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[00:00:38]

LEVITE: Well, good morning. We have a truly remarkable team that we've managed to assemble on a

relatively short notice to discuss some insights that one might be able to draw from the latest mishap in Japan in the

nuclear domain. Needless to say, this discussion is likely to be quite challenging in light of two aspects.

One is that there is still a considerable degree of uncertainty what has transpired, and it's probably going to
take quite a few months, at the very least, before many of the relevant facts are known which would enable us to
make more informed judgments, so for the moment we will have to confine ourselves with some educated guesses
and some first reflections on the Japanese situation and its broader implications.

And the other one of course is that we're dealing with a tremendous tragedy, and Jessica Mathews has
already referred to our admiration for the Japanese for not just putting up with it, but doing it so bravely.against both
an earthquake and tsunami, and then the aftermath also, the nuclear challenge that they're all facing.

So we would try our very best to try and understand, based on what is currently available, how much of
what we are seeing is Japanese-specific and how much of it is of broader implications, and whether the broader

implications are more technical/scientific, cultural, economic, whether they're confined just to the Western world, so
to speak, or have also profound implications for the developing countries that have been the main drivers in nuclear
energy in recent years, and particularly India and China and so on. So, that would explain to you why the panel is
structured in the way it is.

[00:02:40]

So we have with us Dr. Richard Meserve, currently the President of the Carnegie Institution in Washington.
That's not the same as the Carnegie Endowment, but it's an excellent institution that does a fair amount of
respective work by itself.

Irv Rotter from the Sidley Austin law firm, who specializes in project finance in general and has done

project finance in the nuclear domain for decades, should be able to shed some light on the financial aspects of
associated with this, and its implications.

With Mark Hibbs we are proud to have for the last year with the Carnegie Endowment after so many years
in the media world, and so long has been covering the nuclear industry in general and with a fair amount of work on
theJapanese nuclear industry in recent years.

We have Dr. Arunachalam from India, who has advised, I think, five Indian prime ministers and, what is it,
more than 10 ministers of defense? And currently the head of the Center for Study of Science, Technology and
Policy.

And we have George Apostolakis, whose mainstay was sort as a nuclear engineer at the MIT Department of
Nuclear Science and Engineering, and of late a Commissioner of the NRC, who should also be able to tell us

something about the way the NRC is thinking about the U.S. nuclear safety standards in light of Japan.

So that's where the panel - how the panel is composed. There are more elaborate details, of course, in the
rochure.
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Let me start with you, Mark, and ask you, if we try to figure out, what is Japanese-specific about this - and,
again, with the limitations of the knowledge available to us - has there been something that should have alerted us
that there were things left to be desired in the Japanese safety culture or in the TEPCO safety culture of the years
that may or may not be directly related to what happened in Fukushima but is nevertheless worthy of consideration?

[00:04:47]

HIBBS: Well, this event took place after a period of about 10 years, during which the nuclear industry
worldwide has informed governments and regulators that the world is going to need a lot more nuclear energy.

There's a global warming problem that nuclear energy can help address, and that for these reasons, to move
forward to address these challenges, the industry wants to see more nuclear power reactors deployed, and they want
to eliminate a lot of the political risk, which over the last several decades accompanied decisions to do nuclear power.

That happened in Japan, but not only in Japan. It happened in the United States, it happened in Europe, it
happened in Korea, it happened in Taiwan, it happened in China.

So, that's the general background to this accident. When the accident began to unfold in Japan, those of us
who have some familiarity with the past history of Japan's nuclear program - and it's a history that has been
punctuated by numerous incidents, events, accidents - we saw, beginring on the 11 V of March, what looked like the
unrolling of a certain pattern of behavior having to do with the information management of these events.

And it's in the information management area where a lot of the questions have arisen because, in part, of
-. <japan's legacy of, I would call it, alacrity in dealing with information that arises during crisis events and accidents.

[00:06:54]

It wasn't that long ago, maybe a decade ago, where the operator at Fukushima station, Tokyo Electric

Power, found itself on the hook of allegations, some of which were confirmed, of a cover up of information having
to do with the inspections inside of reactor stations.

There was the suggestion that there was a culture of comfortableness where staffers in reactor stations were
not pursuing certain things they should have been pursuing in the safety area, that inspectors from the regulator were
acceding to that lack of aggression.

And very soon after this accident happened, we saw, you know, the beginnings of the similar allegations
occurring, where it was suggested that the regulator in this case was perhaps under pressure. There was little
information coming out of there. It has been suggested that there is in fact an issue that remains in Japan, having to
do with the robustness and the independence of the regulator.

That being said, I think it should also be pointed out that the Japanese events are happening in extraordinary
circumstances.

When Three Mile Island happened in 1979, that happened because mistakes were made inside of a reactor

station that led to what turned out to be a partial meltdown. The reactor station was on the site; there wasn't any
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"K•_ isturbance from the outside world. The authorities were able to manage the accident without having to worry
about major logistical problems.

[00:08:57]

In Japan, I've described the reactor site since March 11"8 as basically a no-man's land where first it was hit by
an earthquake, then by a tsunami. There is an enormous amount of damage. It's been very, very difficult to get
people in and out of there. People that are trying hard on the site to manage this accident are not primarily focused
on getting us information about what's happening in there.

And one of the things that leads me to caution about making any determination in this regard is if you look
at the history of the accidents at T71 and Chernobyl, what we learned in depth about what happened, what

transpired during those accidents, most of what we learned, we learned weeks and months after the reactor accident

basically was over with.

In the case of TMI, after the reactor was brought back to a steady state, it took months if not years for us to
comprehend what actually had taken place in the core of that reactor. And in Japan, my prognosis is that the
situation would be the same. We will not really know what unfolded in those reactor stations, in the cores of those
reactors, probably for months, maybe even for a longer period of time.

[00:10:18]

LEVITE: Thank you.
\

Dr. Meserve, from your perspective, originally sort of at the NRC and then subsequently during all the
follow up work on the nuclear energy, has anything fundamentally changed in terms of our assessment of the
viability and robustness of nuclear energy in general, and nuclear energy's ability to extend the kind of challenges that
we have seen facing Japan.

How much of it is, you know, we can say sui generis, and how much of it is broader, and should it really
shake our confidence in nuclear energy and its ability to provide reliable and safe energy?

MESERVE: Well, I think that the - as has been emphasized - you emphasized at the beginning and Mark
did as well that the final lessons from this remain to be learned.

What we do know is that they had an earthquake that was apparently - at least in some instances, at least
one of the reactors, beyond the design basis, and from what I understand, it seems to have survived that event well.
The generator started; everything was operating as it was supposed to.

There were some problems with one of the buildings, clearly, and whether that's earthquake, fire, hydrogen
explosion I guess is a little bit unclear, but the first story was that the safety systems functioned.

[00:11:40]

Then they were hit, as you know, with the tsunami. The latest information that I have seen - or, the
.Japanese are saying that the tsunami might have been as large as 14 meters with a design basis of 5.7 meters. And
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a.e diesels were at 12 meters above sea level and fuel, I guess, was at a similar place and they just lost all of their
power.

So it was sort of a Six Sigma event that occurred. Six Sigma events are not impossible to happen, but I do
think that one ought to recognize that this was an extraordinary occurrence.

It remains to be seen exactly where the failures were. I mean, in the U.S., for example, we train for station
blackout. And this is something that the operators are seeing in the simulators all the time, and that the Japanese
obviously had some problems.

Maybe equipment wasn't available to them. They didn't have pre-staged equipment that we would have in
the U.S. to be able to deal with extraordinary events. We did a lot of that after 9/11. So I think there's a lot of
capacities on which the U.S. relies that we don't know, whether the - the extent to which the Japanese have them,
and there may be some operator there.

So I think that, as with every nuclear event, there is going to be an extensive lessons-learned exercise. I
think it's premature to be able to judge whether this is such a failure that we ought to just decide we just can't do
this. I think that's very premature to be able to make that judgment.

[00:13:32]

LEVITE: Dr. Apostolakis, if one looks at the current of speculations that have been surfacing in the media,
,-.--uggesdng that we ought to look at the age of the reactor and the fact that it's an older design, and the suggestion

iat maybe the fact that it's a boiling water reactor that is a cause of concern here, or a particular variant of the
S.. 4joiling water reactor was one set of parameters that was brought to attention.

And another one has a lot to do with co-location - co-location of a lot of fuel storage, and particularly dense
fuel storage, storage outside the reactor vessel and things of that nature. Could you try and give us kind of a first-cut,
very preliminary view of your observations of how we should think about these issues?

[00:14:21]

APOSTOLAKIS: Well, first of all, they are my observations. I have to say I'm not speaking on behalf of
the commission.

The Mark 1 containment - it is the particular design of the BWR reactor that was in Fukushima - has been
under intense study for almost three decades now in the United States. There have been some problems that have
been identified, and there have been a lot of improvements that have been implemented.

I don't know to what extent the Japanese also implemented the same improvements, but we have
h-iglh&c...d safety systems, we have heightened the vent part from the oo;s to the environment, which would have

affected the accumulation of containment- of hydrogen in the containment, which led to an explosion, although it
would not have affected the spen-taue hydrogen. So I don't know to what extent TEPCO had done the same things
in their reactors.
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You mention age. Well, we continuously monitor all the units in the United States, and we have inspectors
who are on tm .sid , two of them. They can go anywhere in the plant anytime they wish. And so if there are any

signs of aging of equipment that might affect their performance, then of course appropriate action is taken.

So, with our staff and the commissioned field of the units - the 104 units in the United States are safe. We
issued 4hc information immediately after the accident to all the licensees to make sure of their plans for handling
emergencies are up to date and they're ready to go ou;.

[00:16:34]

And now we will have senior mo.iýtopng task force that will inform the commission within 90 days, but they
will give us a first briefing in one month regarding possible immediate actions that we need to take.

But I agree with the previous speakers that we really - I don't think we will know exactly what happened in
Fukushima in the next month. But anyway, the staff will make recommendations and then we will have a longer-
term taskforce. "Longer-term" means the job will be done in about nine months, that we'll make recommendations
regarding longer-term actions.

We're monitoring the event. We have an operations center which is manned 24 hours a day. And they are
advising the commission and the chairman and also the U.S. ambassador in Tokyo.

So, we are taking all these actions and we are hoping for the best.

LEVITE: Let me just - one quick follow-up question. Do you think that the evolving life extensions, from
--- /40 to 60 years, of nuclear power plants that has been very much in the works, and the United States in the lead; in

other places at the slower pace - do you think that decision would now have to be internationally reviewed?

[00:18:04]

APOSTOLAKIS: No, and I'll tell you why. I mean, the issues in Japan, if they create an issue for us, they
will create an issue for operating reactors. So, we will look at the fleet as it is now and make appropriate changes.

The decision to extend the life from 40 to 60 years involves a very detailed review of the aging processes
and so on. So, I don't think aging has anything to do with -

LEVITE: But it's an older design. That's what I mean. So you're basically extending the life of older
designs where the industry says that they've made considerable progress in grading the safety standards of the design.

APOSTOLAKIS: If a design was not good enough, it would be shut down now. We wouldn't wait for the
acrivda. So that's my point. It's in operating - the actual issue. We have made all these improvements that I
mentioned, and many more, as Dick said, after 9/11.

So, the issue is, should the BWRs - should that design be allowed to operate at all? So I don't think that's
an issue related to the life extension. It's an issue - either shut them down or let them operate because they're

meeting the regulations.

[00:19:26]
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LEVITE: Thank you very much.

Dr. Arunachalam, one would have thought that this was a Western science debate, but then I hear that even
in India there is some soul-searching going on, and the prime minister was expected to give some answers recently to
those issues.

And so, I would like you to bring in sort of your perspective of India's being a major nuclear operator and
major nuclear experience, but at the same one that also has a fleet, part of which is rather old, part of which has sort
of more further design, but also one where there were safety questions that have been repeatedly raised about the
independence of the - (inaudible) - and so on.

Would you care to bring in kind of an Indian perspective without necessarily bringing "the" Indian
perspective?

[00:20:16]

ARUNACHALAM: It couldn't have come at a worse time for India. There are two major Russian reactors
in South India, each of them 1,000 megawatts, and partly going to be critical.

And on the west coast of India, just about 300 miles south of Bombay, there is going to be a plan to set up I
think not just one, but four to five reactors, each about more than 1,000 megawatts, at the zone which the critics

,,-ý,rgue is very near the seismic zone, while others say, no, it is perfectly safe and it's just about 30 kilometers out of
\; )ntainment. And this debate is so intense right now, there have been demonstrations from that location, with

'._Xpeople saying, not in my backyard, et cetera, et cetera.

The Indian reactors, the fear of that was so overwhelming, last week the prime minister spoke in the
parliament that we shall be revisiting the nuclear reactor and look at the state it's in. But I must say that most of our
reactors are of the candle type, where we have the pressurized heavy water reactor.

It has many positives. One is there's a lot of heavy water there in addition to the coolants. And in addition,
you could fuel and refuel when the reactor was in operation. And the spent fuel is not located in the same hall as the
reactor. Many of the advantages of the candle reactor - our atomic energy chairman, Srikumar Banerjee, argues that
it is intrinsically safe.

[00:22:03]

But the trouble with all these safety persons is like the generals fighting - they're always good at fighting the
last war. We don't know where the next one is going to come, and if we're really looking to modeling some of these
things, we have been modeling it for some - I should say it was more than a year now, what are the possibilities?

I think some of the models are of concern. But the reactors are not cooled, as we said. The reactors are
very sophisticated, and many of the things now we have done, for instance, the newspaper I read this morning said
that robots are not used in Japan. Robots are routinely used in India in some of these reactors. Refueling and
fueling and so on are all robotic ones.

//-W, D M B B BU E

-\-- SS

FM 648 of 2929



Transcript Not CheckedAgainst Delivery

And we believe that the reactors are safe, but there is no question at all that we ought to be looking at many

other parameters that ought to be seen. This morning, the former Brazilian foreign minister said political is complex.
! would like to submit technology is complex, and they're all close coupled, and we don't know where the next
accident - how is it going to come from?

But it may interest you to know that the Indian reactor station in Kalpakkam, south of Chennai in the east
coast, was affected by a tsunami. In fact, some people were killed, and unfortunately they were in a church praying,
and the church was the one that was the closest to the beach, and they were taken away.

But not the reactor - the reactor is within 200 meters and we could stand on that. Now I think they've
raised the height of the tsunami wall.

[00:23:54]

The real challenge is going to be on two things. One is India is now promising to use the fast reactor
technologies to build potentially, and how do we handle accidents in fast reactors? One reason is the sodium
coolant, and sodium fire I think is notorious.

Of course we argue, saying the nice things about the reaction coefficient that's possibly negative. So, when
the temperature rises, automatically the friction stops, et cetera, et cetera. There are some advantages in a fast
reactor. So we have to see, how are we going to handle this?

And the second thing is the enormous, ambitious program that atomic energy talks about. Atomic energy
opes that by 2030 we will be having about 130,000 megawatts. Remember, the (Inaudible) - Indian production

.•.oday is about - (inaudible) - megawatts. And you talk about 130,000 by 2030. And our calculations show about
60,000 to 70,000 megawatts. Even that is going to be about 70, 80 reactors, and how are we going to handle that? It
is going to be a challenge.

LEVITE: Mr. Rotter, is this going to affect the way the financial community looks at nuclear energy in
general in sort of financing nuclear reactor projects? Is it going to perpetuate the tendencies that we've seen, or even
accelerate it, that India and China will go ahead, and Korea and France, or the rest of the others, will either phase out
or stay in reluctantly and so on. Give us the perspective from where you come from.

[00:25:32]

ROTTER: Well, it's a challenging question. As opposed to - (inaudible) - and the Brazilian ambassador
has talked about technology being complex, diplomacy being complex, finance likes to be simple. And the more
complex that you make finance, the more difficult it is to do.

Because of that, the answer to your question really is going to depend on market to market. When you are
talking about - if you don't mind, I'll sort of span the globe. If you start in the United States, the likelihood that the
United States will have a nuclear reactor over the next several years is exceedingly remote. That was exceedingly
remote before the incident in Japan. It is equally true now.

I think it was put well by the chief executive officer at one of the larger utilities that owns a rather large fleet
of nuclear reactors in the United States when he simply said, the economics are - the costs are too high, the

n•,rancing is too difficult, and, frankly, public opinion, which is fairly important both for finance and for the politics
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\'•.-/.nderlying nuclear has moved very rapidly in the last month from favoring nuclear power in the United States and
favoring guarantees by the federal government of nuclear facilities in the United States to being decidedly opposed.

Now, whether that will snap back anytime soon, it's hard to say, but at the moment, at least, even if it were
to snap back, they would be fundamental to the economics simply - (inaudible).

[00:27:13]

As you move - and I'm going to go west and come around the other - around the globe. As you go to
Japan, Japan has a very difficult problem because of its need for power and the availability of alternate sources of
power.

Where you find markets that have need for power and limited access to others, and where you have financial
institutions that are acting on behalf of government as far as the - the implementers of state policies, the likelihood
will be that those financing sources will remain available because, again, they do not necessarily reflect the financial
institutions' economic judgments as much as they reflect political judgments being made in furtherance of policy.

Then as you go further around to the Middle East, I don't think that financing was necessarily viewed as a
principal impediment. It was viewed as an impediment, but the fact is that there will be financing available for -
(inaudible) - markets.

Europe is a bit more of a challenge because there what we have is a combination of concerns, both in terms
,---N-f alternate sources and the fact that there is a notion of 20 percent being rolled over - (inaudible) - the fact that

I ther renewables, be it solar or wind, simply aren't sufficiently efficient and simply do not work - (inaudible) - low
--- 'ower and no storage alternatives, at least that are commercially viable and financeable at this point.

And so, the need in Europe will be to try and come to grips with that. And it's worth noting how some of
the financial institutions are trying to deal with that to the extent that they can. And that is going to be a desire and
in fact an intense desire for transparency.

[00:29:14]

One of the things that has taken place in the last several months is that at least two financial institutions,
perhaps more, have adopted codes of social responsibility, where financial institutions have simply stated that they
are not willing to finance projects absent adherence to certain principles of conduct by the developers and
constructors and host countries for the various projects.

So I think that to some degree that is going to take on even greater importance in terms of trying to address
the financing needs. So, in short, the answer is it's really going to be a gray picture which is going to vary from
region to region.

LEVITE: Thank you.

Let me open the floor for questions from the audience. You are familiar with the areas of expertise and so
on. Please state who you are directing the question to, and let's try to go as quickly as we can.

( j) [00:30:28]
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Q: Well, it's to the technical experts on the panel. I have two very short questions. One is that most
nuclear power plants in Europe have really double containment. I don't think this is the case in the older U.S.
facilities, and I don't think it was the case in Fukushima. If they had had double containment, would that have
mitigated the consequences of the accident? That's the first question.

And, very shortly, the second one is considering the problems that they had with the spent fuel storage
problem, would you say today that storing spent fuel in casks is a safer solution for storing fuel in the longer term?
Thank you.

APOSTOLAKIS: Yeah, I'm not sure I understand the double containment. What do you mean double
EPR?

MIESERVE: EPR is double containment.

[00:31:34]

APOSTOLAKIS: Well, I can't speculate whether that would have done anything to the sequence of events
in Fukushima.

But storing the spent fuel in dry casks - (inaudible) - yes, all evidence - experimental, analytical and so on
points to a conclusion that we can do this safely for several decades, more than a hundred years. So it is a good idea

,,,-.to put spent fuel there, but you have to put it in a wet pool first for a number of years - maybe five, six, seven years
to cool it significantly before it goes to the dry cask storage - (inaudible).

LEVITE: And, Dr. Meserve, let me explain for a second the issue of the interim storage of fuels.

We clearly saw that, in the Japanese case, the co-location of multiple power plants meant that if there was a
problem in one and more than one, it was becoming more difficult to handle the others. Then you add to that
extensive storage of spent fuel complicating things even further if there is some trouble with storage. Then you
actually have an even more dense concentration of that fuel as a result of some economic decisions that have been
made.

But the U.S. is now out of any type of a permanent solution, and it's actually engaging in longer and much
bigger interim storage of fuel on site. Do you see that as a growing concern that should have some relevance here as
well?

[00:33:09]

MESERVE: Well, I definitely do see that with the decision to not proceed with Yucca Mountain, that it is
inevitable in the United States that we're going to be storing fuels for a longer time period than had originally been
anticipated.

And our current policy had been based on the premise that as soon as we possible, we would be moving
that fuel to a disposal site, and that clearly is not a strategy that is going to be one that's going to be implemented.

- -
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So we do need to worry a little more aggressively than we have in the past about the circumstances under
which we store spent fuel. And I, of course, completely agree with George that dry cask storage is the storage
mechanism that is a very desirable state in which to be holding the fuel.

All of the studies would indicate that it is safe and secure to do that. And I think there will be questions that

will be raised as a result of the Japanese incident about how we think about storage in spent fuel pools.

The challenge that we confront and the challenge which the Japanese confront with regard to the spent fuel,
for instance, aggravated by the fact that there are about six plants that are on the same site, and four of whom at least
are very close together - remarkably close together.

And so you have this sort of a fratricide event where, as you've indicating, bad things that are happening in

one plant affect your capacity to do things in other plants, and in fact the explosion in unit three took out the fire
trucks for a period that that were being used to cool I think unit two, that you have - you know, there was some
shrapnel from one building affecting the others.

So, I think the situation injapan is somewhat aggravated by the fact that you have these sites with many,
many reactors on them. We don't confront that in the U.S. We don't have that many sites, whereas - and the most

we have are sites with two units on, and I think they're typically further apart. But it's one of the issues we're going
to have to look at.

[00:35:30]

LEVITE: Thanks. Yes?

Q: Hi. George Bothwell, Atomic Energy of Canada. I have a question for Mark - (inaudible). How would
you rate the nuclear industry's communications response to the events in Japan? And given it's happened, do you
see any areas for improvement?

HIBBS: As I've said before, there is a pattern in Japan of not being willing to communicate a great deal of
information about this, particularly because it's an event that's unfolding, and that is it's an accident sequence that
continues to unfold.

And as I also said, 1 think the extraordinary circumstances in this case should lead us to be careful about
pointing fingers at any organization at to about whether or not they've been judicious and forthcoming in providing
us information.

That being said, I think there are some questions about the information flow. Some of the information is
not very available to the layman. Some of the information is not, even in the engineering community, readily
understood.

If we look at the set of information that the nuclear regulator in Japan has presented to us from the

Fukushima Daini station, where all of the reactors have basically been stabilized - if you look at that data, there
aren't any holes in the data. The data looks consistent and I think people have a fairly good understanding of what
the status of those reactor stations are and what's happening in those reactor buildings.

[00-37:321
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In the case of the Fukushima Daiichi, if you look at the data, there are holes in the data. There are pieces of
data that are missing because sensors are not operating. The control rooms have been blacked out because of
apparent either leaks in the buildings or, alternatively, the failures in measuring equipment, the data in some cases on
pressure and temperature, and core water levels doesn't seem to make sense.

And all of these things are making it very difficult for people on the site to manage this information. It's a
little bit - I can imagine it to be like being in an airliner at night and you're flying to a destination and you have no
confidence that your radar is working. You're in the reactor building in an extremely stressful situation, trying to
manage an accident.

This is an extraordinary event that was not foreseen. As Dick says, there will be questions asked about
whether the Japanese authorities, both the regulator and the operator, should have anticipated by making sure there
was equipment on the site to manage such an event. We don't know that yet. It's very premature.

I think we will see again, at a later period - maybe after a period of weeks or months we will get more
information about how this accident was managed and that will include information about how the information was
managed. But I think it's just premature right now to make any judgments about how the industry in Japan has
handled this.

[00:39:24]

In that regard, I want to make one point having to do with the role of the International Energy Agency in
uis case.

The IEA, very soon after the accident began on the 11(h of March, was criticized very severely by many
people, including numerous ambassadors who were serving in governments in Vienna and are constantly talking to
senior-level staff at the agency. There was a lot of the criticism directed at the IEA for the way that it handled the
information-management issue.

I think, in response to that criticism, the information processing by the agency and its actions to get better

information from Japan has significantly improved. On the other hand, I also think, based on my conversations with
people in Vienna in the last couple of weeks, that there may be a misunderstanding about the role of the agency in an
event like this.

As was the case in TMI and even more the case in Chernobyl, the IEA was deeply involved in providing
expertise and a forum for experts worldwide to debate and discuss the consequences of what happened during an
accident.

[00:40:50]

But it's my view that the agency has comparatively little to provide in a situation where an accident like this
was unfolding. The suggestion that the IEA would, in some concrete fashion, have something to give to the
Japanese authorities, be it the regulator or be it the operator, I think may be misplaced because I think, you know,
these are reactors which have been operated in Japan and regulated in Japan for a period of four years.
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And I think it would be, you know, a stretch to think that the agency would, in crisis management situation,

would have something to impart to the Japanese that they wouldn't already know.

LEVITE: Even what you have said, Mark, let me ask a question of Dr. Meserve and then Dr. Arunachalam

about the independence of the regulator on the one hand in Japan and India, compared to the experience here.

But also, the other thing is - and you talked about it already - the role of the lEA as the chair of INSAG -

I'd like to ask Dr. Meserve to what extent the discussion there, or that forum provided by the lEA, would actually be

able to get honestly to the kind of challenges and then have some way of doing peer review to see that these safety
improvements actually manifest themselves in the various countries again.

MESERVE: Well, let me deal with the Japanese question first. Again, this is a situation where we don't

know all the facts.

[00:42:38]

There has been commentary that the Japanese regulator is not sufficiently independent. The reason this

comes up is that they - as are all the countries that operate nuclear power plants with the exception of Iran, which

doesn't yet operate them, are signatories to the Convention on Nuclear Safety. And there's an obligation in that

convention that the regulator is supposed to be independent, competent and well-funded, capable of taking a stand
and evaluate safety issues independent from all other pressures.

'The Japanese have confronted sort of commentary every review meeting of the convention, of the fact that
re regulator is in fact embedded in METI, the ministry for economics, technology and industry. Is that right?

MR. : That's trade.

[00:43:38]

MESERVE: Trade - even more to the point. And so you have a regulator that at least structurally is in a

situation where they don't have the independence that would be desired. Now the Japanese insist that they're on

this, but it's always been a point of contention.

The also have a so-called Nuclear Safety Commission - I may not have the name exactly right - which

reports to the prime minister, but it's an advisory role and it's a very high-level sort of academic - who have great
knowledge and great wisdom but don't have a regulatory role and may not have insight.

So, I think that we don't know whether this situation in Japan is the result of a regulatory failure now, and I

hesitate from jumping to that situation, but the structure that they have is one that has drawn criticism over the
years. They do not have a sufficiently independent regulator.

[00:44:38]

I very much agree with Mark that the IAEA can be, at most, during an event like this, a place for

information exchange, for pooling expertise at the request of the people who really have to handle the accident, but

they can't be in the middle of accident management themselves. They can't do that from Vienna. That important
'•le during the accident is going to be for information for all, assistance as requested, that kind of thing. But I do
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\=_" aink that they will play a very important role as this unfolds on trying to develop the lessons that should be learned
on a generic basis and applied around the world.

And I hope that - there's a group that you mentioned, INSAG, which is the International Nuclear Safety
Group, which I happen to chair, which I would anticipate - we haven't discussed this yet, but I would anticipate that
we would try to roll up the various studies that have been done by others and do an independent assessment and
eventually generate a report about what the international community should learn. There are a lot of specific things
that each regulator has got to learn about their own regulatory system and what is (the bigger fix ?).

And I would expect that that would be something INSAG will do. There's a whole set of safety standards
that are promulgated by the very important sort of backdrop for national regulation. I'm sure that this accident will
have impact on those as well, and in a slow process, the regulatory systems in various countries use those safety
standards and particularly the guides as a vehicle for best practice in order to shape their own regulatory systems.
And I'd anticipate that will happen down the road.

[00:46:30]

LEVITE: Dr. Arunachalam, I mean, if you are to bring India to the picture, willingness to do things not on
an insular basis but rather subject yourself to peer reviews and also the extent to which the review - the regulator is
independent.

ARUNACHALAM: We have an atomic energy regulatory board and the chairman generally comes out of
,,--that atomic energy - (inaudible). And we had a secretary , science and technology, a distinguished metallurgic force

etermined - (inaudible). There is also an outstanding director of the Indian institute who was the chairman.

[00:47:06]

Generally, I think they try to be independent, but I must find out that they still get their budget allotment
from their atomic energy budget, and that creates its own problems two times. One of them is the (dome ?) fell -
and it's a cement construction - well before the reactor became critical. It fell at - (inaudible) - in the west coast.
There was also a fire in the generator at Narora plant. I think they came into action - (inaudible) - particularly and
insisted the reactors should not go critical, at least in Narora, until the whole thing was repaired.

But then it's also - another advantage Indians have with the candle type of reactors, the candle reactor uses
kind of an informal society, both in Canada, South Korea, India and so on. We exchange lots of notes of what is
happening. So, in a sense, we have an advice for whatever happens. I think the Indians have not been hesitant on
contacting them - if anything, a little too readily. And the Canadian collaboration in this has been extremely useful.

And so I would submit that saying when we are using - (inaudible) - and we are using these kind of
reactors, I think that we are not just talking about one country. We are talking about transnational experience on this
case.

But usually these kind of regulatory boards and so on, they become gradually the slaves of the ministry.
This I think is a serious concern, but we have one example where the election commission once was the
rubberstamp of the government. After one chairman of the election commission, it's become fiercely independent.
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.. /We hope the Japanese will want their atomic energy regulatory board much more independent than what it
is today.

[00:49:15]

LEVITE: Dr. Arunchalam, against what leve] earthquake and tsunami are India and France now designed
against?

ARUNACHALAM: I wouldn't be able to tell you this because the exact number I don't have, but one
thing was - our experience on the one in Kalpakkam - (inaudible) - could handle the tsunami, which was a fairly
intense one. You remember the one that created lots of damages in Indonesia - (inaudible) - and so on. I think we
could handle that almost effortlessly. The wall held.

But the earthquake zones - I mean, for instance, the - (inaudible) - in the south, they are not earthquake
prone, but the one that's being talked about is mildly earthquake prone, and how mild is mild - I mean, that's a great

deal of debate because the south has one huge dam. And remember, the dam's storage was the one that lubricated
the - (inaudible) - and then ended up on this one. It was called the Quenni (ph) earthquake.

So there has been some debate on this, but my expectation is we should be able to handle about 6.5 to 6.9.
That was what I've heard - (inaudible).

[00:50:46]

LEVITE: Irv, I want to ask you a specific question here. Is the financial community now going to reassess
ne investment risks and financing risks associated with seismic real dangers as well as tsunami dangers for all kinds

of plants, even in New Zealand? It's not just that we don't know in advance where it's going to happen, but we
don't know what magnitude it's going to be or where it's going to be.

Is it going to do that across the board? Is it going to do that only for nuclear in a more - with a more
heightened concern?

ROTTER: Well, part of the problem here I think is trying to give definitive answers to this. Again, it's
going to function a bit by market. We have been financing plants around the world of both types, other than
nuclear, and without a great deal of concern about earthquakes or tsunamis. As a general matter, for example, there
have been many plants that have been financed in California, notwithstanding the fact that they were viewed as being
in seismic areas.

[00:52:03]

One of the things that actually took place - and the timing of this was rather unusual - was that I received
an email from one of my colleagues, who's in Asia, on - and I actually remember the date; it was February 27"' -

asking me as to how financial institutions had dealt with earthquake issues and tsunami issues, because that was

something that was becoming a concern in the Japanese market. And, in fact, there were - (inaudible) - in the
industry's - (inaudible) - where you can try and come up with a broader risk pool.

I think that the issues for being able to deal with all kinds of infrastructure will become an issue in parts of

, sia, and the reason being because of what has just been witnessed, so that if you cannot get some sort of protection
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" .r lenders, be it insurance, be it some sort of market availability, be it cash or bonds, be it increased amounts of
equity, there will be some reluctance to finance projects of all types where there is significant seismic risk. Where
those tools are available, there shouldn't be.

LEVITE: Dr. Meserve, you wanted to comment?

[00:53:20]

MESERVE: Yeah, I was just going to react to the question a little bit about what Richter number the plants
are designed to. We don't regulate them that way. This was a 9.0, or thereabouts, earthquake in Japan. And the real

issue per the engineer is what is the ground motion or the frequency of ground motion that the nuclear plant is - and
the distance from the epicenter would determine what that is.

