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Common Vision
The world becomes a better place to live for

future generations
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Key Elements of this Vision

e Living standards
— Water
— Food
— Medical

e Environment
— Air
— Water
— Land

o Security
— Reduce gap between “haves and have nots”
— Control weapons of mass destruction
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Humanity’s Top Ten Problems for the

next 50 years

ENERGY

WATER

FOOD
ENVIRONMENT
POVERTY
TERRORISM & WAR
DISEASE
EDUCATION

. DEMOCRACY

10. POPULATION
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From Richard Smalley, Rice
University

2003 6.3 Billion People
2050 8-10  Billion People
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The Common Thread is Energy

Underlies living standards

— Life expectancy is ~43 years for people
without access to electricity

Impacts the environment
— Global warming
— Nuclear waste

An important cause of conflicts between nations
— Conflicts over increasingly scarce resources

Will need a lot of energy in the future. The question is what is
sustainable while meeting the demand?
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Options for Sustainable Energy Sources

Renewables \
hydro-electric /(
solar

wind
bio-mass

Nuclear
fission
fusion

Nuclear is unigue because of its tremendous power density. For
this reason it can be used for energy or for weapons

Requires U.S. leadership if misuse for weapons is to be prevented
while providing it as a source of energy

Nuclear power will be prominent internationally, with or without U.S.

leadership
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Technology Options for Fission

 Thermal
spectrum
reactors produce
power cheaply

e Fast-spectrum
reactors destroy
the waste that
thermal-spectrum
reactors produce

* Fast-spectrum
reactors stabilize
fuel supply
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Thermal-Spectrum Reactors

Outstanding Recommendations for the Expanded U.S. Use of Nuclear Energy
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Fast-Spectrum Reactors

e The Experimental
Breeder Reactor Il
Successfully
addressed two
Important issues

— Safety
— Closed fuel cycle

e |n addition, the
reliability and
operabilility of
sodium-cooled fast
reactors was
demonstrated
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The Safety Potential of the Sodium-Cooled
Fast-Spectrum Reactor has Been Proven

e On April 3, 1986, two landmark IFR Safety
Demonstrations were conducted at EBR-II

— Loss of flow without scram from full power

— Loss of heat sink without scram from full power
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Cutaway of EBR-II and Power
Plant
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L oss-of-Flow Without-Scram

Key Steps in LOFWS Test:

Established100% power

Inserted special trip protection for the test

Bypassed loss-of-flow reactor trips

Turned off the pumps
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Loss-of-Flow without-Scram Test Results
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L oss-of-Heat-Sink Without-Scram

Key Steps In the Test:
« Established 100% power
o “Stopped” flow in the intermediate sodium loop

* Monitored the passive power reduction and the leveling
of tank temperature
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L oss-of-Heat-Sink Without-Scram Test
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Summary of Basic Safety Characteristics

In both tests, inherent feedbacks enabled the reactor to
respond to the abnormal events and return to safe, cool-
able state

No reliance was placed on operator intervention or on
the operation of active, engineered components

The properties of metallic fuel (high thermal conductivity)
and the pool configuration of the reactor (large thermal
Inertia) are key to achieving passive shutdown
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Recycle of Fuel: Key Goals

Efficient recovery of plutonium, uranium, and minor
actinide elements from irradiated core and blanket fuels
(>99.9% recovery)

Immobilization of fission product wastes in suitable form
for deep geologic disposal

Minimization of waste volume; elimination of EPA
hazardous materials from wastes

Maximized recycling of reagents
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Flow sheet for EBR-Il Fuel Treatment
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Mark-1V Electrorefiner Treats
Driver Fuel
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Cathode Processor Separates Salt-Uranium
From Both Electrorefiner Products
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Casting Furnace Casts and Samples
Uranium Ingots
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Waste Processes Operate in Hot Fuel
Examination Facility (HFEF)

Mill/Classifier

Heated V-mixer

Ceramic Waste Process Equipment
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Fe-Zr Phase Diagram for Metal Waste

Cladding Hulls are
Cast Into Stainless
Steel Zirconium
Waste Form
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Metal Waste Development and

Prototype metal
waste form furnace
became
operational with
uranium in October
2002.

