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Uranium235/238 Light-Water Reactors

Modern Fuel Assemblies.  Only ~6% 
of Uranium is consumed before 
rods must be removed & stored

or reprocessed – ~300 tons
Uranium needed per GW-Year.

First Commercial US Reactor (60MW)

2 types:  Pressurized-Water
(PWRs) & Boiling-Water
Reactors (BWRs)

Shippingport, Penn, 1954-56

Centrifuges

Modern U 235/238 Centrifuge

Workers

Fuel Centrifuge-Enriched to ~3% U235

Fuel Rods

Must Contain 160
Atmospheres (>2300psi)

of Pressure in Event
of Reactor Runaway

To/From Cooling
Tower, Lake or Sea

~7% Transmission
Loss
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Uranium Fission

Ivy Mike (U + D) – Enewetak Atoll 1952
www.youtube.com/watch?v=h7vyKDcSTaE

Oklo, Gabon natural reactor
Slow

Slow
Neutron

Chornobyl

100 1M

Fission Fragments

Neutron Captures
(Transuranics)

Long-Lived
Wastes

Fission Products
Are Short Lived
(<1000 Years)

~40 Tons of Waste
Containing >600lbs

of Transuranics
Per GW-Year
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Uranium235/238 Reactor Wastes

1-4 Neutrons +
pairs of ~20 other
possible Fission
fragments like: 
Rb, Cs, Sr, Xe…
Plus ~200MeV or
~176 years of an

American’s energy
use, per kilogram

of U 235.

Slow Neutron

Indian Point NY (~2GW)

Enrichment Waste, U 235-Depleted Below Ore

Gamma
Rays

<1% of
U Ore

>99% of
U Ore

~8% Waste

The Outcasts of Uranium Enrichment
for 10% of the LWRs We’d Need to Replace Coal
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2004

Thorium

>90% U Ore Wasted
>250 Tons/GW-Year
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Uranium Mining & Wastes

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

Even in an Australian national park,

or the Navajo Nation…

And tailings piled:
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The Elements

Heaviest
Stable Atom

Heaviest Atom Our Sun’s
Fusion Can Build

Heaviest Atom Any Star’s
Fusion Can Build

Transuranics

*Lanthanides:

**Actinides:

Neutrons Help Nuclear Stability
Gold, 79

Bismuth

Instability,
Radioactive
Decay

Protons Define the Elements

N
eutrons

Neutrons = Protons
Iron, 26

Hydrogen, 1 Uranium, 92

Star Fusion Supernova Shocks

U & Pu
Fission
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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 cold /Thot

– With health & environmental consequences
– ‘Renewables’ won’t help much

• Low energy density => huge land/sea usage
• 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/m2

– Can meet DG (locally-distributed generation) needs

• We need high energy-density, localized sources
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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 with a bout 1 tonne [2200 lbs] 
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-233 to sta rt a 
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.  

Thorium

Uranium

LWR’s U 235 Fuel-
Enrichment Target

Th232’s Breeding
Target

Plutonium
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The Thorium Solution
We don’t have to limit ourselves to just uranium-23 3 to start these thorium reactors .   We can 
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 from those weapons.  
We can use the plutonium that’s been generated in our reactors over the last sixty years to help us.  

By using slowed-down neutrons and thorium, the star tup power of this fuel is magnified by 
about 1000 to 1500% [10-15 times] over a fast reactor.

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 we already have .  They don’t think that 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
and a whole lot more.  

The next step is to get going on the research and development of the li quid-fluoride thorium 
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 nce 1974 , 
the year I was born. Other countries are making investments .  We need to get going before we get 
completely left behind on something that we invented.
-------------------------------------------------------------------------
http://tinyurl.com/29mem3x (Kutsch video)
http://tinyurl.com/2av6row (Hargraves & Moir)
http://tinyurl.com/ye6leml
http://tinyurl.com/25mgqkd (Cannara)

http://tinyurl.com/2av6row

power cheaper than coal

Liquid Fuel Reactors
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Waste Comparisons

Conventional (LWR):
~40 Tons/GW-Year of Fission

Products, Uranium, Transuranics
& Associated Reactor Materials

x5 Enrichment Over Nature
Via Centrifuging UF 6

R
eprocessing E

xposure

a poor

Conventional LWR Transuranics
~660 lbs/GW-Year

Thorium
MSR Transuranics
<1-44 lbs/GW-Year

Years

Japanese
Example
~60 lbs in
30 GW yrs
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Uranium235 Versus Thorium232 Cycle

U238/235 Mine Refine Fluorinate

Th232 Mine Refine Fluorinate

Gas Diffusion
Enrich $$$
Centrifuge

De-Fluorinate Pelletize

Make Rods

Load Rods

Consume
<6% of Fuel ,

Remove Rods
Reprocess Spent Fuel

Fabricate
Waste

Store Waste For
>10,000 Years

Vent Noble Gas
(Kr85…)

Circulate In Melt,
Add ThF 4 as Needed

Capture Gas,
Fluorinate

Out Wastes

Sell Or Store
For ~500 Years

Weapons FluorinateRemove U & Pu

<8 lbs/GW-Year,
~2 Gas Cylinders

>80,000 lbs/
GW-Year $?

~300 Tons/GW-Year

<30 Tons/GW-Year

LWR/PWR/BWR

LFTR/TFTR

$$$$

$$$$

$$

$

French Reprocessing :

Contracted Tons
Completed Tons

Stored Tons

Reborn
Fuel
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Thorium Schedule & Benefits

A Thorium  LFTR could be working in 5 years…

(1954)

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…