So, the way that the plants are evaluated for earthquake hazard is to look at what the ground motion would
be historically, or has been historically, at a given plant, and with some allowance for uncertainty and how well you
know that, you have some extra margin on top of it.

And it doesn't necessarily correlate with any particular Richter number. So the fact they had a 9.0
earthquake in Japan doesn't mean that we all of a sudden rethink the design of earthquake resilience in the United
States. It very much depends on the site.

I think it's probably also worth noting that the plants seem to have survived the earthquake rather well, and

was another design - another earthquake Kashiwazaki-Kariwa plants in Japan a couple of years ago that was well

S )ove the design basis for earthquakes, and they survived that very well, at least for safety systems. There was
\•Z xtensive damage to non-safety systems, but the safety systems all came through as intended and the reactors were

brought to cold shut down safely.

So, I mean, I think that it's a little more complicated story than what the magnitude of the earthquake is.

LEVITE: Dr. Apostolakis.

[00:55:00]

APOSTOLAKIS: Well, on that point, apparently the ground motion that was seen during the event was
very close to the design basis for earthquakes, even though the ground acceleration was a result of a calculation that
assumed a smaller earthquake, 7-point-something, but much closer to the plant.

So, what really matters, as Dr. Meserve said, is the - for example, ground acceleration at the site, which is a
function of the magnitude of the earthquake, but also the risk is very crucial.

So, the plant did very well regarding the earthquake. The acceleration was not something that was way
outside the design basis. And, as we all know, what really happened that created the accident was the tsunami that
came afterwards. And this is now still a mystery why they ha3;4 not anticipated such a violent tsunami, given that
they had this ira--.. zone in that part of the world, which is known to create tsunamis of this magnitude.
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But I think the most important thing here is you have six reactors on the site. Four of them have been

severely damaged. There was a huge what we say common -- (n•udibla) an outside event that affected all of them.

They had first the earthquake. They survived the earthquake and then the tsunami.

[00:56:37]

The tsunami was not just water. It was carrying cars and various debris. So I don't know whether - I mean,
one can always argue that having an independent regulator would have affected anything. I mean, this is really the

black swan, as they say, or an act of God, or they should have known better.

But the other thing is, though, that there are usually emergency plans in case of an accident. What's not
clear to me is whether those emergency plans included the fact that during a very severe event, your infrastructure is

nearly destroyed. And that is not clear to me, whether it was part of the emergency plan, or if it is, to what extent.

LEVITE: Which clearly has implications on nuclear new builds in terms of the requirements for

infrastructure.

Please.

Q: Thank you. Teresita Schaffer.

You've been talking, quite properly, about safety issues as we can discern them through the events in Japan.
..-,, ut when you talk about the regulatory process, that arguably is a process that also affects security issues.

Recognizing that it may be too early to know the answer to my question, I'm going to ask it anyway. Do

you - can you see or can you anticipate if there might be any lessons learned from the Japanese events about security

of nuclear materials or about the kind of behavioral aspects of regulating nuclear plants that would affect security?

I mean, no institution likes to be inspected from outside and there's a kind of circling the wagons

phenomenon. And I spent my life in the Foreign Service and I'm very familiar with that.

[00:58:46]

LEVITE: Does anyone - George?

APOSTOLAKIS: Clearly the emphasis now is on safety matters. The taskforce that the commission has
appointed has a very broad charter, so security, I'm sure will be part of it. And if it's not another. dimen , I'll

make sure it is.

I can't see right now how those issues would be affected by what happened, but, again, it's too early. We're
all focusing on the hydrogen - (inaudible, audio interference) - so maybe there will be some lessons learned that

would affect security, because at least at the agency, security and safety are - (inaudible) - at the same level after

9/11.

[00:59:43]
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MESERVE: The only thing that occurs to me that - I hadn't really thought about the question - is that,
depending on what we learn, there may be some greater vulnerabilities in systems than we had realized before, and
we may decide, as a result of that, we need to harden security on them or have countermeasures of one sort or
another to mitigate an event. I don't know that that - those lessons are there to be learned yet.

LEVITE: Yes?

Q: Jessica Varnum from the Monterey Institute's Center for Nonproliferation Studies.

It's very difficult to look at these issues rationally in the wake of such a terrible tragedy, but for the purposes

of our long-term energy security globally, I think we have to ask a question about what the risk is of nuclear energy
relative to other forms of energy.

And it strikes me that an accident after 25 years of global nuclear power without a significant accident, in
any other industry would be considered a very good safety record. And so the question is, how do we, first of all,

assess, and second of all, communicate relative risk of nuclear versus, say, coal or any other form of power where
accidents and health problems are common.

And is it even possible to really do so rationally, especially when you have public hysteria in response to
anything that says radiation? The West Coast, a run on potassium iodide despite the fact that all relevant authorities
are saying that's ridiculous; don't do it. Thank you.

[01:01:22]

LEVITE: Mark, why don't you go first about the way you think Russia handled, and then we'll ask the
professional, technical - (inaudible).

HIBBS: Yeah, I don't think there's any question that there seems to be a bias in the public against an
accident that happens that potentially involves nuclear radiation as opposed to other severe accidents.

The question you're asking me is a question which - to a government in China, which is dramatically
challenged by requirements in energy security and growth, has basically already made, and has made clear that since
the Fukushima accident we've got unfolding, it is not going to significantly change its posture in making a choice
about energy options to produce baseload electricity.

[01:02:231

The Chinese have made clear at a very high level of government - and they reiterated that resolve after the
accident began - that they see nuclear as their best option to develop in the medium term, meaning the next several
decades" a large infrastructure to produce a lot of baseload electricity without further damaging the Earth's climate,
China already being the world's premier generator of not only NOx but SOx and other poisons from the
combustion of fossil fuel.

They will point out to you that the number of people who died in one year in China as a result of mining

accidents in Chinese coal production facilities is very high. They are numbered in the thousands per year.
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\These people die without causing international concern. For that matter, the number of people that die on
highways in traffic accidents far outnumbers the people who have been killed or died as a result of nuclear accidents
worldwide, to my knowledge. But, as you said, there is a bias in this direction, and there is a lot of probably cultural
and psychological reasons for that that I don't have to go into here.

But, as I say, China will not be alone in making this decision. I think what you will find, to underscore what
Irv Rotter said, is that in societies which are facing near- to medium-term constraints in setting up baseload electrical
systems to produce a lot of electricity, and, above it all, to do it in a way which does not further intensify carbon
emissions, their choices are limited.

[01:04:33]

And in China, what you will see is a decision to go forward with their nuclear program, but there will be
probably a political decision to shift the focus in the new build program away from reactors that have a design which
comes out of the 1970s or 1980s and more toward advanced technology which at least seems as if it addresses some
of these problems in a more systematic way than perhaps others listed.

Deployed reactor group, the older ones - but it will not fundamentally change the direction. In Japan, I
think you will see a similar development where the Japanese have little choice but to go further with a nuclear
program. There's going to be questions about whether a reassessment of seismic and tsunami-related threats will
force some reactors to be closed down.

I think there will be some soul-searching in Japan about what kind of reactors the Japanese are going to

Ed and where they will build them. There will also be a decision forthcoming in these countries to, as Dick and
',_._/.thers have suggested, to rebalance their regulatory systems.

[01:05:58]

One of the things that happened in China as a result of this event is that it has strengthened the hand of the
regulator, which, in the last decade or so, has been perceived widely as a weak agency, and now will go into high-level
meetings with top Chinese decision-makers with some ammunition to point out that just because there was no
serious accident in China over a period of 30 years, if China really intends on building 60 to a hundred power
reactors in the next several decades, they'd better be prepared to handle that eventuality. And I think you will see a
strengthening in Asia of these regulatory regimes.

LEVITE: OK, well, let me take five questions and then give the panel an opportunity to react, but very
quickly. Please, over there. And this gentleman I promised to - subsequently. Yes.

Q: Thank you. Steven Dolley with Platts. We've heard a lot of quotes from international atomic agencies
and other officials, the reports of the accident, saying that the accident crisis might go on for weeks. But we hear
almost no informed discussion of the end game. Everyone knows the immediate goal is to restore cooling capability
to the reactors, and spent fuel pools. They're running into lots of radiation and they're running into equipment
damage by the disaster itself.

What if that can't be done, at least in the short term? Can seawater injection on the cores and spent fuel

pools be sustained indefinitely? What is the end game? When will we know the crisis is over and the cleanup has
- gun?
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LEVITE: And the gentleman over here. Why don't you just wait for the microphone so people can hear
you?

[01:07:38]

Q: Yeah. (Inaudible) - this morning, and Mr. Rotter brought this up. I'm Roger Hamburg, retired political
scientist.

Speaking of the politics of this - I'm not as cognizant on technological - (inaudible) - but it concerns me -
and she mentioned Monterey - the panic of the West Coast. I called a friend of mine - (inaudible) - said, don't
worry. People assume the worst, and, frankly, the media, especially the electronic media hypes - (inaudible) - and
that makes it even more difficult, more - (inaudible) more unpleasant formula - (inaudible).

You also have a debate within each country, the United States at this point very much so. How do we

communicate - (inaudible)? Not only do we have the print media, but the electronic media, with the Internet, all
these things - (inaudible).

LEVITE: Thank you. The gentleman over here - (inaudible).

[01:08:41]

Q: Thank you. Very quickly, to Dr. Arunachalam, would you say, then, from your experience, that candle-

\)pe reactors is the type to go for, from the track record?

And, second, on the safety overheads, whether financially speaking or technologically, because from what
I'm hearing, it's not really a problem with the design. And, as you mentioned, the design is functioning, even in the
States here, and if there is a problem, you'll shut it down.

So, apparently it's not an issue with the design. It's more the major catastrophe that could - (inaudible).
How do you evaluate that for future power - (inaudible)?

LEVITE: All right, we'll take two more questions and then - there is a question here, then Mike Gadbaw
over there.

Q: The recommendation for the 50-mile evacuation zone that was given by Chairman Jaczko, I was hoping
you could give some context of the process that went behind that decision.

LEVITE: Thank you.

Mike.

[01:09:59]

Q: Michael Gadbaw with Georgetown Law School. I wonder if I could get anyone to dissect the issue of
emergency backup power. How many megawatts were we talking about to run those pumps? Why did it take six
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K •__> ays to run an extension cord? Were there - could you conceive of other alternative sources, either by airlift or -
could an aircraft carrier have helped were this really anticipated?

LEVITE: Jessica Mathews?

MATHEWS: I wanted to ask Irv about his prediction that the reaction of the financial community will be
market by market, because in past financial crises, it seems as though the reaction has been exactly the opposite: The
very phrase "contagion" describes a process that is precisely not market by market. So, why should this be different?

LEVITE: Good. We'll ask each member of the panel to comment - respond to the questions and add
whatever parting thoughts they have. George, why don't you go first?

APOSTOLAKIS: The decision to advise Americans within a 50-mile radius to evacuate was made by the
chairman in consultation with the staff.

You have to appreciate that these decisions were made under conditions of extreme ignorance. The agency
was not getting reliable radiation measurements. We didn't know the state of the cores was.

So there was some extremely conservative calculations that were done that suggested that maybe the
prudent thing to do - you always like to err on the side of caution, as they say - was to give that advice.

So that's how this happened. Some results have already been published that people are scrutinizing, and

-- aduate students all over the country are looking at them.

There was another question about that.

[01:12:251

LEVITE: Yeah, he said are you a candle marketing agent in terms of the inherent safety features?

APOSTOLAKIS: No problem. (Laughter.)

LEVITE: Any other point you want to make?

APOSTOLAKIS: I don't remember. It was something about - there were so many questions. (Laughter.)

LEVITE: Do you want to just quickly - he said the longer term.

APOSTOLAKIS: We don't know. We don't know. I mean, we really need to make sure that we have a
stable situation. There are all sorts of proposals as to what to do, fill the containment with water or do something
else.

There has been already damage to, you know, the actual cores, the first -or reactors, to differing degrees.
Sometimes you hear there's 70 percent of the core has been - might have been relocated. But the vessels seem to be
holding very well. So it's very, very difficult, really, to tell.

[01:13:25]
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Oh, there was a question of why it took them six days to bring the cable and all that. Well, remember, there
is a natural catastrophe. That's what I meant earlier by the infrastructure. They don't have it. It's very difficult to
move things. I mean, I guess being so many thousands of miles away makes it difficult for us to visualize what is
going on there.

So, I wouldn't really criticize them for taking six days or eight days for doing anything because we don't
know what has happened there. You have electricians working in compartments where there is water several feet - I

mean -

ARUNACHALAM: Yeah, I think if I say my candle reactors have been good, I'm sure my French friends
will say that their reactors are outstanding too. (Laughter.) So I think it's extremely - (inaudible) - expand the
number of users I think will make that difference, whatever will be the reactor. In that sense, we are the global
participants, and that's important.

[01:14:291

The one lesson I'm seeing from Japan is - maybe it's too early - is that they have been somewhat reticent

about sharing their - about informing the world of the problem. But, as I say, they are busy controlling it. There is a
chance to talk to the world - (inaudible) - perhaps.

LEVITE: By way of information, I understand that the World Association of Nuclear Operators is going to
,--,,)lay a major role in lessons learned exercises of its own and would then, just as they have done on other accidents,

iare the insights of some - which would be complementary for work that would be undertaken by the IEA.

Mark, do you want to come in with some parting thoughts?

HIBBS: Eighteen months ago, at one of the labs - I think it was at Livermore - there was a classified
meeting that took place. Not having a security clearance, I was not involved in it. But I heard a little bit about what
happened. And it was a discussion about potential game-changers and the nuclear energy universe in the 21
century.

[01:15:35]

What would constitute a potential game-changer? What could totally, radically change our view about how

nuclear energy would be deployed in the next 50 to a hundred years? And one of those game-changers that came
out of that meeting that was considered by all the participants to be a very likely game-changer was a very serious
accident in a nuclear power plant anywhere in the world, and particularly an accident that took place in a highly
advanced country.

And that's what we have. And for that reason, again I would caution to draw hasty conclusions about how

this is going to play out. There is the potential for an enormous amount of damage politically to this energy sector to
arise over the next one to five - one to five years, let's say, because of the wave of recriminations which is going to

arise about who is ultimately responsible for this.

And in the Japanese environment, we know how this has played out in the past. There has been, as I say, a
".,imber of events in Japan that were of safety significance that, in the post-mortem analysis, after the event, there
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iere large differences of opinion and incriminations in every direction - the utility industry, the regulator, the
ministry that Dick Meserve mentioned, to which ESA (ph), the regulator, reports.

And all of these recriminations were of such a magnitude that the people who were responsible for
deploying reactors and operating them were not capable of handling these in a systematic way, and it led to a lot of
damage and fallout in the media, in the politics of this.

[01:17:51]

We've already seen it in - the last point I'll make is a reference point - in Germany, the country where I live.
Very, very shortly after the accident, the German government announced the decision to freeze and possibly roll
back a decision that it took to extend the lifetime of a (raft ?) of nuclear power plants in that country which were
older and had been given a go-ahead by regulators to be extended after a very long process of analysis integration.

And I think this is just a warning as how irrational the political side of this could play out. I mean, we can't
predict how politicians are going to react to the way this accident is explained.

LEVITE: Thank you, Mark.

Irv?

ROTTER: Let me address a couple of points, and the first one being the gentleman who raised the
/----,question with respect to the media.

I think it's important to realize there are two dynamics that are taking place here. And I certainly do not

have the technical expertise to weigh in on what is taking place in Japan. And I wholeheartedly understand and
concur with the statements that are being made with respect to it will take months and perhaps even years to get all
the information that is necessary to really understand what the new policies were, what the lessons learned are in the
situation that took place there.

Having said that, there is a second dynamic that is also taking place in a certain place concurrently, and that
is for those who are operating the U.S. nuclear facilities in the United States and also around the world. And it's
interesting to look at what the reaction was by those companies as they did this.

[01:19:561

One of the things that was done almost immediately was to try and get as many facts as possible so that they
did not state things that were inaccurate, because the last thing that you want to do is come out with something that
has been proven wrong.

But once they had a general sense of what was taking place, senior officials from various nuclear utilities
went out and spoke to the press. For those who follow the Securities and Exchange Commission, you may know
that public companies often have an opportunity when a significant event takes place to file something called a Form
8-K.

Form 8-K basically defines and describes various events and why they may impact companies. And one of

'he major utilities that runs nuclear facilities put out an 8-K with a series of slides, showing exactly what the state of
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" -. lay was with respect to their reactors, and also noting the fact that they had been in touch with their regulators, with
members of Congress, and with the White House in terms of the fundamental safety.

The point that these utilities were trying to make - and it is a point that was exceedingly important - was

what in fact the folks in Japan - whether it was a black swan - whether, in fact, there are lessons to be learned from
it, but at the same time, that those companies remain committed to the safety of the nuclear facilities that they have.
That is an important message that had to go out.

[01:21:26]

Now, as to what the effect is and the fact that people generally will react badly to something if it's focused
on the nuclear industry. As Mark said, there are cultural reasons for that, and they need not be - we need not go
into details. They're very self-evident.

Let me switch to the question thatJessica asked.

LEVITE: Just briefly because we're beginning to run out of time.

ROTTER: Yeah, it will be very brief.

Jessica, you're absolutely right. In almost every industry, if there is an economic occasion, the fundamental
--rinciple tends to be that financial institutions move as a herd. And because they move as a herd, when one

istitution does something, they all follow.

What is different in a nuclear instance is that there is a segmented market in terms of who the financing has
been provided from. And so, if you were to limit your analysis solely to the financial institutions that are the
traditional lenders to the energy industry alone, I think that that would be absolutely great.

[01:22:341

The issue here is that it's a broader market. And because you have institutions that are finctioning not
necessarily solely on the basis of economic decisions but also on the basis of being active and implementers of state
policy, those financial institutions will stay and not withstand that - (inaudible).

LEVITE: Dr. Meserve, you have the last word.

MESERVE: Just a few reactions. First of all, let me - you asked about the trajectory going forward. If all
goes well, we're into a situation where we'll be establishing residual heat removal from the reactor core and dealing
with the spent fuel pools. And I think we have reason at least to hope that that will occur relatively soon.

[01:23:20]

Then we're in for a hell of a cleanup process that's going to go on for a long time. Three Mile Island was on

the order of a billion dollars. You're going to be - (inaudible) - to deal with that situation and all the contamination
,...•within the situation here.
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One thing we haven't heard anything about from this accident - and this comes back to the design question
that I think one has to be - (inaudible) - to, is that every other major accident that we've had involves operator error

one way or another. There has been no hint of that. We have no reason to think that now, but I think that one has
to be alert to the possibility that things weren't done in a timely fashion perhaps. That aggravated the situation.

And I'm certainly not accusing TEPCO of that at all, but I think that one has to recognize that an
unfortunate common element is no matter how well we've trained our engineers, that they're humans who run it,
and that problems arise.

As to going forward, I think that comes back to the point that was raised earlier. If one steps back, we have
a few workers that were killed at the plant. We have some people who were exposed but not at levels that
necessarily are going to kill them. And so, if one looks at this accident and steps back from it - and we have 20,000
people that died - or so - from the tsunami and without the public - (inaudible).

[01:24:54]

What does that mean going forward? I think the countries that were considering nuclear beforehand, I
think some of them will continue with the national security, the energy security. The various factors that caused
them to be interested in nuclear will persist. They're the same now as they were before. And I don't think this is -
this will be the end ofnuclear, presuming that the reactor is under control.

I dearly hope and would expect that, as at Three Mile Island, that as at Chernobyl, what this accident will do
s galvanize a very serious evaluation of safety and commitment to it, and that this is not just in the design phase; it's
i the operating phase. We need to have a safety culture that persists all the time.

So that's made the highest priority, and I think that in the effort to end this with something of a -
(inaudible) - we can hope that out of this accident comes the commitment for existing nuclear power plants and
ones that are going to be built, that there is a renewed attention to safety going forward that there wouldn't have
been otherwise.

LEVITE: Thank you. Please join me in thanking the panel members - (applause) - and invite you all to
lunch.

(END)
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Snodderly, Michael

Sjnt:

Subject:

Breskovic, Clarence
Friday, March 11, 2011 2:44 AM
Breskovic, Clarence
Japan: Onagawa and Fukushima plants shut down

Nuclear Plants Shut Down in Miyagi, Fukushima
Tokyo Kyodo. World Service 0707 GMT 11 Mar 11
Tokyo, March 11 Kyodo -- (EDS: ADDING INDUSTRY MINISTRY INFO, INFO ON HOKKAIDO, FIXING OPERATOR) Nuclear
plants on the Pacific coast in Miyagi and Fukushlma prefectures have been automatically shut down Friday following a
powerful earthquake that hit a wide area In northeastern Japan, the operators said.

There were no immediate reports from monitoring posts of fires or other abnormalities near the nuclear plants after the
2:46 p.m. quake, the industry ministry said.

The suspended power plants were the Onagawa plant in Miyagi Prefecture, operated by Tohoku Electric Power Co., and
the Fukushima No. 1 and No. 2 plants in the adjacent Fukushima Prefecture, run by Tokyo Electric Power Co., according
to the companies.

Tokyo Electric also said it kept operating the Kashiwazaki-Kariwa nuclear plant on the Sea of Japan coast in Niigata
Prefecture, while Hokkaldo Electric Power Co. reported no problems at its Tomari No. 1, No. 2 and No. 3 plants in the
northernmost main island.

There were no Immediate signs of any problems at the Hamaoka nuclear plant on the Pacific coast in Shizuoka
Prefecture, southwest of Tokyo, the prefectural government said.

ore USGS data:

Magnitude 7.1 - OFF THE EAST COAST OF HONSHU, JAPAN

2011 March 1106:25:50 UTC

http://earthquake.usis.•oy/earthouakes/recenteasww/Ouakes/uscO0lxiq.pho#details
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Snodderly, Michael

.C---.•rom:
gnt:

'. 0:
Subject:

Breskovic, Clarence
Friday, March 11, 2011 6:11 AM
Breskovic, Clarence
Japan: Fukushima 1 & 2 cooling system problems

According to NHK Tv news (Japan Broadcasting Corporation) the Fukishlma 1 & 2 reactors are experiencing reactor
cooling problems after diesel generator failures but also saying there is no cause for alarm even though the government
has declared a "nuclear emergency situation".

N
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oSosa, Belkys

,--,From: Sosa, Belkys
'..- ent: Friday, March 11, 2011 4:51 PM
S o: Apostolakis, George; Davis, Roger; Snodderly, Michael; Baggett, Steven; Lui, Christiana

-•Subject: FYI: Correspondence
Attachments: NRC Japan earthquake letter 03 11 1 1.pdf

fyi

From: McKelvin, Sheila
Sent: Friday, March 11, 2011 4:33 PM
To: Batkin, Joshua; Monninger, John; Sharkey, Jeffry; Sosa, Belkys; Bubar, Patrice; Nieh, Ho
Cc: Vletti-Cook, Annette; McKelvin, Sheila; Mike, Linda; Jaegers, Cathy; Clayton, Kathleen; Champ, Billie
Subject: Correspondence

Good morning

I have attached for your information is a March 11, 2011 letter from Rep. Edward Markey, re: Earthquake in Japan

Sfiei&t McJ~e~vi
I1, 2011

no
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courrros EDWARD J. MARKEY 2108 RAYBU'IN I OUSE OFFICE BUILDING
WASHINGTON 0C 20615-2101

NATURAL. RESOURCES 7 OR, DISwc r. MASSACHUSEfOs 12021 225-21036

RANKING DEMOCRAr
DISTr4CT OFFICES:

ENERGY AND COMMERCE 51 c n 0 tth •tt THIGH STREET. SUITE 10 !

z of the Z b bMEOFORI.. 16402155

17@11 335-2900

)oua of Repreentatibe !9!8 CONCORD STTROi:ET SUITE IG2

Wagbington, Mt 20515-2107 IS,,5,7•..,,X,.,

htp:l/markey.house gov

March 11, 2011

The Honorable Greg Jaczko
Chairman
Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Dear Chairman Jaczko:

I write to request information related to the potential impacts of the devastating
earthquake in Japan on that country's nuclear facilities, as well as on the implications for
our own domestic industry.

The 8.9 magnitude earthquake has caused some serious damage at two nuclear facilities
in Japan. The Japanese government declared an "atomic power emergency."' Fukushima

.- '- ~Daiichi nuclear power plant has experienced a failure associated with its emergency
diesel generators, preventing the flow of water into its cooling system. To reduce rising
pressure inside the Fukushiima reactor, slightly radioactive vapor is being released. 2

Residents within a 3 km radius of Fukushima have been evacuated. 3 The United States
Air Force also reportedly delivered equipment that could be used to cool the reactor.4 The
International Atomic Energy Agency (IAEA) is seeking information about whether the
flow of cooling water has been restored, and about other nuclear power plants and
research reactors in Japan.5 Nuclear fuel requires continued cooling even after a plant has
shut down. Failure of the cooling system for many hours is what resulted in a partial core
melt at Three Mile Island in 1979. There was also a fire in a turbine building at the
Onagawa nuclear facility; Japanese authorities reported to the IAEA that it had been
extinguished.7

The earthquake and tsunami pose threats to nuclear facilities in the United States. Your
staff has informed mine that the Diablo Canyon nuclear power plant in San Luis Obispo,
California has declared an 'unusual event' because of the tsunami warnings that have
been issued. Taiwan, which has six nuclear reactors, issued a tsunami alert.

htp./Avww.nytimes.comt20 ! /03/12iworld/asia/12nuclear.htmi
2 http'//www.msnbc.msn.comnId/42025882/ha/world news-asia-pacific/

4 http'J/www.reutcrs.comnarticle/2011/03/11/us-quake-japan-iaea.statement-idUSTRE72A2F820 110311
http'/www.rcuters.com/article/201 1/03/I i/japan-quake-reactor-idUSL3E7EB2AH20110311

5 http•/www.iaeaorg/newscenter/news/201 l Asunamilupdate.html
6 http./www.nytimes.com/'2011/03/12/world/asla/l 2nuclear.himl7httpdh/www.reuters.com/article/201/03/I I/us-quake-japan-laea-statement-idUSTRE72A2F820110311

FM 670 of 2929



This disaster serves to highlight both the fragility of nuclear power plants and the
potential consequences associated with a radiological release caused by earthquake-
related damage. We must ensure that America's nuclear power plants can withstand a
catastrophic event and abide by the absolute highest standards for safety. Last year, I
requested a GAO investigations into the adequacy of Commission regulations associated
with seismic safety. Earlier this week, I wrote9 you regarding the Commission's pending
approval of the design for the API000 nuclear reactor, in light of concerns raised by one
of the Commission's most long-serving staff that there is a risk that an earthquake at the
AP1000 could result in a catastrophic core meltdown. According to this individual:

* The API000 shield building failed tests because it is brittle, and could shatter
"like a glass cup". About 60 percent of the shield building would consist of a
building material that "failed miserably" in a physical test of its ability to
withstand out-of-plane shear, one of the forces caused by an earthquake.

* Weak and inadequate computer simulations were used to "prove" the reactor
shield is "strong enough".

* Earthquake forces may have been underestimated by Westinghouse.

My concerns about the vulnerabilities of the AP 1000 reactor design are only heightened
by the reports of the effect of the Japanese quake on their reactors.

I request your prompt attention to the questions raised in my earlier letter. In addition, I
- request that you provide me with responses to the following questions:

1) Please provide me with a detailed description of the earthquake and tsunami-related
damage experienced by the nuclear facilities in Japan. If earthquake and tsunami-
related damages are reported at other nuclear facilities, please also provide me with a
detailed description of these damages. Please ensure that your response includes:

a. a description of each specific failure that occurred
b. the cause of each specific failure
c. whether any radiological release occurred because of the failure
d. whether each specific failure could have caused a radiological release if not

promptly mitigated and
e. how long each specific failure will take to fully repair

2) Please also indicate in your response whether you believe each nuclear power plant
design a) that is currently in operation in this country, or b) a license for which has.
been submitted for approval to the Commission for eventual construction and
operation in this country can withstand an earthquake or tsunami that is comparable
in strength to the one experienced in Japan.

3) Please inform me whether you believe that what happened at the Japanese reactors as
a result of the earthquake suggests any need for safety improvements at any U.S.
reactor, and if so, what actions the Commission is taking to ensure such
improvements are made.

' lrtp.l/mwrkey.house.gov/do.gaoginspecviin.pdf
,htp://markey.house.gov/docs/3-7-1 ojmtonrc.pdf

FM 671 of 2929



E- ... ..... . . Z-

4) Please inform me whether the events in Japan indicate any need for changes to the
emergency response plans of U.S. nuclear power plants. Would these plans be
adequate in a situation where emergency responders and other resources are needed to
deal with many problems simultaneously?

5) Please indicate whether NRC regulations require nuclear reactor operators to have
emergency backup power for long enough to maintain safe conditions through a crisis
such as that occurring in Japan, where power may not come back online for days?'0

Please provide your response no later than close of business on Friday April 8, 2011.
If you have any questions or concerns, please have your staff contact Dr. Michal Freedhoff or
Dr. llya Fischhoff of my staff at 202-225-2836.

Sincerely,

Edward J. Mark/

f ' ,

'0http:/Avww.nmcgov/readingrmi/doc-.collectionstcfr/partO5O/partO5O-OO63.htrni
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Sosa, Belkys_

From:
3ent:
6c:

Subject:

Snodderly, Michael
Saturday, March 12. 2011 2:11 PM
Grantom, Carl
Henneke, Dennis (GE Power & Water); Apostolakis, George; Sosa, Belkys
RE: PSA 2011

Right now we are still planning on coming unless something significant changes. I will let you know right away
if something changes. Our next update is at 3:30 pm.

-- Original Message---
From: Grantom, Carl [mailto:cr-qrantom•STPEGS.COMI
Sent: Saturday, March 12, 2011 1:21 PM
To: Snodderly, Michael
Subject: PSA 2011

Mike,

I talked to Ed Halpin today and due to the Fukishima event and the media coverage he will not attend the
conference. I will give his plenary talk.

Is Comm. Apostolakis still going to attend. I hope so, but I am not sure what NRC position on the Japan events
will be.

Please let me know.

, ick

~~NOIFORPUBU~WSURE~
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Sosa, Belkys AOT FOR PUBLIC-5% ,;

From:
-ent:
I 1 0"
Cc:
Subject:

Snodderly, Michael
Saturday, March 12, 2011 8:43 AM
Apostolakis, George
Sosa, Belkys; Baggett, Steven; Davis, Roger
7:30 am Commission TA PhoneCall

Sorry for the last e-mail. I was having trouble logging in.

Focus is on Fukushima Daiichi Unit 1 which experienced a steam explosion at 3:46 am EST that destroyed the
roof and some walls of the secondary containment exposing the spent fuel pool.

Loss of fuel supply to the diesels seems to be a problem. They are obtaining or are in the process of obtaining
diesel generators from off site to bring on site. Without power sources they can not remove heat from the torus
suppression pool which is steaming to containment and resulting in elevated pressures in containment. They
need to vent to prevent over pressurization.

Ops Center is going to be staffed 24 hours a day until Tuesday.

Two staff members heading to Japan.

Next update will be today at 3:30 pm EST.

I will forward you Chairman's talking points.

,, ,,
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Apostolakis, George

- ---.. ',: Apostolakis, George
Sunday, March 13, 2011 11:47 AM
'sergio.guarro@ascainc.com'

Sul0Ject: RE: PSA 2011

Yes, I will go and we can talk.

Commissioner George Apostolakis
US Nuclear Regulatory Commission
One White Flint North, MS 016 G4
11555 Rockville Pike
Rockville, MD 20852

(301) 415-1810

From: Serglo Guarro rmaJlto:seraio.auarro(•ascainc.com1
Sent: Sunday, March 13, 2011 11:38 AM
To: George Apostolakis
Subject: PSA 2011

Hi George,

I imagine the Japan events may be affecting your schedule, but if you are still coming to the PSA meeting maybe we can

-half hour to talk?

