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We've gotten an exceptionally informative and candiport on what is known about the
accident. Judging by my own experience at Three Miband, it will be several years

before we fully understand it, and I think therdl wiill be some surprises.

Tatsu also presented a long list of useful lestsarmed and recommendations for
improvement of nuclear power plants. We have tceltbpy will be adopted. But even if
they are, and it is not assured that they willthat is still not enough. The implications
of the accident go beyond this list.

| think we have to rethink the commitment to th&stinology, at least in its current
form—the so-called Light Water Reactor, which is thain type of reactor used
throughout the world. Let me to try to explain wihyink this.

| would like to concentrate my remarks on one snmint—on the radiological
contamination of the surrounding area, and theequnsnt need to evacuate large
numbers of people. While this aspect of the ac¢ilas not received a great deal of
attention, | think it will prove to be the most immpant one for the future of nuclear

power.



The figure above shows the extent of the contanoindteyond the reactor site,

extending for tens of kilometers to the northwésie red zone, which extends past the
30 kilometer circle, is the area within which tlewadnese authorities estimate that an
inhabitant would get between 40 and 400 times theally permissible radiation dose
over the next year. The yellow zone is the areahith the inhabitant’'s annual dose
would be between about 15 and 40 times the perphésamount. (The international
standard for an individual radiation dose fromna#in-imposed radiation is 100 millirem
per year in common US units, which is equivalert tilli-Sievert per year in
international units.)



As the Japanese evacuation criterion is 2000 enifliper year, the evacuation zone is
slightly within the boundary of the yellow zone.dther words, the Japanese evacuated
an area if they estimated that a person staying theuld get 20 times the normally

permissible amount of radiation over the next y#ancludes nearly 100,000 persons.

The Japanese apparently carried out the evacyatoonptly and efficiently, preventing
any large radiological impact. That is the posisude to the evacuation. John Ritch,,
Director General of the World Nuclear Associatitoig the June 2011 IAEA Ministerial
Conference on Nuclear Safety that the evacuatiomodstrated the “essential safety of
nuclear power.” The other side of it is that tha@wees will have to wait until next year
to find out when they can come back; and becawesedhtamination is long lasting some
of them probably never will be able to return. Mahgusands, perhaps tens of

thousands, will become permanent nuclear refugees.

The reason the radiation will be long lasting sttthe main contaminant at this point is
cesium 137, which has a half-life of 30 years. Thatins it takes that long for the
radioactivity to drop by half. For example in aeamwhere the current level is 20 times
the permissible dose (which as you can see ittenebing out past 50 kilometers from the
plant), it would still be 10 times the permissidiese after 30 years, and 5 times after 60
years, and so on. In the red zone the doses wbllldesmore than 20 times the
permissible limit after 30 years. (The early contaation by lodine 131—that
concentrates in the thyroid—has by now decayetsdsif-life is only 8 days, and while
important initially is not so any longer.)

The slow decay of radioactive Cesium releasederl®B86 accident still keeps the area
around Chernobyl off limits. Despite what you maywé heard, there are important
similarities in the two cases. Fukushima radio&cteleases were about 1/6 of those at
Chernobyl, and most of the radioactive materiahbdastward over the Pacific, but there
was still a lot of contamination on land. It colla@ve been much worse had the winds

blown differently. The maps of radioactive Cesiuapdsition in the areas around



Fukushima and Chernobyl are | would say recognyzsibhilar in extent and level of

contamination.

As the Fukushima heavy contamination zone—oveiri@4 the permissible dose—is
about 20 kilometers wide and about 40 kilometeng Jave are talking about hundreds of
square kilometers that may be off limits for decadand perhaps longer. In other words,

tens of thousands of persons are in danger of beggmermanent nuclear refugees.

If people do go back eventually to some locatidvesy twill have to wear dosimeters and

step carefully. As this sinks in, the impact isrgpto be considerable.

The earlier Chernobyl accident forced an even graatocation of populations, but the
Western nuclear programs didn’t think they had miaclkearn from the experience. The
thought was that “it couldn’t happen here” becastern reactors were far superior to

the “primitive” Soviet ones.

This time, however, the Fukushima plants that ¢avieere of Western/US design, and
their operating practices—even with their faultse-arore or less representative of
nuclear operations in developed countries arouadvtrld. (In fact, when | was on the
NRC we looked to Japan as a model for good operatiouclear plants.)

Yes, they were confronted by highly unusual natavants. However, there is no getting

away from the main lesson of Fukushima:

Big radiation releases are possible in LWRs—relsa&sebig that they could put large
tracts of land off-limits for an indefinite peri@hd force the permanent relocation of

large numbers of people.

It seems to me one shouldn't have to worry abasit lihis hard to be comfortable with

this technology in its current form.



What then do we do about it? The nuclear answected in some of the
recommendations on the slides, is mainly to be roareful to reduce the probability of

an accident.

But even with reduced likelihood of accidents tlasib characteristic of these machines
remain. It is what drives the need for numeroustyafystems and the need for near-
military level of discipline in reactor operatiosnd ultimately this drives the cost of the

reactors.

The basic characteristic is this: Even after shwida typically takes little more than an
hour of coolant failure before the residual radiogty heats the 100 tons of uranium fuel
to the melting point. And that melted fuel can asle a fearful amount of radioactivity.

If you want the reactors to be able to containniedted fuel in the event of an accident,

you run into serious difficulties.

Noneof the LWRs was designed to cope with a severglest; that is, one that involves
melting of fuel such as occurred at Fukushima.e@st none of the 104 US operating
plants are, and so far as | know this applies dstavéhe others. All the US plants were
licensed on the assumption that such an accidentneacredible.” This approach dates

back to a deliberate decision by the US Atomic rgp€ommission around 1968.

The result is that about half the US reactors Vet with rather weak containments. A
fundamental question is whether some of the olaledtmost vulnerable plants should
continue to operate, at least not without major ifications. Situation differs in various

countries.

New reactors are probably safer, but their basacattteristics are the same as those of
currently operating LWRSs. | believe that we shottlthild more of these plants until we
have dealt adequately with the ones we have. Argavent’s willingness to take this

course is to my mind an indication of its seriossnabout nuclear safety.



We also need to go back to basics. The reasdntirest in nuclear plants, at this point:
given their high cost, is to reduce greenhousesgassions in electricity generation. To
make a serious dent on the global warming problera worldwide basis would
probably take more a thousand plants, perhaps rhdoa't think it's wise to replicate
current light water reactor technology on thatec@here are other reasons for resisting

the wide scale deployment of LWRs, but they areohdythe scope of today’s discussion.



