hitp://www.sidem-desalination.conven/Process/Cogeneration/ST-and-DP/

Thermal distillation devices require both electrical energy to run pumps and thermal
energy in the form of waste heat. Table 1 shows a summary of the electrical and thermal waste
heat required per MGD of produced distillate. This table shows that if a MED distiller is used as
much as 0.3 MGD of product water could be produced per MW of electrical and thermal energy.
If connected to a 1000 MW, power station this would yield 300 MGD or 109,500 MG/year.
There are many power plants in areas that are short of water, such as Southern California where
thermal distiflation units might be employed to turn waste heat that is currently simply being
rejected to the atmosphere into high quality drinking water. For example, Los Angeles
Department of Water and Power has over 7000 MW of installed electrical generation capacity.
While not all of this is likely to be available for co-generation, if it were, this could yield over
2000 MGD, which greatly exceeds the current average daily output of the City’s water plants,
which is 480 MGD. This would solve both LADWP’s water problem and the problem of how to
cool power plants without damaging the ocean or requiring high cost and high energy water from
the State Water Project.

Table 1: Table of Energy Requirements for thermal desalination with water to power ratios
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End Notes

i This, I believe, is comparing Thorium as used in a breeder reactor to U235 in a conventional
reactor. In the Fast Breeder Reactor (U238 to PL239) a much higher percentage of the Uranium
fuel would be available, and the energy densities of the two materials would be more similar.

“ The wisest course of action might be to fund demonstration reactors using both the Thorium-
Uranium and Uranium-Plutonium processes, and allow industry"‘c'o determine whether one or the
other is the best commercial choice. In the end, both options might be commercialized.

it htps:/sites.google.comysite/rethinkingnuclea owelfalmhl"hfthm ium-energy-security-and-
independence-act-0f-2010 :

¥ The way that this would be done with a LFTR wouid be to use the waste heat from the electric
turbines for thermal distillation of the water thus_.turmng the waste heat into potable water. The
electricity from the power plant would then be used to pump the water to its point of use.

" The LFTR is one of several types of advanced, Generauon IV, reactors that-could be used. All
share the common features of low pressure, high temperamre, -and good fuel efflclency The
LIFT has the advantage of using Thorium as its fuel suppIy and being a breeder reactor, which
means it generates new fuel as part of its operatlon

¥ The view of the contrarian experts is that most of the gas weils developed using hydraulic
fracturing in tight shale formations achieve 50% of their producnon in the first two years, hence
it is necessary to drill large: numbms of new wells snnpiy to maintain current production levels.
If all new well drilling: stopped gas productlon in most of the gas plays would drop by 50% in 1
year. For more on this go to see: .

-http://mises.org/library/fracking- %E2%80%94 new—bubble new-year
-htip://davidstockmanscontracorner. com/this time- 1ts the -same-like-the-housing-mania-the--
subprime- shale—bubblc 1§-10- piam-SIght/ B

-http: //www postcarbon. 01g/wp content!uploads/2014/ 10/Drilling-Deeper PART-1-Exec-
Sum.pdf .

-http: //www postcarbon.or g/wp contentfuplcad';/ZOM/ 10/Drilling-Deeper PART-3-Shale-
Gas.pdf S :

Also, just google “fracking bubble

Vi See: hitp://www, world- nucleat,org/info/Current-and-Future-Generation/Thorium/

"l The scientists and engineers at'the Argonne National Labs have the most experience with Fast
Breeder Reactors, and they__contend that, what is now called the Integrated Fast Reactor does not
pose a proliferation threat because it consumes all of the Plutonium it generates on site, and the
fuel reprocessing is also done on site, which eliminates the dangers of interception during
transport.

* Even if the process of global warming cannot be stopped, development of non-carbon based
energy supplies is an essential part of the adaptation process that must occur if human
civilization is to continue.