Sergio

17
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Sosa, Belkys

From:
S- .ent:

" - o-ubject:

Coggins, Angela
Monday, March 14, 2011 1:15 PM
Sharkey, Jeffry; Nieh, Ho; Bubar, Patrice; Sosa, Belkys
Press conf

White house press conference going on right now. The Chairman is on now.
Angela Coggins
Policy Director
Office of Chairman Gregory B Jaczko
US Nuclear Regulatory Commission
an-qela.copqinsa~nrc.,ov/301-415-1828

)
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Sosa, Belk!s

From: Davis, Roger
/' \-'ent: Monday, March 14,2011 11:51 AMS .): Apostolakis, George

Sosa, Belkys; Snodderly, Michael; Baggett, Steven
Subject: White House issuances re Japan

Commissioner,

Per your request to Belkys, please find below the links to two issuances re Japan on the White House web site:

Statement yesterday evening, 3/13/11, by White House Press Secretary: http://www.whitehouse.-qov/the-
press-office/2011/03/13/statement-press-secretary-onpoin-q-us-response-earthquakes-and-tsunami-ia

Release from White House on Friday, 3/11/11, ith President's statement and outline of his briefing:
http://www.whitehouse.,ov/bloa/2011/03/1 1/earthquake-iapan-and-tsunami-preparedness

Hope this meets your needs.

Roger

3
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Sosa. Belkys LB

From:

'---Subject:

Blake, Kathleen
Monday, March 14, 2011 5:21 PM
Sosa, Belkys; Davis, Roger
Cmr GA's reply to media requests for comments.

Dear: I have spoken with the Commissioner and he will not be making public comments at this time
regarding the status of Japan's nuclear power plants. Please Check the NRC web site or blog for the latest
information on NRC actions. http://www.nrc.pov/

Belkys/Roger: Is this ok to send? kb

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852
301-415-1810

e-0151W 
Lumc-ý
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A-ostolakis, Georg'e

..... : Apostolakis, George

it: Monday, March 14,2011 5:16 PM
Sosa, Belkys; Baggett, Steven; Blake, Kathleen; Davis, Roger, Lui, Christiana; Savoy, Carmel;
Snodderly, Michael

Subject: RE: FYI - RIC HUMOR

I will be speaking tomorrow morning. Rick Grantom gave Ed Halpin's speech today. Ed stayed back in Texas to deal with
his stakeholders.

The Chairman proposed that the Commissioners meet soon in a private meeting to discuss ideas. We all agreed. He said
that the NRC will have a lot of work to do as a result of the Japanese experience.

He also said that the White House continues to believe that nuclear should be part of the power mix in the US.

The three reactors at Daichi are still in trouble.

Commissioner George Apostolakis
US Nuclear Regulatory Commission
One White Flint North, MS 016 G4
11555 Rockville Pike
Rockville, MD 20852

(301) 415-1810

im: Sosa, Belkys
i=ent: Monday, March 14, 2011 5:08 PM

To: Apostolalds, George; Baggett, Steven; Blake, Kathleen; Davis, Roger; Lul, Christiana; Savoy, Carmel; Snodderly,.
Michael
Subject: RE: FYI - RIC HUMOR

Commissioner, any action/feedback from the Chairman's briefing. Is there anything you need from us? Hope
your speech went well...

From: Apostolakis, George
Sent: Monday, March 14, 2011 5;06 PM
To: Apostolakis, George; Baggett, Steven; Blake, Kathleen; Davis, Roger; Lui, Christiana; Savoy, Carmel; Snodderly,
Michael; Sosa, Belkys
Subject: FW: FYI - RIC HUMOR

From: Sheron, Brian
Sent: Monday, March 14, 2011 5:03 PM
To: Apostolakis, George
Subject: FW: FYI - RIC HUMOR

Commissioner, see attached. Thought you might enjoy .................

or: Weber, Michael
)t- Thursday, March 10, 2011 1:13 PM

•~--•: Sheron, Brian
Subject: FYI - RIC HUMOR
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Thought you might enjoy the attached. Thanks for supporting the RIC, Brian.

Mike

\.,Lhael Weber
Deputy Executive Director for Materials, Waste, Research,
State, Tribal, and Compliance Programs
U.S. Nuclear Regulatory Commission

301-415-1705
Mail Stop 016E15

\ I

I
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"Brian, enough with the questions already!"
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Sosa, Belkys 0 OUtCStS

v~ ent:

s-ubject:

Sosa, Belkys
Monday, March 14, 2011 5:36 PM
Blake, Kathleen; Davis, Roger
RE: Cmr GA's reply to media requests for comments.

How about:

Commissioner Apostolakis will not comment on the status of another country nuclear power plants. Please
check the NRC web site for the latest information on NRC actions. http://www.nrc.Rov/

Our thoughts and prayers are with the people of Japan during this ongoing crisis.

From: Blake, Kathleen
Sent: Monday, March 14, 2011 5:21 PM
To: Sosa, Belkys; Davis, Roger
Subject: Cmr GA's reply to media requests for comments.

Dear: I have spoken with the Commissioner and he will not be making public comments at this time
regarding the status of Japan's nuclear power plants. Please Check the NRC web site or blog for the latest
information on NRC actions. http://www.nrc.Rov/

,_ý.elkys/Roger: Is this ok to send? kb

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852
301-415-1810

10
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Apostolakis, George

In: Apostolakis, George
-t: Tuesday, March 15, 2011 6:08 PM

1,o: 'Pagani, Lorenzo'
Subject: RE:

Lorenzo:

Due to my current position, I cannot comment on what is happening in Japan.

Commissioner George Apostolakis
US Nuclear Regulatory Commission
One White Flint North, MS 016 G4
11555 Rockville Pike
Rockville, MD 20852

(301) 415-1810

From: Pagani, Lorenzo [mailto: Lorenzo.Paganide. plmco.coml
Sent: Monday, March 14, 2011 4:38 AM
To: apostola(&rmit.edu
Subject:

; George

It has been a long time. I hope to find you well.

Recent unfortunate events have brought me immediately back to my earlier days at MIT.
I was kind of schocked to see the common cause failure in practice and triggering shutdown while impacting the diesel
generators at the same time. My understanding is that diesel engines were flooded by tsunami. I would assume that
base case at this stage will be similar to Three Mile Island with partially melted core constrained within Primary
Containment Vessel.

The Pimco credit analyst for energy corporations and another restricted group of people (including myself) are having a
call today with former commissioner Jim Asselstine. Do you know him? He was a staffer during Three Mile Island.

If you wanted to share your expertise with Pimco, would you be eventually available for a conference call in the coming
days?

In any case would it be ok for me to give you a call later today or tomorrow after I talk to Jim?

PS. I am currently Head of Europe Government Desk for Pimco, and I must admit that I had my own crisis to look at in the
last months due to Greece and other peripheral countries

Best regards
Lorenzo

Lorenzo P. Pagani, PhD
Portfolio Manager
PIMCO
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SeidIstrasse 24-24a
80636 Muenchen

:- Germany
Tel.: +49-89-12207367

. Fax: +49-89-12207842
E-mail: forenzo~papani(pimCO.cOm
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Sosa, Belkys

From:

-- )X:"_-- ubject:

NEIGA@nei.org
Wednesday, March 16, 2011 2:01 PM
Sosa, Belkys
**Update 1:15pm March 16"* Information on the Japanese Earthquake and Reactors in that
Region

SI I(S ENLINI "III

UPDATE AS OF 1:15 P.M. EDT, WEDNESDAY, MARCH 16:

NEI has posted an updated version of the fact sheet Used Nuclear Fuel Storage
at the Fukushima Daiichi Nuclear Power Plant. Also available is a new fact sheet
called Industry Taking Action to Ensure Continued Safety at U.S. Nuclear
Energy Plants.

As always, please go to http://resources.nei.org/iapan for the latest updates.

Click !n to unsubscribe

i /"k t
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Jampia"Now
Baggott, Steven

'Omn:
Cc'nt:

Blake, Kathleen
Wednesday, March 16, 2011 2:09 PM
Apostolakis, George; Sosa, Belkys; Baggett, Steven; Snodderly, Michael; Davis, Roger; Lui,
Christiana
Savoy, Carmel
FW: "Update 1:15pm March 16"* Information on the Japanese Earthquake and Reactors in
that Region

Cc:

Subject:

Fyi- kb

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852
301-415-1810

From: NEIGA0)neiorg rmailto:NEIGA(nei.org1
Sent: Wednesday, March 16, 2011 2:01 PM
To: Blake, Kathleen
Subject: **Update 1:15pm March 16** Information on the Japanese Earthquake and Reactors In that Region

' / 1111(tt~l

UPDATE AS OF 1:15 P.M. EDT, WEDNESDAY, MARCH 16:

NEI has posted an updated version of the fact sheet Used Nuclear Fuel Storage at the Fukushima
Daiichi Nuclear Power Plant. Also available is a new fact sheet called Industry Taking Action to
Ensure Continued Safety at U.S. Nuclear Energy Plants.

As always, please go to http://resources.nei.org/japan for the latest updates.

ClIck here to unsubscnibe

I
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Sosa, Belkvs

From:/ '2.ent:
10:

•Subject:
Attachments:

Sosa, Belkys
Wednesday, March 16, 2011 4:40 PM
Apostolakis, George; Davis, Roger, Baggett, Steven; Snodderly, Michael
FYI: Incoming Congressional Correspondence
03-16-11 Kuncinich.pdf

fyi

From: Champ, Billie
Sent: Wednesday, March 16, 2011 4:26 PM
To: Batkin, Joshua; Monninger, John; Bradford, Anna; Sharkey, Jeffry; Sosa, Belkys; Bubar, Patrice; Nieh, Ho
Cc: ViettI-Cook, Annette; Jaegers, Cathy; Clayton, Kathleen; McKelvin, Sheila
Subject: Incoming Congressional Correspondence

I have attached for your information a letter from Rep. Kuncinich re: request a description of the specific actions the

NRC will take to ensure measures are taken to provide a level of protection of public health and the environment for
Americans etc;

£i&, a- e-,.eap
Ala" 1~6, 2011

K. 2

1
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DENNIS J. KUCINICH RANjama M.wER
IOTH DisTRiC', OnoI SUBCOMMrrnTf ON REOULATORY AFT-AIRS.

STIMULUS OVRSIGHT AND GOVI'RNMBNT

2445 RAlsuR Houa Omnic BULDo 
SPSrNNO

WAsHINomON, D.C. 20535 CoMrrrma ON OviRsJOrT AND

a , (202) 225-5871 GovIRNMh-r Rvosm

14400 D'OI AvmvB COMMn-M ON EDUCATION AND 1h1

LAKEWOOD. O.o 44107 Ajioare of 4J4 Mtib ut WORKFOR

(216) 228-885o www.kucinich.bouse.gov

PADRATOWN MALL
7904 DAY Dmva

PmA.. OH 44129 March 16,2011
(440) 845-2707

The Honorable Gregory B. Jaczko
Chairman
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Chairman Jaczko:

As the situation in Japan forces us to reconsider our definition of "unlikely," I am writing to
request a detailed description of the specific actions the NRC will take to ensure measures are
taken to provide a level of protection of public health and the environment for all Americans that
exceeds the level of protection provided at the failing Japanese nuclear power plants like
Fukushima Daiichi. A briefing to Members of Congress in which you explain the actions should
accompany the report.

Specific safety issues addressed should include, but not be limited to a history of plant operator
malfeasance and/or ineptitude; the flaws in the Mark I reactor design; the risks posed by
earthquakes and tsunamis, floods, power outages, fires and intentional aircraft crashes; and the
specific criteria for revoking or denying a license to operate.

As the Ranking Member of the Subcommittee on Regulatory Affairs, Stimulus Oversight and
Government Spending of the Committee on Oversight and Government Reform, I look forward
to hearing how the NRC will act swiftly to learn important lessons from the tragedy in Japan.

Operators of nuclear power plants with demonstrated poor safety records should not be allowed
to continue to put the public at risk. Though there are several examples of companies whose past
performance has shown that they should not be operating a nuclear power plant, the story of
Davis-Besse, operated by FirstEnergy Nuclear Operating Company (FirstEnergy) is instructive.

On June 9, 1985, FirstEnergy allowed a 12-minute interruption in the feedwater flow to the
steam generators, which was cited as a "potential catastrophe." In 2002, Davis-Besse's reactor
head corroded nearly all the way through because it was "weakened by years of neglect." A
former NRC top safety official, Harold Denton, stated in 2004 that these two incidents represent
the nuclear "industry's second and third-lowest points after Three Mile ]sland."

FirstEnergy's employees tried to conceal the truth about the 2002 incident from the NRC using
"tricks, schemes, or devices. . . to deliberately mislead" the agency. David Uhllmann, chief of
the Justice Department's environmental crimes section, said that FirstEnergy showed "brazen
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arrogance" and "breached the public trust" by withholding information about the reactor bead
incident. Federal prosecutors described the reactor head incident "as one of the biggest cover-
ups in U.S. nuclear history."

FirstEnergy paid a record fine of $33.45 million as a result of its actions. Of that amount, a
record $28 million was the fine that First Energy paid "to avoid being criminally prosecuted for
lying to the government about the dangerous condition of Davis-Besse's old reactor head,"
according to then-U.S. Attorney Greg White in 2006.

The total fine was merely 1% of FirstEnergy's profits in 2004. While these may have been
record fines, they were a mere slap on the wrist for FirstEnergy, creating liftle incentive to
protect the public. This conduct is the product of an inveterate, corrupt culture of long standing
deceit and comer-cutting on safety. With such an abysmal record, they, and other nuclear power
plant operating companies with poor performance records should not be allowed to continue to
operate nuclear power plants.

As you know, I have repeatedly called for the denial of FirstEnergy's application to continue to
operate Davis-Besse beyond its designed life span. Until there is adequate accountability,
incentives to place profits before safety will persist.

The Fukushima Daiiehi plant that is currently considered to pose the greatest threat to human
health uses the General Electric Mark I reactor design. The Mark I has been criticized by NRC
staff and others for failing to perform one of its primary functions: containing radiation in the

* event of a problem with the reactor.

The three explosions at Daiichi reactors 1, 2 and 3 that released radioactive substances have
illuminated this design flaw. The U.S. has nuclear power plants with the Mark 1 design in
Alabama, Georgia, Illinois, Iowa, Michigan, Minnesota, Nebraska, New Jersey, New York,
North Carolina, Pennsylvania, and Vermont. Most are operating at or past their design life and
most have recently received 20-year extensions of their operating license.

The Fukushirna Daiichi power plant was supposedly designed to withstand extreme events such
as earthquakes and tsunamis. It.failed, and the success of efforts to prevent meltdowns at
Fukushima Dainii power plant, Tokai nuclear power plant, and Onagawa power plant have yet to
be determined.

The NRC must review the ability of all nuclear power plants in the U.S. to withstand multiple
simultaneous events that could wipe out entire redundancy systems. Plants on or near
earthquake faults like San Onofre in Southern California and Perry on Lake Erie in Ohio are
particularly vulnerable.

In the New York Times Monday, Michael W. Golay, professor of nuclear science and
engineering at Massachusetts Institute of Technology, said, "Utilizing cost-benefit judgments,
every nation with nuclear power has set the strongest earthquake that its nuclear plants must
survive intact considerably below the level of the Japanese earthquake." We must do better than
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' ) to rely on a safety standard which has demonstrated that it would bring us to the brink of a
nuclear catastrophe.

Other ongoing safety issues at nuclear power plants in the U.S, pose risks similar to those at the
Japanese nuclear power plants. Power outages or floods could cripple primary and secondary
core cooling systems. Widespread fire protection deficiencies have not been rectified. Most
nuclear power plants in the U.S. remain vulnerable to an intentional aircraft crash. Each of these
vulnerabilities merits serious scrutiny.

Bringing our nuclear power plants up to a more suitable safety standard will be expensive. The
new reality created by the Japanese nuclear reactors will force us to re-imagine what is possible
and, therefore, what must be done. Professor Golay summarized the false choice that exists in the
prevailing attitude about nuclear power safety options:

In considering the nuclear hazards of strong earthquakes, it's useful to note the
results of a study, which I led from2001 to 2004, for Tokyo Electric Power
Company. The study addressed whether to devote resources to provide robust
public protection from nuclear risks that could arise in the event of strong
earthquakes or to focus such efforts and researches on.the direct effects of the
earthquake.

We concluded that any earthquake strong enough to damage the reactor, and thus
expose the public to harmful radiation, would be much more dangerous to the

-- public in its direct effects, and that it would be more beneficial to devote efforts
and resources to geneNal preparedness.

When the choice is between building a reactor that can survive a major earthquake and preparing
the public for a major release, the latter wins. This a false choice about ways to direct scarce
resources that facilitates profit for a select few, while placing enormous risks on the rest of us. If
the citizens of the U.S. and the world cannot be adequately protected from the risks of nuclear
power, then nuclear power should not continue to exist and we should turn to cleaner, safer
alternatives.

If you have questions, please do not hesitate to contact me.

Sincerely,

Dennis J. Kucinich
Member of Congress
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Sosa, Belkys

From: Blake, Kathleen
Sent: Wednesday, March 16, 2011 2:59 PM
" .0: Tamsin.Barber@bbc.co.uk

"--ubJect: RE: BBC Radio- London

Mr. Barber: Commissioner Apostolakis will not comment on the status of another country's nuclear power plants.
Please check the NRC web site for the latest information on NRC actions. http://www.nrc.gov/

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852
301-415-1810

From: Tamsin Barber <Tamsin.Barber(dbbc.co.uk>
To: apostolat@mit.edu <agostolatcmit.edu>
Sent: Wed Mar 16 12:20:48 2011
Subject: BBC Radio- London

Dear Professor Apostolakis,
',P-am working for BBC Radio 4 in London on the weekly science programme Material World. For this
\_.jeek's programme, we are focussing on the earthquake/Tsunami in Japan and the potential risks

from the nuclear plant. In particular, we are interested in looking at the design and safety precautions
of building a nuclear power plant in an area where there is seismic activity and Tsunami risk i.e. are
there any design implications, general risks, what precautions/risk assessments are taken etc. We
would be interested in talking about Japan/US and other countries.

I wondered if I could talk to you about your work in this area via telephone today, with a view to a
possible interview for the programme? If we do go ahead with an interview we would be looking to
record between 12-1pm (Boston time) tomorrow Thursday 17th March. The interview would be live
and would need to be from the nearest radio studio or if this is not possible, via telephone.

However, if this is not an area that you are familiar with, would you be able to recommend someone
for us to talk to?
Many thanks and Kind Regards,

Tamsin Barber
Assistant Producer
BBC Science Radio Unit
00 44 207 557 2476

T is e ai .n d a .-n y . . . . . . .. . .. .s is c oy n i p e. 1 1 3 1 o f th e
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Sosa, Belkys

From:
"'\ ;ent:

Subject:

Attachments:

Apostolakis, George
Thursday, March 17, 2011 9:38 AM
Baggett, Steven; Sosa, Belkys; Snodderly, Michael
FW: SOURCE of JACZKO's CALCULATION for HIS EVACUATION ORDER for AMERICANS
in JAPAN
11-050.pdf; ATT00003..txt; 11-050-Attached.pdf; ATT00004..txt

-- Original Message--
From: Michael Corradini [mailto:corradinOcae.wisc.edu]
Sent: Wednesday, March 16, 2011 10:47 PM
To: JOY REMPE; Bill Shack; John Stetkar
Subject: SOURCE of JACZKO's CALCULATION for HIS EVACUATION ORDER for AMERICANS in JAPAN

besides being wrong about water in the spent fuel pools - you have to see his statement and calc (below)

it appears his 50mi declaration was based on a bounding calc for a BWR at 2500MWth - Mkl containment

(complete meltdown, total containment bypass, calm winds and low release height)

i have the RASCAL code and can reproduce the calculation

my question is - why the heck this was apparently done without any documentation or QA within the staff

,if a stupid professor can get the code, make assumptions and get a bounding result in a day?? is it useful??
U,._!"

NOTFORPUC ISCLOS•,.MUR.

I
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-NfFOT Pun! roi Dole! HIMSosa, Belkys

From:
S,-bent:

Subject:

Powell, Amy
Thursday, March 17, 2011 11:38 AM
Coggins, Angela
Sosa, Belkys
RE: Belkys is going to call you.

That's fine - Belkys, I am still waiting to hear back from Sen. Feinstein's office with more details beyond what I
sent to you yesterday, but I am happy to talk with you about what I know.

-----Original Message---
From: Coggins, Angela
Sent: Thursday, March 17, 2011 11:33 AM
To: Powell, Amy
Cc: Sosa, Belkys
Subject: Belkys is going to call you.

She has some questions about feinstein's trip.
Angela Coggins
Policy Director
Office of Chairman Gregory B Jaczko
US Nuclear Regulatory Commission
an:ela.cogW.ins nrc.,ov/301-415-1828

N.

MNTFfrP8CSt"W=RE-
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Sosa, Belkys NOTFMR-PB CLSURE--

From: Blake, Kathleen
sent: Thursday, March 17, 2011 12:40 PM

, r"o: Apostolakis, George
.\"_/ Ic. Sosa, Belkys; Baggett, Steven; Snodderly, Michael; Davis, Roger; Lui, Christiana; Savoy,

Carmel
Subject: FW: 4:00pm Call for Update from the Chairman

Fyi - today. kb

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852
301-415-1810

From: Bavol, Rochelle
Sent: Thursday, March 17, 2011 12:38 PM
To: Lepre, Janet; Blake, Kathleen; Herr, Unda; Crawford, Carrie
Cc: Pace, Patti; Batkin, Joshua; Vietti-Cook, Annette; Sharkey, Jeffry; Sosa, Belkys; Bubar, Patrice; Nieh, Ho; Pulley,
Deborah; Burns, Stephen; Coggins, Angela; Bradford, Anna; Laufer, Richard
Subject: 4:00pm Call for Update from the Chairman

,)ust to confirm our conversations.-.. The Chairman will brief the Commissioners at 4:00pm this afternoon (Non-
/-"-,'unshine Act Discussion). The Commissioners should call into the OPs Center 301-816-5100 to be connected

the bridge. Remember, even from inside NRC, to dial an outside line (9-301-816-5100).

Rochef6
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NOT FOR PUBLIC DISCLOSURE-Sosa, Belkys

From:
. 'ent:

-4ct:

Subject:

Powell, Amy
Thursday, March 17, 2011 2:54 PM
Blake, Kathleen; Weil, Jenny
Sosa, Belkys; Apostolakis, George; Snodderly, Michael; Davis, Roger; Baggett, Steven;
Savoy, Carmel; Lui, Christiana
RE: San Onofre

Kathleen -

I am on the phone with Sen. Feinstein's staff now to get more details. I will contact you as soon as I completed
this call.

Thanks,
Amy

Amy Powell
Associate Director
U. S. Nuclear Regulatory Commission
Office of Congressional Affairs
Phone: 301-415-1673

From: Blake, Kathleen
" ,. .ent: Thursday, March 17, 2011 2:53 PM

/,: Weil, Jenny; Powell, Amy
-••:C: Sosa, Belkys; Apostolakis, George; Snodderly, Michael; Davis, Roger; Baggett, Steven; Savoy, Carmel; Lui, Christiana

Subject: San Onofre

Jenny - I just received a call from Mike McBrady (949-368-7573) from the San Onofre Power Plant for a site visit next

Tuesday, March 22 at 1:30 p.m. with Senator Feinstein and Senator Boxer, Elmo Collins, David Applegate and the CNO.

He wanted the Cmr's badge information. Is this visit a go for the Cmr?

Do you have any details/logistics? May I proceed with booking travel for next week? Kb

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852

301-415-1810

3
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Sosa, Belkys

From: Blake, Kathleen
-.. 3ent: Thursday, March 17, 2011 2:23 PM

.o: Apostolakis, George; Sosa, Belkys
Snodderly, Michael; Baggett, Steven; Davis, Roger; Lui, Christiana

Subject: FW: Solution to cooling reactors in Japan!

Fyi - kb

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852
301-415-1810

From: CMRAPOSTOLAK1S Resource
Sent: Thursday, March 17, 2011 2:19 PM
To: Blake, Kathleen
Subject: FW: Solution to cooling reactors in Japan!

crom: Robert Sanchez [mailto:robert.sanchez(&l1inclightinaelectrical.coml

.- ent: Thursday, March 17, 2011 12:19 PM

,o: CMRAPOSTOLAKIS Resource
"-Subject: Solution to cooling reactors in Japan!

George,

I hope this reaches you, and I hope I'm not just wasting your time. Their efforts in Japan on cooling the spent fuel
suggests to me that this "pool" is outdoors. They tried to reach it with water cannons which also suggests to me that

the safe distance needed is not too far for what I suggest. I believe that helicopters can bring in hoses and direct them
to the pool(s). They would have to be weighted of course to anchor them. And from'a safer distance pump water
through them. I hope this helpsl

Robert Sanchez
Journeyman Electrician I
Linc Lighting and Electrical I

An ARM Company
Work' I Mobile: I Fax: I Other:
Email: robert.sanchez(lIincliahtinaelectrical.com I htltoJIwwwthelincqrouD.com

4I, 01 -tm to -S odI , es- 'I .nn -2

a znd a e bounco t hem 01-. ,...~ e; 00 edill .i o r-f. ihd~twim c pi d -1 *i

in;eridcri .ec.pie~ni You ;,e l.elibv no!ifici uhat any c lisrs enala;i lo, disn libu ll;o,. -zt .yls.. |l fit l' ,i' .rj
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Sosa, Belks

From:

Att. )hmect:
Attachments:

Davis, Roger
Thursday, March 17, 2011 3:46 PM
Apostolakis, George; Sosa, Belkys; Baggett, Steven; Snodderly, Michael; Lui, Christiana
FW: ML# or name and date
PetitionForRulemakingResilientSocietiesFinal.pdf

FYI, a recent rulemaking petition regarding spent fuel pool risks during station blackout, etc.

From: Mizuno, Geary
Sent: Thursday, March 17, 2011 2:44 PM
To: Davis, Roger
Subject: RE: ML# or name and date

See attached.

From; Davis, Roger
Sent: Thursday, March 17, 2011 12:36 PM
To: Mizuno, Geary
Subject: ML# or name and date

Hey Geary. Could you give me a bit more info as I try to find the petition for rulemaking? Thanks, Roger

/

1
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._Before the
UNITED STATES NUCLEAR REGULATORY COMMISSION

Rockville, Maryland

In the Matter of a Proposed Rulemaking
Regarding Amendment of 10 CFR Part 50,
"DOMESTIC LICENSING OF PRODUCTION
AND UTILIZATION FACILITIES"

Docket No.

PETITION FOR RULEMAKING

This Petition for Rulemaking is submitted pursuant to 10 CFR 2.802, "Petition for Rulemaking,"
by the Foundation for Resilient Societies. The Petitioner requests that the U.S. Nuclear
Regulatory Commission (NRC), following public notice, opportunity for comment, and public
hearing, adopt regulations that would require facilities licensed by the NRC under 10 CFR Part
50 to assure long-term cooling and unattended water makeup of spent fuel pools.

/

!.
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1 STATEMENT OF PETITIONER'S INTEREST
Petitioner is an association within the United States, has an interest in the health and safety of its
citizens, and has a further interest in large land areas of the United States not becoming
contaminated with nuclear radiation and therefore being uninhabitable for hundreds of years.
Petitioner has no financial interest in any companies providing backup power systems.

2 SUMMARY OF CURRENT SITUATION
Spent fuel pools are currently used at all operating nuclear power plants. Fuel rods continue to
generate substantial heat after removal from the reactor core, necessitating active cooling in
water pools. There are 104 nuclear power reactors operating in the United States at 65 sites in 31
states. Each site has one or more spent fuel pools. Spent fuel contains a number of radioactive
elements resulting from fission within the reactor core, the most significant being Ruthenium-
106 with a half-life of one year and Cesium-137 with a half-life of 30 years. Should spent fuel
rods become uncovered by water, the zirconium cladding of the rods would catch fire under
some circumstances.

While there are multiple scenarios that could cause uncovering of spent fuel rods and result in
zirconium fire, for the purposes of this Petition, the most significant scenario is long-term loss of
outside power supplied by the commercial electric grid. Current design basis for nuclear power
plants and associated spent fuel pools assume reliable and quickly restored commercial grid
power. In the event of a long-term loss of commercial grid power, extending beyond a month, it
is likely that water in spent fuel pools would heat up and boil-off, fuel rods would become
uncovered by water, zirconium cladding would catch fire, and large amounts of dangerous

", i radionuclides would be released into the atmosphere.

In October 2010, Oak Ridge National Laboratory released "Elcctromagnetic PuLtse: EffTcts on
the U.S. Powcr Grid," a series of comprehensive technical reports for the Federal Energy
Regulatory Commission (FERC) in joint sponsorship with the Department of Energy and the
Department of Homeland Security. The information in the Oak Ridge reports is new and
significant information. These reports disclose that the commercial power grids in two large
areas of the continental United States are vulnerable to severe space weather. The reports
conclude that solar activity and resulting large earthbound Coronal Mass Ejection (CME),
occurring on average once every one hundred years, would induce a geomagnetic disturbance
and cause collapse of the commercial grids in these vulnerable areas. Excess heat from induced
currents in transmission lines would permanently damage approximately 350 extra high voltage
transformers. The replacement lead time for extra high voltage transformers is approximately 1-2
years. As a result, about two-thirds of nuclear power plants and their associated spent fuel pools
would likely be without commercial grid power for a period of 1-2 years.

Extreme value theory is commonly used to gauge the probability of 1 00-year floods and other
natural disasters that occur infrequently but whose probability can be estimated by the
occurrence of smaller and more common events. When extreme value theory is applied to the
one-in-one-hundred-year frequency supplied by the Oak Ridge National Laboratory, the
resulting probability of long-term loss of outside power is 33% over the standard 40-year

( licensure term for nuclear power plants and associated spent fuel pools.
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Loss of outside power with probability of 1% per year and duration of 1-2 years far exceeds the
current design basis for nuclear power plants and associated spent fuel pools. Accordingly, the

"- NRC should adjust the design basis for nuclear power plants and associated spent fuel pools to
minimize risk and avoid potential radiation fatalities. This Petition proposes requirements for
unattended spent fuel pool cooling at nuclear power plants in light of this new and significant
information provided by Oak Ridge National Laboratory.

3 PREVIOUS RELATED PETITIONS FOR RULEMAKING

Three previous petitions for rulemaking have been submitted on the subjects of spent fuel pools,
electromagnetic pulse, and long-term commercial power grid outage. All of these petitions were
denied. None of these petitions addressed the fundamental issue raised in the current Petition-
the issue of long-term commercial grid outage caused by severe space weather and resulting
geomagnetic disturbance.

In 1982, Petitions for Rulemaking PRM-50-32, 32A, and 32B were filed by Ohio Citizens for
Responsible Energy, et. al. These petitions concerned a high-altitude nuclear weapon detonation
causing a large electromagnetic pulse (EMP). This pulse could induce large currents and voltages
in electrical systems at nuclear power plants and might cause equipment failures. Like the issues
raised in the current Petition, the issues of petitions PRM-50-32, 32A, and 32B could affect
many plants simultaneously. In response to the petitions, Sandia National Laboratories
conducted a study, "Interaction of Electromagnetic Pulse with Commercial Nuclear Power Plant
Systems," NUREG/CR-3069 (February 1983). The analysis in the study was "limited to those
systems required for safe shutdown of the nuclear power plant" and concluded that shielding
provided by reactor buildings, as well as the inherent resiliency of equipment, would prevent
damage.

The safe shutdown analysis for PRM-50-32/32A/32B covered only the so-called "early time"
(El) pulse from EMP and did not address the so-called "magnetohydrodynamic pulse" (also
commonly referred to as the "E3" or long pulse). The magnetohydrodynamic pulse is
functionally equivalent to the pulse that would be caused by severe space weather and resulting
geomagnetic disturbance. It is notable that the authors of the Sandia report were aware of the
potential for magnetohydrodynamic pulse to induce currents in electrical transmission lines,
although in 1983 it was not well understood that the induced currents could also permanently
damage high voltage transformers:

It is known that the magnetohyrodynamic (MHD) EMPO which follows the early time HEMP can
persist for tens to hundreds of seconds with peak electric field intensities of 10 to 100 V/km over
large areas. It was concluded that the low-frequency currents induced by an MHD-EMP on the
transmission line would be conducted to ground via the wye-connected secondary of the main
transformer. Also, because of the inherent dc isolation of the delta connected primary of this
transformer, the dc components would be blocked and not coupled into the plant. The response
would most likely be disconnection of the transformer from the grid. This would not affect the safe
shutdown capability so the MHD-EMP was not considered further in this study.

