


Nuclear Fuel Cycle
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Low activity waste from nuclear
power plant is disposed and
controlled here.

i i is disposed in ceologi-  Vitrified packages are safely stored and
S;?r;;;‘;;tgnggﬁsrlfe?n;%rm sto?age?g . indirectly cooled by natural ventilation in a
massive concrete building exclusively
used for the purpose of their storage for
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# 1 Recoversd (Recycle uranium)
# 2 Recovered (Recycle uranium and Plutonium)
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« Type of mine dictated by geology and richness of deposit
— Open pit (strip mining)
— Shaft mining
— Injection mining (“in situ” mining)
— Etc.

» Technology similar to any other mining activity

» Uranium deposits are (generally) dilute
* 0.2 to 0.3% uranium oxide (or equivalent)
 Uraninite, carnotite, monazite, pitchblende...
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Enriched uranium hexaﬂuonde is transforrned into
uranium dioxide, then processed to fabricate
cylindrical pellets, which is sintared fo ceramic,
The pellets are finally placed in alloy tubes,
which are assembled to form fuel assembly.

Low acnwry wasre frorn nuclear
power plant is disposed and
controlled here.



We have to say something about “nuclear”, “fission”,
“chain reaction”, reactors, bombs, etc.

Hydrogen Deuterium Tritium

(Stable isotope ~ (Radioactive
(Stable atom) of hydrogen) isotope of hydrogen)
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“OK with what aren’t happy
: and want to
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We have to say somethlng about “nuclear”,

Isotope

Tritium
(Hydrogen-3)
Carbon-14
Krypton-85
lodine-129
lodine-131
Xenon-135
Polonium-210

Radon-222
Uranium-2350
Uranium-2380
Neptunium-237
Plutonium-238

Plutonium-239
Plutonium-240

Half-life

12.3 years

5.77 thousand years
10.8 years é
17 million years

8.0 days

9.1§urs
138ays

3.8 days

710 million years
4.5 billion years

2.1 million
89 years

24 thousand years
6.6 thousand years

U-235, is also pretty happy
but has a hidden “split
personality”” (he is
“fissionable™)

“fission”
s, bombs, etc.

Released during processing of irradiated target. Used in fusion and boosted-fission weapons
Produced by neutron irradiation of lithium-6. Generated in heavy water reactors.

Used to estimate age of organic materials. Released during reprocessing of irradiated fuel.
Released during reprocessing of irradiated fuel.

Released during reprocessing of irradiated fuel. Absorbed by thyroid gland.

Released during reprocessing of irradiated fuel. Absorbed by thyroid gland.

Neutron poison produced during reactor operation.

Produced by neutron irradiation of natural bismuth (bismuth-209). Used with beryllium in
internal neutron generators.

Produced in decay chain of uranium-238.
Natural fissile isotope of uranium.
Predominant isotope of uranium.

Produced by neutron irradiation of uranium-23

Prod by neutron irradiation o

therrOctric generators (RT U-238 iS rea”y happy and

generators. , '
won’t get very upset if

Produced by neutron irr ) )
Produced by neutron ir someone messes with him
(he’s pretty sociable)
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We design reactors with low %U-235
and enough other “happy materials”
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Enriched uranium hexaﬂuonde is transforrned into
uranium dioxide, then processed to fabricate
cylindrical pellets, which is sintared fo ceramic,
The pellets are finally placed in alloy tubes,
which are assembled to form fuel assembly.

Low acnwry wasre frorn nuclear
power plant is disposed and
controlled here.



Uranium can be a und during conversion
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Uranium Enrichment

Uranium as found in nature is called natural or normal uranium

Its isotopic composition is:

0.0054% 234U (92 protons, 142 neutrons)
0.72% 235 (92 protons, 143 neutrons)
99.3% 238 (92 protons, 146 neutrons)

Higher concentrations of 23°U are needed for many applications

— Light water reactors (LWRSs): about 3%
— Submarine fuel: greater than 90%
— Weapons: greater than 90%

Concentration of the #2*°U isotope above its natural value is called
uranium enrichment



There are many ways to enrich

— Gas Centrifuge

— Gaseous Diffusion

— Electromagnetic Isotope Separation
— Laser

— Chemical/lon Exchange

— Aerodynamic

— Plasma
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BWR System Schematic
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Remember our guys controlling the rates
of fissions?
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But after a few years in the reactor

 \WWe have “burned” about 4 of 5% of the U-
235

e About 1-2% of U-238 has become “split
personality Pu
 And the rest is the fission product “ash”