* This could be broadened to include development of both breeder reactors: the Molten Salt
Thorium Reactor, and the Fast Breeder Reactor. They use different sources of fuel and would
not compete. The final decision on which to use would depend on which was most practical and
economic to commercialize.
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* This is what could be called terraforming earth. Before we are ready to attempt to colonize
Mars or any other planet we have to master nuclear energy technologies, which will be essential
to support life. In fact, the first order of business for a space colony would be the construction of
a reactor for energy production.
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Testimony for Senate subcommittee hearing SB23-079 defining nuclear energy as clean energy

Madam Chair Winter, Committee members, thank you for the opportunity to testify today. My name is
Dr. Mike Fox. | am a retired Emeritus Professor of Environmental and Radiological Health Sciences at
CSU, but | am representing myself, not CSU. | wrote a book about nuclear power and the environment
and | strongly believe that nuclear power is a critical component of clean energy.

| am also a strong proponent of solar and wind energy, and have a grid-tie solar system on my house, a
stand-alone solar system on my cabin, and will soon have a 3 MW wind turbine on my wife’s farm
property in Kansas. However, wind and solar energy have limitations that ensure they cannot meet all
of our needs for clean energy. They are highly variable throughout the day, from day to day, and from
season to season. Thus, it is necessary to have power available when they are not producing electricity
effectively. Currently, that backup energy often comes from fossil fuels, although hydropower is a major
source of clean energy in some states.

Nuclear power is a proven source of clean, sustainable energy in a number of states, but not Colorado.
Over the entire US, nuclear power has provided approximately 20% of our electricity for the last 30
years. That is in spite of the fact that our electricity needs have increased substantially during that time
and we now have 11 fewer reactors than in 2000. In operation, nuclear power reactors do not produce
carbon dioxide. In the entire life cycle, nuclear power gas greenhouse gas emissions comparable to
wind and hydropower, and less than solar. Thus it qualifies as clean energy.

| have calculated that if the nuclear reactors that exist in the US had instead been coal-fired power
plants, which is what would have been the main alternative back in the 70s and 80s when they were
built, the US would have generated about 32 billion tons more carbon dioxide than it has. That is indeed
clean energy! The other main source of clean energy for electricity production is hydropower, which
produced approximately one-third as much power as nuclear over those years. Wind power surpassed
hydropower in 2019. The latest annual results for 2021 (EIA Monthly Energy Review Nov 2022) show
that wind generated about half as much electricity as nuclear while solar generated about 15% as much.
Clearly, nuclear power has provided the majority of our clean electricity.

Some might argue that nuclear power is too dangerous to be considered clean energy. However, with
an average of over 100 reactors operating in the US since the 1990s, there has only been one major
accident, Three Mile Island in 1979, and no one was killed or injured from that accident. Thus, nuclear
power in the US has a very good safety record, and new generation reactors are intrinsically even safer
by design.

For us to meet the challenges of global climate change, we must use every tool available to reduce
greenhouse gas emissions. It is time to recognize that nuclear is a clean source of energy and is essential
to meet the challenges we face.

Respectfully submitted,

Dr. Mike Fox



James Hopf Testimony on SB 23-079

I’d like to thank the committee for the opportunity to testify today, in favor of SB 23-079. My
name is Jim Hopf, and I’m a member of Generation Atomic, a grassroots organization that
supports nuclear power.

Nuclear power is a clean energy source under any objective definition. Analyses and data, based
on nuclear’s over 60-year operational record, show that nuclear’s public health risks and climate
impacts are negligible compared to those of fossil fuels, are lower than those of biomass and
hydro, and are similar to those of solar and wind.! That includes all the impacts associated with
nuclear power accidents. Nuclear power’s waste is contained and has never harmed anyone.

The European Union has classified nuclear as a clean source, under their clean energy taxonomy,
based on the conclusions of their formal scientific bodies. The EU Joint Research Centre
concluded that nuclear does no more harm to human health or to the environment than other
clean sources such as renewables.> Nuclear also has some advantages that other clean sources
don’t, such as much lower land use and mining impacts.