Significantly, the Sandia study did not address the issue of magnetohydrodynamic pulse causing
long-term commercial grid outage.
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In 1998, Nuclear Information and Resource Service (NIRS) filed a petition for rulemaking
(PRM-50-66) requesting that the NRC amend its regulations to require licensees of operating
nuclear power plant facilities to make emergency plans to cope with computer-related failures
resulting from the Year 2000 (Y2K) issue, including long-term failure of commercial power
grids. The petition requested that the NRC require long-term backup sources of electric power at
nuclear power plants, including wind, solar, or hydroelectric. A principal reason for the denial of
the petition was a determination by the North American Electric Reliability Corporation (NERC)
that the North American power grids were unlikely to fail because of the Y2K issue. Notably,
NERC has never made a determination that severe space weather and resulting geomagnetic.
disturbance are unlikely to cause grid failures-in fact, NERC has specifically identified
geomagnetic disturbance as a potential high-impact event for the North American power grids.

In November 2006, the Massachusetts Attorney General filed a Petition for Rulemaking
regarding the safety of spent fuel pools under conditions of high-density storage, docketed as
PRM-5 I - 10. The California Attorney General filed a similar Petition for Rulemaking, docketed
as PRM-51-12. Because of the similarities in PRM-5 1-10 and PRM-51-12, the NRC evaluated
the two petitions together. These petitions requested that the NRC consider the environmental
impacts of zirconium fires in spent fuel pools resulting from accidents or malicious acts, such as
terrorist attacks. Notably, the issue of long-term loss of commercial grid power was not
addressed in either of these petitions. The denial of the petitions by the NRC asserted that the
risk of spent fuel pool fires is low, principally because of redundant safety systems that are
dependent on commercial grid power and/or outside assistance to the nuclear power plant.

4 SPECIFIC ISSUES FOR SPENT FUEL POOLS

4.1 Risk ofSpent Fuel Pools

Spent fuel pools have long been recognized by the NRC as a risk. In order to prevent overheating
and boil-off of water in spent fuel pools, active cooling and/or continual replenishment of water
is required. Nuclear power plants have been operated for many years without off-site repositories
for spent fuel. With each reactor refueling, spent fuel has been added to water pools with limited
capacity. Originally, these pools were designed for temporary storage until spent fuel had cooled
sufficiently for transport off-site. The typical spent fuel pool now contains 10-30 years of fuel
stored in high density racks that were not part of the original pool design. Spent fuel pools are in
industrial-design buildings that vent to the atmosphere and do not provide radiation containment.

NUREG-1353, "Resolution of Generic Safety Issues: Issue 82: Beyond Design Basis Accidents
in Spent Fuel Pools (Rev. 3) (NUREG-0933, Main Report with Supplements 1-33)" summarizes
current spent fuel storage practices and the risk of radiation release to the atmosphere:

A typical spent fuel storage pool with high density storage racks can hold roughly five times the
fuel in the core, However, since reloads typically discharge one third of a core, much of the spent
fuel stored in the pool will have had considerable decay time. This reduces the radioactive
inventory somewhat. More importantly, after roughly three years of storage, spent fuel can be air-
cooled, i.e., such fuel need not be submerged to prevent melting. (Submersion is still desirable for
shielding and to reduce airborne activity, however.)

If the pool were to be drained of water, the discharged fuel from the previous two refuelings would
still be "fresh" enough to melt under decay heat. However, the zircaloy cladding of this fuel could
be ignited during the heatup. The resulting fire, in a pool equipped with high density storage
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racks, would probably spread to most or all of the fuel in the pool. The heat of combustion, in
combination with decay heat, would certainly release considerable gap activity from the fuel and
would probably drive "borderline aged" fuel into a molten condition. Moreover, if the fire becomes
oxygen-starved (quite probable for a fire located in the bottom of a pit such as this), the hot
zirconium would rob oxygen from the uranium dioxide fuel, forming a liquid mixture of metallic
uranium, zirconium, oxidized zirconium, and dissolved uranium dioxide. This would cause a
release of fission products from the fuel matrix quite comparable to that of molten fuel. 5

4 In
addition, although confined, spent fuel pools are almost always located outside of the primary
containment. Thus, release to the atmosphere is more likely than for comparable accidents
involving the reactor core.

NRC also examined the risk of spent fuel pools in NUREG-1738, "Technical Study of Spent
Fuel Pool Accident Risk at Decommissioning Nuclear Power Plants," February 2001. This study
calculated the length of time between cessation of active cooling and water uncovering of spent
fuel rods. This time varies from 4 to 22 days, depending on reactor design and age of fuel.

Analyses were performed to evaluate the thermal-hydraulic characteristics of spent fuel stored in
the spent fuel pools (SFPs) of decommissioning plants and determine the time available for plant
operators to take actions to prevent a zirconium fire. These are discussed in Appendix 1A. The
focus was the time available before fuel uncovery and the time available before the zirconium
ignites after fuel uncovery. These times were utilized in performing the risk assessment discussed
in Section 3.

To establish the times available before fuel uncovery, calculations were performed to determine
the time to heat the SFP coolant to a point of boiling and then boil the coolant down to 3 feet
above the top of the fuel. As can be seen in Table 2.1 below, the time available to take actions
before any fuel uncovery is 100 hours or more for an SFP in which pressurized-water reactor
(PWR) fuel has decayed at least 60 days.

Table 2.1 Time to Heatup and Boiloff SFP Inventory Down to 3 Feet Above Top of Fuel
(60 GWD/MTU)

DECAY TIME PWR BWR

60 days 100 hours (>4 days) 145 hours (>6 days)

I year 195 hours (>8 days) 253 hours (>10 days)

2 years 272 hours (>11 days) 337 hours (>14 days)

5 years 400 hours (>16 days) 459 hours (>19 days)

10 years 476 hours (>19 days) 532 hours (>22 days)

NUREG-1738 identified nine events that could cause uncovering of spent fuel and resulting
zirconium cladding fires:

The staff identified nine initiating event categories to investigate as part of the quantitative
assessment on SFP risk:

1. Loss of offsite power from plant centered and grid-related events
2. Loss of offsite power from events Initiated by severe weather
3. Internal fire
4. Loss of pool cooling
5. Loss of coolant inventory
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6. Seismic event
.. -.. 7. Cask drop

8. Aircraft impact
9. Tomado missile

(Emphasis not in original.)

A National Research Council of the National Academies of Sciences also authored a report on
spent fuel pools. "Safety and Security of Commercial Spent Nuclear Fuel Storage" was
developed at the request of the U.S. Congress with sponsorship from the NRC and Department
of Homeland Security and released in 2005. While the National Research Council report focused
on the risk of uncovered spent fuel due to terrorist attack, many of its findings are also applicable
to other events that would result in a "loss-of-pool-coolant" scenario. The National Research
Council report confirmed the loss-of-pool-coolant scenario as described in the Nuclear
Regulatory Commission report, "Technical Study of Spent Fuel Pool Accident Risk at
Decommissioning Nuclear Power Plants."

A terrorist attack that either disrupted the cooling system for the spent fuel pool or damaged or
collapsed the pool itself could potentially lead to a loss-of-pool-coolant event. The cooling system
could be disrupted by disabling or damaging the system that circulates water from the pool to
heat exchangers to remove decay heat. This system would not likely be a primary target of a
terrorist attack, but it could be damaged as the result of an attack on the spent fuel pool or other
targets at the plant (e.g., the power for the pumps could be interrupted). The loss of cooling
capacity would be of much greater concern were it to occur during or shortly after a reactor
offloading operation, because the pool would contain a large amount of high decay-heat fuel.

The consequences of a damaged cooling system would be quite predictable: The temperature of
the pool water would rise until the pool began to boil. Steam produced by boiling would carry
away heat, and the steam would cool as it expanded into the open space above the pool.1 3

Boiling would slowly consume the water in the pool, and if no additional water were added the
pool level would drop. It would likely take several days of continuous boiling to uncover the fuel.
Unless physical access to the pool were completely restricted (e.g., by high radiation fields or
debris), there would likely be sufficient time to bring in auxiliary water supplies to keep the water
level in the pool at safe levels until the cooling system could be repaired. This conclusion
presumes, of course, that technical means, trained workers, and a sufficient water supply were
available to implement such measures. The Nuclear Regulatory Commission requires that
alternative sources ofwater be identified and available as an element of each plant's operating
license.

4.2 Cooling Systems for Spent Fuel Pools
NUR.EG- 1738, "Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear
Power Plants," contains a diagram and description of a typical spent fuel cooling system.

* ,!
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Figure 2.1 Simplified Diagram of Spent Fuel Pool Cooling and Inventory Makeup Systems
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Figure 2.1 is a simplified drawing of the system assumed for the development of the model. The
spent fuel pool cooling (SFPC) system is located in the SFP area and consists of motor-driven
pumps, a heat exchanger, an ultimate heat sink, a makeup tank, filtration system and isolation
valves. Suction is taken via one of the two pumps on the primary side from the SFP and is
passed through the heat exchanger and returned back to the pool. One of the two pumps on the
secondary side rejects the heat to the ultimate heat sink. A small amount of water is diverted to
the filtration process and is returned to the discharge line. A regular makeup system supplements
the small losses because of evaporation. In the case of prolonged loss of SFPC system or loss of
inventory events, the inventory in the pool can be made up using the firewater system. There are
two firewater pumps, one motor-driven (electric) and the other diesel-driven, which provide
firewater throughout the plant. A firewater hose station is provided in the SFP area. The firewater
pumps are assumed to be located in a separate structure.

As described in the NUREG-1738, pumps to provide active cooling of the spent fuel pool are
powered by electric motors. Without a continual source of alternating electric current, the motors
would stop powering the circulation pumps and active cooling would cease.
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As shown in Figure 2.1 of NUREG-1738, alternate systems exist to provide makeup water
should active cooling by water circulation cease-specifically, electrically-driven and diesel-
driven pumps. In theory, as long as electricity or diesel fuel is available, and makeup water
pumps do not mechanically break down, and operators are on-site to monitor the water level and
start up the pumps, and the makeup water reservoir contains water, water could be added to the
spent fuel pools. Adding makeup water would keep the temperature of the spent fuel rods at or
below the boiling point of water (100 degrees Celsius), which is substantially below the ignition
point for zirconium (900 degrees Celsius).

To summarize, active cooling systems for spent fuel pools are primarily dependent on a
continual supply of electric power. While diesel-driven pumps for makeup water can be used as a
stopgap measure when electric power is not available, their continuing use would require diesel
fuel and human operator attention.

4.3 Alternating Current Power Sourcesfor Nuclear Power Plants and Spent
Fuel Pools

Design basis for nuclear power plants and associated spent fuel pools specify three levels of
alternating current power sources:

I. Offsite power, also known as the "commercial grid"
2. Onsite power, also known as emergency backup generation
3. Alternate ac sources

10 CFR Part 50.63, "Loss of all alternating cticnt power," (commonly referred to as the Station
Blackout rule) specifies the critical role of reliable and quickly restored offsite power, also
commonly referred to as "commercial grid," in nuclear power plant design basis:

§ 50.63 Loss of all alternating current power.

(a) Requirements. (1) Each light-water-cooled nuclear power plant licensed to operate under
this part, each light-water-cooled nuclear power plant licensed under subpart C of 10 CFR part
52 after the Commission makes the finding under § 52.103(g) of this chapter, and each design
for a light-water-cooled nuclear power plant approved under a standard design approval,
standard design certification, and manufacturing license under part 52 of this chapter must be
able to withstand for a specified duration and recover from a station blackout as defined in §
50.2. The specified station blackout duration shall be based on the following factors:

(i) The redundancy of the onsite emergency ac power sources;

(ii) The reliability of the onsite emergency ac power sources;

(Ill) The expected frequency of loss of offslte power; and

(Nv) The probable time needed to restore offsite power.

Because offsite electric power is the designed default power source for nuclear power plants, it is
required to be supplied in a high-reliability, dual-circuit configuration. Appendix A to Part 50--
General Design Crileria lor Nuclear Powcr Plants, describes the importance of reliable offsite
power for the maintenance of vital safety functions:
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Electric power from the transmission network to the onsite electric distribution system shall be
supplied by two physically independent circuits (not necessarily on separate rights of way)
designed and located so as to minimize to the extent practical the likelihood of their simultaneous
failure under operating and postulated accident and environmental conditions. A switchyard
common to both circuits is acceptable. Each of these circuits shall be designed to be available in
sufficient time following a loss of all onsite alternating current power supplies and the other offsite
electric power circuit, to assure that specified acceptable fuel design limits and design conditions
of the reactor coolant pressure boundary are not exceeded. One of these circuits shall be
designed to be available within a few seconds following a loss-of-coolant accident to assure that
core cooling, containment integrity, and other vital safety functions are maintained.

In the event of failure of electric power from the redundant transmission network circuits, also
commonly referred to as "grid power," the first level of backup is onsite alternating current
power. Onsite alternating current power is commonly supplied by emergency diesel generators
as described in Regulatory Guide 1.9, "Application and Testing of Safety-Relatcd Diesel
Gcncralors in Nuclear Power Plants":

10 CFR 50.63, "Loss of All Alternating Current Power," requires that each light-water-cooled
nuclear power plant must be able to withstand and recover from a station blackout [i.e., loss of
offsite and onsite emergency alternating current (ac) power systems] for a specified duration. The
reliability of onsite ac power sources is one of the main factors contributing to the risk of core melt
as a result of a station blackout... Most onsite electric power systems use diesel generators as the
chosen onsite emergency power source.

(Ellipses not in original document.)

The typical onsite storage of diesel fuel for emergency generators is sufficient for only seven
days of continuous operation as described in NRC Regulatory Guide 1.137, "Fuel-Oil Systems lbr
Standby Diesel Generators":

c. Section 5.4. "Calculation of Fuel Oil Storage Requirements," of the standard sets forth two
methods for the calculation of fuel-oil storage requirements. These two methods are
(1) calculations based on the assumption that the diesel generator operates continuously for
'7 days at its rated capacity, and (2) calculations based on the time-dependent loads of the
diesel generator. For the time-dependent load method, the minimum required capacity should
include the capacity to power the engineered safety features.

(Emphasis not in original.)

Shopld both offsite grid power and onsite emergency power from diesel generators be lost, the
nuclear power plant would enter a station blackout condition. NRC Regulatory Guide 1. 155,
"Station Blackout" describes the expected duration of station blackouts in current design criteria.
Required capability to withstand station blackouts is limited to only 16 hours:

The term "station blackout" refers to the complete loss of alternating current electric power to the
essential and nonessential switchgear buses in a nuclear power plant. Station blackout therefore
involves the loss of offsite power concurrent with turbine trip and failure of the onsite emergency
ac power system, but not the loss of available ac power to buses fed by station batteries through
inverters or the loss of power from "alternate ac sources." Station blackout and alternate ac
source are defined in § 50.2. Because many safety systems required for reactor core decay heat
removal and containment heat removal are dependent on ac power, the consequences of a
station blackout could be severe. In the event of a station blackout, the capability to cool the
reactor core would be dependent on the availability of systems that do not require ac power from
the essential and nonessential switchgear buses and on the ability to restore ac power in a timely
manner.
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The concern about station blackout arose because of the accumulated experience
regarding the reliability of ac power supplies. Many operating plants have experienced a
total loss of offsite electric power, and more occurrences are expected in the future. In
almost every one of these loss-of-offsite-power events, the onsite emergency ac power supplies
have been available immediately to supply the power needed by vital safety equipment. However,
in some instances, one of the redundant emergency ac power supplies has been unavailable. In
a few cases there has been a complete loss of ac power, but during these events ac power was
restored in a short time without any serious consequences. In addition, there have been
numerous instances when emergency diesel generators have failed to start and run in response
to tests conducted at operating plants.

Based on § 50.63, all licensees and applicants are required to assess the capability of their plants
to maintain adequate core cooling and appropriate containment integrity during a station blackout
and to have procedures to cope with such an event. This guide presents a method acceptable to
the NRC staff for determining the specified duration for which a plant should be able to withstand
a station blackout in accordance with these requirements. The application of this method
results In selecting a minimum acceptable station blackout duration capability from 2 to 16
hours, depending on a comparison of the plant's characteristics with those factors that have
been identified as significantly affecting the risk from station blackout. These factors include
redundancy of the onsite emergency ac power system (ie., the number of diesel generators
available for decay heat removal minus the number needed for decay heat removal), the reliability
of onsite emergency ac power sources (e.g., diesel generators), the frequency of loss of offsite
power, and the probable time to restore offsite power.

(Emphasis not in original.)

5 PROPOSED AMENDMENT TO 10 CFR PART 50
Petitioner requests that 10 CFR Part 50 be amended because the North American commercial

-' : grids are vulnerable to outage caused by severe space weather such as Coronal Mass Ejection
and resulting geomagnetic disturbance and therefore cannot be relied on to provide continual
power for active cooling and/or water makeup of spent fuel pools. Moreover, existing means of
onsite backup power are designed to operate for only a few days, while spent fuel requires active
cooling for several years after removal from the reactor core.

NRC should require all Part 50 licensees as of January 1, 2013 to meet these suggested
requirements:

Licensees shall provide reliable emergency systems to provide long-term cooling and water
makeup for spent fuel pools using only on-site power sources. These emergency systems shall
be able to operate for a period of two years without human operator intervention and without off-
site fuel resupply. Backup power systems for spent fuel pools shall be electrically isolated from
other plant electrical systems during normal and emergency operation. If weather-dependent
power sources are to be used, sufficient water or power storage must be provided to maintain
continual cooling during weather conditions which may temporarily constrict power generation.

Petition specifically requests a rulemaking via amendment to the CFR. The issues raised by the
current Petition affect the design basis for nuclear power plants and associated spent fuel pools.
In the past when a fundamental issue with grid reliability was raised, it was addressed with 10
CFR Part 50.63, "Loss of all alternating CUtTent powcr." The issues raised by the instant Petition
are of similar import and should also require amendment to the CFR. Other regulatory actions
such License Amendment, Regulatory Guidance, and Generic Letter are focused on
interpretation of, or compliance with, existing regulation rather than establishing new regulation.
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Mitigative action outside of a CFR amendment would not provide sufficient regulatory guidance
nor assure the public that safety has been protected.

The petitioner is only-suggesting CFR wording to address the issues raised by the current
Petition. NRC should have the regulatory flexibility to consider both staff input and stakeholder
comments and then modify the suggested CFR wording to reflect staff input and comments,
while still conforming to the overall intent of the petition. The implementation deadline of
January 1, 2013 is a suggested date, based on the availability of commercial off-the-shelf
equipment and the impending 2012/2013 solar maximum.

6 RATIONALE FOR PROPOSED AMENDMENT
At the time of drafting of the current text of 10 CFR 50, vulnerability of the North American
commercial grids to severe space weather had not been comprehensively studied, nor had
probabilities and consequences for widespread and long-term power grid outage been
determined. A primary rationale for this proposed amendment is a recently documented
vulnerability of the North American power grids to severe space weather which could cause
multiple-year power outages. In addition, a government-sponsored study of second-order effects
of commercial grid failure on petrochemical fuel and food supplies shows that any assumption of
outside assistance to nuclear power plants, including resupply of diesel fuel and food, may not be
valid.

6.1 Risks from Severe Space Weather and Geomagnetic Disturbance

In a previous Denial of Petition for Rulemaking (PRM-50-67), NRC recognized North American
Electric Reliability Corporation (NERC) as the nation's authority on reliability of the electric
power grid. At the time of the denial, NRC referenced data from NERC to argue that long-term
onsite backup power for nuclear power plants was not necessary. In recent years, the authority of
NERC on electric reliability has been further codified in law. The Federal Energy Regulatory
Commission (FERC), pursuant to the Energy Policy Act of 2005, has certified NERC as the
nation's Electric Reliability Organization and charged it with developing procedures for the
establishment, approval and enforcement of mandatory electric reliability standards.

In a June 2010 report titled, "High-Inmpact, Low-Frequency Event Risk to the North American
Bulk Power System," jointly sponsored by NERC and the Department of Energy, NERC now
concedes that the North American power grids have significant reliability issues in regard to
High-Impact, Low-Frequency (HILF) events such as severe space weather. The NERC HILF
report explains commercial grid vulnerability to space weather:

Intense solar activity, particularly large solar flares and associated coronal mass ejections can
create disturbances in the near-Earth space environment when this activity is directed towards
the Earth. The coronal mass ejection's solar wind plasma can then connect with the
magnetosphere causing rapid changes in the configuration of Earth's magnetic field, a form of
space weather called a geomagnetic storm. Geomagnetic storms produce impulsive disturbance
of the geomagnetic field over wide geographic regions which, in turn, induce currents (called
geomagnetically-induced currents or GIC) in the complex topology of the North American bulk
power system and other high-voltage power systems across the globe. For many years it has
been known that these storms have the potential to pose operational threats to bulk power
systems; both contemporary experience and analytical work support these general conclusions.
The electric sector has taken some meaningful steps to mitigate this risk as outlined in the
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January 2009 Report by National Academy of Sciences "Severe Space Weather Events-
Understanding Societal and Economic Impacts Workshop Report," but more work is needed.

More recently, a number of investigations have been carded out under the auspices of the EMP
Commission and also for FEMA under Executive Order 13407 and FERC in partnership with the
Departments of Energy, Homeland Security, and Defense. These investigations have been
undertaken to examine the potential impacts on the U.S. electric power grid for severe
geomagnetic storm events and EMP threats. In addition, this analysis was formative in the
National Academy of Sciences "Severe Space Weather Events-Understanding Societal and
Economic Impacts Workshop Report." These assessments indicate that severe geomagnetic
storms have the potential to cause long-duration outages to widespread areas of the North
American grid.

(Emphasis not in original.)

The HILF report further concludes that damage from space weather could not be quickly

repaired:

The design of transformers also acts to further compound the impacts of G IC flows in the high
voltage portion of the power grid... These transformers generally cannot be repaired in the
field, and if damaged in this manner, need to be replaced with new units, which have
manufacture lead times of 12-24 months or more in the world market

(Emphasis not in original.)

NERC and technical consultants conducted detailed analysis in preparation of the HILF report:

Metatech conducted a simulation based on a 4800 nT/min disturbance, shown in Figure 11 which
calculated the pattern of GIC flows in the U.S. power grid and the boundaries of regions of power
grid that could be subject to progressive collapse, such as what occurred to the Qudbec
Interconnection in March 1989. The simulation results indicate that more than a thousand EHV
transformers will have sufficient GIC levels to simultaneously be driven into saturation. Further,
this would suddenly impose an increase of over 100,000 MVARs of reactive demand on the
system, a scenario that could trigger a widespread voltage collapse, resulting in system instability
and, likely, a short-duration blackout. The analysis also indicates that the GIC in over 350
transformers will exceed levels where the transformer is at risk of irreparable damage. Figure 12
provides an estimate of "Percent Loss" of EHV transformation capacity by state for the same
4800 nTlmin threat environment. Such large-scale damage could lead to prolonged
restoration and long-term chronic shortages of electricity supply capability to the
impacted regions, arguably for multiple years.

(Emphasis not in original.)
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100 Year Geomagnetic Storm 4ý50 Degree Geomagnetic Disturbance Scenario 3

Figure 11: The simulation results showing the pattern of GIC flows in the U.S, grid for a 4800 nT/min
, geomagnetic field disturbance at 50 degrees geomagnetic latitude. The above regions outlined are

susceptible to system collapse due to the effects of the GIC.

K
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Extra High Voltage (EHV) transformer damage would not be evenly distributed. For example, in
New Hampshire, location of the Seabrook nuclear power plant, 97% of transformer capacity is
at-risk to severe space weather.

In 2008, a National Research Council of the National Academies of Sciences formed a
Committee on the Societal and Economic Impacts of Severe Space Weather Events and
published a report, "Severe Space Weather Events- Understanding Societal and Economic
Impacts." The report described several severe space weather events over the past one-hundred
and fifty years. The report reads in part:

Our knowledge and understanding of the vulnerabilities of modem technological infrastructure to
severe space weather and the measures developed to mitigate those vulnerabilities are based
largely on experience and knowledge gained during the past 20 or 30 years, during such
episodes of severe space weather as the geomagnetic superstorms of March 1989 and October-
November 2003. As severe as some of these recent events have been, the historical record
reveals that space weather of even greater severity has occurred in the past--e.g., the Carrington
event of 1859 and the great geomagnetic storm of May 1921-and suggests that such extreme
events, though rare, are likely to occur again some time (sic) in the future. While the
socioeconomic impacts of a future Carrngton event are difficult to predict, it is not unreasonable
to assume that an event of such magnitude would lead to much deeper and more widespread
socioeconomic disruptions than occurred in 1859, when modem electricity-based technology was
still in its infancy.
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The Executive Director of Systems Operations at PJM Interconnection provided a specific
example of space weather impact on power grid operations as part of the above referenced
National Research Council report- (PJM is a regional transmission organization with 164,905 MW
of generating capacity that coordinates the movement of wholesale electricity over 56,250 miles
of transmission lines in all or parts of Delaware, Illinois, Indiana, Kentucky, Maryland, Michigan,
New Jersey, North Carolina, Ohio, Pennsylvania. Tennessee, Virginia, West Virginia, and the
District of Columbia.)

One example of a space weather event that had a major impact was the March 1989 superstorm.
During this storm, a large solar magnetic impulse caused a voltage depression on the Hydro-
Quebec power system in Canada that could not be mitigated by automatic voltage compensation
equipment. The failure of the equipment resulted in a voltage collapse. Specifically, five
transmission lines from James Bay were tripped, which caused a generation loss of 9,450 MW.
With a load of about 21,350 MW, the system was unable to withstand the generation loss and
collapsed within seconds. The province of Quebec was blacked out for approximately 9 hours.

Also during this storm, a large step-up transformer failed at the Salem Nuclear Power Plant in
New Jersey. That failure was the most severe of approximately 200 separate events that were
reported during the storm on the North American power system. Other events ranged from
generators tripping out of service, to voltage swings at major substations, to other lesser
equipment failures.

A presentation by John Kappenman titled "Impact of Severe Solar Flares. Nuclear EMP and
Intentional EMI on Electric Grids," at the Electric Infrastructure Security (EIS) Summit in
London, England on September 20, 20 10, described the effects of solar storms on high voltage
transformers. A long duration solar storm in October 2003 damaged 15 high voltage transformers
in South Africa. After the March 1989 storm, 12 large Generator Step Up (GSU) transformers at
United States nuclear power plants failed within 25 months; geomagnetically-induced current is
the suspected cause of these failures:
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GSU Transformer Failures at Nuclear Power Plants within 25 Months of 1989 Solar Storm
Source: impact of Severe Solar Flares, Nuclear EMP and Intentional EMI on Electric Grids
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In October 2010, Oak Ridge National Laboratory released "Electromagnetic Pulse: Eflfcts on
the U.S. Power Giid," a series of comprehensive technical reports for the Federal Energy
Regulatory Commission (FERC) in joint sponsorship with the Department of Energy and the
Department of Homeland Security. Oak Ridge should be given deference over non-governmental
entities in determinations of commercial grid reliability. NRC has previously relied on Oak
Ridge to study grid reliability as it relates to nuclear power plants.

The executive summary of the Oak Ridge report series reads in part:

In 1989, an unexpected geomagnetic storm triggered an event on the Hydro-Qu6bec power
system that resulted in its complete collapse within 92 seconds, leaving six million customers
without power. This same storm triggered hundreds of incidents across the United States
including destroying a major transformer at an east coast nuclear generating station. Major
geomagnetic storms, such as those that occurred In 1859 and 1921, are rare and occur
approximately once every one hundred years. Storms of this type are global events that can
last for days and will likely have an effect on electrical networks world wide. Should a storm of this
magnitude strike today, it could interrupt power to as many as 130 million people in the United
States alone, requiring several years to recover.

The Oak Ridge National Laboratory report further describes the effects of a geomagnetic storm
expected to occur, on average, every 100 years:

By simulating the effects of a 1 in 100 year geomagnetic storm centered over southern Canada,
the computer models estimated the sections of the power grid expected to collapse during a
major EMP event. This simulation predicts that over 300 EHV transformers would be at-risk for
failure or permanent damage from the event. With a loss of this many transformers, the power.
system would not remain intact, leading to probable power system collapse in the Northeast, Mid-

* . Atlantic and Pacific Northwest, affecting a population in excess of 130 million (Figure 1). Further
simulation demonstrates that a storm centered over the northern region of the United States
could result in extending the blackout through Southern California, Florida and parts of Texas.

In addition to causing the immediate damage and failure of transformers, there is also evidence
that GIC may be responsible for the onset of long-term damage to transformers and other key
power grid assets. Damaged transformers require repair or replacement with new units.
Currently most large transformers are manufactured In foreign countries and
replacements would likely involve long production lead times In excess of a year.

(Emphasis not in original.)

Notably, the "Areas of Probable Power System Collapse" as illustrated in Figure 1 of the Oak
Ridge National Laboratory report largely coincide with many locations of United States nuclear
power plants and associated spent fuel pools. Seventy-one out of 104 spent fuel pools are within
areas of probable power system collapse that would result from a severe geomagnetic storm
expected to occur, on average, every 100 years.
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6.2 Disruption of Petrochemical Fuel Resupply
In 2008, the Commission to Assess the Threat to the United States from Electromagnetic Pulse
(EMP) Attack published a report on Critical National Infrastructures. An EMP can be caused by
detonation of a nuclear weapon at high altitude. Significantly, the so-called "EY3 pulse resulting
from a nuclear detonation would cause an effect in long-haul power transmission lines nearly
identical to the geomagnetically-induced current (GIC) of severe space weather. The
Commission's report reads in part:

There are a wide variety of potential threats besides EMP that must be addressed, which can
have serious to potentially catastrophic impacts on the electrical system. Common solutions must
be found that resolve these multiple vulnerabilities as much as possible. For example, in the
course of its work, the Commission analyzed the impact of a 100-year solar storm (similar to E3
from EMP) and discovered a very high consequence vulnerability of the power grid. Steps taken
to mitigate the E3 threat also would simultaneously mitigate this threat from the natural
environment.

The study of the EMP Commission is illustrative of second-order effects of commercial grid
outage on petrochemical infrastructure. The EMP Commission concluded:

The petroleum and natural gas infrastructures are critically dependent on the availability of
assured electric power from the national grid, as well as all the other critical national
infrastructures, including food and emergency services that sustain the personnel manning these
infrastructures. In turn, all these infrastructures rely on the availability of fuels provided by the
petroleum and natural gas sector. Petroleum and natural gas systems are heavily dependent on
commercial electricity during the entire cycle of production, refining, processing, transport, and
delivery to the ultimate consumer. The availability of commercial power is the most Important
dependency for the domestic oil sector.

(Emphasis not in original.)

According to the work of the EMP commission, in the aftermath of a large induced current in the
bulk.power transmission system-whether this current is induced by a nuclear EMP or severe
space weather--continued regular delivery of petrochemical fuels would be in doubt. In the
event of widespread commercial grid power outage, a reasonable person would conclude that
nuclear plant operators cannot depend on resupply of diesel fuel for emergency backup
generators once initial fuel stored on-site is exhausted.

6.3 Disruption of Food and Water Supply

The above-referenced Critical National Infrastructures report authored by the EMP commission
also examined the potential effect of long-term power failure on food and water supplies. The
report reads in part:

Should the electrical power system be lost for any substantial period of time, the Commission
believes that the consequences are likely to be catastrophic to civilian society. Machines will stop;
transportation and communication will be severely restricted; heating, cooling, and lighting will
cease; food and water supplies will be interrupted; and many people may die. "Substantial
period' is not quantifiable but generally outages that last for a week or more and affect a very
large geographic region without sufficient support from outside the outage area would qualify.

(Emphasis not in original.)
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Under current emergency plans, on-site nuclear power plant personnel would be required to
maintain systems for active cooling and/or water makeup of spent fuel pools. It can be
reasonably implied that these personnel might go an extended period of time without resupply of
food and potable water.

6.4 Lack of DHS Preparation for a Scenario of Long-Term Power Grid

Collapse

The Department of Homeland Security does not have sufficient planning and physical
preparation to ensure recovery from a regional or national scenario of long-term power grid
collapse. The Department of Homeland Security publishes an extensive document disclosing
disaster planning, the National Preparedness Guidelines. These Guidelines can be accessed at:

http:/lwww.dhs.covlxlibrarylassetslNational Preparedness Guidelines.pdf

The Guidelines read in part:

Homeland Security Presidential Directive-8 (HSPD-8) of December 17, 2003 ("National
Preparedness') directed the Secretary of Homeland Security to develop a national domestic all.
hazards preparedness goal. As part of that effort, in March 2005 the Department of Homeland
Security (DHS) released the Interim National Preparedness Goal. Publication of the National
Preparedness Guidelines (Guidelines) finalizes development of the national goal and its related
preparedness tools.

