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How dangerous is nuclear power? Three lessons from Japan.

By Joao Costa, The Christian Science Monitor

From Three Mile Island to Chernobyl: lessons learned

Both the partial core meltdown at Pennsylvania's Three Mile Island in 1979 and the explosion and fire at the Cher​nobyl nuclear plant in 1986 could be traced to varying combinations of mechanical malfunctions and operator error. The explosions, fires, and released radiation at the six-reactor Fukushima Daiichi plant have spotlighted the other end of the hazard spectrum: natural triggers.

In the aftermath of Three Mile Island, nuclear engineers tried to design reactors immune to ac​cidents, including those triggered by earthquakes, says Michael Golay, a professor of nuclear science and engineering at the Massachusetts Institute of Technology in Cam​bridge, Mass. After a decade's effort, engineers concluded that strong earthquakes were the biggest threat and "could overwhelm anything you could do," he says. Referring to a range of threats, he adds, "There are simply too many, and you don't have the resources" to deal with them all.

In the US, the Nuclear Regulatory Commission (NRC) is lengthening plant lifetimes, granting utilities permission to keep plants operating longer than envisioned in the original licenses.

President Obama has tried to facilitate construction of new nuclear plants — as a response to global warming — through a loan-guarantee program run by the Department of Energy. He announced an initial $8.3 billion for the program in February 2010, and requested an additional $39 billion for this fiscal year.

On March 18, Mr. Obama asked the NRC to comprehensively review nuclear-plant safety in the US — a process plants themselves began as the crisis in Japan unfolded, according to Bryant Kinney, an industry spokesman and former official with North Carolina-based Duke Energy.

Although final lessons won't emerge until after a thorough review of the effects of the earthquake and tsunami — and of the utility's response — the event highlights several key issues surrounding nuclear power, specialists say.

1. Spent nuclear fuel

During the first two weeks of the crisis, some of the most significant releases of radioactivity from Fukushima Daiichi appear to have come from the spent-fuel pool on the top floor of Unit No. 4, though officials at the International Atomic Energy Agency have also been concerned about the pool for No. 3.

In planning for accident scenarios, "we have placed too much emphasis on the release of radioactivity from the reactor itself and not enough on the spent fuel stored on the site," says Elmer Lewis, professor emeritus of nuclear engineering at Northwestern University in Evanston, Ill.

None of the plant's six pools were filled to capacity with spent fuel, notes David Lochbaum, a nuclear engineer who heads the Nuclear Safety Project at the Union of Concerned Scientists, a nuclear watchdog group in Washington. Yet radiation from exposed spent fuel in No. 4, and perhaps in No. 3, has forced workers to evacuate several times during their lengthy attempt to bring the plant under control.

In Japan, spent-fuel assemblies ultimately are removed from power plants in anticipation of reprocessing and reuse. In the US, however, the government has long forsworn reprocessing. In addition, no long-term, central storage site for spent fuel has been approved. This leaves nuclear power plants with nowhere to send spent nuclear rods. Many utilities have received approval to cram more spent-fuel assemblies into their pools than the pools were originally expected to handle.

As of 2010, US nuclear utilities were storing 169,696 fuel assemblies — at 600 to 1,500 pounds apiece, depending on reactor type — in spent-fuel pools, according to estimates from the Electric Power Research Institute. Another 51,585 assemblies are encased in concrete casks and stored on-site but outside, an interim solution many see as preferable to filling pools initially designed as temporary storage. 

The most important lesson from Japan so far, MIT's Professor Golay says, "is to finally get serious about nuclear fuel." 

2. Fire, floods, and earthquakes

"We've known for a long time that earthquakes cause fires," says Mr. Lochbaum. Yet for more than 30 years, many utilities have failed to meet fire regulations set up after a 1975 fire at the Browns Ferry nuclear power plant in Alabama heavily damaged a reactor's control cables. 

In 2004, the NRC rewrote fire-protection regulations, which so far only two plants adhere to — though owners of another 40 plants say they intend to comply. Their intent may be genuine, Loch​baum says, "But that doesn't provide any protection until it's done." 

"We don't have a problem with either set of regulations," he adds, "except that people don't meet them." 

As part of the NRC safety review, the agency is looking at the earthquake hazards facing some 27 nuclear plants. No fault near a US plant is of a type capable of generating an earthquake as powerful as the one that hit Japan on March 11, specialists say. But in recent decades, geophysicists have identified previously unknown faults that have required reevaluating the risk facing nearby plants. 

While utilities and governments may be ready to handle an isolated nuclear accident, they need to plan for cascading disasters as well, in which local, state, and even national resources could be stretched thin. Northwestern's Dr. Lewis says such planning could ensure that generators and other supplies could be flown in on short notice. Lochbaum adds that more batteries on-site would help with station blackouts that last longer than current requirements envision — a problem Japan encountered. 

3. How safe is 'safe enough'?

For some, the main take-home message from Japan's nuclear crisis is that all US plants of similar design should be closed. Germany has shut down seven reactors similar to Fukushima Daiichi's for safety inspections, notes Michael Mariotte, executive director of the Nuclear Information Resource Service, an antinuclear-power group in Washington. 

Official concerns about the design date back decades, he says. Reactors were modified to address some of those concerns — indeed, those modifications appear to have kept Fukushima Daiichi's damaged reactor cores from melting completely. But they may also have contributed to the buildup of hydrogen gas that exploded, blowing out walls and roofs off reactor buildings there, exposing one and perhaps two spent-fuel pools. 

The Fukushima-like plants in the US "amount to less than 4 percent of US electricity production, and we have more than 20 percent reserve capacity in the country," Mr. Mariotte says. "And none of them are in the shakier places, like California, where supply and demand" can be difficult to match. 

As government regulators and utilities undertake their reviews of the risks US plants face and whether more needs to be done to reduce the risks, they confront two vital questions, one of which is not up to engineers alone to answer, Lewis says. 

Engineers and scientists can ask "how safe is something, which we can try to calculate or simulate," such as estimating the probability that an earthquake will strike within a plant's lifetime or that a plant will withstand it without releasing large amounts of radioactivity. 

But, he adds, the question, " 'Is that safe enough?' is really a societal decision." 