Not only is there no scientific basis for excluding nuclear from the list of clean power sources,
but its inclusion will be very important. There is a growing consensus among experts that it will
not be practical or affordable to get all our power from intermittent sources. Analyses show that
inclusion of non-intermittent sources like nuclear will significantly reduce the overall cost of a
carbon-free grid, by greatly reducing the amount of electricity storage that will be required.* At
high penetration levels of intermittent sources, the overall cost is dominated by the cost of
storage, which would be required at an extreme scale. Largely for the above reasons, most IPCC
pathways that meet the 1.5 degree warming goal require nuclear power generation to increase by
a factor of three® to six® by 2050. In short, meeting our climate goals will be very difficult
without nuclear power.

Nuclear power is not, and need not be, a partisan issue. There is widespread bipartisan political
support in the US for new nuclear power plants. One example being the Democratic Biden
administration, which very strongly supports nuclear. Also, many nuclear-supportive bills have
passed in recent years, with support from legislators from both parties.

L https://ourworldindata.org/safest-sources-of-
energy#:~:text=Wind%3A%20In%20an%20average%20year,50%20years%20would%20someone%20die.

2 https://snetp.eu/2021/04/07/jrc-concludes-nuclear-does-not-cause-significant-harm/

3 https://www.energy.gov/ne/articles/3-reasons-why-nuclear-clean-and-sustainable

4 https://www.sciencedirect.com/science/article/pii/S2542435118303866

5 chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.oecd-
nea.org/upload/docs/application/pdf/2021-10/nuclear_energy_and_climate_change_-_cop26_flyer.pdf

5 https://unece.org/climate-change/press/international-climate-objectives-will-not-be-met-if-nuclear-power-
excluded



Madam Chair Winter, Vice-Chairman Bridges, and members of the Committee,

My name is Sarah Jensen, and | am a grassroots ambassador for the American Conservation
Coalition Action here in Colorado. | am also a student at the University of Colorado Boulder, where | am
studying for a Master’s in Environmental and Natural Resource Policy. | am testifying in favor of Senate
Bill 23-079 because | believe nuclear energy offers the state of Colorado opportunities, which are crucial
to meeting our climate goals and providing reliable power and economic opportunity to the people of
Colorado.

I grew up in California, and although some herald the state as a climate and clean energy leader, |
disagree. As a young person concerned about climate change and my future, | think we need to
acknowledge California’s mistakes in order to learn from them and do better. The fact is simple,
California’s energy policies have created an unreliable grid that experiences rolling blackouts and bears
some of the highest energy prices in the country. Why? Because they said no to one of the safest, most
reliable, clean energy sources available today, nuclear.

In 2002, California established a Renewable Portfolio Standard, which sets statewide goals for
increasing the percentage of carbon-free energy on the grid and outlines the eligible energy sources that
count towards the state’s clean energy goals. The problem? Nuclear energy was deliberately left off that
list because California decided it was not “good enough.” And instead of embracing the potential of
nuclear as a zero-carbon energy source that can increase grid reliability and reduce emissions, California
chooses to import electricity from out-of-state coal-fired power plants, the most significant contributor to
greenhouse gas emissions.

Despite the anti-nuclear sentiment that dominates environmental discussions across California,
9% of its electricity comes from nuclear. Last year, Governor Newsom overturned a decision to close
Diablo Canyon, the state’s last nuclear reactor, to avoid further power outages and increased emissions
that would have occurred if the reactor had gone offline. Not only does California rely on nuclear for
reliable energy, but it supplies 15% of California’s carbon-free electricity. Without nuclear energy, the
state would be less likely to reach its climate goals. If it was unclear before, it is clear now: nuclear is
essential to providing reliable energy while reducing emissions and must be considered a clean energy
source to meet our climate goals.