The Guidelines, including the supporting Target Capabilities List, simultaneously published
online, supersedes the Interim National Preparedness Goal and defines what it means for the
Nation to be prepared for all hazards. There are four critical elements of the Guidelines:

(1) The National Preparedness Vision, which provides a concise statement of the core
preparedness goal for the Nation.

(2) The National Planning Scenarios, which depict a diverse set of high-consequence
threat scenarios of both potential terrorist attacks and natural disasters. Collectively,
the 15 scenarios are designed to focus contingency planning for homeland security
preparedness work at all levels of government and with the private sector. The scenarios
form the basis for coordinated Federal planning, training, exercises, and grant
investments needed to prepare for emergencies of all types.

(Emphasis not in original.)

The Guidelines purport to include all consequential hazards, both from both potential terrorist
attacks and natural disasters. The Guidelines continue:

While preparedness applies across the all-hazards spectrum, the 2002 National Strategy for
Homeland Security attaches special emphasis to preparing for catastrophic threats with 'the
greatest risk of mass casualties, massive property loss, and immense social disruption." To
illustrate the potential scope, magnitude, and complexity of a range of major events, the
Homeland Security Council-in partnership with the Department of Homeland Security (DHS),
other Federal departments and agencies, and State, local, tribal, and territorial governments-
developed the National Planning Scenarios. The 15 Scenarios include terrorist attacks, major
disasters, and other emergencies. They are listed in Figure B-I.

,--•
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Firure B-I: National Plannine Scenarios
Improvised Nuclear Device Major Earthquake
Aerosol Anthrax Major Hurricane
Pandemic Influenza Radiological Dispersal Device
Plague Improvised Explosive Device
Blister Agent Food Contamination
Toxic Industrial Chemicals Foreign Animal Disease
Nerve Agent Cyber Attack
Chlorine Tank Explosion

Notably, none of the fifteen purportedly all-inclusive National Planning Scenarios include a
scenario for severe space weather/geomagnetic disturbance and associated long-term and
widespread commercial grid outage. Lack of DHS inclusion of a geomagnetic disturbance
scenario is not inadvertent. Metatech, a firm consulting to the Commission to Assess the Threat
to the United States from Electromagnetic Pulse (EMP) Attack, suggested inclusion of a such a
scenario and DHS staff declined to do so.

The Federal Emergency Management Agency (FEMA), a component of DHS, has published a
plan to coordinate response to disasters, the "National Response Framework." According to the
FEMA website, "The National Response Framework presents the guiding principles that enable
all response partners to prepare for and provide a unified national response to disasters and
emergencies-from the smallest incident to the largest catastrophe. The Framework establishes a
comprehensive, national, all-hazards approach to domestic incident response." This document,
also available on the FEMA website, "Overview: ESF and Support Annexes Coordinating
Federal Assistance In Support of the National Response Framework" describes the role of
emergency support annexes:

The National Response Framework (NRF) presents the guiding principles that enable all
response partners to prepare for and provide a unified national response to disasters and
emergencies - from the smallest incident to the largest catastrophe. The Framework defines the
key principles, roles, and structures that organize the way we respond as a Nation. It describes
how communities, tribes, States, the Federal Government, and private-sector and
nongovernmental partners apply these principles for a coordinated, effective national response.
The National Response Framework is always in effect, and elements can be implemented at any
level at any time. This Overview supports and provides additional guidance concerning the
Framework. In particular, this document focuses on the essential processes for requesting and
receiving Federal assistance and summarizes the key response capabilities and essential support
elements provided through the Emergency Support Function (ESF) Annexes and Support
Annexes.

The Overview includes the following topics:

1. Key Players: Organizations and entities that may either need assistance or provide
assistance

2. Federal Assistance: Descriptions of the processes for requesting and obtaining Federal
assistance in support of States, tribes, local jurisdictions, and other Federal partners

3. Emergency Support Function Annexes: Summaries of the 15 ESF Annexes, which group
Federal resources and capabilities into functional areas to serve as the primary
mechanisms for providing assistance at the operational level

K)
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4. Support Annexes: Summaries of the 8 Support Annexes, which describe essential
supporting aspects that are common to all incidents

The Framework also includes Incident Annexes that address specific categories of contingencies
or hazard situations requiring specialized application of Framework mechanisms. The Incident
Annexes are not directly addressed or summarized in this support document. Readers should
review the Incident Annexes on the NRF Resource Center, http://www.fema.qov/NRF.

Incident Annexes include a specific annex for the energy sector. This Energy Annex can be

found at:

http://www.fema..ov/pdf/emergency/nrf/nrf-esf- 12.pdf

Notably, the Energy Annex and all other supporting documents implicitly assume that federal,
state, and local governmental functions would continue more-or-less uninterrupted during a
condition of long-term commercial grid collapse where 130 million people would be without
electricity, including the population in the Washington DC area.

A notable aspect of DHS/FEMA planning is not clearly described in documents available on
government websites, but can be learned at briefings by government officials: physical
preparation by FEMA, including acquisition and storage of food, water, fuel, and replacement
parts is de minimis. Instead, FEMA plans assume that goods can be purchased from commercial
vendors,.e.g., Walmart. There are no current domestic manufacturers of extra high voltage
transformers and physical inventory of these transformers is negligible.

Because current DHS/FEMA planning and physical preparation does not address a specific
scenario of geomagnetic disturbance and resulting long-term commercial grid outage,

replacement of high-voltage transformers and resupply of diesel fuel, food, and potable water to
nuclear power plants could be substantially delayed or never occur. Any statements that paper
planning would ensure long-term outside assistance to nuclear power plants with 100% certainty
are speculative and unsupported by the actual level of planning and physical preparation at
FEMA and other government agencies.

6.5 Persistent NRC Concerns Regarding Reliability of Commercial Grid

Power

For over thirty years, the NRC has had persistent concerns about the reliability of commercial
grid power and its effect on nuclear power plant risk. In August 1988, Oak Ridge National
Laboratory and the NRC published ORNIJNRC/LTR-98/12, "Evalualion of the Reliability fbr
the Offsite Power Supply as a Contributor to the Risk of Nuclear Plants." The abstract for
ORNLJNRC/LTR-98/12 reads in full:

The objective of this project (job code number J2528) is to provide technical expertise from the
Oak Ridge National Laboratory (ORNL) to assist the Nuclear Regulatory Commission (NRC) staff
assessing the nature of any changes in the reliability of the national electric power grid to supply
offsite power to nuclear power plants due to electric industry restructuring. Specifically, the task is
to determine the potential for increases in the frequency of loss-of-offsite power (LOOP) events
associated with grid related offsite power events.

NRC is responsible for the evaluation of issues related to the design and operation of offsite
power grid systems with regard to interrelationships between the nuclear unit, the utility grid and
interconnecting grids, the functional performance, design and operation of on-site power systems,
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and the interface between the offsite and on-site power systems to include performance related
issues for electrical components.

Safe nuclear plant operation requires a source of power capable of maintaining acceptable static
and dynamic voltage and frequency limits while supplying minimum amounts of auxiliary power.
The preferred power source for safe plant operation is the offsite electric power system or power
grid.

Accident sequences initiated by LOOP are important contributors to risk for most nuclear plants.
In 1979, the NRC identified the loss of all alternating current (AC) electrical power to the nuclear
plant, called station blackout (SBO), as an unresolved safety issue. SBO was shown to be an
important contributor to the total risk from nuclear power plant accidents. A task action plan A-44
was issued in July 1980 to address this issue and the results were published in a final report
issued in June 1988 as NUREG-1 032, Evaluation Station Blackout Accidents at Nuclear Power
Plants. In essence, the findings were that the grid was assumed to be stable and reliable.

At this time, the electric power industry in the United States is dominated by vertically integrated
utilities. These were interconnected initially to primarily increase reliability, but now utilities use
the interconnections for commercial transactions as well. Each utility or a small group of utilities
form a control area containing customers for which they are jurisdictionally responsible. The
control areas are divided into reliability councils. In addition, there are power pools which are
associations of utilities that have joined for the purpose of reducing the cost of producing and
delivering power through coordinated operation. However, there are reliability constraints on the
individual systems as indicated in North American Electric Reliability Council (NERC) reports
submitted to the U.S. Department of Energy (DOE). These constraints include, but are not limited
to, low reserve margins, a shortage of transmission facilities, and technical problems in
transmitting power over long distance lines.

Two relatively new factors are emerging: nonutility generation and industry restructuring. It is
anticipated that, in the not too distant future, power suppliers, whether utilities, independent
power producers (IPPs), or power marketers will actively compete for sales to customers who
may be located anywhere on the power grid. Regional grid control will be the responsibility of
centralized Independent System Operators (ISOs) in many regions. The locations, membership,
responsibilities, and authority of all ISOs have yet to be defined. It is expected that these ISOs will
be charged with maintaining grid reliability to facilitate the marketing of power. It is also uncertain
how the current method of reliability standard maintenance through voluntary compliance with
guidelines established by consensus associations will transition to the new utility structure. These
uncertainties raise questions with respect to the continued supply of reliable offsite power to
nuclear power plants.

Any reliability study of offsite power sources needs to consider both the quality of the voltage and
frequency as needed by the nuclear generating station, the probability of the frequency and
duration of a LOOP event to the subject station, and potential impacts which can occur during
events (i.e., transients, low voltage, and frequency degradation). The industry structure is shifting
from one with vertically integrated control by corporate entities that both own nuclear plants and
have essentially autonomous authority over reliability rules and procedures. The new structure
may have many commercially independent entities. There will be an as-yet undefined standards
setting and enforcement process responding to commercial pressure as well as a desire to
maintain reliability. These factors raise the concern, will nuclear plant offsite power requirements
always be fulfilled? Also, what guarantees by the transmission provider interconnected with the
nuclear plant need to be in place so that reliable power in accordance with voltage and frequency
requirements can be assured for safe operation?

The answers to these and other potentially complicated questions as tasked to the NRC staff by
the Commission can be provided through the performance of engineering studies, such as this by
ORNL, to assess potential changes in the reliability of the grid to supply offsite power. The results
of this project show that some nuclear plants are more vulnerable to grid-centered loss-of offsite
power than others. Vulnerability from the grid is discussed in detail in this report.
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.- The Oak Ridge National Laboratory/NRC study was prescient in its list of concerns resulting
from electric industry deregulation:

1.2 Overview of Concerns

Restructuring of the electric power industry is resulting in the increasing number of financially
independent entities whose operations can influence a nuclear plant's offsite power supply.
Historically, the nuclear plant owner also owned and operated the transmission system, the
control area, and the other generators in the immediate area and was fully responsible for the
reliability of the power system. Now, each of these can be owned and operated by separate
commercial entities, and there is also a NERC regional security coordinator with authority to
coordinate system operator actions when reliability is threatened. This arrangement presents the
following concerns:

" A key factor in providing the required offsite power quality is a determination of the offsite
power design basis.

* Requirements for the nuclear plant. Some of the utilities which were visited do not appear
to be addressing this important analysis in a thorough manner.

" Each entity must be aware of the nuclear plant's power requirements and must have
procedures to provide that the correct action is taken under varying conditions.

" There must be contractual arrangements between these entities that assure the nuclear
plant ownersloperators and the NRC that required actions will be taken.

" National standards do not exist yet to guide these entities in structuring their reliability
activities. Regional and local standards often lack the rigor required to function in a
commercially contentious environment.

" There may be significant costs associated with both the analysis and the system
operation constraints required to provide the adequacy and reliability of the offsite power
supply.

o In the event of a regional or control area grid blackout, there is concern that key black
start units (see Appendix D for definitions) may be under the control of a new,
independent financial entity. The reliability of these units is unknown unless blackout
simulation testing is also covered under contract and regularly performed.

In December 2005, Idaho National Laboratory and NRC published NUREG/CR-6890, Vol. 2,
"Reevaluation of Station Blackout Risk at Nuclear Power Plants--Analysis of Station Blackout
Risk." The executive summary from this report reads in part:

The availability of alternating current (ac) power is essential for safe operations and accident
recovery at commercial nuclear power plants. This ac power is normally supplied by offsite power
sources via the electrical grid but can be supplied by onsite sources such as emergency diesel
generators (EDGs). A subset of LOOP scenarios involves the total loss of ac power as a result of
complete failure of both offsite and onsite ac power sources. This is termed station blackout
(SBO). In SBO scenarios, safe shutdown relies on components that do not require ac power,
such as turbine-driven pumps or diesel driven pumps. The reliability of such components, along
with direct current battery depletion times and the characteristics of offsite power restoration, are
important contributors to SBO risk. Historically, risk models have indicated that SBO is an
important contributor to overall plant risk, contributing as much as 70 percent or more.
Therefore, LOOP, restoration of offsite power, and reliability of onsite power sources are
important inputs to plant probabilistic risk assessments (PRAs).

Based on concerns about SBO risk and associated emergency diesel generator reliability, the
U.S. Nuclear Regulatory Commission (NRC) established Task Action Plan (TAP) A-44 in 1980.
The NRC report NUREG-1032, Evaluation of Station Blackout Accidents at Nuclear Power Plants,
issued in 1988, integrated many of the efforts performed as part of TAP A-44. In 1988 NRC also
issued the SBO rule, 10 CFR 50.63, and the accompanying regulatory guide, RG 1.155. That rule
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required plants to be able to withstand an SBO for a specified duration and maintain core cooling
during that duration. As a result of the SBO rule, plants were required to enhance procedures and
training for restoring offsite and onsite ac power sources. In addition, to meet the rule's
requirements, some plants chose to make modifications such as adding additional emergency ac
power sources. Emphasis was also placed on establishing and maintaining high reliability of the
emergency power sources.

Finally, a widespread grid-related LOOP occurred on August 14, 2003. That event resulted in
LOOPs at nine U.S. commercial nuclear power plants. As a result of that event, the NRC initiated
a comprehensive program that included updating and reevaluating LOOP frequencies and
durations as well as SBO risk.

(Emphasis not in original.)

Notably, the comprehensive NRC program to update and reevaluate LOOP frequencies and
durations did not include estimates of frequencies and durations for LOOPs caused by
geomagnetic disturbance. This is despite definitive geomagnetically-induced damage to the GSU
transformer at the Salem nuclear power plant during the March 1989 geomagnetic storm and
suspected damage to eleven other GSU transformers at United States nuclear power plants
during the same storm.

6.6 Regulatory Actions after the 2003 Northeast Blackout

On August 14, 2003, a grid blackout spread over the northeastern United States and parts of
Canada. An article published in Scientific American, "The 2003 Northeast Blackout--Five Years
Latc.r," (August 13, 2008) described the event:

On August 14, 2003, shortly after 2 P.M. Eastern Daylight Time, a high-voltage power line in
northern Ohio brushed against some overgrown trees and shut down-a fault, as it's known in the
power industry. The line had softened under the heat of the high current coursing through it.
Normally, the problem would have tripped an alarm in the control room of FirstEnergy
Corporation, an Ohio-based utility company, but the alarm system failed.

Over the next hour and a half, as system operators tried to understand what was happening,
three other lines sagged into trees and switched off, forcing other power lines to shoulder an extra
burden. Overtaxed, they cut out by 4:05 P.M., tripping a cascade of failures throughout
southeastern Canada and eight northeastern states.

All told, 50 million people lost power for up to two days in the biggest b in North American
history. The event contributed to at least 11 deaths and cost an estimated $6 billion.

The Scientific American article describes new regulatory standards after the 2003 Northeast
Blackout:

In February 2004, after a three-month investigation, the U.S.-Canada Power System Outage
Task Force concluded that a combination of human error and equipment failures had caused the

blackout. The group's finalezort made a sweeping set of 46 recommendations to reduce the risk
of future widespread blackouts. First on the list was making industry reliability standards
mandatory and legally enforceable.

Prior to the blackout, the North American Electricity Reliability Council (NERC) set voluntary
standards. In the wake of the blackout report, Congress passed the Energy Policy Act of 2005,
which expanded the role of the Federal Energy Regulatory Commission (FERC) by requiring it to
solicit, approve and enforce new reliability standards from NERC, now the North American
Electricity Reliability Corporation.
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FERC has so far approved 96 new reliability standards...Standard PER-003, for example,
requires that operating personnel have at least the minimum training needed to recognize and
deal with critical events in the grid; standard FAC-003 makes it mandatory to keep trees clear of
transmission lines; standard TOP-002-1 requires that that grid operating systems be able to
survive a power line fault or any other single failure, no matter how severe. FERC can impose
fines of up to a million dollars a day for an infraction, depending on its flagrancy and the risk
incurred.

If the standards have reduced the number of blackouts, the evidence has yet to bear it out. A
study of NERC b]ackout data by researchers at Carnegie Mellon University in Pittsburgh found
that the frequency of blackouts affecting more than 50,000 people has held fairly constant at
about 12 per year from 1984 to 2006. Co-author Paul Hines, now assistant professor of
engineering at the University of Vermont in Burlington, says current statistics indicate that a 2003-
level blackout will occur every 25 years.

(Ellipsis not in original.)

A spcech by Jefcfry Merrificld, Commissioner of the NRC, at the American Nuclear Society
Executive Conference on Grid Reliability, Stability and Off-Site Power (July 24, 2006) describes
the effect of the 2003 Northeast Blackout on nuclear power plants:

(Slide 2) On August 14, 2003, I was the Acting Chairman on what I thought was going to be just
another routine day at the NRC. I had a series of scheduled meetings that day, including a
briefing on grid reliability, where the staff discussed the trends in loss of offsite power events at
nuclear power plants. The staff informed me that the number of these events was decreasing,
which was encouraging. They also mentioned, however, that the duration of individual events was
tending to be longer.

Around 4:00 p.m. that afternoon, Bill Travers, the EDO at that time, came into my office and
informed me that the staff was assembling in our Operations Center in response to the automatic
shutdown of several nuclear plants in the Northeast and Midwest. At that time, we did not know
whether it was caused by multiple operational events or, perhaps by a coordinated act of
terrorism.

(Slide 3) As information continued to pour in the rest of the afternoon and into the evening
hours, we came to learn that nine nuclear power plants in the U.S., as well as 11 in Canada, and
a host of coal-fired power plants had been disconnected from the grid because of electrical
instabilities, resulting in the blackout of major portions of the Northeast and Midwest in the U.S.
and parts of Canada.

(Slide 4) In fact, virtually every power plant east of the Mississippi experienced voltage swings
of variable amplitude, though plants further from the Northeast corridor saw only minor voltage
perturbations.

(Slide 5) By the next morning, after a long night at the Ops Center, we were only beginning to
understand the magnitude of the blackout. I participated in several conference calls, Including
calls with the White House Situation Room, to discuss the causes of the event with the
staff of the National Security Council as wefl as various Cabinet members.

(Emphasis not in original.)

Notably, the gravity of the 2003 situation for nuclear power plants necessitated coordination with
the National Security Council, a high-level group that includes the President, Vice President,
Secretary of State, Secretary of the Treasury, Secretary of Defense, and Assistant to the President
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for National Security Affairs and which is advised by the Chairman of the Joint Chiefs of Staff
and the Director of National Intelligence.
In his speech, Commissioner Merrifield described current design philosophy for nuclear power

plants regarding commercial grid power:

(Slide 6) WHY DOES NRC CARE ABOUT GRID STABILITY?

Nuclear power reactors must be cooled continuously, even when shut down. The numerous
pumps and valves in the reactor cooling systems therefore must have access to electrical power
at all times, even if the normal power supply from the grid is degraded or completely lost.
As a regulator, we want to minimize the time a nuclear power plant is subjected to a complete
loss of offsite power,-otherwise known as Station Blackout. Even though plants are designed with
emergency diesel generators to supply power to pumps and valves that keep the reactor cool
when normal power is lost, we do not like to challenge those diesel generators any more than is
absolutely necessary.

The NRC was concerned about grid reliability long before the 2003 blackout event. On August 12,
1999, while the Callaway plant (in Missouri) was offline in a maintenance outage, the plant saw
the offsite power supply voltage fall below minimum requirements for a 12-hour period. The
voltage drop they observed was caused by peak levels of electrical loading and the transport of
large amounts of power on the grid adjacent to Callaway. The licensee noted that the deregulated
wholesale power market contributed to conditions where higher grid power flows were likely to
occur in the area near Callaway. Alliant Energy had to spend ten's of millions of dollars to install
new transformers with automatic tap changers to keep voltage above minimum requirements, and
capacitor banks to improve the reactive power (volt-amps reactive, or VARs) factor in the
Callaway switchyard.

As a result of deregulation, many electric utilities were split into electric generating companies
and transmission and distribution companies. Thus, nuclear power plants now must rely on
outside entities to maintain the switchyard voltage within acceptable limits. Over time, some
transmission companies have become less sensitive to the potential impacts that grid voltage can
have on nuclear plant operations.

A big part of our risk-informed regulatory strategy depends on plants having access to
reliable offsite power. We assume that there will be very few times when a plant will be
subjected to a total loss of offslte power, and when such condition exists it will be for a
relatively short period of time (hours or days rather than weeks). Our strategy of allowing
more on-line maintenance to be performed on certain important safety equipment such as the
emergency diesel generators makes sense as long as the risk of a plant trip remains very low
during the period of time that equipment is out of service. This philosophy relies on the fact that a
total loss of offsite power is a rare occurrence that will be corrected in a short period of time.

(Emphasis not in original.)

After the 2003 Northeast Blackout, an extensive series of meetings between NRC, NERC,
FERC, and the electric power and nuclear generation industries ensued. These meetings resulted
in an NRC Generic Letter and new NERC reliability standard for nuclear power plants and their
commercial grid suppliers.

The background section of NRC Generic Letter 2006-2, "Grid Reliability and the Impact on
Plant Risk and the Operability of Offsite Power" (February 2006), reads in full:

,- J-.
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BACKGROUND

*Based on information obtained from inspections and risk insights developed by an
internal NRC expert panel (further described below), the staff is concerned that several
conditions associated with assurance of grid reliability may Impact public health and
safety end/or compliance with applicable regulations. These conditions include use of long-term
periodic grid studies and informal communication arrangements to monitor real-time grid
operability, potential shortcomings in grid reliability evaluations performed as part of maintenance
risk assessments, lack of preestablished arrangements identifying local grid power sources and
transmission paths, and potential elimination of grid events from operating experience and
training. The staff identified these issues as a result of considering the August 14, 2003, blackout
event.

On August 14, 2003, the largest power outage in U.S. history occurred in the Northeastern
United States and parts of Canada. Nine U.S. NPPs tripped. Eight of these lost offsite power,
along with one NPP that was already shut down. The length of time until power was available
to the switchyard ranged from approximately one hour to six and one half hours. Although the
onsite emergency diesel generators (EDGs) functioned to maintain safe shutdown conditions,
this event was significant in terms of the number of plants affected and the duration of the
power outage.

The loss of all alternating current (AC) power to the essential and nonessential switchgear buses
at a NPP involves the simultaneous loss of offsite power (LOOP), turbinetrip, and the loss of the
onsite emergency power supplies (typically EDGs). Such an event is referred to as a station
blackout (SBO). Risk analyses performed for NPPs indicate that the SBO can be a significant
contributor to the core damage frequency. Although NPPs are designed to cope with a LOOP
event through the use of onsite power supplies, LOOP events are considered precursors to SBO.
An increase in the frequency or duration of LOOP events increases the probability of core
damage.

The NRC issued a regulatory issue summary ((RIS) 2004-5, "Grid Operability and the Impact on
Plant Risk and the Operability of Offsite Power." dated April 15, 2004) to advise NPP
addressees of the requirements in Title 10 of the Code of Federal Regulations (10 CFR) Section
50.65, "Requirements for monitoring the effectiveness of maintenance at nuclear power plants;"
10 CFR 50.63, "Loss of all alternating current power;" 10 CFR Part 50, Appendix A, General
Design Criterion (GDC) 17,, "Electric power systems:" and plant technical specifications on
operability of offsite power. In addition, the NRC issued Temporary Instruction (TI) 2515/156,
"Offsite Power System Operational Readiness," dated April 29, 2004, and TI 2515/163,
"Operational Readiness of Offsite Power," dated May 05, 2005, which instructed the regional
offices to perform followup inspections at plant sites on the issues identified in the RIS.

The NRC needs additional information from its licensees in the four areas identified above in
order to determine if regulatory compliance is being maintained.

On April 26, 2005, the Commission was briefed on grid stability and offsite power issues by a
stakeholder panel that included representatives of the Federal Energy Regulatory Commission,
the North American Electric Reliability Council (NERC), the National Association of Regulatory
Utilities Commissioners, PJM Interconnection (one of the country's largest transmission system
operators), a FirstEnergy Corporation executive representing the Nuclear Energy Institute
(NEI), and the NRC staff. In light of this briefing, the Commission issued a staff requirements
memorandum (SRM) dated May 19, 2005, in which the Commission directed the staff to review
NRC programs related to operator examination and training and ensure that these programs
adequately capture the importance of grid conditions and offsite power issues to the design,
assessment, and safe operation of the plant, including appropriate interactions with grid
operators. The SRM further directed the staff to determine whether the operator licensing
program needs to be revised to incorporate additional guidance on grid reliability.

S. .(Emphasis not in original.)
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In January 2010, FERC and NERC established a reliability standard for coordination between
commercial grid suppliers and nuclear power plant operators. This standard recognizes the
urgency for restoration of commercial grid power for safety considerations. The standard reads in
part:

Standard NUC-001-2 - Nuclear Plant Interface Coordination

3. Purpose: This standard requires coordination between Nuclear Plant Generator Operators
and Transmission Entities for the purpose of ensuring nuclear plant safe operation and
shutdown.

R9. The Nuclear Plant Generator Operator and the applicable Transmission Entities shall include,
as a minimum, the following elements within the agreement(s) identified in R2: [Risk Factor:
Medium]

R9.3.5. Provision for considering, within the restoration process, the requirements and urgency of
a nuclear plant that has lost all off-site and on-site AC power.

NERC Standard NUC-001-2 requires urgent restoration of commercial grid power for nuclear
power plants. However, without actual installation of equipment to protect against geomagnetic
disturbance, this paper standard provides ineffectual protection.

6.7 Lack of NERC Reliability Standardfor Geomagnetic Disturbance
While NUC-001-02 recognizes the urgency of providing reliable off-site power to nuclear power
plants, NUC-001-02 does not specifically require electric utilities to protect against severe space
weather. In particular, NERC has not published a reliability standard for protection against
geomagnetic disturbance. Were such a standard to exist, it could require operational plans to
disconnect high voltage transmission equipment when geomagnetic disturbance is predicted.
Moreover, standards for protective devices, such as blocking devices for high voltage
transformers, could be specified and enforced.

The NERC Board of Trustees recognized the need for action on geomagnetic disturbance twenty
years ago, in the aftermath of the 1989 Quebec blackout caused by space weather. A NERC
report, "March 13, 1989 Geomagnetic Disturbance," recommends the use of blocking devices to
protect high voltage transformers:

Neutral-Blocking Capacitor

Capacitors installed between transformer neutrals and grounds can be very effective in blocking
ground-induced currents. Ideally, the capacitor should be very simple, should not increase
voltage stress on transformer insulation, should not have to be bypassed during faults
(eliminating the necessity for a complex bypass device) and should have a low 60 Hz impedance
(to avoid any impact on the system grounding coefficient). The cost of such a device, will of
course, have to be weighed against its simplicity, robustness, and reliability. Hydro-Quebec is
currently studying a capacitor of this sort and if findings are promising, a prototype will be
installed for field testing and evaluation of long-term reliability and performance.

Below is the full text of the 1990 Board of Trustees position statement on solar magnetic
(geomagnetic) disturbance forecasting and the need for protective measures:

N €
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NERC Position Statement on
Solar Magnetic Disturbance Forecasting

Approved by the Board of Trustees
July 9, 1990

The North American Electric Reliability Council (NERC) strongly urges that
improvements be made to the SMD forecasting accuracy of the National Oceanic &
Atmospheric Administration. With the current activity on the sun projected to continue
well into the 1990s, NERC believes that a forecasting procedure to provide at least one
hour notice and an accuracy of at least 90% is required. This security margin will allow
sufficient time to implement special operating procedures.

The geomagnetic induced currents (GIC) that are imposed on electric systems as
a result of severe solar magnetic disturbances (SMD) pose a threat to the reliability of the
interconnected electric networks in the U.S. and Canada. The GICs cause transformers to
saturate and overheat. This results in depressed system voltages, failure or misoperation
of critical system voltage control devices, and damage to the transformers themselves. On
March 13, 1989, a severe SMD caused the total shutdown of the Hydro-Qudbec system in
Canada. Electric utilities across the northern latitudes of the U.S also experienced
transformer damage, depressed voltages, and the forced tripping of several voltage control
devices. While no widespread blackouts have yet occurred, the incident demonstrated the
potential damage to equipment and risk to system reliability. As a result, several control
areas have established SMD operating guidelines and study groups.

The nature of the sudden onset of SMD requires that an effective SMD forecasting
mechanism be in place to provide system operators with sufficient time to take preventive
measures to protect the reliability of the network. Current forecasting technology has not
proved to be sufficiently accurate or timely.

In 2005, NERC prepared a draft reliability guideline for geomagnetic disturbances. This draft
can be found at:

http://www.ncrc.coin/fiecs/G MD Guideline v2 clean.pd f

Since 2005 there have been numerous meetings and updates on the subject of geomagnetic
disturbance but no reliability guideline or standard has been published.

Due to the complexity of protecting the commercial grid, it is exceedingly unlikely that
protection against geomagnetic disturbance will be achieved in the near future. The HILF report
explains the magnitude of effort required:

The interconnected and interdependent nature of the bulk power system requires that risk
management actions be consistently and systematically applied across the entire system to be
effective. The magnitude of such an effort should not be underestimated. The North American
bulk power system is comprised of more than 200,000 miles of high-voltage transmission lines,
thousands of generation plants, and millions of digital controls. More than 1,800 entities own and
operate portions of the system, with thousands more involved in the operation of distribution
networks across North America. These entities range in size from large investor-owned utilities
with over 20,000 employees to small cooperatives with only ten. The systems and facilities

, •comprising the larger system have differing configurations, design schemes, and operational
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concerns. Referring to any mitigation on such a system as "easily-deployed," "inexpensive," or
"simple" is an inaccurate characterization of the work required to implement these changes.

The HILF report also describes the likely timeframe of any protective measures:

The Proposals for Action outlined in this report are intended to provide input into a formal action
plan to address these issues. They do not, in and of themselves, constitute this plan. The effort
needed to address these risks will require intense coordination and a significant resource
commitment from all entities involved. The time needed to address these issues and
complete the work contemplated herein will be measured In years. NERC and the U.S. DOE
will work together with the electric sector, manufacturers, and other government authorities to
support the development and execution of a clear and concise action plan to ensure
accountability and coordinated action on these issues going forward.

(Emphasis not in original.)

Some regional electric reliability organizations (so-called "regional entities") and Independent
System Operators (ISO) have operational plans whereby commercial power grids might be
managed to avoid damage from geomagnetic disturbance. An example is "Procedures for Solar
Magnetic Disturbances Which Affect Electric Power Systems," by Northeast Power
Coordinating Council (NPCC) (January 2007), which describes protection of the power grid
covering New York State, the six New England States, and parts of Canada. Because the area
covered by the NPCC has not yet experienced a large geomagnetic disturbance, there is no
certainty that their operational plan would work. Moreover, ISO and regional entity plans, to the
extent that plans exist at all, typically instruct that human operators "reduce the loading" rather
than disconnect vulnerable transformers entirely. For example, "Procedures for Solar Magnetic
Disturbances Which Affect Electric Power Systems," specifies these operator actions:

4.2 Operator Action With the Onset of an SMD

On receiving from the Solar Terrestrial Dispatch a geomagnetic storm alert predicting at least a
40% probability of activity at levels of Kp 7, Kp 8 or Kp 9, or notification of significant GIC activity,
system operators may evaluate the situation and consider the following actions where
appropriate:

4.2.1 Discontinue maintenance work and restore out of service high
voltage transmission lines to service. Avoid taking long lines out
of service.

4.2.2 Maintain the system voltage within an acceptable operating
range to protect against voltage swings.

4.2.3 Reduce the loading on interconnections, critical transmission
facilities, and critical transmission interfaces to 90%, or less, of
their agreed limits.

4.2.4 Reduce the loading on generators operating at full load to
provide reserve power and reactive capacity.

4.2.5 Consider the impact of tripping large shunt capacitor banks and
static VAR compensators.

4.2.6 Dispatch generation to manage system voltage, tie line loading
and to distribute operating reserve.
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4.2.7 Bring equipment capable of synchronous condenser operation on
line to provide reactive power reserve.

