Nuclear Power Thoughts
by Gene Fry
	June 7, 2007 - Humans have been using nuclear power to generate electricity for 50+ years.  The early impetus was to turn swords into plowshares and produce energy too cheap to meter.  Nuclear weapons still exist, but have not been used since 1945.  Nuclear power reactors have facilitated countries like India, Pakistan, and North Korea exploding nuclear bombs in recent years.  Nuclear power has not been too cheap to meter.
	Now more than 400 major power reactors operate worldwide, including just over 100 in the United States.  However, no major nuclear power reactors have begun operation here for 15 years.  No US power reactors ordered since 1973 have been built.
Power from US nuclear plants built after 1979 has been expensive, due to multi-billion dollar construction costs.  These costs were driven in part by delays, and those in part by opponents who feared nuclear power for many reasons.  However, the variable costs of nuclear plants are low.  With high prices for natural gas, companies with mostly paid-up nukes are sitting pretty.
Nukes run as baseload plants, often non-stop for many months at a time.  US nuke average capacity factors averaged 55-60% during the 1970s and early 1980s, but have since increased to around 85-90%, very good numbers.  Nukes are baseload plants that don’t follow electric loads, which rise in the morning and fall in the evening.
Detractors see these major problems with nukes:
•	long-term waste storage – Toxic plutonium should be kept out of the environment for many times the length of human history (240,000 years).  That’s tough to guarantee!  NIMBY is now focused on Yucca Mountain in Nevada & occasional Indian reservations.
•	risk of public cancers and deaths from accidents such as Chernobyl (100,000 deaths?) and 3 Mile Island (TMI – 0-30 deaths)
•	connection between nuclear power & nuclear weapons – See Iran & N Korea.
•	short-term waste storage – On-site spent fuel storage is highly radioactive, subject to loss of coolant from a concerted terrorist attack.
•	high costs (especially construction)
•	subsidies – both past, to develop the industry, and current - liability exemption
•	What is to be done with old reactors (“decommissioning”)?
•	centralization of power – Big nukes require a bit more backup power than a decentralized system of many small generators.  Nukes require centralized facilities.
•	Enrichment of fuel to power U-235 concentration uses coal in the US, furthering global warming.
•	Nuclear plants respond slowly; they can’t follow load.
Supporters make these points:
•	Nuclear plants are cheap to operate, and not that expensive to build if the design requirements don’t keep changing.
•	The death rate from nuclear accidents is negligible except for Chernobyl.  Nobody died at TMI.  (A few detractors say 30 died.)  The US nuclear death rate consists almost entirely of statistical deaths from occupational exposure: a few from uranium mining and a few handfuls a year among the nuclear plant workforce.  This death rate is tiny compared to the death rate from coal, the principal alternative to nuclear.  Chernobyl’s toll is very modest compared to coal’s.  Some coal workers die from cave-ins, but virtually all coal deaths stem from black lung disease and sulfate pollution.  Sulfates kill more than a million people a year worldwide.  But sulfates kill 150,000 fewer Americans each year than they did 40 years ago, thanks to the US sulfur cap-and-trade system that cut sulfates by 2/3.
•	US nuclear plants have several layers of redundancy to prevent accidents that affect the public.  This has worked.  More than one new design (not yet built) is inherently incapable of meltdown.
•	Nuclear plants are reliable and work around the clock.
•	Nuclear plants provide 1/5 of US electricity.
•	Nuclear plants do not produce CO2, which drives global warming - potentially a huge problem.
•	Spent fuel is not a reasonable target for terrorists to make a bomb.  It won’t work without large and very specialized reprocessing facilities unavailable to terrorists.  Stealing or buying a bomb on the black market is far more effective for terrorists.
•	Long-term waste storage is very feasible.  It’s only a matter of political will.  Other countries are doing it.  The US is hamstrung by NIMBY.
 •	There has been at least one natural nuclear reactor – in Gabon.  It operated many millions of years ago, when water concentrated uranium and thorium enough.  The nuclear waste stayed in place to a very high degree for many millions of years.

	France produces most of its electricity using nuclear power.  Germany has nearly completed its phase-out of nuclear power.  Power is cheaper in France than Germany.  Nuclear power is less important than it once was in Britain and Canada.  Nuclear power is the biggest electricity source in Japan, vital in South Korea, and important in Russia.  China has begun building several nukes a year.  Many see this as a wonderful alternative to China building that many more coal plants per year.  There are a few nukes in developing countries.
	As a former anti-nuclear activist for years, beginning in 1975, when the technology was fairly new, and an advocate for renewable (solar-derived) energy, I say this.  The problems of nukes are real, but not huge.  I wouldn’t want to live near a nuclear plant.  But then, living near a paper mill, a coal plant, or especially an oil refinery, would be worse, perhaps much worse.
With far more nuclear power experience, my perspective has changed.  We have now accumulated 10,000 reactor-years of experience with only one major accident, Chernobyl.  This amounts to 11 deaths per reactor-year, or 1 death per 100,000 homes powered for a year, including occupational exposure.  The death rate comes mostly from a failed Russian experiment.  Even with the large reductions in US sulfur emissions from coal, the death rate for the general public is 10-15 deaths per 100,000 homes powered per year.  It’s higher in China and elsewhere.
The threat from coal plants is vastly greater than the threat from nukes.  Several times as many people die every year from coal as have ever died from nukes.  (These are almost all statistical deaths.)  The carbon emissions of nukes are modest and entirely indirect.  The carbon effect of coal plants has the potential to make their sulfate effect (a million deaths a year) look tiny.  The lag times for the carbon effect are measured in decades.  The uncertainties are very large.
The problem of safeguarding spent nuclear fuel for a quarter million years, to prevent a few or even hundreds of deaths many centuries in the future, is modest.  Raising Earth’s temperature enough to spread deserts across a new area the size of North America, diminish our food supply, flood our coasts, and exterminate most of the species on Earth is not a distant possibility, but approaches a 50-50 shot.  The extinctions will last longer than a quarter million years.  The flooding will last many millennia.  The desert and food supply effects will last many centuries or a few millennia.  The harm from coal and global warming is far greater and far more likely than the harm from nuclear power.
Solar and wind power, and perhaps geothermal power, will be key parts of our energy future.  But sun and wind are intermittent.  So far, despite rapid growth, their electricity contribution is very modest compared to nuclear power’s.  Nuclear power needs to be as important a part of our energy strategy as carbon sequestration, perhaps more so.  It’s likely to be 20 years or more until wind power makes as much US electricity as nuclear, 30 years or more for solar.  Nuclear power can supplement and back up wind power, augmented by solar power during the day and especially hot summer afternoons.  For the next few decades, until renewable energy is fully geared up, nuclear power is vital.