I moved to Colorado a few years ago, excited to live and study in such a beautiful state. |
instantly admired the state’s ability to take actionable steps toward a cleaner, brighter future. | do not
want Colorado to make the same mistakes as my home state of California. Senate Bill 23-079, which
classifies nuclear as a clean energy source, is a critical first step in learning from California’s mistakes. In
2021, Colorado still got approximately 40% of its electricity from coal. Fortunately, the Office of Nuclear
Energy recently reported that nuclear power plants could replace 80% of coal power plants in the United
States. Nuclear not only offers Colorado a solution to replacing energy provided by coal but also offers
good-paying jobs and local revenue during a time of economic transition for many communities across
the state. | urge the Committee to support Senate Bill 23-079 to ensure that Colorado can continue
providing affordable, safe, and reliable energy to its citizens while meeting ambitious climate goals.
Thank you for your time.

Sincerely,
Sarah Jensen


https://www.sandiegouniontribune.com/business/energy-green/story/2020-03-03/should-california-count-nuclear-power-count-as-renewable
https://calmatters.org/environment/2022/05/nuclear-power-california/
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-electric-generation
https://calmatters.org/environment/2022/09/diablo-canyon-legislature-california/
https://energy.stanford.edu/news/extending-diablo-canyon-nuclear-plant-would-help-california-meet-its-climate-goals-new-study
https://www.eia.gov/state/print.php?sid=CO#93
https://apple.news/AgnGCl9RxTk-pB0wsq3UuRg

SB23-079 - Nuclear Energy as a Clean Energy Resource
Madam Chair and Members of the Committee,
Thank you for the opportunity to submit written testimony on SB23-079.

I’m testifying on behalf of the Colorado Coalition for a Livable Climate (CCLC), and our 43
member organizations, who voted overwhelmingly to oppose this bill.

Much as we all wish nuclear energy was in fact a clean energy resource, it is not. It carries a
much higher carbon footprint in design and construction than every other form of energy with
the exception of a hydroelectric dam, and Colorado hasn’t approved a new dam in decades.
The concrete alone dwarfs the carbon footprint of the currently planned and deployed options
of solar and wind + battery, and geothermal. Nuclear is not clean.

In addition, according to its many filings with the PUC, Xcel doesn’t need a nuclear reactor to
manage demand, and the people of Pueblo don’t want it. They’d be trading the devil they
know —massive emissions from a coal-fire power plant—for the devil they don’t, because SMR
studies that show more radioactive waste is produced from an SMR than a traditional water-
cooled reactor. That’s not clean.

Furthermore, Colorado is on the brink of becoming the next-gen battery proving ground in the
nation, with SoildPower in Louisville providing solid state batteries to Ford and Audi,
Commerce City pursuing a grant for super-capacitors, Lockheed Martin supplying flow
batteries to the Ft Carson Army base, and Form Energy providing the 1Gw iron-air battery farm
to Xcel’s operations in Pueblo. None of these battery technologies utilize lithium so they
eliminate the concerns about mining, and they’re orders of magnitude cheaper than a nuclear
plant needed only to manage peak demand a few hours of a few days per year. And they’re
being deployed today. They’re actual, real, ready, clean energy tech; SMRs are not.

Xcel wants SMRs because a single plant will add a $4B burden to rate-payers’ bills for the next
40 years. What a deal for them as they’re stranding their ill-conceived coal assets over the next
few years. Solar/wind + battery aren’t the cash cows that coal-fired plants were, and nuclear
plants will be someday. Expensive doesn’t equal clean, or necessary for that matter.

To summarize, comparing nuclear energy to solar/wind/battery is like comparing an elephant to
a dog: they’re both mammals, and they both have four legs and a tail. But | don’t want an
elephant on my furniture, and | don’t have to drive a dump truck down the street every time |
take my dog for a walk! Nuclear energy may not produce carbon after it’s built, but that don’t
make it clean.

Please reject this bill and let other states experiment with uranium so heavily enriched that it
has to be bought from the Russians, like the NuScale demonstration project in WY.