(Emphasis in original.)

Any operational plan would rely on uncertain forecasts from the National Oceanic and

Atmospheric Administration (NOAA). NOAA, in turn, relies on data from satellite assets that

may not work perfectly and also have operational lifespans that are a fraction of the 40-year

standard licensure period for nuclear power plants.

An article published by NASA, "Solar Shield-Protecting the North American Power Grid"

(October 2010) describes the necessity of disconnecting transformers during geomagnetic

disturbances and also describes the space weather forecasting process:

...During extreme storms, engineers could safeguard the most endangered transformers
by disconnecting them from the grid. That itself could cause a blackout, but only temporarily.
Transformers protected in this way would be available again for normal operations when the
storm is over.

The innovation of Solar Shield is its ability to deliver transformer-level predictions. Pulkkinen
explains how it works: "Solar Shield springs into action when we see a coronal mass ejection
(CME) billowing away from the sun. Images from SOHO and NASA's twin STEREO spacecraft
show us the cloud from as many as three points of view, allowing us to make a 3D model of the
CME, and predict when it will arrive."

While the CME is crossing the sun-Earth divide, a trip that typically takes 24 to 48 hours, the
Solar Shield team prepares to calculate ground currents. "We work at Goddard's Community
Coordinated Modeling Center (CCMC)," says Pulkkinen. The CCMC is a place where leading
researchers from around the world have gathered their best physics-based computer programs
for modeling space weather events. The crucial moment comes about 30 minutes before
impact when the cloud sweeps past ACE, a spacecraft stationed 1.5 million km upstream
from Earth. Sensors onboard ACE make in situ measurements of the CME's speed, density, and
magnetic field. These data are transmitted to Earth and the waiting Solar Shield team.

"We quickly feed the data into CCMC computers," says Pulkkinen. "Our models predict fields and
currents in Earth's upper atmosphere and propagate these currents down to the ground." With
less than 30 minutes to go, Solar Shield can issue an alert to utilities with detailed information
about GICs.

Pulkkinen stresses that Solar Shield is experimental and has never been field-tested during a
severe geomagnetic storm. A small number of utility companies have installed current monitors at
key locations in the power grid to help the team check their predictions. So far, though, the sun
has been mostly quiet with only a few relatively mild storms during the past year. The team needs
more data.

(Emphasis not in original.)

As the NASA article describes, for effective protection of extra high voltage transformers, the
transformers must be disconnected from the grid; mere reduction of loading may not be
sufficient. Because of the social and political consequences of grid blackouts due to "false
alarms," human operators may be reluctant to reduce load enough to prevent damage from
geomagnetically-induced currents.

. N
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The article also describes the necessary role of the ACE spacecraft in the LI orbital position.
Notably, the ACE spacecraft gives approximately 30 minutes warning while NERC Board of
Trustees had asked for one hour notice for "sufficient time to implement special operating
procedures." Regardless of NERC requests for sufficient time to allow human intervention, the
laws of physics cannot be altered to place the LI orbital position farther from the earth.

The ACE spacecraft is past its designed operational lifetime and no replacement is planned. The
January 2009 report by National Academy of Sciences "Severe Space Weather Events-
Understanding Societal and Economic Impacts Workshop Report," explains the status of the
space weather instrumentation and monitoring:

INSTRUMENTATION AND MONITORING:
THE SPACE WEATHER OBSERVATION SYSTEM

A number of participants offered comments on the current status and future prospects of the
nation's system for monitoring space weather. One of these comments was the observation that
there in fact is no system specifically dedicated to monitoring space weather. As noted by Daniel
Baker (University of Colorado at Boulder), many of the measurements used by the Space
Weather Prediction Center (SWPC) for operations are actually taken from instruments designed
and tasked for scientific missions. Baker raised the question: Should our operational capacity for
space weather monitoring be dependent on scientific instruments and satellites? Is it prudent to
rely in this way on "the kindness of strangers"?

Pursuing this theme, several participants commented on a perceived fragility, or lack of
robustness, in the nation's capacity for space weather monitoring. John Kappenman (Metatech
Corporation) observed that many key parts of the system have no backups: single points of
failure, he argued, could substantially degrade or even halt operations. A critical weakness
in the present system, noted by a number of participants, is the reliance on the aging
Advanced Composition Explorer (ACE) spacecraft as virtually the nation's sole upstream
solar wind monitor. ACE, positioned at L1,1 Is now 11 years old, well beyond Its planned
operational life, and the detector heads are losing gain. "There could be an electronic
failure," Charles Holmes (NASA Headquarters) pointed out. "So it is a vulnerable system."

As Baker noted, the loss of Li solar wind measurements such as are provided by ACE 'would be
a devastating loss to the national space weather capability." In a presentation given the previous
day, Thomas Bodgan of NOAA's Space Weather Prediction Center listed as one of NOAA's
'critical new directions" to "secure [an] operational Li monitor.* It was clear from the comments of
the participants, however, that no clear replacement for ACE is coming on line soon. Devrie
Intriligator (Carmel Research Center, Inc.) noted that the possibility of an Li monitor supplied by
private industry had been discussed at other workshops. Although the Chinese are planning an
L! monitor as part of the KuaFu space weather project, it will not be launched for several years.
Moreover, as William Murtagh (NOAA) cautioned, national security concerns must be taken into
account when decisions about the follow-on to ACE are being made. On an encouraging note,
Murtagh reported that the NASA Authorization Act (House Rule 6063, Section 1101) charges the
Office of Science and Technology Policy to work with NOAA, NASA, other federal agencies, and
industry to develop a plan for sustaining solar wind measurements from an Ll-based spacecraft.

(Emphasis not in original.)

"Severe Space Weather Events- Understanding Societal and Economic Impacts Workshop
Report" explains why current power grid operational procedures may not be adequate:

Operational procedures used now by U.S. power grid operators have been developed largely
from experiences with recent storms, including the March 1989 event. These procedures are
generally designed to boost operational reserves and do not prevent or reduce GIC flows in the
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network. For large storms (or increasing dB/dt levels) both observations and simulations indicate
that as the intensity of the disturbance increases, the relative levels of GICs and related power
system impacts will also increase proportionately. Under these scenarios, the scale and speed of
problems that could occur on exposed power grids have the potential to impact power system
operators in ways they have not previously experienced. Therefore, as storm environments reach
higher intensity levels, it becomes more likely that these events will precipitate widespread
blackouts in exposed power grid infrastructures. The possible extent of a power system collapse
from a 4800 nT/min geomagnetic storm (centered at 50" geomagnetic latitude) is shown in Figure
7.1. Such dB/dt levels-10 times those experienced during the March 1989 storm-were reached
during the great magnetic storm of May 14-15, 1921.

"Severe Space Weather Events- Understanding Societal and Economic Impacts Workshop
Report" concludes with a discussion of why space weather forecasts may not be the most
effective method of protecting against geomagnetic disturbance:

Much of the discussion appeared to support, explicitly or implicitly, the proposition that the nation
does in fact need a strong capacity for producing predictions and warnings about space weather
events. One participant, though, offered a contradan view. Thomas Stansell (Stansell Consulting)
argued that attention should focus first not on prediction, but on mitigation--on construction of
hardened infrastructure able to continue operations without interruptions straight through severe
space weather events. For electric power delivery, satellite operations, and other core systems,
he claimed, extended service interruptions are unacceptable: hardened systems are essential.
Better mitigation would in turn make prediction less valuable. Advances in mitigation, Stansell
argued, would undermine the rationale for allocating resources toward monitoring space weather
conditions, or predicting severe space weather events. A strategy based on mitigation would also
imply different priorities for research.

By conducting a simple and very optimistic probability calculation, one can easily see the fallacy
of primary reliance on space weather forecasts and operational plans such as "Procedures for
Solar Magnetic Disturbances Which Affect Electric Power Systems." As explained before, this
plan does not require shutting down the commercial grid to protect against geomagnetic
disturbance; instead the plan recommends to "Reduce the loading on interconnections, critical
transmission facilities, and critical transmission interfaces to 90%, or less, of their agreed limits."
As a result, there is no 100% assurance that the extra high voltage transformers will be protected.
Let us optimistically assume a 90% chance that the operational plan would protect extra high
voltage transformers. Let us optimistically assume that any space weather forecast would be
correct 90% of the time, which was the goal set by the NERC Board of Trustees in 1990. Finally,
let us optimistically assume a 90% chance that the necessaiy satellite assets would be on station
and operating through the life of nuclear power plants. By multiplying these three extremely
optimistic probabilities, we find only a 73% chance that space weather forecasts and operational
plans would protect against long-term loss of commercial grid power.

Gerry Cauley, President and CEO of NERC, testificd at a February 8. 2011 technical conference
held at FERC that a meeting to discuss mitigation plans for geomagnetic disturbance will not be
held until April 2011:

Let me turn now to a second category of emerging risk that I consider urgent because of the
potential consequences of physically damaging bulk power equipment and controls, that of
geomagnetic disturbances caused by solar flares. We will be convening industry experts at a
conference in April this year to validate near-term, cost-effective actions that can be taken to
better prepare the North American grid for large scale interference with the Earth's magnetic field.
We will be leveraging the mitigation strategies completed in Canada and the Northeast to mitigate

, these risks after the 1989 Quebec disturbance. NERC will issue an alert with a set of specific
near-term actions and a timetable for responses.
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Intentions for the North American power grids to be protected against damage from geomagnetic
disturbance, based on meetings that have not yet happened and operational plans that may not
work, are speculative and should not be the basis for nuclear safety.

After diligent search, Petitioner was unable to find any studies or plans, government-sponsored
or otherwise, that describe how the North American power grids could be reconfigured after loss
of 300 extra high voltage transformers (representing approximately one-third of power
transmission capacity) into localized "islands of power" that would reliably provide commercial
grid power to nuclear power plants and associated spent fuel pools. Therefore, any hopes that the
North American power grids could somehow be quickly reconfigured after damage from
geomagnetic disturbance must be considered speculative-and such speculations should not be
the basis for nuclear safety.

6.8 Role of Other Government Agencies
Legislation and appellate court decisions have suggested that NRC may leave certain matters to
other agencies of the US Government, if these agencies adequately address concerns of public
health and safety. In the instant case of protection of nuclear power plants against commercial
grid failure caused by geomagnetic disturbance, this legal theory cannot apply, for three reasons.
First, there is no federal agency with the clear legal authority to set and enforce a reliability
standard on geomagnetic disturbance. Second, experience within the existing legal structure has
demonstrated that no federal agency can indirectly establish a reliability standard on
geomagnetic disturbance within a reasonable timeframe. Third, other government agencies do
not currently have the appropriations and physical assets to protect public health and safety in
regard to geomagnetic disturbance.

FERC was granted limited legal authority over electric grid reliability by the Electricity
Modernization Act of 2005. The Act required that an Electric Reliability Organization (ERO) be
certified by FERC. NERC has been certified as the ERO by FERC. NERC is thus charged with
setting electric reliability standards which then must be approved by FERC:

Subtitle A-Reliability Standards
Electricity Modernization Act of 2005

SEC. 1211. ELECTRIC RELIABILITY STANDARDS.
(a) IN GENERAL.-Part II of the Federal Power Act (16 U.S.C.
824 et seq.) is amended by adding at the end the following:
"SEC. 215. ELECTRIC RELIABILITY...

"(b) JURISDICTION AND APPLICABILITY.-(1) The Commission shall have jurisdiction, within
the United States, over the ERO certified by the Commission under subsection (c), any regional
entities, and all users, owners and operators of the bulk-power system, including but not limited to
the entities described in section 201(o, for purposes of approving reliability standards established
under this section and enforcing compliance with this section. All users, owners and operators of
the bulk-power system shall comply with reliability standards that take effect under this section.
"(2) The Commission shall issue a final rule to implement the requirements of this section not
later than 180 days after the date of enactment of this section.
"(c) CERTIFICATION.-Following the issuance of a Commission rule under subsection (b)(2),
any person may submit an application to the Commission for certification as the Electric
Reliability Organization. The Commission may certify one such ERO if the Commission
determines that such ERO-
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"(1) has the ability to develop and enforce, subject to subsection (e)(2), reliability standards that
provide for an adequate level of reliability of the bulk-power system; and
"(2) has established rules that-
"(A) assure its independence of the users and owners and operators of the bulk-power system,
while assuring fair stakeholder representation in the selection of its directors and balanced
decisionmaking in any ERO committee or subordinate organizational structure;
"(B) allocate equitably reasonable dues, fees, and other charges among end users for all
activities under this section;
"(C) provide fair and impartial procedures for enforcement of reliability standards through the
imposition of penalties in accordance with subsection (e) (including limitations on activities,
functions, or operations, or other appropriate sanctions);
"(D) provide for reasonable notice and opportunity for public comment, due process, openness,
and balance of interests in developing reliability standards and otherwise exercising its duties;
and
"(E) provide for taking, after certification, appropriate steps to gain recognition in Canada and
Mexico.
"(d) RELIABILITY STANDARDS.-(1) The Electric Reliability Organization shall file each
reliability standard or modification to a reliability standard that it proposes to be made effective
under this section with the Commission.
"(2) The Commission may approve, by rule or order, a proposed reliability standard or
modification to a reliability standard if it determines that the standard is just, reasonable, not
unduly discriminatory or preferential, and in the public interest. The Commission shall give due
weight to the technical expertise of the Electric Reliability Organization with respect to the content
of a proposed standard or modification to a reliability standard and to the technical expertise of a
regional entity organized on an Interconnection-wide basis with respect to a reliability standard to
be applicable within that Interconnection, but shall not defer with respect to the effect of a
standard on competition. A proposed standard or modification shall take effect upon approval by
the Commission.
"(3) The Electric Reliability Organization shall rebuttably presume that a proposal from a regional
entity organized on an Interconnection-wide basis for a reliability standard or modification to a
reliability standard to be applicable on an Interconnection-wide basis is just, reasonable, and not
unduly discriminatory or preferential, and in the public interest.
"(4) The Commission shall remand to the Electric Reliability Organization for further consideration
a proposed reliability standard or a modification to a reliability standard that the
Commission disapproves in whole or in part.
"(5) The Commission, upon its own motion or upon complaint, may order the Electric Reliability
Organization to submit to the Commission a proposed reliability standard or a modification to a
reliability standard that addresses a specific matter if the Commission considers such a new or
modified reliability standard appropriate to carry out this section.

(Ellipsis not in original)

Under this legislative structure, the ERO (NERC) "has the ability to develop and enforce, subject
to subsection (e)(2), reliability standards that provide for an adequate level of reliability of the
bulk-power system." In the drafting of standards, the FERC role is limited to approval of
standards developed by the ERO: "The commission may approve, by rule or order, a proposed
reliability standard or modification to a reliability standard if it determines that the standard is
just, reasonable, not unduly discriminatory or preferential, and in the public interest." If FERC
determines that a necessary standard is missing or inadequate, its actions are limited to ordering
that the ERO develop a standard: "The Commission, upon its own motion or upon complaint,
may order the Electric Reliability Organization to submit to the Commission a proposed
reliability standard or a modification to a reliability standard that addresses a specific matter if
the Commission considers such a new or modified reliability standard appropriate to carry out
this section." Notably, FERC cannot dictate the wording of a standard and therefore cannot
unilaterally set or enforce a standard on geomagnetic disturbance.
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Five years after passage of the Electricity Modernization Act of 2005, the designated ERO
(NERC) has not proposed a standard on protection geomagnetic disturbance and FERC has not
ordered a standard on geomagnetic disturbance. In the past when FERC has encouraged
development of a standard to provide reliable power to nuclear power plants, interested parties
have mounted legal and regulatory challenges, an example being the development of the NERC
Standard NUC-001-1, which was modified to Standard NUC-001-2 after industry complaints. In
light of existing regulatory and legal structure, and demonstrated experience within this structure,
it is speculative to suggest that NERC/FERC will develop, approve, implement, and enforce a
regulatory standard on geomagnetic disturbance anytime soon. Such speculations should not be
the basis for nuclear safety.

There are no current appropriations for a replacement to the ACE space weather monitoring
satellite. Future space weather forecasting capability may rely not on the assets of a US
Government agency, but on a satellite controlled by the People's Republic of China.

In summary, after over 20 years of evident need, there is no regulatory standard or law requiring
electric utilities to protect against severe space weather and resulting geomagnetic disturbance.
There is no federal agency that has the clear legal authority to set reliability standards on
geomagnetic disturbance. The non-governmental entity responsible for electric reliability,
NERC, has delayed 20 years in setting a reliability standard for geomagnetic disturbance. By
written account of responsible parties, any eventual measures to protect the commercial grid
against geomagnetic disturbance will become effective far into the operational life of nuclear
power plants and associated spent fuel pools. In the absence of future appropriations for
government-controlled space weather forecasting resources, clear regulatory and legal authority
of other government agencies, and actual measures taken to implement electric reliability
standards for geomagnetic disturbance, the NRC has an regulatory obligation to act on its own to
protect spent fuel pools.

6.9 NRC Probabilistic Risk Assessment
The NRC staff calculated the probability of an accident resulting in a zirconium cladding fire and
associated radiation release in NUREG- 1738, "Technical Study of Spent Fuel Pool Accident
Risk at Decommissioning Nuclear Power Plants," February 2001. On the basis of this
Probabilistic Risk Assessment (PRA), NUREG-1738 concluded that the risk of a zirconium
cladding fire is low, principally because human operators would have several days to react to a
loss of active cooling and because offsite assistance would be available. The study summarized
the risk from zirconium fires:

This study documents an evaluation of spent fuel pool (SFP) accident risk at decommissioning
plants. The study was undertaken to develop a risk-informed technical basis for reviewing
exemption requests and a regulatory framework for integrated rulemaking.. The staff based its
sensitivity assessment on the guidance in Regulatory Guide (RG) 1.174, An Approach for Using
Probabilistic Risk Assessment In Risk-Informed Decisions On Plant-Specific Changes to the
Licensing Basis."... The results of the study indicate that the risk at SFPs is low and well within the
Commission's Quantitative Health Objectives (QHOs). The risk is low because of the very low
likelihood of a zirconium fire even though the consequences from a zirconium fire could be
serious.

(Ellipses not in original document.)
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NUREG-1738 examined a number of accident scenarios, including one that involved loss of
offsite power in the aftermath of severe weather:

Table 3.1 Spent Fuel Pool Cooling Risk Analysis - Frequency of Fuel Uncovery (per year)

Frequency of Fuel Frequency of Fuel
Uncovery (EPRI Uncovery (LLNL

INTATING EVENT hazard) hazard)

Seismic event' 2x1O0 7' 2x10"'

Cask drop 6 2.Oxl) 0"7 same

Loss of offsite power initiated by severe 1.1x10"7 same
weather

Loss of oftfse power from plant eontered 2.Pxl 0" same
and grd-related events

Internal fire 2 .3x1iOr same

Loss of pool cooflng 1.4x1MO same

Loss of coolant inventory 3.Ox10) same

Aircraft Impact 2.9x1OO same

Tornado Missile c1.0x1O0 same

Total' 5.8x1IO 2.4x110

For the purposes of a comparison to the PRA analysis of this Petition, "Loss of offsite power
initiated by severe weather" is the scenario closest to a severe space weather/geomagnetic
disturbance scenario. This scenario assumes that it might be difficult for offsite help to reach the
spent fuel pool site. When all factors are considered, the NRC PRA shows a chance of zirconium
fire of 1. 1 in 10 million per year. (The report assumed fire would occur if the fuel was uncovered
by water.) This extremely low probability relies heavily on the assumed intervention of human
operators at the spent fuel pool site, as described in Industry Decommissioning Commitments
(IDC). While these commitments are for decommissioned plants, similar licensure obligations
exist at operating nuclear power plants with spent fuel pools.

NUREG-1738 explains the conditions of loss of offsite power from severe weather events:

3.4.4 Loss of Offslte Power from Severe Weather Events

This event represents the loss of SFP cooling because of a loss of offsite power from severe
weather-related events (hurricanes, snow and wind, ice, wind and salt, wind, and one tornado
event). Because of the potential for severe localized damage, tornadoes are analyzed separately
in Appendix 2E. The analysis is summarized in Section 3.5.3 of this study.

Until offsite power is recovered, the electrical pumps are unavailable and the diesel-driven fire
pump is available only for makeup. Recovery of offsite power after severe weather events is
assumed to be less probable than after grid-related and plant-centered events. In addition, it is
more difficult for offsite help to reach the site.
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The calculated fuel uncovery frequency for this event is 1.1 x10"7 per year. As in the previous
cases, this estimate was based on IDCs #2, #5, #8, #10 and on assumptions documented in SDA
#2 and SDA #3. In addition, IDC #3, the commitment to have procedures in place for
communications between onsite and offsite organizations during severe weather, is also
important in the analysis for increasing the likelihood that offsite organization can respond
effectively.

Table 4.1-I delineates commitments which assume that both onsite and offsite personnel will be
available in the aftermath of a severe weather event and associated widespread commercial grid
outage.

Table 4.1-1 Industry Decommissioning Commitments (IDCs)

IDC No. Industry commitments

SCask drop analyses will be performed or single failure-proof cranes will be in
use for handling of heavy loads (i.e., phase II of NUREG-0612 will be
implemented).

2 Procedures and trainfing of personnel will be In place to ensure that onsite and
offsite resources can be brought to bear during an event.

3 Procedures will be in place to establish communication between onsite and
offsite organizations during severe weather and seismic events.

4 An ofisite resource plan will be developed which will include access to portable
pumps and emergency power to supplement onsite resources. The plan would
prindpally identify org aniLzatlons or suppliers where offslte resources could be
obtained In a timely manner.

5 SFP Instrumentation will include readouts end alarms in the control room (or
where personnel am stationed) for SFP temperature, water level, and area
radiation levels.

a SFP seals that could cau e la eading to fuel uncovery in the event of
seal failure shall be self liniting to leakage or otherwise engineered so that
drainage cannot occur.

7 Procedures or administrative controls to reduce the likelihood of rapid
dralndown events will Include (1) prohibitons on the use of pumps that lack
adequate siphon protection or (2) controls for pump suction and discharge
points. The functionality of ritl-slphon devices will be periodically verified.

8 An on•lte restoration plan will be In place to provide repair of the SFP cooling
systems or to provide access for makeup water to the SFP. The plan will
provide for remote algrmimert of the makeup source to the SFP without
requiring entry to the refuel floor.

9 Procedures wll be In place to control SFP operations that have the potential to
mpldly decrease SFP inventory. Theve admIn istive controls may require
additional operations or management review, management physical presence
for designatd operations or adminit'rative limitations such as restrictions on
heavy oad movements

10 Routine testing of the alternative fuel pool makeup system components will be
performed and aftinistrative controls for equipment out of service will be
implemented to provide added assurance that the components would be
available, if needed.
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The analysis in NUREG- 1738 uses a PRA that assumes both onsite and offsite resources:

\~ >'
Figure 4.4 Severe weather related loss of offsite power event tree
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4.4.6 Summary

Table 4.4 presents a summary of basic events used in the event tree for Loss of Offsite Power
from severe weather events.

As in the case of the loss of offsite power from plant centered and grid related events, based on
the assumptions made, the frequency of fuel uncovery can be seen to be very low. Again, a
careful and thorough adherence to NEI commitments 2, 5, 8 and 10, the assumption that
walkdowns are performed on a regular, (once per shift) basis is important to compensate for
potential failures to the instrumentation monitoring the status of the pool, the assumption that the
procedures and/or training are explicit in giving guidance on the capability of the fuel pool makeup
system, and when it becomes essential to supplement with alternate higher volume sources, the
assumption that the procedures and training are sufficiently clear in giving guidance on early
preparation for using the altemate makeup sources, are crucial to establishing the low frequency.
NEI commitment 3, related to establishing communication between onsite and offsite
organizations during severe weather, is also important, though its importance is somewhat
obscured by the assumption of dependence between the events OMK and OFD. However, if no
such provision were made, the availability of offsite resources could become more limiting.

__ J
-
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Table 4.4 Basic Event Summary for Severe Weather Loss of Offske Power Event Tree

Basic Event Name Description Basic Event Probability

IE-LP2 LOSP event because of 1.IE-02
severe-weather-reflaed causes

HEP-DIAG-SFPLP2 Operators fall to diagnose Ios of SFP I.OE-5
cooln because of loss of ogts
power

HEP-RECG-DEPEN Failure to recognize need to cool pool 5.0E-2
gw prior falur

HEP-SFP-STR-LIP2 Operators fail to restart and algn the 5.E-4
SFP cooling syuen onca power is
recovered

HEP-RECG-FWST-SW Operators fail to diagnose need to 1.OE-4
start the kewater system

HEP.FWoSTART.SW Operators fall to start firewater pump 1.OE-3
and provide a~gnmet

HEP-FW.REP-OEPSW Repak crew fails to repalf firewater 7.0E-2
system

HEP-FWARE-NODS!W Repar crew fai to rmpair fewater 1.8E.2
system

HEP4 NV-CFFST-SW OPberaMo I b to provide alternate 8.OE-2
sources of cook* from otiste

REC-OSP-SW Recovery of offafl power within 2.OE-2
24 hours

SPC-CKV-CCF-H Heat exchanger ischarge check I.OE-5
valves - CCF

SPC-CKV-CCF-M SFP coolng pump dlscharge check 3.2E-5

valves - CCF

SPC-HTX-CCF SFP heat exchdngers - CCF I.OE-5

SPC-HTX-FTR SFP heat *x.mcarq cooing system 2.4E-4
fails

SPC-HTX-PLG Heat exohanger plugs 2.2E-5

SPC-PMP-CCF SFP cooling pumps - common cause 5.9E-4
failure

SPC-PMP-FTF-1 SFP cooong pump I faills to start and 3.0E-3

'~
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Table 4.4 Continued. Basic Event Summary for Severe Weather Loss
, of Outside Power Event Tree

BalIc Event NlaM. Description Basic Event ProbablTity

$PC-PMP-FTF-2 SFP cooling pump 2 fails to start and 3.9E-3
run

FP-2PUMPS-FTF Failure of firewater pump system 6.7E-4

FP.DGPUMP-FTF Failure of the diesel-driven irewater I.8E-1
____________pump_______

Close examination of the "Loss of offsite power initiated by severe weather" scenario shows that
the NRC's calculated low probability of a zirconium fire is heavily dependent on a number of
assumptions: quick restoration of offsite power, availability of diesel fuel, intervention of onsite
human operators, and availability of offsite assistance. But as previously outlined in this Petition,
these assumptions are in doubt in a scenario of long-term and widespread commercial grid
outage. Most significantly, the NRC probability calculation assumes a 98% chance of offsite
power recovery within 24 hours; however, as previously discussed, it is likely to take at least 1-2
years to replace extra high voltage transformers damaged by geomagnetic disturbance. As a
result, previous NRC analysis of the probability of zirconium fires in spent fuel pools is not
applicable to a scenario of long-term and widespread commercial grid outage caused by
geomagnetic disturbance.

6.10 Petitioner's Probabilistic Risk Assessment

The use of Probabilistic Risk Assessment has been well established in NRC regulatory
procedure, including the rulemaking process. The NRC published "Policy Statement on the Use
of Probabilistic Risk Assessment (PRA)" on August 16, 1995 (60 FR 42622). This statement
reads in part:

IV. The Commission Policy

Although PRA methods and information have thus far been used successfully in nuclear
regulatory activities, there have been concerns that PRA methods are not consistently applied
throughout the agency, that sufficient agency PRA/statistics expertise is not available and that the
commission is not dervingfull benefit from the large agency and industry investment in the
developed risk assessment methods. Therefore the Commission believes that overall policy on
the use of PRA nuclear regulatory policy should be established so that the many potential
applications of PRA can be implemented in a consistent and predictable manner that promotes
regulatory stability and efficiency. This policy statement sets forth the Commission's intention to
encourage the use of PRA and to expand the scope of PRA applications in all nuclear regulatory
matters to the extent supported by the state of the art in terms of methods and data.
Implementation of the policy statement will improve the regulatory process in three areas:
Foremost through safety decision-making enhanced by the use of PRA insights; through more
efficient use of agency resources; and through a reduction in unnecessary burdens on licensees.

Therefore, the Commission adopts the following policy statement regarding the expanded NRC
use of PRA:

(1) The use of PRA technology should be increased in all regulatory matters to the extent
supported by the state of the art in PRA methods and data in a manner that complements the

7- . NRC deterministic approach and supports the NRC's traditional defense in depth philosophy
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(2) PRA and associated analyses (e.g., sensitivity studies, uncertainty analyses, and importance
measures) should be used in regulatory matters, where practical within the bounds of the state-
of-the-art, to reduce unnecessary conservatism associated with regulatory requirements,
regulatory guides, license commitments, and staff practices. Where appropriate, PRA should be
used to support the proposal for additional regulatory requirements in accordance with 10 CFR
50.109 (Backfit Rule). Appropriate procedures for including PRA in the process for changing
regulatory requirements shoutd be developed and followed. It is. of course, understood that the
intent of this policy is that existing rules and regulations shall be complied with unless these rules
and regulations are revised.

(3) PRA evaluations in support of regulatory decisions should be as realistic as practicable and
appropriate supporting data should be publicly available for review.

(4) The Commission's safety goals for nuclear power plants and subsidiary numerical objectives
are to be used with appropriate consideration of uncertainties in making regulatory judgments on
the need for proposing and backfitting new generic requirements on nuclear power plant
licensees.

Under current design basis and licensure requirements, and assuming no long-term human
operator intervention, and also assuming that zirconium-cladded fuel rods uncovered by water
would spontaneously ignite, the probability of a zirconium fire in a spent fuel pool could be
roughly approximated by the probability of a long-duration commercial grid outage to the
associated nuclear power plant. As previously described in the current Petition, for the 71 nuclear
power reactors and associated spent fuel pools in an "Area of Probable Power System Collapse,"
the chance of a long-term commercial grid outage in any given year is 1.OE-2, or one in one
hundred, according to the best scientific evidence now available. If one were to assume no
outside assistance for any nuclear power plant and spontaneous ignition of zirconium cladding
regardless of time elapsed since removal of fuel rods from the reactor core, the probability of
zirconium fire would be the same as the probability of long-term commercial grid outage.

While many might consider the above assumptions to be reasonable and realistic, for the
purposes of this Petition, we conduct a simple PRA to more precisely gauge the probability of
zirconium fires at spent fuel pools due to geomagnetic disturbance and resulting long-term Loss
of Outside Power (LOOP). The purpose of this PRA is to show that an amendment to the CFR is
required. We do not attempt to conduct a PRA for any proposed solution, because we do not
know the specific implementations that may selected by licensees should the current Petition be
approved.

The chance of zirconium fires would be more precisely determined by the individual
probabilities of three events:

I. Severe space weather of sufficient intensity to cause geomagnetic disturbance and long-
term and widespread commercial grid outage.

2. Outside assistance becoming unavailable to nuclear power plants and associated spent
fuel pools.

3. Spontaneous ignition of zirconium fire should fuel rods become uncovered by water.

We examine the probability of each of these events below and then use the estimates in a PRA
for spent fuel pools under the scenario of long-term LOOP.
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6.10.1 Probability of Long-Term LOOP

Severe space weather and resulting geomagnetic disturbance caused by solar activity is a rare
event that occurs much less frequently than other natural phenomena such as earthquakes,
hurricanes, volcanic eruptions, wildfires, etc. Unlike other natural phenomena which are
localized in their effects, severe space weather has the potential to affect large areas of the planet
nearly simultaneously. The sun has a regular lI-year cycle of sunspot activity and throughout
each cycle significant flares and Coronal Mass Ejections (CMEs) occur. Fortunately, the
resulting CME are not always pointed at earth, but those relatively small CMEs that do arrive at
earth allow astronomers to observe and judge their statistical frequency while most activity on
earth goes on unaffected.

A significant body of knowledge indicates extreme CMEs caused by solar activity hit the earth
roughly every 100 years on average, implying a 1E-2 (1%) yearly probability. Two incidences of
severe space weather and geomagnetic disturbance have occurred in recently recorded history-
the 1859 Carrington Event and an event of comparable magnitude in 1921. However, it should
be noted that only these two storms have received recent scientific forensic analysis; there are a
number of other significant storms that may be similarly large but have not as of yet received any
detailed analysis in a modem forensic basis. Smaller CMEs hit the earth on a more regular basis,
allowing researchers to imply the frequency and magnitude of more severe CMEs.

