Uranium,,c 44 Light-Water Reactors

2 types: Pressurized-Water
(PWRs) & Boiling-Water
Reactors (BWRS)
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Uranium Fission
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Uranium,4z .34 Reactor Wastes
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Uranium Concentrations in Rock
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Country 2003 2004 2005 2006 2007 2008 2009
Hazakhstan 3300 3¥19 4357 5279 BR3IT 8521 13320
Canada 10457 115497 11628 9362 9476 9000 10173
Australia yay2 BagY 95316 7593 D611 2430 Fagz
Mamibia 2026 30322 3147 06T 2879 4366 4626
Russia 2150 2200 34N 3262 24132 32521 2664
Niger 31432 23282 209323 2434 31453 2032 3243
Uzhekistan 19492 2016 2300 2260 23200 2338 2424
Usn 7y ara 1039 1672 1654 1430 1453
Ukraine {est) 200 aon 200 2on 246 2on 240
China {est) ran ran ran ran Fil s TEY ran
South Africa Tag 7a5 BT 4 534 S349 G55 aE3
Brazil 210 200 110 190 24949 220 245
India (est) 2320 2320 2320 177 270 271 2490
Crech Repub. 452 412 408 3549 206 263 258
Malawi 104
Romania {est) a0 =11 a0 1] T T Ih
Pakistan {est) 45 45 45 45 45 45 a0
France 0 T T 5 4 5 =
Germany 104 Firi 04 G5 41 ] Q
total world JH 571 40178 41 719 39 444 41 282 413 853 50 572
tonnes Uz 0 41 944 4T 3832 49199 46 516 48 683 51 716 59 640
percentage of world demand B 5% B3% B4 % B E % TE%
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Uranium Mining & Wastes

Colorado

Uranium content of ore is often only 0.1% to 0.2%, so large amounts of rock
must be mined:

And tailings piled:
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The Elements

Tielium
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37 38 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54
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- |La|Ce|Pr|{Nd|{Pm|{Sm|Eu|Gd|Tb|Dy|Ho| Er [Tm|Yb
138.91 14012 140.91 144.24 145 150.36 151.96 157.25 168.93 162.50 164.93 167.26 168.93 173.04
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Power Generation & Health

* We now generate 16 TeraWatts, electric
— Wasting >50% of gross generation at customers
— Wasting ~60% of thermal fuel value at power plant
» Thermal efficiency =1 -T _ ,4/Thot
— With health & environmental consequences
— ‘Renewables’ won't help much
* Low energy density
* Need both instantaneous & diurnal storage
 Biofuels unrealistic with 7% photosynthesis efficiency
* Solar power <1kW/m 2 maximum in daylight hours
— But, cell efficiency improving (~20% now, 40% in labs)

— Not thermal generation, but IR = (1 — Efficiency) kW/m?
— Can meet DG (locally-distributed generation) needs

« We need high energy-density, localized sources

=> huge land/sea usage

Public Health Impacts per TWh*

Coal Lignite oil Gas Nuclear PV Wind
Years of life lost:
Nonradiological effects 138 167 359 42 9.1 58 2.7
Radiological effects:
Normal operation 16
Accidents 2015
Respiratory hospital 0.69 0.72 i.8 0.21 0.05 0.29 0.01
admissions
Cerebrovascular hospital 1.7 1.8 4.4 0.51 0.11 0.70 0.03
admissions
Congestive heart failure 0.80 0.84 2.1 0.24 0.05 0.33 0.02
Restricted activity days 4751 4976 12248 | 1446 314 1977 920
Days with bronchodilator 1303 1365 3361 397 86 543 25
usage
Cough days in asthmatics 1492 1562 3846 454 98 621 28
Respiratory symptoms in 693 726 1786 211 45 288 i3
asthmatics
Chronic bronchitis in children 115 135 333 39 i1 54 2.4
Chronic cough in children 148 i74 428 51 14 69 3.2
Nonfatal cancer 2.4

*Kerwitt et al., “Risk Analysis™ Vol. 18, No. 4 (1998).
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The Thorium Solution

From the 2010 Thorium Energy alliance Conference...

www.thoriumenergyalliance.com/downloads/TEAC2_KirkSorensen.pdf (http://tinyurl.com/2fldtf5 )