— Think of ash in a wood fire — the embers are
still there if we get rid of the ash

— Or...Smokey the bear douses it with water!!!!
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*2 Enriched uranium hexafluoride is transformed into
uranium dioxide, then processed to fabricate
cylindrical pellets, which is sintared fo ceramic,

: The pellets are finally placed in alloy tubes,
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THIS IS WHAT & LOT OF
THE WORLD IS DOING

SINCE 1976/77
(FORD/CARTER) THIS
HAS NOT BEEN
PERMITTED IN THE US

Nuclear Fuel C

ranum
the Mine.

| Reconversion/ Fabrication Plant
Enriched uranium hexafluoride is transformed into
uranium dioxide, then processed to fabricate
cylindrical pellets, which is sintared fo ceramic,
The pellets are finally placed in alloy tubes,
which are assembled to form fuel assembly.

|
|

-
‘ Yelloilake 2

Hetining rant
Exract uranium from
ore and develop info
a yellow powder called
“yellow cake

Fuel Assembly

e

7 Leval

— inact 1 — . LowLevel
B "= Waste Raprocessing Plan Nuclear Power Plant  pagioactive Waste
Spent fuel is chemically proces- Fuel assembly in the reacior
sed to extract residual uranium  Spent Fuel generates electricity. Fuel

and newly produced plutonium. zan be used for 3 ~4 years.

OUR CURRENT POLICY IS

TO THROW AWAY SPENT
FUEL

HAVE YOU HEARD OF

YUCCA MOUNTAIN?




The Global Nuclear Energy
Partnership

There is something on the horizO,,



Challenges: Global Energy
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World Nuclear Expansion: U.S.
Role

« Over 130 reactors are being e

Russla -

built, planned, or unde Jsan

ot ordered a _
Or for dee 5, des
existig ov
reactg

Under Construction

Planned and Approved

a; \ i ® Under Consideration

gaptence how
lities are designed,
ICted, and operated

—Safety
—\Waste disposal
—Proliferation-resistance




The Initiative

— Build reactors at hon
and abroad for energy,

SO YOU MAY HEAR
MORE TALK OF &
“CLOSED FUEL CYCLE”
IN THE FUTURE

o tonight.l announce the
Advanced Energy Initiative...
We will invest more in... clean,
safe nuclear energy.”

President Bush, 01/2006




ALPHA
CF—

he

SNF Rod
Segmentation

SNF Receipt and

Characterization

~20 kg ~200 Oxide
Commercial —> DCETE l?lpha Transmutation
LWR SNF emonstration Fuel Pellets
Actinide Oxide I, Te, Cs/Sr. FP

for Fabrication of Waste Products
Metal Transmutation for Waste Form
Fuels Development

Voloxidation

Radiochemical

Pretreatment

Transmutation
Fuel

Characterization

Irradiated Fuels
Examination Laboratory
(IFEL Building 3525)

Separations

Conversion

Transmutation

Fuel Fabrication

Radiochemical
Engineering
Development Center
(REDC Building 7920)

* A Coupled-End-to-End demonstration
— from SNF receipt to TRU fuel pellets and waste products.

* Process at least 20 kg SNF

— in at least 4 campaigns over 30 months
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GNEP CETE Processing

(Mass Basis: 1 kg SNF; 55 GW.

Demonstration

HM; 5 year Cooling)

Xe
*Volatiles 3 8.86¢g
1e — Kr Stack
1.0x10%g 1.6x 10 g 0.60 g
LWR Spent Disassembly, Uranium Cs/Sr Pu/Np Am/Cm Fission
Fuel . \/olOXidAtiON, je—) Extraction mp» Extraction B Extraction mpp| (TRUEX M| Product el LLLW
1,292 ¢ Dissolution (UREX) (NPEX) TALSPEAK) Stabilization
Waste Form
Testing
Fission
Hulls I Tc U Cs/Sr Product
292 ¢ 0.3g 129 931g¢ 9.22¢g 36.49
*Product- Qg+Re-enrich
*Recycle
-LLV\;/ Waste LLW
Form Dev jf+New fuel
Remote Fuel
Fab —)-| uel| Testing
~30-60 g
A 4 \ 4
*Recycle *Waste *Waste *Re-enrich *Waste Product Disposition
Test Form Form Test Form -
Feed Feed Feed Test Material
2929 039 129 884-913 g 9.229 Waste - NTS