The effect of space weather on power grids is not theoretical or speculative-space weather has
already caused widespread blackouts such as the 1989 Quebec blackout. Because nuclear power
plants typically have large high voltage transformers under high base load, these plants and
surrounding grid infrastructure are most likely to experience long-term commercial grid outage.
For example, the same CME that caused the 1989 Quebec blackout permanently damaged a
transformer at the Salem nuclear power plant in New Jersey.

Research on the effect of CMEs and resulting geomagnetic disturbance on power grids has been
conducted for many years by multiple researchers. Below is the list of citations from the NERC
and Department of Energy-sponsored report on High Impact Low Frequency events:

Additional References on Geomagnetic Disturbance Events:

1. P. R. Barnes arid J. W. Van Dyke, "Potential Economic Costs From Geomagnetic Storms,"
Geomagnetic Storm Cycle 22: Power System Problems on the Horizon, Special Panel Session

Report, IEEE PES Summer Meeting, IEEE Publication 90TH0357-4-PWR, 1990.

2. V. D. Albertson, "Geomagnetic Disturbance Causes and Power System Effects," Effects of Solar-

Geomagnetic Disturbances on Power Systems, Special Panel Session Report, IEEE PES Meeting,

90TH0291-5 PWR, July 12, 1989.

3. Dan Nordell et al., "Solar Effects on Communications," Geomagnetic Storm Cycle 22: Power

System Problems on the Horizon, Special Panel Session Report, IEEE PES Summer Meeting, IEEE
Publication 90TH0357-4-PWR, 1990.

4. Robert J. Ringlee and James R. Stewart, "Geomagnetic Effects on Power Systems," IEEE. Power

Eng. Rev. 9(7), (July 1989).
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5. P. R. Gattens et al., "Investigation of Transformer Overheating Due to Solar Magnetic

Disturbances," Effects of Solar-Geomagnetic Disturbances on Power Systems, Special Panel

Session Report, IEEE PES Summer Meeting, IEEE Publication 90TH0291-5 PWR, 1989.

6. J. D. Aspnes and R. P. Merritt, "Effect of DC Excitation on Instrument Transformers,

Geomagnetically Induced Currents," IEEE Trans. Power Apparatus and Syst. PAS-102 (1 I), 3706-

3712 (November 1983).

7. D. H. Boteler et al., "Effects of Geomagnetically Induced Currents in the B. C. Hydro 500 kV

System," IEEE Trans. Power Delivery 4(l), (January 1989).

8. IEEE Power System Relaying Committee, Working Group KI 1, "The Effects of Solar Magnetic

Disturbances on Protective Relaying," Geomagnetic Storm Cycle 22: Power System Problems on

the Horizon, Special Panel Session Report, IEEE PES Summer Meeting, IEEE Publication

90TH0357-4-PWR, 1990.

9. D. Larose, "The Hydro-Quebec System Blackout of March 13, 1989," Effects of Solar

Geomagnetic Disturbances on Power Systems, Special Panel Session Report, IEEE PES Summer

Meeting, IEEE Publication 90TH0291-5 PWR, 1989.

10. D. A. Fagnan, P. R. Gattens, and R. D. Johnson, "Measuring GIC in Power Systems, "Geomagnetic

Storm Cycle 22: Power System Problems on the Horizon, Special Panel

11. Session Report, IEEE PES Summer Meeting, IEEE Publication 90TH0357-4-PWR,1990.V. D.

- Albertson, "Measurements and Instrumentation for Disturbance Monitoring of Geomagnetic

. Storm Effects," Effects of Solar-Geomagnetic Disturbances on Power Systems, Special Panel

Session Report, IEEE PES Summer Meeting, IEEE Publication9OTHO291-5 PWR, 1989.

12. L. Bolduc et al., "Currents and Harmonics Generated in Power Transformers By DC Polarization,"

presented at the meeting of the IEEE T&D Working Group on Geomagnetic Disturbances and

Power System Effects, IEEE PES Summer Meeting, Minneapolis, Minn., July 18, 1990.

Other published research on the effect of space weather on electric grids includes:

1. J.G. Kappenman, Li.J. Zanetti, W.A. Radasky, "Space Weather From a User's Perspective:

Geomagnetic Storm Forecasts and the Power Industry", EOS Transactions of the American

Geophysics Union, Vol 78, No. 4, January 28, 1997, pg 37-45.

2. J.G. Kappenman, W.A. Radasky, J.L. Gilbert, I.A. Erinmez, "Advanced Geomagnetic Storm

Forecasting: A Risk Management Tool for Electric Power Operations", IEEE Plasma Society

Special Issue on Space Plasmas, December 2000, Vol 28, No. 6, pages 2114-2121.

3. I.A. Erinmez, J.G. Kappenman, W.A. Radasky, "Management of the Geomagnetically Induced

Current Risks on the National Grid Company's Electric Power Transmission System," Journal of

Atmospheric and Solar Terrestrial Physics (JASTP) Special Edition for NATO Space Weather

Hazards Conference, June 2000, Vol 64, (2002) pp. 743-756.
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4. W.A. Radasky, J.G. Kappenman, R. Pfeffer, "Nuclear and Space Weather Effects on the Electric

.. •Power Infrastructure," NBC Report, Fall/Winter 2001, pages 37-42.

S..5. Kappenman, J. G., "Storm sudden commencement events and the associated geomagnetically

induced current risks to ground-based systems at low-latitude and midlatitude locations," Space

Weather, 1(3), 1016, doi:10.1029/2003SWO00009, 2003.

6. Kappenman, J., "The Evolving Vulnerability of Electric Power Grids," Space Weather, 2, 501004,

doi:10.1029/2003SW000028, 2004.

7. John G Kappenman, William A. Radasky, James L. Gilbert, "Electric Power Grid Vulnerability to

Natural and Intentional Geomagnetic Disturbances," 2005 Zurich EMC Conference Paper,

February 2005.

8. Kappenman, J. and W. Radasky, "Too Important to Fail, Space Weather," Space Weather, 3,

505001, doi: 10. 1029/2005SW000 152, 2005.

9. John G. Kappenman, "Great Geomagnetic Storms and Extreme Impulsive Geomagnetic Field

Disturbance Events - An Analysis of Observational Evidence including the Great Storm of May

1921," 35th COSPAR Assembly publication in Advances in Space Research, August 2005.

10. Kappenman, J. G., "An overview of the impulsive geomagnetic field disturbances and power grid

impacts associated with the violent Sun-Earth connection events of 29-31 October 2003 and a

comparative evaluation with other contemporary storms," Space Weather, 3, SO8C01,

doi: 10.1029/20045W000128, 2005.

-" .. Direct observations and extensive research clearly shows that the probability of long-term

commercial grid outage caused by space weather falls well within the range that NRC should
consider reasonably foreseeable. The October 2010 Oak Ridge National Laboratory report,
"Elcctromagnclic Pulse: Effects on Ilhc U.S. Power Grid," was produced for the Federal Energy
Regulatory Commission (FERC) in joint sponsorship with the Department of Energy and the
Department of Homeland Security. This report determined a specific frequency and a specific
outcome: "By simulating the effects of a 1 in 100 year geomagnetic storm centered over southern

Canada, the computer models estimated the sections of the power grid expected to collapse
during a major EMP event."

The Oak Ridge National Laboratory has staff devoted to the study of the electric grid at its
Power and Energy Systems Group. Moreover, the Oak Ridge National Laboratory has an
extensive history of publishing work on the effects of electromagnetic pulse on the electric grid.
Examples of previous published work are "Electric Utility Experience Industly with
Gcomagnelic Dislurbanccs" (November 1991) and "HEMP Emcrgencv Planning and Opcrating
Procedures for Electric Power Systems" (July 1993).

For the purposes of this Petition, we use the Oak Ridge National Laboratory probability estimate
of I E-2 (one-in-one-hundred) per year for severe space weather and geomagnetic disturbance
sufficient to collapse two large portions of the North American power grid. Outright rejection of
the Oak Ridge estimate, or wholesale substitution of the Oak Ridge work with the work of a less
qualified body, could be arbitrary, without substantial evidence, and in direct conflict with the

* /
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demonstrated fact of previous damage of extra high voltage transformers due to geomagnetic
disturbance. To the extent that there might be uncertainty in the Oak Ridge estimate, a
reasonable person would use sensitivity analysis to determine if any conclusions would be
affected by the degree of uncertainty.

6.10.2 Probability of No Outside Assistance

Should electric power for active cooling of spent fuel pools cease, the probability preventing of a
zirconium fire then becomes partly dependent on the willingness and ability of human operators
to remain onsite to operate and maintain the pump and firewater system. The use of ad-hoc
systems to provide makeup water could be operationally challenging and risky to workers.
NUREG-0933, "Resolution of Generic Safety Issues: Issue 82: Beyond Design Basis Accidents
in Spent FueliPools," makes this clear:

Ultimately, makeup to the pool could be supplied by bringing in a fire hose (60 gpm would
suffice). Although one would expect that the failure probability associated with bringing in a hose
(over a period of four or more days) would be very low, it must also be remembered that working
next to 385,000 gallons of potentially contaminated boiling water on top of a 10-story building is
not a trivial problem.

"Safety and Security of Commercial Spent Nuclear Fuel Storage" also examined the difficulty of
supplying makeup water once active cooling has ceased and water has boiled off:

Most immediately, ionizing radiation levels in the spent fuel building rise as the water level in the
pool falls. Once the water level drops to within a few feet (a meter or so) of the tops of the fuel
racks, elevated radiation fields could prevent direct access to the immediate areas around the lip
of the spent fuel pool building by workers. This might hamper but would not necessarily prevent

- the application of mitigative measures, such as deployment of fire hoses to replenish the water in
i jthe pool.

Despite the human dangers of maintaining spent fuel pools under a condition of long-term loss of
outside power, we assume for the purposes of this Petition that all necessary personnel are
willing to remain on-site. Continued maintenance of spent fuel pools then is conditional on
explicit and implicit provision of outside assistance. Explicit outside assistance could include fire
trucks to pump makeup water and resupply of diesel fuel for backup generators. Implicit outside
assistance would include supply of food and water for site personnel. Other implicit outside
assistance would include provision of spare parts for cooling and makeup water systems.

In the event of long-term power loss affecting approximately one-third of the US population,
including major east coast metropolitan areas, any long-term provision of outside assistance
would be in doubt. In particular, when the power grid is down, it is not 100% certain that one
could call up the local fire department, order up a fire truck, have the fire truck and firefighter
operators stay at the spent fuel site for a period of months or years, and obtain resupply of diesel
fuel for the fire truck all the while.

Petitioner does not assert, based on personal conjecture, that absolutely no outside assistance
would be available to nuclear power plants under a condition of 1-2 years commercial grid
outage. Neither does Petitioner assert, based on personal conjecture, a 100% probability that
nuclear power plants experiencing long-term commercial grid outage will continue to receive
outside assistance, including supplies of fuel, simply because a government plan promises such
support. Petitioner does rely on the findings of the congressionally-chartered EMP CommissionK, )
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that supplies for food, fuel, and potable water will be restricted during long-term grid outage.
Petitioner then reasonably implies that outside assistance to nuclear power plants will be
similarly restricted for 1-2 years. Use of personal conjecture to assert that supplies of food,
water, and fuel will continue to be freely available, or wholesale substitution of the work of the
EMP Commission for the work of a less-qualified body, could result in an arbitrary conclusion
without substantial evidence.

Classified plans may exist for military assistance to nuclear power plants; however, just because
a plan is classified does not mean it will be 100% effective. Even military plans would be
reduced in effectiveness if personnel are restricted in access to supplies of food, water, and fuel.
And if several dozen nuclear power plants were to be without outside power for an extended
period, any available government resources would be stretched thin. While we may wish that the
military or other federal agency would ride to the rescue in the event of widespread grid outage,
Petitioner is reminded of the old proverb, "If wishes were horses, then beggars would ride."
Wishes for certainty of a favorable outcome have no place in probabilistic risk assessment.

For the purposes of this Petition, Petitioner assumes a 5E-! (50%) chance of continuing outside
assistance to nuclear power plants over a ] -2 year period of commercial grid outage. This
represents a reasonable midpoint estimate.

6.10.3 Probability of Spontaneous Zirconium Ignition

As a bounding assumption, NUREG-1738 assumed that zirconium fire would occur if the tops
of fuel rods became uncovered by water, regardless of complicating factors such as the length of
time since the most recent refueling, density of fuel rods in the pool, and circulation of air within
the spent fuel pool. Subsequent classified analysis of the probability of zirconium fires was

\ 9., ) performed by Sandia National Laboratories, "Mitigation of Spent Fuel Pool Loss-of-Coolant
Inventory Accidents and Extension of Reference Plant Analyses to Other Spent Fuel Pools,"
Sandia Letter Report, Revision 2 (November 2006), incorporates and summarizes the Sandia
Studies. This document is designated "Official Use Only-Security Related Information."

In response to a Freedom of Information Act request, a redacted version of a Sandia report,
"MELCOR 1.8.5 Separate Effect Analyses of Spent Fuel Pool Assembly Accident Response,"
June 2003, was released. The original report consisted of 95 pages, but the redacted version
consists of little more than a portion of the executive summary, principal headings in the table of
contents, and a partial list of tables and figures. In total, the redacted version runs 12 pages, with
nearly 5 pages of white space redactions. The report covered two scenarios: "Complete Loss-of-
Coolant Inventory Accident" and "Partial Loss-of-Coolant Accident." The executive summary of
this report reads in part:

In 2001, United State Nuclear Regulatory Commission (NRC) staff performed an evaluation of the
potential accident risk in a spent fuel pool (SFP) at decommissioning plants in the United States
[NUREG-173 8]. The study was prepared to provide a technical basis for decommissioning
rulemaking for permanently shutdown nuclear power plants. The study described a modeling
approach of a typical decommissioning plant with design assumptions and industry commitments;
the thermal-hydraulic analyses performed to evaluate spent fuel stored in the spent fuel pool at
decommissioning plants; the risk assessment of spent fuel pool accidents; the consequence
calculations; and the implications for decommissioning regulatory requirements. It was known that
some of the assumptions in the accident progression in NUREG-1738 were necessarily

..... conservative, especially the estimation of the fuel damage. Furthermore, the NRC desired to
expand the study to include accidents in the spent fuel pools of operating power plants.
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Consequently, the NRC has continued spent fuel pool accident research by applying best-
estimate computer codes to predict the severe accident progression following various postulated
accident initiators. This report presents the results of separate effect calculations used to better
understand the postulated accident behavior in SFPs.

The MELCOR 1.8.5 severe accident computer code [Gauntt] was used to simulate the SFP
accident response. MELCOR includes fuel degradation models for BWR and PWR fuel, radiation,
convection, and conduction heat transfer models, air and steam oxidation models, hydrogen bum
models, two-phase thermal-hydraulic models, and fission product release and transport models.
Hence, it contains the basic models to address questions and phenomena expected during a
spent fuel pool accident.

Table E-1 summarizes the types of calculations that were performed. The types of calculations
are divided into four parts; Part I - Decay heat evaluations, Part 2 - Separate Effect Air Cases,
Part 3 - Separate Effect Water Cases, and Part 4 - Separate Effect Propagation Cases.

The body of the Sandia report reads in part:

Background

In 2001, the NRC staff performed an evaluation of the potential accident risk in a SFP at
decommissioning plants in the United States [NUREG-1738]. The study was prepared to provide
a technical basis for decommissioning rulemaking for permanently shutdown nuclear power
plants. The study described a modeling approach of a typical decommissioning plant with design
assumptions and industry commitments; the thermal-hydraulic analyses performed to evaluate
spent fuel stored in the spent fuel pool at decommissioning plants; the risk assessment of spent
fuel pool accidents; the consequence calculations; and the implications for decommissioning
regulatory requirements. It was known that some of the assumptions in the accident progression
in NUREG-1738 were necessarily conservative, especially the estimation of the fuel damage.
Furthermore, the NRC desired to expand the study to include accidents in the spent fuel pools of
operating power plants. Consequently, the NRC has continued spent fuel pool accident research
by applying best-estimate computer codes to predict the severe accident progression following
various postulated accident initiators. The present report documents the use of separate effect
models to develop a methodology to perform SFP accident analyses as well as to assess the
importance of uncertain and variable parameters. In Section 1.1, a description of the key
phenomena expected in a SFP accident is presented. Two types of SFP accidents will be
described, air cases and partial water cases. The present report examines the coolability of
various assembly configurations to both complete and partial loss-of-coolant inventory accident
(i.e., air and water cases, respectively). Next, Section 2 discusses the SFP geometry, the
analysis methodology, and the MELCOR separate effects input model. Section 3 gives the results
from the simulations. Finally, Section 4 gives the conclusions and Section 5 gives the references.

Petitioner does not know the complete contents of the classified Sandia studies. However, any
reasonable person would conclude that there are certainly some circumstances under which
zirconium cladding will spontaneously heat up and catch fire. If this was not true, the reports
would not be classified.

Nearly all spent fuel pools store fuel rods in high density racks surrounded by boron partitions to
prevent criticality. Under a gradual boil-off scenario, the water at the bottom of the partitions
would prevent natural air convection cooling from occurring. Gradual boil-off would be the least
favorable convection cooling case and as a result, the chance of spontaneous zirconium ignition
is greatly increased. The National Academies of Science report, "Safety and Security of
Commercial Spent Nuclear Fuel Storage," describes the risk of spontaneous zirconium ignition
in the case of gradual boil-off, here referred to as a "partial-loss-of-pool-coolant" scenario:
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The global analysis modeled the actual design and fuel loading pattern of the reference BWR
spent fuel pool. The pool was divided into seven regions based on fuel age. Within each of those
seven regions, the model for the fuel racks was subdivided into 16 zones. The grouping of
assemblies into zones reduced the computational requirements compared to modeling every
assembly.18 Two scenarios were examined: (1) a complete loss-of-pool-coolant scenario in which
the pool is drained to a level below the bottom of spent fuel assemblies; and (2) a partial-loss-of-
pool-coolant scenario in which water levels in the pool drain to a level somewhere between the
top and bottom of the fuel assemblies. In the former case, a convective air circulation path can be
established along the entire length of the fuel assemblies, which promotes convective air cooling
of the fuel, in the latter case, an effective air circulation path cannot form because the bottom of
the assembly is blocked by water. Steam is generated by boiling of the pool water, and the
zirconium cladding oxidation reaction produces hydrogen gas. This analysis suggests that
circulation blockage has a significant impact on thermal behavior of the fuel assemblies. The
specific impact depends on the depth to which the pool is drained.

The global analysis examined the thermal behavior of fuel assemblies in the pool at 1, 3, and 12
months after the offloading of one-third of a core of spent fuel from the reactor. Sensitivity studies
were carried out to assess the importance of radiation heat transfer between different regions of
the pool, the effects of building damage on releases of radioactive material to the environment,
and the effects of varying the assumed location and size of the hole in the pool wall.

The results of these analyses are provided in the committee's classified report. For some
scenarios, the fuel could be air cooled within a relatively short time after its removal from the
reactor. If a loss-of-coolant event took place before the fuel could be air cooled, however, a
zirconium cladding fire could be initiated if no mitigative actions were taken. Such fires could
release some of the fuel's radioactive material inventory to the environment in the form of
aerosols.

For a partial-loss-of-pool-coolant event, the analysis indicates that the potential for
zirconium cladding tires would exist for an even greater time (compared to the complete-

. I loss-of-pool-coolant event) after the spent fuel was discharged from the reactor because
air circulation can be blocked by water at the bottom of the pool. Thermal coupling between
adjacent assemblies will be due primarily to radiative rather than convective heat transfer.
However, this heat transfer mode has been modeled simplistically in the MELCOR runs
performed by Sandia.

(Emphasis not in original.)

A key finding of the National Academy of Sciences "Safety and Security of Commercial Spent
Nuclear Fuel Storage" report confirms that spent fuel stored in water pools needs an active heat
removal system for at least one year after removal from the reactor core:

FINDING 3A: Pool storage is required at all operating commercial nuclear power plants to cool
newly discharged spent fuel. Freshly discharged spent fuel generates too much decay heat to be
passively air cooled. This fuel must be stored in a pool that has an active heat removal system
(i.e., water pumps and heat exchangers) for at least one year before being moved to dry storage.
Most dry storage systems are licensed to store fuel that has been out of the reactor for at least
five years. Although spent fuel younger than five years could be stored in dry casks, the changes
required for shielding and heat-removal could be substantial, especially for fuel that has been
discharged for less than about three years.

(Emphasis not in original.)

Other public evidence suggests that zirconium cladding may spontaneously ignite with a much
longer decay time than one year; for example, NUREG-0933, "Resolution of Generic Safety
Issues: Issue 82: Beyond Design Basis Accidents in Spent Fuel Pools (Rev. 3) (NUREG-0933,
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Main Report with Supplements 1-33)" reads "...after roughly three years of storage, spent fuel
can be air-cooled, i.e., such fuel need not be submerged to prevent melting."

In summary, there is substantial evidence in the public record, including evidence from the
classified Sandia report, that zirconium-cladded fuel rods in a dense configuration and under a
partial loss of coolant scenario would spontaneously ignite for a substantial period of time after
removal from the reactor core, perhaps as long as three years. There is minimal evidence in the
public record that zirconium-cladded fuel rods in a dense configuration and under a partial loss
of coolant scenario would be safe less than one year after removal from the reactor core.

For the purposes of this Petition, we assume that if spent fuel rods that have been outside the
reactor core for one year or less, they will spontaneously ignite if gradual water boil-off (partial
loss of coolant) occurs. Nuclear power plants have a typical refueling cycle of 18-24 months.
Here we make the bounding assumption that refueling takes place every 24 months. As a result,
at any random point in time, there would be 50% chance of spontaneous zirconium cladding
ignition, because half of the time between refueling the rods would have been out of the core one
year or less (12 months/24 months = 50%).

While there may be some uncertainty in the assumption of 50% chance of spontaneous
zirconium ignition, any reasonable person would not reject the assumption outright but would
instead use sensitivity analysis before coming to any conclusions about the safety of spent fuel
pools. To reject this quantified assumption outright with a qualitative statement such as "this
assumption is overly conservative" could be arbitrary and without substantial evidence.

Petitioner recognizes that the period since removal from the reactor core that would result in
spontaneous zirconium ignition, as determined by experimentation or modeling, may constitute
classified information. But the mere fact that this information might be classified should not be
grounds for denial of the Petition; such a decision could be arbitrary and without substantial
evidence in the public record. In any case, the classification of information regarding the safety
of various decay periods would have absolutely no effect on the probability of spontaneous
zirconium ignition; paper documents do not change the laws of physics.
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6.10.4 PRA Event Tree for Long-Term LOOP Scenario

To determine the probability of zirconium cladding fires at spent fuel pools after the initiating
event of long-term loss of outside power, one must take into account the individual probabilities
of three events:

* Long-term LOOP
* No outside aassistance
* Spontaneous zirconium ignition

Below is presented a simple Probabilistic Risk Assessment (PRA) event tree to estimate a
frequency for spontaneous zirconium ignition.

Basic Event Summary for Lone-Term Loss of Outside Power

Basic Event Name Descriptiofq Basic Event Probability
LTLOOP Loss of Outside Power for 2 Years 1.00E-02

NOA No Outside Assistance/No Long-Term 5.00E-01
Presence of Human Operators Onsite

SZI Spontaneous Zirconium ignition 5.O0E-O1

Lon -Term Loss of Outside Power Event TreeLLong- 1Spontaneous End
Term No Outside Zirconium Seuuence State
LOOP Assistance Jigntion # Name Name Freuqency

Zirconium
IgnitionLTLLOOP-NOA-SZI 1 LTLLOOP-NOA-SZI

2 LrLLOOP-NOA

______________________3 ITLOOP

2.50E-03

LTLOOP OK

OK

5.OOE-03

1.ODE-02

As the above assessment shows, the frequency for zirconium cladding fires is estimated at 2.5E-3
or 0.25% per reactor year.

-c-N

" -,
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6.10.5 Individual Risk Estimates
NUR.EG-1738 predicts early fatalities and long-term consequences should zirconium cladding

" fires occur. A textual summary of graphical information in NUREG-1738 concludes:

An examination of Figure 3.7-1 indicates the following:

0 Early fatality consequences for spent fuel pool accidents can be as large as for a
severe reactor accident even if the fuel has decayed several years. This is
attributable to the significant health effect of ruthenium, and the ruthenium-106 half-life of
about 1 year. There is also an important but lesser contribution from cesium.

* A large ruthenium release fraction is important to consequences, but not more important
than the consequences of a reactor accident large early release.

0 The effect of early evacuation (if possible) is to offset the effect of a large ruthenium
release fraction. This effect is comparable to that for reactor accidents.

a For the low ruthenium source term, no early fatality is expected after I year decay even
with late evacuation.

For the longer term consequences Figure 3.7-2 indicates:

Long-term consequences remain significant as long as a fire Is possible. These
consequences are due primarily to the effect of cesium-137, which remains
abundant even In significantly older fuel because of its long (30-year) half-life.
Ruthenium and evacuation have notable long-term consequences but do not change the
conclusion.

(Emphasis not in original.)

NUREG-1738 uses two scenarios to determine estimates of individual risk. Table 3.7-1 below
displays results from the High Ruthenium Source Term scenario and Table 3.7-2 displays results
from the Low Ruthenium Source Term scenario.
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Table 3.7-1 . Consequences of an SFP Accident With a High Ruthenium Source Term (per
event)

Mean Consequences for High Ruthenium Source Term (Su/y population.

_5% evacuati_)

Individual Risk*
societal Dose Individual Risk* of Latent C~anoer

Time After (p-rem withn 50 of Earty Fatality Fatality (within
Shutdown Early Fatalies miles) (wiin Imile) j 0 MiLt )t

Late Evacuation

30days 192 2.37xi0V 4.43x10• 8.24x1O"

90 days 162 2.25x 10 4.19x10"
2  

8.20x10A

1 year 77 1.9uy10' 3.4x 104 8.49x10"r

2 years 19 1.690107 2 .57 x O1" 8.42x00'

5 yewrs I 1.45x10' 8.96x101 7.OxI02

10 -y , - 1.34x10' 4.68x10a 6.39x10'

Early Evaontion

30 days 7 1.35x10' 2.01x10'3 4.79x10

90 days 4 129x10' 1.87x10
4  

4.77x10'

I year 1 1.12010' 1.50)(10 4.33x10"

2 years - 993x10 1.12x1O 3.70]X104

5 years - 8o9gcO 3.99x10W Z93x10

10 Yom 813x10 2.05x10" 2.64KI0'

Condklolal on event - Total frequency for at events Is shown in Table 3.1 as less than 3x10
4

per year.

1~~~*~~'
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!
Table 3.7-2 Consequences of an SFP Accident With a Low Ruthenium Source Term (per

event)

Mean Consequenoes for Low Ruthenium Souce Term (Sunry populalion,
95% evacuation)

Individual Risk'
Societal Dose Individual Risk" of Latent Cancer

Time After (p-rem withln 50 of Early Fatality Fataily (within
Shutdown Early Fatalities miles) (within Imile) 10 mIles)

Late Evacualtion

30 days 2 5.58x10D 1.27x10"' 18&c104

90 days 1 5.43xIO 9.88x10J 1 52x 10"

I year 1 5.28x10 7.13j100 I.58x10"

2 years - 5.12xr0' 5.64x10
3  I 5Ox10"

5 years 4.90xl0 3.1xtOX
4  1.43xt0•

10 years 4.72x I10 1.63x10 3  1.29X 10"3

Early Evacuation

30 days 4.12x 10O 8.36x10" 9.92x10"

90 days 4.02x 106 6.83x10"' 9.62x10

1 year 3.95x100 5.44010" 9.09x1 0"

2 years 3.B7xlOW 4.4x0" 8.71t10"o

5 years 3.77x10' 2.54x I W 8.14010"

10 years 3.69x10 1.47x10" 7 70A10
4

7 ~i

* Conditmal on event - Total frequency for all events is shown in TaWe 3.1 as less than 3010" per year.

NUREG-1738 explains the differences between the High Ruthenium Source Term and Low
Ruthenium Source Term scenarios:

The consequences in Table 3.7-1 are based on the upper bound source term described in
Appendix 4B. With the exception of ruthenium and fuel fines, the release fractions are from
NUREG-1465, "Accident Source Terms for Light-Water Nuclear Power Plants" (Ref. 1), and
include the ex-vessel and late in-vessel phase releases. The ruthenium release fraction is for a
volatile fission product in an oxidic (rather than metallic) form. This is consistent with the
experimental data reported in Reference 8. The source term is considered to be bounding for
several reasons. First, rubbling of the spent fuel after heatup to about 2500 OK is expected to
limit the potential for ruthenium release to a value less than that for volatile fission products.
Second, following the Chernobyl accident, ruthenium in the environment was found to be in the
metallic form (Ref. 2). Metallic ruthenium (Ru-106) has about a factor of 50 lower dose conversion
factor (rem per Curie inhaled) than the oxidic ruthenium assumed in the Melcor Accident
Consequence Code System (MACCS) calculations. Finally, the fuel fines release fraction is that
from the Chernobyl accident (Ref. 3). This is considered to be bounding because the Chernobyl
accident involved more extreme conditions (i.e., two explosions followed by a prolonged graphite.
fire) than an SFP accident. In subsequent discussions, this source term is referred to as the high
ruthenium source term.
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The consequences obtained using the source term in NUREG-1465 (which treats ruthenium as a
less volatile fission product) in conjunction with SFP fission product inventories are provided in
Table 3.7-2 for comparison. In subsequent discussions, this source term is referred to as the low

," ruthenium source term.

The consequence calculations for both the high and low ruthenium source terms assume that all
of the fuel assemblies discharged in the final core off-load and the previous 10 refueling outages
participate in the SFP fire. These assemblies are equivalent to about 3.5 reactor cores.
Approximately 85 percent of all the ruthenium in the pool is in the last core off-loaded since the
ruthenium-106 half-life is about 1 year. For cesium-137, with a 30-year half-life, the inventory
decays very slowly and is abundant in all of the batches considered. The staff assumed that the
number of fuel assemblies participating in the SFP fire remains constant and did not consider the
possibility that fewer assemblies might be involved in an SFP fire in later years because of
substantially lower decay heat in the older assemblies. Based on the limited analyses performed
to date, fire propagation is expected to be limited to less than two full cores 1 year after shutdown
(see Appendix 1A). Thus, the assumption that 3.5 cores participate adds some conservatism to
the calculation of long-terms effects associated with cesium, but is not important with regard to
the effects of ruthenium.

The journal article"Reducing the Hazards from Stored Spcnt Powcr-Reaclor Fucl in the United
States," April 21, 2003, Robert Alvarez, et al., (published in Science and Global Security, spring
2003) analyzed the risk from zirconium cladding fires at spent fuel pools. The NRC published a
subsequent rebuttal to the article on its website, "Fact Sheet on NRC Review of Paper on
Rcducing Hazards fiom Stored Spent Nuclear Fuel." This rebuttal reads in part:

Overestimation of Radiation Release

In estimating fuel damage, the paper again makes reference to past NRC studies which
conservatively assumed bounding pool configurations for cooling analysis and conservatively
assumed the extent of radiation release. In the 1997 Brookhaven National Laboratory (BNL)
study, 'Severe Accidents in Spent Fuel Pools in Support of Generic Safety Issue 82,"
(NUREG/CR-4982), it was assumed that 10-100% of the cesium-137 was released to the
atmosphere. Similarly in NUREG-1738 the base case assumed the release of 75% of the total
cesium-1 37 inventory. The assumption of such a large release in NUREG-1738 was a large
conservatism which was tolerable for the purposes of that study. However, it is neither a realistic
estimate nor an appropriate assumption for a risk assessment of security issues where realism is
needed. Ongoing research to address these issues includes more detailed realistic analyses of
the thermal response of fuel to loss of water scenarios and more detailed, realistic analyses of the
radionuclide releases for those scenarios where adequate cooling is not maintained. Based on
preliminary analyses, we conclude that spent fuel in pools is more easily cooled even in the event
of a complete loss of water. Further, preliminary analysis indicates that previous NRC estimates
of the quantities of fission products released were high by likely an order of magnitude. Earlier
NRC studies used large conservatisms, in generic calculations, with simplified modeling.
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The NRC rebuttal reads, "Furth'er, preliminary analysis indicates that previous NRC estimates of
the quantities of fission products released were high by likely an order of magnitude." As the
rebuttal states, NRC analysis divergent with NUREG-1738 was preliminary and, significantly,
not published for peer review.