Jan Rose

Legislative Analyst and Spokesperson, (CCLC)
303-653-6068

JanRose212@yahoo.com

Sent by a - proud to take the #LeadOnClimate


https://colivableclimate.org/about-cclc/
https://colivableclimate.org/about-cclc/
https://www.world-nuclear-news.org/Articles/US-regulator-issues-first-ever-SMR-design-approval
https://www.greentechmedia.com/articles/read/xcel-retire-coal-renewable-energy-storage
https://www.greentechmedia.com/articles/read/xcel-retire-coal-renewable-energy-storage
https://news.stanford.edu/2022/05/30/small-modular-reactors-produce-high-levels-nuclear-waste/
https://www.solidpowerbattery.com
https://eepower.com/capacitor-guide/types/supercapacitor/
https://www.energy-storage.news/us-army-breaks-ground-on-lockheed-martin-flow-battery-pilot/
https://www.energy-storage.news/us-army-breaks-ground-on-lockheed-martin-flow-battery-pilot/
https://formenergy.com/technology/battery-technology/
https://www.newsmax.com/newsfront/green-energy-nuclear-uranium-russia/2022/04/08/id/1064941/
https://www.newsmax.com/newsfront/green-energy-nuclear-uranium-russia/2022/04/08/id/1064941/
https://colivableclimate.org/
https://climaterealitydenver.org/

Written Testimony of Kathy Fackler, 365 Blue Spruce Trail, Durango, Colorado

Senate Transportation and Energy Committee on SB23-079: Nuclear Energy as a Clean Energy Resource.

Thank you for the opportunity to provide written testimony to this committee.

I am a retired software engineer from Durango Colorado, a 6-year volunteer with Citizens’ Climate Lobby, and a
4-year member of Club 20. I do not speak on behalf of either organization, but my work with both groups
informs my opinions on this issue. My comments here represent my own personal views.

Current Colorado law defines “Clean energy resource” as “any electricity-generating technology that generates or
stores electricity without emitting carbon dioxide into the atmosphere.”* Nuclear energy meets that definition, yet
it is excluded from the list of acceptable energy sources? that the law allows.

SB23-079 would include nuclear energy as another zero-carbon resource for utilities to consider, subject to
community support, economics, and safety review processes.

The Colorado legislature has set ambitious decarbonization goals “to avoid the worst impacts of climate change
and advance a robust and efficient low-carbon economy for the state of Colorado and the nation.” | support that
ambition. However, I’m concerned about the risk of relying on a renewables-only strategy to carry the full weight
of decarbonization.

I have solar PV and battery storage on my home in the mountains outside Durango. 95% of the time, those
energy resources provide all the power we need. Last month, we had a lot of snow and our solar panels were
buried for several days. Our batteries can keep the heat on for quite a while, but not forever. We were grateful
for our connection to Tri-State’s grid. It kept our pipes from freezing.

The energy transition will be a heavy lift. T don’t think we should make laws ruling out any zero-carbon source
from consideration. Congress agrees that nuclear power can be a tool to fight climate change, and so does
President Biden. The Bipartisan Infrastructure Bill and the Inflation Reduction Act both included big investments
in advanced nuclear. Every Democrat in the U.S. Congress plus 32 Republicans voted to pursue and fund those
innovative technologies.

Now we have 11 of the 12 Colorado state Republican senators championing a zero-carbon energy source in SB23-
079. It seems to me that this is an opportunity to declare bipartisan progress with a small wording change that
declares nuclear energy as an electricity source that does not generate CO2 emissions.

Last week I attended Club 20’s Legislative Day. Elected members of this body from both parties were generous
with their time and attention. Many, including House Speaker McCluskie, talked about the importance of
bridging the partisan divide and the rural divide. Here’s an opportunity to do that. It’s important to consider the
psychic and civic impact of forcing Colorado's coal industry to shut down in the name of reducing carbon
emissions and, at the same time, prohibiting communities like Craig from exploring a zero-carbon electricity
generation technology for their transmission-ready site.

Nuclear power, like all forms of energy, has risks and benefits. A cautious approach is clearly called for, starting
with the feasibility study proposed in HB23-1080.

We need a diverse energy portfolio if we’re going to achieve the ambitious goals we’ve set out and leave a
healthy world for our children and grandchildren.

Thank you for serving Colorado, and for considering my comments. | urge a YES vote on SB23-079.