Furnace is being
used to establish
operating
parameters for unit
to be installed in
HFEF.

Fabrication of in-
cell unit is nearing
completion.

Qualification
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Attributes of Pyroprocess Waste

Very low TRU content; all actinides are recycled with Pu

MTc, present in the metallic state, is effectively retained in the metal
waste form (also 7°Se, 126Sn, 9374, 107P()

14C will be present as stable carbides and highly immobile
1291 will be present as an iodide and its release should be limited

135Cs strongly retained in zeolite; very low leach rate
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Current Research Is Focused on Pyroprocess
for Separating Commercial Spent Fuel
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Liquid Cadmium Cathode

 Engineering-scale
transuranic recovery
tests have been
performed in Fuel
Conditioning Facility
(FCF).
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Conclusion for fast-spectrum
reactors

* The technology exists to support a major

expansion of nuclear power: sodium-cooled fast
reactors are a proven technology

e Fast-spectrum rectors with a closed fuel cycle
will be a necessary element of that expansion,
consistent with plans for the Global Nuclear
energy Partnership (GNEP)
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Energy Options are Changing

; Demand
Scenario

Non-Fossil

Source: John F. Bookout (President of Shell USA)

S“Two Centuries of Fossil Fuel Energy" Nuclear Power Technology for the 29
International Geological Congress, Washington DC;
July 10,1985, Future

Enisodes. vol 12. 257-262 (1989).



What are our realistic options for Energy

Sources?
Renewables
« Conservation / Efficiency -- not enough
* Hydroelectric -- not enough
 Biomass -- not enough
 Wind -- not enough
« Wave & Tide -- not enough
e Solar terrestrial -- cost ?
 Geothermal -- hot enough
CHEMICAL

 Natural Gas -
e C(Clean Coal -
e Qil -

sequestration?, cost? Supply?
sequestration?, cost?
cost? Supply?

NUCLEAR
 Nuclear Fission -
e Nuclear Fusion -

radioactive waste?, terrorism?
too difficult?, cost?
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Percent

Ph.D. Degrees in Physics
as a Percentage of GDP

0.05 -
The Sputnik
0.04 - / Generation
0.03 -
0.02 -
001 I I I I I |
1950 1960 1970 1980 1990 2000 2010

Year

GDP is expressed in constant 1996 dollars (in million)
Source: American Institute of Physics & National Science Board,
Science and Engineering Indicators, 2002.
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Will require scientists
and engineers, but we
need a new

sputnik event to
inspire US citizens into
the physical sciences
and engineering.

We have one:

0/11
and oll



The challenge for this century*:

ENERGY for 10 *° people

 For worldwide peace and prosperity we need it to be

« We need young people to enter Physical Science and
they did after Sputnik.

« We need to inspire in them a sense of MISSION

( BE A SCIENTIST : SAVE THE WORLD )

*From Richard Smalley, Rice University
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WHAT ARE WE WAITING FOR?

An Energy Crisis ?
A Global Technology Boom?
A Global Warming Disaster?

The nuclear-technology-community must pull together if
young people are going to embrace new technology in
nuclear power.

The Global Nuclear Energy Partnership (GNEP) is our
best opportunity for achieving a central vision for moving
forward.
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Conclusion : Nuclear power is the leading option fo r
resolving the world’s energy crisis this century

* However, the nuclear technology-community must pull
together for political support to be sustained and for
young people to embrace nuclear power.

« The Global Nuclear energy Partnership (GNEP) is our
best opportunity for addressing the major challenges
facing global expansion of nuclear power and inspire

young people to invest their careers in pursuing If.
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