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Nuclear Power Basics - Fission

A Two isotopes of uranium
238Uq, I Not readily fissionable é

99.3% of natural uranium
235U, T Fissionable
0.7% of natural uranium

A Fission results in

9
I Radioactive fission products
I ~2.5 neutrons
I 200 million eV of released energy -

A Note difference in energy release
between fission versus chemical 2Ky {3 Q?*“Ba
reactions, which release on the order of a few eV.

A Nuclear power is 100 million times more o) o
concentrated than chemical reactions O
(like burning natural gas)
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http://upload.wikimedia.org/wikipedia/commons/1/15/Nuclear_fission.svg

Nuclear Chain Reaction

A Multiple neutrons born
per fission
A If on average one
neutron causes fission
per generation 1 Critical
I Add absorber i Subcritical
I Remove absorber - Supercritical
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http://upload.wikimedia.org/wikipedia/commons/9/9a/Fission_chain_reaction.svg

Controlling the Chain Reaction

Fuel
Assemblies

Control rods

Withdraw control rods,

reaction increases

Insert control rods,
reaction decreases
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Heat Produces Steam,
Generating Electricity
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Status of Nuclear Power
Generation in U.S.

A 104 nuclear power plants (most PWRS)

A Plant life extension granted or planned for
virtually all plants (to 60 years)

A Fraction of time on-line (capacity factor)
I Design 85%
| 25 years ago 55%
I Today average 91%
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Preserving Emission-Free
Electricity for Vision 2020

Billion kWh

50,000 MW additional
10,000 MW additional
31%
non-
_ emitting
L 30%
non-
_J emitting

B New Nuclear Capability

Enhanced Nuclear Carability
Existing Nuclear Capability

N Hydro & Renewables

I 0Oil, Gas & Coal
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The Need In Ohio

A Most electricity in Ohio generated by coal

A Two nuclear power plants operated by First Energy
I AEP has a nuclear power plant but located in Michigan

A In last ten years most new electric power plants in the
U.S. were combined cycle natural gas plants T low
capital cost, quickly implemented

I And then the price of natural gas rose

A To protect the global environment, laws will be passed to
penalize greenhouse gas production

A Ohio will need to transition to non-greenhouse gas
producing fuels

A Electricity will be the means by which we power our cars
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Global Comparative Costs

(IAEAT 2005)*

$/MWh $/IKW(e)
Fuel Mix 5% Discount 10% Discount Construction
Costs
Coal 25-50 35-60 1,000-1,500
Natural Gas 37-60 40-63 400-800
Nuclear 21-31 30-50 1,000-2,000
Wind 35-95 45-140 1,000-2,000
Hydro 40-80 65-1,000 NA

* Note that in the last few years, cost estimates for the construction of power
plants have escalated by at least a factor of two due to the increased cost of
steel and concrete.

Tiota Hie OB

OHIO
SIATE

Nuclear Engineering 11
Program

UNIVERSITY



Lowest Cost Option for Ohio

A At a meeting in Cleveland, Ohio, on
commercial nuclear opportunities August
2007

I First Energy and AEP described the results of
their studies of coal, natural gas, nuclear,
wind, solar

I Nuclear power was assessed to produce
electricity with the lowest cost

I Coal was second lowest cost
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Cost of Generating Electricity

Capital Cost :

Financing Cost } Amortized

Fuel Cost

Operating Cost }O&M > Busbar Cost

Maintenance Cost
Return on Equity (Profit)

Nuclear power 1 principal contribution to cost is
capital cost
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Fuel as a Percentage of Electric

Power Production Costs
2007

Conversion
Fabrication
Fuel Waste Fund
27%
Fuel o Enrichment
7% Fuel 5%
93%
- o
Coal Nuclear
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Why Use Nuclear as Baseload?

Not because It has the lowest overall cost

It has the lowest fuel cost
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Comments on Nuclear Issues

A Reactor safety

I The existing US plants have demonstrated
their safety.

I The new plant designs will be even safer.

A Radioactive waste disposal

I | want to say a few words because it is so
misunderstood.
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What about nuclear waste?

A All thermal generation of electricity produces waste

A Nuclear is the only industry that contains and takes full
responsibility for all its wastes

A Nuclear produces a large amount of energy for a very small
amount of fuel

A Used fuel
| A ills only
@ ' three casks
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Spent Fuel Storage

A Fuel Assemblies Cool Temporarily in Used Fuel
Pools

- YA Later are moved to temporary on site dry-cask

storage on reinforced concrete pads

A In future will move to Yucca
Mountain for long-term
storage
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