1 Colorado Revised Statutes 2019 — Title 40 Utilities - 40-2-125.5(2)(b)
2 Colorado Revised Statutes 2019 — Title 40 Utilities - 40-2-124(1)(a)
3 Colorado Revised Statutes 2019 — Title 40 Utilities - 40-2-125.5(1)(b)



Madam Chair Winter, Vice-Chairman Bridges, and members of the Committee,

My name is Sarah Jensen, and | am a grassroots ambassador for the American Conservation
Coalition Action here in Colorado. | am also a student at the University of Colorado Boulder, where | am
studying for a Master’s in Environmental and Natural Resource Policy. | am testifying in favor of Senate
Bill 23-079 because | believe nuclear energy offers the state of Colorado opportunities, which are crucial
to meeting our climate goals and providing reliable power and economic opportunity to the people of
Colorado.

I grew up in California, and although some herald the state as a climate and clean energy leader, |
disagree. As a young person concerned about climate change and my future, | think we need to
acknowledge California’s mistakes in order to learn from them and do better. The fact is simple,
California’s energy policies have created an unreliable grid that experiences rolling blackouts and bears
some of the highest energy prices in the country. Why? Because they said no to one of the safest, most
reliable, clean energy sources available today, nuclear.

In 2002, California established a Renewable Portfolio Standard, which sets statewide goals for
increasing the percentage of carbon-free energy on the grid and outlines the eligible energy sources that
count towards the state’s clean energy goals. The problem? Nuclear energy was deliberately left off that
list because California decided it was not “good enough.” And instead of embracing the potential of
nuclear as a zero-carbon energy source that can increase grid reliability and reduce emissions, California
chooses to import electricity from out-of-state coal-fired power plants, the most significant contributor to
greenhouse gas emissions.

Despite the anti-nuclear sentiment that dominates environmental discussions across California,
9% of its electricity comes from nuclear. Last year, Governor Newsom overturned a decision to close
Diablo Canyon, the state’s last nuclear reactor, to avoid further power outages and increased emissions
that would have occurred if the reactor had gone offline. Not only does California rely on nuclear for
reliable energy, but it supplies 15% of California’s carbon-free electricity. Without nuclear energy, the
state would be less likely to reach its climate goals. If it was unclear before, it is clear now: nuclear is
essential to providing reliable energy while reducing emissions and must be considered a clean energy
source to meet our climate goals.

I moved to Colorado a few years ago, excited to live and study in such a beautiful state. |
instantly admired the state’s ability to take actionable steps toward a cleaner, brighter future. | do not
want Colorado to make the same mistakes as my home state of California. Senate Bill 23-079, which
classifies nuclear as a clean energy source, is a critical first step in learning from California’s mistakes. In
2021, Colorado still got approximately 40% of its electricity from coal. Fortunately, the Office of Nuclear
Energy recently reported that nuclear power plants could replace 80% of coal power plants in the United
States. Nuclear not only offers Colorado a solution to replacing energy provided by coal but also offers
good-paying jobs and local revenue during a time of economic transition for many communities across
the state. | urge the Committee to support Senate Bill 23-079 to ensure that Colorado can continue
providing affordable, safe, and reliable energy to its citizens while meeting ambitious climate goals.
Thank you for your time.

Sincerely,
Sarah Jensen


https://www.sandiegouniontribune.com/business/energy-green/story/2020-03-03/should-california-count-nuclear-power-count-as-renewable
https://calmatters.org/environment/2022/05/nuclear-power-california/
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-electric-generation
https://calmatters.org/environment/2022/09/diablo-canyon-legislature-california/
https://energy.stanford.edu/news/extending-diablo-canyon-nuclear-plant-would-help-california-meet-its-climate-goals-new-study
https://www.eia.gov/state/print.php?sid=CO#93
https://apple.news/AgnGCl9RxTk-pB0wsq3UuRg

Madam Chair and members of the committee,
| write in opposition to bill SB23-079.