...Thorium has a special property—it breeds [via neutr on/proton capture] to uranium-233  and
uranium-233 fissions [more efficiently than U235 or Pu239] and gives off 2 or 3 neutrons that enable it
to keep converting more thorium into uranium-233 and burning it. This means that once we start a
thorium reactor we can keep it going indefinitely j ust by adding thorium . But how do we get it
started? How much uranium-233 do we need? Well, most of the studies done by Oak Ridge in the
1960s indicated that we could start a one-Gigawatt thorium reactor witha  bout 1 tonne [2200 Ibs]

of uranium-233 . How much do we have right now? About one tonne. So we could only start one
reactor, right? With uranium-233, yes, but we need to go about quickly “converting” our fissile materials
into uranium-233 so we can start more. Why does it only take one tonne of uranium-233tosta rta
thorium reactor but it takes 5-10 tonnes of plutoniu m to start a fast breeder?

Here’s why—things look different when you're a slowed-down [thermal or moderated] neutron versus a
fast neutron [right out of a fission]. When you're a fast neutron, all of this fuel looks really small to you,
and you have a lot less probability of causing fission. So you need a lot more fuel to insure that you get
enough collisions with fuel to generate the energy you need. On the other hand, when you're a
slowed-down neutron, each fuel nucleus looks a lot bigger and you have a much better chance

of causing a fission . So having slowed-down neutrons makes your fuel go a lot further than using fast
neutrons. This is the basic reason why a thorium reactor with slowed-down neutrons can sta rt
with a lot less fuel for a given power rating than a fast reactor with fast neutrons. Each little bit of fuel
counts for a lot more in a reactor with slowed-down neutrons.

Two breeding technologies provide
102 X more energy than 0.7% U-235.
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and a whole lot more.

By using slowed-down neutrons and thorium, the star
about 1000 to 1500% [10-15 times] over a fast reactor.

The next step is to get going on the research and development of the li
reactor . This is the machine that can burn thorium as a fuel and only needs about a tonne of U-233 or
other fissile material to start it up. The US hasn't invested any money to develop LFTR si
the year | was born. Other countries are making investments
completely left behind on something that we invented.

http://tinyurl.com/29mem3x__ (Kutsch video)
http://tinyurl.com/2avérow (Hargraves & Moir)
http://tinyurl.com/ye6leml
http://tinyurl.com/25maggkd _ (Cannara)

The Thorium Solution

We don’t have to limit ourselves to just uranium-23
use the highly-enriched uranium that we're recovering from all of the nuclear weapons that we are
decommissioning to help us. We can use the plutonium we’re recovering
We can use the plutonium that's been generated in our reactors over the last sixty years to help us.

3 to start these thorium reactors

tup power of this fuel is magnified by

So what should we do first? Well, the first thing we should do is stop the Department of Energy’s
effort to destroy the one tonne of uranium-233 that
uranium-233 has any value to their mission and are going to spend $500M to mix it with uranium-238

[Uranium ore] and throw it away in the desert. That's a bad idea. We're going to need that one tonne

we already have . They don't think that that

. We need to get going before we get

from those weapons.

quid-fluoride thorium

. We can

nce 1974,

Liquid Fuel Reactors

Waste

New U-233 fuel
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http://tinyurl.com/2av6row

Waste
separator

Molten salt coolants

promise reactors that

can generate electric

Turbine and generator
power cheaper than coal

Estimate Year S/watt | 2009 S/watt
Sargent & Lundy 1962 0.650 4.64
Sargent & Lundy ORNL TIVI- | 1965 0.148 1.01

1060

ORNL-3996 1966 0.243 1.62

Engel et al, ORNL TIM 7207 1978 0.653 2.16

Vioir 2000 1.580 1.98




Waste Comparisons
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Thorium Schedule & Benefits

A Thorium LFTR could be working in 5 years...

$1B $5B $ 70 B per year industry
2010 2015 2020 One LFTR per day

Commercialize

Rickover's Shippingport was built in 32 months. (1954)
Weinberg-engineered Oak Ridge X-10 was built in 9 months.

LFTR can make products beyond water desalinization, but
we still don’t want to burn hydrocarbons, if we can avoid it,
and Nitrogen fertilizers must be used with care...

Dissociate water at 900°C to make CO2+3H2->
hydrogen: sulfur-iodine process. CH30H + H20

Methanol for
gasoline

9]

Dimethyl ether
for diesel

P50l S (sulfur)

Circulation BB = Circulation
i, 1o so.0 |

50,
+

Ammonia for

ttp:ifwwtest.iri fudelft i~ kloosterireportaiydro_slides_2003.pdf fertilizer
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