Among nuclear energy lobbying groups and some politicians, nuclear energy is
consistently favored over meaningful investment in renewable energy systems,
bolstered by misleading claims of its safety, efficiency, stability, and speed of
deployment. With the costs and efficiency of renewable energy solutions improving
year on year, and the effects of our rapidly changing climate accelerating across the
globe, it is important to be honest about our clean energy options.

Nuclear energy generates huge amounts of toxic waste

The multiple stages of the nuclear fuel cycle produce |large volumes of radioactive
waste. No government has yet resolved how to safely manage this waste.

Countries like France are pushing hard for nuclear power at the EU level, hoping that
when it comes to waste, out of sight is out of mind. But nuclear waste will never go
away, and will never be sustainable. This is one of the obvious reasons why nuclear
power shouldn’t be eligible for green funding nor marketed as ‘sustainable’, as pointed

out recently by countries like Austria, Denmark, Germany, Luxembourg, and Spain, who
spoke against the inclusion of nuclear power in the EU’s green finance taxonomy.

Nuclear waste management is costing taxpayers absurd amounts of money, costs for
storage projects reaching into the billions. This is true both for Europe and North
America. In 2019, a US Energy Department report showed the projected cost for
long-term nuclear waste cleanup jumped more than $100 billion in just one year.

Any energy source that produces toxic radioactive waste cannot be considered clean.
We urge you to reject this bill.

Sincerely,

Elizabeta Stacishin


https://www.greenpeace.fr/report-the-global-crisis-of-nuclear-waste/
https://www.greenpeace.fr/report-the-global-crisis-of-nuclear-waste/
https://www.euractiv.com/section/energy-environment/news/germany-leads-call-to-keep-nuclear-out-of-eu-green-finance-taxonomy/
https://www.greenpeace.org/eu-unit/issues/climate-energy/45537/nuclear-industry-ties-call-eu-research-bodys-impartiality-into-question/
https://www.theguardian.com/environment/2020/nov/27/uks-nuclear-sites-costing-taxpayers-astronomical-sums-say-mps
https://www.nbcnews.com/news/all/cost-taxpayers-clean-nuclear-waste-jumps-100-billion-year-n963586

My name is Dr. Alexander Cannara of Menlo Park, Calfornia and I subscribe fully with
the statements submitted to you by my colleague Ripu Malhotra below*... | am degreed
in Plasma Physics (fusion related), Electrical Engineering, Statistics and Mathematical
Models in Research. | support the operation and expansion of present reactor designs as
well as future nodular and Thorium/Uranium fuel-breeder designs as advocated by the
Seaborg Commission to JFK in 1962. Sadly, we’re about 30 years behind world clean-
energy needs. The environment we’re leaving our descendants must be our focus. |
believe Colorado can be a valuable part of that.

To improve the quality of life we must double the energy supply, particularly in the form of
electricity. We currently consume about 20 trillion watts worldwide. However, more than 80%
of that energy comes from fossil fuels, whose use is directly responsible for the detrimental global
climate and ocean changes.

Reducing CO- (and other GHG) emissions) is essential for mitigating climate change as well as
ocean acidification that threaten world food and even oxygen supply. On a life-cycle basis,
nuclear power has the lowest emissions and the smallest environmental footprint to build and
operate. Wind/solar (‘renewable’) power demands (per Watt) ten to fifteen times more of
materials like steel, glass, concrete, and copper (per DoE Reviews). Procuring these at the
required rates requires encroaching natural habitats. The rush for some materials to build vast
wind/solar ‘farms’ has triggered exploitation of poor, even child, laborers around the world.

Nuclear power also has the best safety record, especially in terms of safety per unit of energy.
These attributes make nuclear energy ideal for cleaning up our energy system. Indeed, countries
like France and Sweden that have succeeded in deeply ‘decarbonizing’ their energy supplies and
by reliance on nuclear power. China has deployed a variety of nuclear designs and has
committed to building 150 1Gwe reactors over the next decade. Economics, security and now the
environment are dependent on nuclear power — President Kennedy took time to establish the first
two as beneficiaries of nuclear power: http://tinyurl.com/6xgpkfa

As we electrify transport, promote self-driving vehicles, fully electrify homes and expand cloud
computing services (a typical datacenter consumes ~1/3 of a GW-Year per year), we need ever
increasing supplies of clean energy. Nuclear energy fulfills this need. Yet, instead of building
nuclear plants we are prematurely closing them down, often a result of policies designed to
promote “renewable energy.” Scientifically sources of energy are “renewable.” Energy does not
renew itself; it is always dissipated, per the laws of thermodynamics. Unfortunately,
‘renewables’ is a marketing term aimed at obtaining subsidies for a few...

Warren Buffet (2014). “...on wind energy, we get a tax credit if we build a lot of wind farms.
That’s the only reason to build them. They don’t make sense without the tax credit."”
http://tinyurl.com/meule2r

Because ‘renewable’ sources are climate dependent, thus intermittent, they provide power less
than half of any day. A better description is: “undependable”. So, we currently back them up
with combustion (e.g., natural-gas plants). But the natural-gas industry is a source of an even
worse GHG than CO; — methane. And, methane has natural sources (tundra, seafloor
sediment...) that we don’t control. Those sources are warmed with and by climate and oceans,
even now putting methane emissions into uncontrolled positive feedback — continuing even as we
clamp down on oilfield methane leaks. This is a second large problem nuclear expansion will
help.


http://tinyurl.com/6xgpkfa
http://tinyurl.com/meule2r

As we transition away from fossil fuels, we will have to use pumped-hydro, batteries or other
storage technologies that will raise the cost, pollution and life-cycle emissions of ‘renewables’.
In contrast, nuclear power is reliable and always dispatchable. It can even run on ‘empty’ (like a
‘60s VW)...

9 Sep. 2015, “Planned Maintenance at Diablo Canyon Unit 2 Delayed to Meet State Energy Needs During
Heat Wave CAISO Requests Both Units Operate at Full Power”.

http://tinyurl.com/zha8dba

Fission fuel holds ancient fusion energy stored in the heavy elements fused in shockwaves around
exploding/colliding stars. Uranium, Thorium... are fusion-energy ‘batteries’.

‘Renewable’ yet undependable sources qualify for financial incentives such as investment and
production tax credits (ITC and PTC), and renewable energy certificates (REC). ‘Renewable
‘portfolio standards (RPS) give priority to ‘renewables’, forcing other plants to ramp down when
‘renewables’ are plentiful (as is PV at high noon), or even forcing regulators to pay other
jurisdictions to take excess wind/solar generation, as does California.

These policies distort the market, add customer cost and unduly handicap clean, baseload power
plants like nuclear, forcing closures. Classifying nuclear as the clean source it is, will allow
nuclear power to access these incentive programs, thus forestalling premature shuttering,
promoting its expansion and benefitting utility customers. This implies as well the benefit of
refurbishing/completing halted nuclear plants such as Belafonte, Indian Point, V. C. Summer, etc.

If permitting is streamlined for developing small modular reactors, these ‘walk-away safe’
nuclear plants would have a lower cost of electricity. Some of the new designs also offer the
possibility of processing the ‘waste’ nuclear fuel, being stored in dry casks at nuclear power
plants. We should be treating this “waste” as the resource, it actually is.

There are hundreds of coal-fired power plants in the US that could be retrofitted with these
modular reactors. These shuttered or soon to be shuttered power plants are already connected to
the grid and have most of the workforce at hand. They offer a quick path to expanding the use of
clean nuclear power.

I and 23 others have previously summarized points above and more here...
https://tinyurl.com/44uv49z3

We received an encouraging response from the Biden Administration.

* My colleague is Ripudaman Malhotra, a retired scientist with over 36 years of experience in
research on the chemistry of energy conversion at SRI International, Menlo Park, CA. That work
made me acutely aware of the looming global energy crisis.


http://tinyurl.com/zha8dba
https://tinyurl.com/44uv49z3