The PRA of this Petition does not use the assumptions of "Reducing the Hazards from Stored
Spent Power-Reactor Fuel in the United States," but does use individual risk estimates from
NUREG-1738. For the purposes of analysis in this petition, we selected the individual risks for
one year after shutdown, the equivalent of one year after removal of fuel rods from the reactor
core. We also selected the "95% Late Evacuation" scenario; while the actual evacuation
percentage might be substantially lower in the case of commercial grid outage, we confine
ourselves to the estimates published in NUREG-1738.

We took care to not use the estimates derived from bounding assumptions (the High Ruthenium
Source Term) in our PRA, but instead rely on the more optimistic estimates of individual risk
from the Low Ruthenium Source Term scenario.' The difference between the individual risks of
latent cancer fatalities for the high and low ruthenium source term scenarios is a factor of 5.05.
Although the individual risk estimates were originally developed for the population surrounding
the Surry site in Virginia, the estimates can be applied to other populations because they are for
individual risk rather than population risk.2

There is uncertainty in the assumptions used in the NUREG-1738 regarding the fraction of
Cesium-137 released, as there is uncertainty in any set of assumptions. However, any reasonable
person would not reject the individual risk estimates from NUREG- 1738 outright but would
instead use sensitivity analysis. To reject published estimates with a statement such as "these
assumptions might be overly conservative by an order of magnitude" could be arbitrary and
without substantial evidence, especially if any work divergent from NUREG-1738 is
unpublished.

'Individual risk estimates in NUREG-1738 assume 3.5 reactor cores in the spent fuel pool, equivalent to the last 10

refuelings. Information provided at http://www.nrc.gov/waste/spent-fuel-storagelnuc-fuel-pool.htmI shows that

nearly all spent fuel pools are at full capacity in 2011 (approximately 8 reactor cores per pool). While Ruthenium

decays quickly, the majority of Cesium-137 with a half-life of 30 years would remain in older reactor cores.
Individual risk estimates for latent cancer fatalities in NUREG-1738 may be optimistic if zirconium fire propagates

toall cores in the spent fuel pool, resulting in more Cesium-137 releases than assumed In the NUREG-1738
estimates.

2 NUREG-1738 states: "Although the above comparisons focus on the Surry site, the results are expected to be

generally applicable to other sites as well. The QHOs represent risk to the average individual within 1 mile and 10
miles of the plant, and should be relatively insensitive to the site-specific population."
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6.10.6 Comparison of Spent Fuel Pool Risk to NRC Safety Goals

NUREG-1738 contains a summary of NRC safety goals as they pertain to spent fuel pools:

SFP Risk Relative to the Safety Goal Policy Statement
The "Policy Statement on Safety Goals for the Operation of Nuclear Power Plants," issued in
1986, establishes goals that broadly define an acceptable level of radiological risk to the public as
a result of nuclear power plant operation. These goals are used generically to assess the
adequacy of current requirements and potential changes to the requirements. The Commission
established two qualitative safety goals that are supported by two quantitative objectives for use
in the regulatory decision-making process. The qualitative safety goals stipulate the following:

* Individual members of the public should be provided a level of protection from the
consequences of nuclear power plant operation such that individuals bear no significant
additional risk to life and health.

0 Societal risks to life and health from nuclear power plant operation should be comparable
to or less than the risks of generating electricity by viable competing technologies and
should not be a significant addition to other societal risks.

The following quantitative health objectives (0HOs) are used in determining achievement of the
safety goals:

* The risk to an average individual in the vicinity of a nuclear power plant of prompt
fatalities that might result from reactor accidents should not exceed one-tenth of 1
percent (0.1 percent) of the sum of prompt fatality risks resulting from other accidents to
which members of the U.S. population are generally exposed.

The risk to the population in the area near a nuclear power plant of cancer fatalities that might
result from nuclear power plant operation should not exceed one-tenth of 1 percent (0.1 percent)
of the sum of cancer fatality risks resulting from all other causes.

These OHOs have been translated into two numerical objectives as follows:
, The individual risk of a prompt fatality from all "other accidents to which members of the

U.S. population are generally exposed," such as fatal automobile accidents, is about
5x10 per year. One-tenth of 1 percent of this figure implies that the individual risk of
prompt fatality from a reactor accident should be less than 5x10' per reactor year.

* "The sum of cancer fatality risks resulting from all other causes" for an individual is taken
to be the cancer fatality rate in the U.S. which is about 1 in 500 or 2x10.3 per year. One-
tenth of 1 percent of this risk means that the risk of cancer to the population in the area
near a nuclear power plant due to its operation should be limited to 2x10e per reactor
year.

We calculated probable individual risks by determining the yearly probability of a spent fuel
pool zirconium fire and then multiplying by individual risks for "Consequences of an SPF
Accident With a Low Ruthenium Source Term (per event)" as specified in Table 3.7-2 in
NUREG-1738 for a "One Year After Shutdown, Late Evacuation" scenario. We then compared
probable individual risks to the NRC Safety Goals for Operation of Nuclear Power Plants.

As the below analysis shows, the probable individual risk of early fatalities at spent fuel pools
.exceeds the NRC safety goal by a factor. of 35.7. The probable individual risk of cancer deaths
exceeds the NRC safety goal by a factor of 21.0.

N'- " .

/
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/

Spent Fuel Pool Risks for Individuals per Reactor Year

Early Cancer
Fatality Death

Probability of Long-Term Loss of Outside Power 1.OE-02 1.0E-02
Probability of No Outside Assistance 5.OE-01 5.OE-01
Probability of Spontaneous Zirconium Ignition 5.OE-01 5.OE-01

Overall Probability of SFP Radiation Release 2.5E-03 2.5E-03
Individual Risk from SFP Event 7.13E-03 1.68E-02

Probable Individual Risk 1.78E-05 4.20E-05

NRC Safety Goal 5.OOE-07 2.OOE-06

Ratio of Probable Individual Risk to NRC Goal 35.7 21.0

NUREG-i 738 also states the appropriate standard to be used in evaluating Large Early Release
Frequency (LERF) for spent fuel pools:

In the study, the staff stated that consequences of an SFP fire are sufficiently severe that the RG
1.174 large early release frequency baseline of 1x105 per reactor year is an appropriate
frequency guideline for a decommissioning plant SFP risk and a useful measure in combination
with other factors such as accident progression timing, for assessing features, systems, and
operator performance for a spent fuel pool in a decommissioning plant.

We calculated the probability of LERF by multiplying the yearly probability of a long-term
LOOP event, the probability of outside assistance being unavailable, and the probability of
spontaneous zirconium ignition. As the below analysis shows, the risk of LERF from spent fuel
pools exceeds the NRC staff guideline by a factor of 250.

LERF Spent Fuel Pool Risk per Reactor Year

Freauency
wer Reactor

Year
Probability of Long-Term Loss of Outside Power 1.OE-02
Probability of No Outside Assistance 5.0E-01
Probability of Spontaneous Zirconium Ignition 5.OE-01
Overall Probability of SFP LERF 2.5E-03

NRC LERF Guideline 1.OE-05

Ratio of Probable SPF LERF to NRC Guideline 2.5E+02
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6.10.7 Sensitivity Analysis

For the purposes of this Petition we take the probability for long-term loss of outside power as
. _.1/ presented by Oak Ridge National Laboratory. The probability of outside assistance is a midpoint

estimate of the Petitioner using the EMP Commission reports and scenarios from the Department
of Homeland Security. The probability of spontaneous zirconium ignition is a midpoint estimate
of the Petitioner using data from NUREG-1738 and studies by the National Academy of
Sciences and Sandia National Laboratories. While the Petitioner believes its assumptions to be
optimistic, a rigorous PRA requires sensitivity analysis. The below sensitivity analysis presents
more even optimistic single-variable assumptions and then compares risk results to the NRC
safety goals and LERF guideline.

Sensitivity Analysis for Single-Variable Assumptions

Ratio of Risk Result to NRC Goal/Guideline

Assumption Early Fatalities Cancer Deaths LERF

Severe Space Weather Once Every 1000
Years 3.6 2.1 25.0

Space Weather Forecasting System, 95%
Forecast Accuracy, 100% Operational Plan

Effectiveness 1.8 1.1 12.5

Probability of Outside Assistance at 95% 3.6 2.1 25.0

No Spontaneous Zirconium Ignition with

Decay Time of 1 Month or More 3.0 1.8 20.8

Order of Magnitude Downward

Adjustment to Early Fatality and Latent

Cancer Death Individual Risks 3.6 2.1 250.0

6>
-y

K
' *1

The above analysis shows that individual assumptions could be more significantly more
optimistic and the NRC safety goals and LERF guideline would still not be met. For example,
severe space weather and resulting geomagnetic disturbance could occur only once in one
thousand years, on average, and the NRC safety goals and LERF guideline would still not be
met. Alternatively, 95% of nuclear power plants could receive outside assistance and the NRC
safety goals and LERF guideline would still not be met. Spontaneous zirconium ignition could
be assumed to occur only within a decay time of one month and the NRC safety goals and LERF
guideline would still not be met. A space weather forecasting system with 95% accuracy could
be provided to power grid operators, also assuming that commercial grid operational plans are
100% effective, and the NRC safety goals and LERF guideline would still not be met.
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Even if one were to make two or more assumptions significantly more optimistic, the LERF
guideline would still not be met in most circumstances. The below table shows more optimistic
multiple-variable assumptions and then compares results to the NRC safety goals and LERF
guideline.

Sensitivity Analysis for Multiple-Variable Assumptions

Ratio of Risk Result to NRC Goal/Guideline

Assumptions Early Fatalities Cancer Deaths LERF
Severe Space Weather Once Every 200
Years, 95% Forecast Accuracy, 100%
Operational Plan Effectiveness 0.9 0.5 6.3

Probability of Outside Assistance at 95%,
No Spontaneous Zirconium Ignition with
Decay Time of 1 Month or More 0.3 0.2 2.1

Severe Space Weather Once Every 200
Years, 95% Forecast Accuracy, 100%
Operational Plan Effectiveness, Probability
of Outside Assistance of 95% 0.1 0.1 0.6

2
As the above table shows, it is possible to construct rosy scenarios where the NRC safety goals
would be met. It is much harder to construct a realistic scenario where the LERF guideline would
be met. The LERF guideline remains unmet in most circumstances because the fundamental risk
with spent fuel pools is the large and probable release of radioactive material, as the
unabbreviated name of the LERF guideline suggests: Large Early Release Frequency. The NRC
safety goals are easier to meet because the individual risk estimates from NUREG-1738 assume
95% evacuation. There is, of course, an exceedingly good reason why the most tortured and
unrealistic assumptions are necessary to construct a scenario where both the NRC safety goals
and LERF guideline are met: Petitioner has identified a real problem that needs a real solution,
not just administrative action.

FM 761 of 2929



61

6.10.8 Site-Specific Consequence Estimates
In order to estimate probabilistic benefits from bringing spent fuel pools within NRC safety
goals, site-specific analysis is required. Each spent fuel pool is surrounded by a unique
configuration of human population. Moreover, spent fuel pools vary in the number of years
remaining in reactor licensure period.

6.10.8.1 Site-Specific Probability of Zirconium Cladding Fires

To calculate the site-specific probability of zirconium cladding fires at spent fuel pools, one must
multiply the individual probabilities of three factors:

* Probability of long-term Loss of Outside Power (LOOP)
* Probability of no outside assistance
* Probability of spontaneous zirconium ignition

The probability of long-term LOOP at a specific site is dependent on the probability of severe
space weather/geomagnetic disturbance and resulting power system collapse in any given year
and also dependent on the number of years remaining in reactor licensure period. The probability
of LOOP can be calculated using the formula from extreme value theory:

Pe I - [l-(l/T)]"

Where:

P. Event Probability
T = Return Period (Years between Extreme Events)
n = Number of Years

Notably, under extreme value theory, there is never a 100% probability of an event occurring,
even over a specific period of 100 years if the annual probability is one-in-one-hundred, or 1%.
In fact, the probability for a specific one-hundred year period is 63%. (Although over a long
time, events would occur every one hundred years, on average.) For the period 1921-2010 since
the last severe space weather event, the probability of a severe space weather event was 60%.

As previously described in this Petition, we assume the probability of no outside assistance to be
50% and the probability of spontaneous ignition of zirconium cladding to be 50%. When
calculations are done on a plant-specific basis, resulting zirconium fire probabilities range from
00/o for plants outside the Area of Probable Power System Collapse to 7.9% for the Vogtle 2
plant in Georgia.

These. probability calculations assume that in the event of a widespread and long-term
commercial grid collapse affecting most of the eastern United States population centers, grid
power will continue uninterrupted to the rest of the country. However, the Area of Probable
Power System Collapse-and by implication, plant specific risk-was determined assuming no
cascading failures and no secondary economic effects. Because of the real possibility of a more
severe geomagnetic disturbance than projected in the Oak Ridge report, and of long-term grid
outages extending beyond the Area of Probable Power System Collapse, the proposed rule in the
current Petition should not be site-specific, but should apply to all nuclear power plants and

) • associated spent fuel pools.
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.Probability of Zirconium Fire at Spent Fuel Pools
Estimates Over Remaining Reactor Operation

Page I of 4

Probability of No Outside Assistance 50%

Probability of Spontaneous Zirconium Ignition 50%

Within
Area of
Probable Year
Power Remalnina Lone--Term Probability Zirconium

In Reactor LOOP of Water rire

Clapse tat Plant Operation Probability Boil-Off Probability

yes Alabama Browns Ferry 1 22 19.8% 9.9% 5.0%

yes Alabama Browns Ferry 2 23 20.6% 10.3% 5.2%

yes Alabama Browns Ferry 3 25 22.2% 11.1% 5.6%

no Alabama Farley 1 26 0.0% 0.0% 0.0%

no Alabama Farley 2 30 0.0% 0.0% 0.0%

no Arizona Palo Verde 1 14 0.0% 0.0% 0.0%

no Arizona Palo Verde 2 15 0.0% 0.0% 0.0%

no Arizona Palo Verde 3 16 0.0% 0.0% 0.0%

no Arkansas Arkansas Nuclear 1 23 0.0% 0.0% 0.0%

no Arkansas Arkansas Nuclear 2 27 0,0% 0.0% 0.0%

no California Diablo Canyon 1 13 0.0% 0.0% 0.0%

no California Diablo Canyon 2 14 0.0% 0.0% 0.0%

no California San Onofre 2 11 0.0% 0.0% 0.0%

no California San Onofre 3 11 0.0% 0.0% 0.0%

yes Connecticut Millstone 2 24 21.4% 10.7% 5.4%

yes Connecticut Millstone 3 34 28.9% 14.5% 7.2%

no Florida Crystal River 3 5 0.0% 0.0% 0.0%

no Florida St Lucie 1 25 0.0% 0.0% 0.0%

no Florida St Lucie 2 32 0.0% 0.0% 0.0%

no Florida Turkey Point 3 21 0.0% 0.0% 0.0%

no Florida Turkey Point 4 22 0.0% 0.0% 0.0%

yes Georgia Hatch 1 23 20.6% 10.3% 5.2%

yes Georgia Hatch 2 27 23.8% 11.9% 5.9%

yes Georgia Vogtle 1 36 30.4% 15.2% 7.6%

yes Georgia Vogtle 2 38 31.7% 15.9% 7.9%

yes Illinois Braidwood 1 15 14.0% 7.0% 3.5%

yes Illinois Braldwood 2 16 14.9% 7.4% 3.7%

yes Illinois Byron 1 13 12.2% 6.1% 3.1%

yes Illinois Byron 2 15 14.0% 7.0% 3.5%
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Probability of Zirconium Fire at Spent Fuel Pools
Estimates Over Remaining Reactor Operation

Page 2 of 4

Probability of No Outside Assistance

Probability of Spontaneous Zirconium ignition
50%
50%

/

Within
Area of
Probable
Power
system
Collapse
yes

yes

yes

yes

yes

no

no

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

State

Illinois

Illinois

Illinois

Illinois

Illinois

Illinois

Illinois

Iowa

Kansas

Louisiana

Louisiana

Maryland

Maryland

Massachusetts

Michigan

Michigan

Michigan

Michigan

Minnesota

Minnesota

Minnesota

Mississippi

Missouri

Nebraska

Nebraska

New Hampshire

New Jersey

New Jersey

New Jersey

New Jersey

Plant

Clinton

Dresden 2

Dresden 3

La Salle 1

La Salle 2

Quad Cities 1

Quad Cities 2

Duane Arnold

Wolf Creek

River Bend

Waterford

Calvert Cliffs 1

Calvert Cliffs 2

Pilgrim

Cook I

Cook 2

Enrico Fermi 2

Palisades

Monticello

Prairie Island 1

Prairie Island 2

Grand Gulf

Callaway

Cooper

Fort Calhoun

Seabrook

Hope Creek

Oyster Creek

Salem I

Salem 2

Years
Remalnine
In Reactor

Operation

15

18

20

11

12

21

21

3

34

14

13

23

25

1

23

26

14

20

19

2

3

13

13

3

22

19

15

18

5

9

LonE-Term
LOOP
Probability

14.0%

16.5%

18.2%

10.5%

11,4%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

20,6%

22.2%

1.0%

20.6%

23.0%

13.1%

18.2%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

17.4%

14.0%

16.5%

4.9%

8.6%.

Probability
of Water
Boil-Off

7.0%

8.3%

9.1%

5.2%

5.7%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

10.3%

11.1%

0.5%

10.3%

11.5%

6.6%
9.1%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

8.7%

7.0%

8.3%

2.5%

4,3%

Zirconium
Fire
Probability

3.5%

4.1%

4.6%

2.6%

2.8%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

5.2%

5.6%

0.3%

5.2%

5.7%

3.3%

4.6%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

4.3%

3.5%

4.1%

1.2%

2.2%
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Probability of Zirconium Fire at Spent Fuel Pools
Estimates Over Remaining Reactor Operation

Page 3 of 4

Probability of No Outside Assistance
Probability of Spontaneous Zirconium Ignition

50%

50%

Within
area of
Probable
Power
System
Collapse State

yes New York

yes New York

yes New York

yes New York

yes New York

yes New York

yes North Carolina

yes North Carolina

yes North Carolina

yes North Carolina

yes North Carolina

yes Ohio

yes Ohio

yes Pennsylvania

yes Pennsylvania

yes Pennsylvania

yes Pennsylvania

yes Pennsylvania

yes Pennsylvania

yes Pennsylvania

yes Pennsylvania

yes Pennsylvania

yes South Carolina

yes South Carolina

yes South Carolina

yes South Carolina

yes South Carolina

yes South Carolina

yes South Carolina

Plant

FitzPatrick

Ginna

Indian Point 2

Indian Point 3

Nine Mile Point 1

Nine Mile Point 2

Brunswick I

Brunswick 2

Harris

McGuire 1

McGuire 2

Davis-Bessie

Perry

Beaver Valley I

Beaver Valley 2

Limerick 1

Limerick 2

Peach Bottom 2

Peach Bottom 3

Susquehanna 1

Susquehanna 2

Three Mile Island

Catawba 1

Catawba 2

Oconee 1

Oconee 2

Oconee 3

Robinson

Summer

Years
Remaining

in Reactor

Operation

23

18

2

4

18

35

25

23

35

30

32

6

15

5

16

13

18

22

23

11

13

23

32

32

22

22

23

19

Long-Term
LOOP
Probability

20.6%

16.5%

2.0%

3.9%

16.5%

29.7%

22.2%

20.6%

29.7%

26.0%

27.5%

5.9%

14.0%

4.9%

14.9%

12.2%

16.5%

19.8%

20.6%

10.5%

12.2%

20.6%

27.5%

27.5%

19.8%

19.8%

20.6%

17.4%

Probability
of Water
Boil-Off

10.3%

8.3%

1.0%

2.0%

8.3%

14.8%

11.1%

10.3%

14.8%

13.0%

13.8%

2.9%

7.0%

2.5%

7.4%

6.1%

8.3%

9.9%

10.3%

5.2%

6.1%

10.3%

13.8%

13.8%

9.9%

9.9%

10.3%

8.7%

Zirconium

Probability

5.2%

4.1%

0.5%

1.0%

4.1%

7.4%

5.6%

5.2%

7.4%

6.5%

6.9%

1.5%

3.5%

1.2%

3.7%

3.1%

4.1%

5.0%

5.2%

2.6%

3.1%

5.2%

6.9%

6.9%

5.0%

5.0%

5.2%

4.3%

6.7%31 26.8% 13.4%

N
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Probability of Zirconium Fire at Spent Fuel Pools
Estimates Over Remaining Reactor Operation

Page 4 of 4

Probability of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

50%
50%

Within
Area of
Probable
Power
System
Collapse

yes

yes

yes

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

state
Tennessee

Tennessee

Tennessee

Texas

Texas

Texas

Texas

Vermont

Virginia

Virginia

Virginia

Virginia

Washington

Wisconsin

Wisconsin

Wisconsin

Plant

Sequoyah 1

Sequoyah 2

Watts Bar

Comanche Peak 1

Comanche Peak 2

South Texas 1

South Texas 2

Vermont Yankee

North Anna 1

North Anna 2

Surry 1

Surry 2

Columbia

Kewaunee

Point Beach 1

Point Beach 2

Years
Remaining
in Reactor

Operation

9

10

24

19

22

16

17

1

27

29

21

22

12

2

19

22

Long-Term
Loop
Probability

8.6%
9.6%

21.4%

0.0%

0.0%

0.0%

0.0%

1.0%

23.8%

25.3%

19.0%

19.8%

11.4%

2.0%

17.4%

19.8%

Probability
of Water
Boil-Off

4.3%

4.8%

10.7%

0.0%

0.0%

0.0%

0.0%

0.5%

11.9%

12.6%

9.5%

9.9%

5.7%
1.0%

8.7%

9.9%

Zirconium
Fire
Probability

2.2%

2,4%

5.4%

0.0%

0.0%

0.0%

0.0%

0.3%

5.9%

6.3%

4.8%

5.0%

2.8%

0.5%

4.3%

5.0%

f
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6.10.8.2 Probable Fatalities Due to Zirconium Cladding Fires

Population within a radius of plant sites can be estimated using block data from the 2000 US
Census (the most recent data currently available). For each plant we obtained the population
within I mile and 10 mile radiuses using the LandView6 computer program from the US Census
Bureau. Zirconium fire probabilities for each plant can be multiplied by population and
individual risk factors to obtain probable early fatalities and latent cancer deaths.

Because most nuclear power plants are located in unpopulated areas, the number of residents
within 1 mile of plants is low in most cases. In fact, 37 out of 104 plant sites have no residents
within 1 mile. Accordingly, the estimates for early fatalities are low.

However, the number of people living within 10 miles of nuclear power plant sites is more
significant, ranging from 2,851 for the Columbia site in Washington State to 257,474 at the
Indian Point site north of New York City.

Reasonable people might assert that the individual risk methodology of NUREG-1738 used to
calculate probable fatalities is unduly optimistic. NUREG-1738 assumes no early fatalities for
individuals living more than one mile away from nuclear power plant sites and assumes no latent
cancer deaths for individuals living more than 10 miles away. Nonetheless, for the sake of
optimism, we use the NUREG- 1738 methodology.

For some plants, probable deaths are zero because they are sited outside of the Area of Probable
Power System Collapse. Over the United States as a whole, including areas outside of the Area
of Probable Power System Collapse, we estimate 3.92 probable early fatalities and 3,170
probable cancer deaths for the period over which the reactors continue operating.
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Probable Fatalities Due to Loss of Power for Spent Fuel Pools
Estimates Over Remaining Reactor Operation

Page 1 of 4

Probability of No Outside Assistance 50%
Probability of Spontaneous Zirconium Ignition 5O%

Within
Area of
Probable
Power
System
Collapse State
yes Alabama

Zirconium PoL withn Probable Probable
Fire within 12 Early Cancer
Probability Mile Miles Fatalities Fatalities

yes

yes

no

no

no

no

no

no

no

no

no

no

no

yes

yes

no

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

Alabama

Alabama

Alabama

Alabama

Arizona

Arizona

Arizona

Arkansas

Arkansas

California

California

California

California

Connecticut

Connecticut

Florida

Florida

Florida

Florida

Florida

Georgia

Georgia

Georgia

Georgia

Illinois

Illinois

Illinois

Illinois

Plant
Browns Ferry 1

Browns Ferry 2

Browns Ferry 3

Farley 1

Farley 2

Palo Verde 1

Palo Verde 2

Palo Verde 3

Arkansas Nuclear 1

Arkansas Nuclear 2

Diablo Canyon 1

Diablo Canyon 2

San Onofre 2

San Onofre 3

Millstone 2

Millstone 3

Crystal River 3

St Lucie 1

St Lucie 2

Turkey Point 3

Turkey Point 4

Hatch 1

Hatch 2

Vogtle 1

Vogtle 2

Braidwood 1

Braidwood 2

Byron 1

Byron 2

5.2%

5.6%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

5.4%

7.2%

0.0%

0.0%

0.0%

0.0%

0.0%

5.2%

5.9%

7.6%

7.9%

3.5%

3.7%

3.1%

3.5%

0 32,751

0 32,751

0 9,795

0 9,795

0 3,203

0 3,203

0 3,203

231 46.451

231 46,451

0 24,084

0 24,084

0 74,169

0 74,169

517 117,615

517 117,615

0 18,663

0 160,073

0 160,073

0 104,389

0 104,389

0 8,339

0 8,339

0 2,990

0 2,990

884 32,361

884 32,361

21 24,887

21 24,887

5.0% 0 32,751 0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.27

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.22

0.23

0.00

0.01

27

28

31

0

0

0

0

0

0

0

0

0

0

0

106

143

0

0

0

0

0

7

8

4

4

19

20

13

15
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Probable Fatalities Due to Loss of Power for Spent Fuel Pools
Estimates Over Remaining Reactor Operation

Page 2 of 4

Probability of No Outside Assistance 50%

Probability of Spontaneous Zirconium Ignition 50%

Within
Area of
Probable
PowerZirconium within Probable Probable
System Fire within 10 Early Cancer
Collapse State Plant Probabilit 1Mile Miles Fatalities Fatalities

yes Illinois

I

7

yes

yes

yes

yes

no

no

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

Illinois

Illinois

Illinois

Illinois

Illinois

Illinois

Iowa

Kansas

Louisiana

Louisiana

Maryland

Maryland

Massachusetts

Michigan

Michigan

Michigan

Michigan

Minnesota

Minnesota

Minnesota

Mississippi

Missouri

Nebraska

Nebraska

New Hampshire

New Jersey

New Jersey

New Jersey

New Jersey

Clinton

Dresden 2

Dresden 3

La Salle 1

La Salle 2

Quad Cities 1

Quad Cities 2

Duane Arnold

Wolf Creek

River Bend

Waterford

Calvert Cliffs I

Calvert Cliffs 2

Pilgrim

Cook 1

Cook 2

Enrico Fermi 2

Palisades

Monticello

Prairie Island 1

Prairie Island 2

Grand Gulf

Callaway

Cooper

Fort Calhoun

Seabrook

Hope Creek

Oyster Creek

Salem 1

Salem 2

4.1% 134 64,843

4.6% 134 64,843

2.6% 5 13,923

2.8% 5 13,923

0.0% 0 30,985

0.0% 0 30,985

0.0% 7 101,695

0.0% 0 4,846

0.0% 53 24,633

0.0% 256 80,758

5.2% 30 40,524

5.6% 30 40,524

0.3% 613 69,854

5.2% 114 53,351

5.7% 114 53,351

3.3% 21 87,086

4.6% 29 31,619

0.0% 94 43,181

0.0% 219 26,923

0.0% 219 26,923

0.0% 0 7,628

0.0% 11 6,238

0.0% 0 4,665

0.0% 17 17,244

4.3% 852 117,769

3.5% 0 32,622

4.1% 1,275 120,110

1.2% 0 32,622

2.2% 0 32,622

0.04

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.01

0.01

0.04

0.05

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.26

0.00

0.38

0.00

0.00

3.5% 0 12,326 0.00 7

45

50

6

7

0

0

0

0

0

0

35

38

3

46

52

48.

24

0

0

0

0

0

0

0

86

19

83

7

12
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Probable Fatalities Due to Loss of Power for Spent Fuel Pools
Estimates Over Remaining Reactor Operation

Page 3 of 4

Probability of No Outside Assistance
Probability of Spontaneous Zirconium Ignition

50%
50%

Area of
Probable EO.
Power Zirconium Pop. within Probable Probable
stem Fire within I Early Cancer

Collapse State Plant Probability 1 Mile Miles Fatalities Fatalities

I ,

yes
yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

New York

New York

New York

New York

New York

New York

North Carolina

North Carolina

North Carolina

North Carolina

North Carolina

Ohio

Ohio

Pennsylvania

Pennsylvania

Pennsylvania

Pennsylvania

Pennsylvania

Pennsylvania

Pennsylvania

Pennsylvania

Pennsylvania

South Carolina

South Carolina

South Carolina

South Carolina

South Carolina

South Carolina

South Carolina

FitzPatrick

Ginna

Indian Point 2

Indian Point 3

Nine Mile Point 1

Nine Mile Point 2

Brunswick 1

Brunswick 2

Harris

McGuire 1

McGuire 2

Davis-Bessie

Perry

Beaver Valley 1

Beaver Valley 2

Limerick 1

Limerick 2

Peach Bottom 2

Peach Bottom 3

Susquehanna 1

Susquehanna 2

Three Mile Island

Catawba 1

Catawba 2

Oconee 1

Oconee 2

Oconee 3

Robinson

Summer

5.2% 10 38,737

4.1% 177 53,810

0.5% 1,510 257,474

1.0% 1,510 257,474

4.1% 10 38;571

7.4% 10 38,571

5.6% 314 24,186

5.2% 314 24,186

7.4% 0 53,629

6.5% 120 118,694

6.9% 120 118,694

1.5% 90 17,061

3.5% 189 76,201

1.2% 470 145,409

3.7% 470 145,409

3.1% 661 213,586

4.1% 661 213,586

5.0% 127 41,081

5.2% 127 41,081

2.6% 163 53,058

3.1% 163 53,058

5.2% 358 185,780

6.9% 191 140,492

6.9% 191 140,492

5.0% 18 71,183

5.0% 18 71,183

5.2% 18 71,183

4.3% 600 33,649

6.7% 24 10,567

0.00

0.05

0.05

0.11

0.00

0.01

0.12.

0.12

0.00

0.06

0.06

0.01

0.05

0.04

0.12

0.14

0.19

0.04

0.05

0.03

0.04

0.13

0.09

0.09

0.01

0.01

0.01

0.19

0.01

34

37

22

43

27

48

23

21

67

130

137

4

45

30

91

110

148

34

36

23

27

161

162

162

59

59

62

25

12

/
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* N
Probable Fatalities Due to Loss of Power for Spent Fuel Pools

Estimates Over Remaining Reactor Operation
Page 4 of 4

Probability of No Outside Assistance 50%

Probability of Spontaneous Zirconium Ignition 50%

Within
Area of
Probable
Power
System
Collapse State

yes Tennessee

yes Tennessee

yes Tennessee

no Texas

no Texas

no Texas

no Texas

yes Vermont

yes Virginia

yes Virginia

yes Virginia

yes Virginia

yes Washington

yes Wisconsin

yes Wisconsin

yes Wisconsin

Plant

Sequoyah 1

Sequoyah 2

Watts Bar

Comanche Peak 1

Comanche Peak 2

South Texas 1

South Texas 2

Vermont Yankee

North Anna 1

North Anna 2

Surry I

Surry 2

Columbia

Kewaunee

Point Beach 1

Point Beach 2

POP.
Zirconium EM within Probable Probable
Fire wAthin_ Q Early n
Probability 1 Mile Miles Fatalitle Fatalities

2.2% 637 83,152 0.10 30

2.4% 637 83,152 0.11 33

5.4% 0 19,322 0.00 17

0.0% 0 28,126 0.00 0

0.0% 0 28,126 0.00 0

0.0% 0 2,779 0.00 0

0.0% 0 2,779 0.00 0

0.3% 412 33,943 0.01 1

5.9% 93 15,516 0.04 15

6.3% 93 15,516 0.04 16

4.8% 0 117,247 0.00 94

5.0% 0 117,247 0.00 98

2.8% 4 2,851 0.00 1

0.5% 35 9,911 0.00 1

4.3% 2 20,361 0.00 15

5.0% 2 20,361 0.00 17

7 -'.

Totals 3.92 3,170
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K__>~
6.10.8.3 Event Fatalities Due to Power System Collapse

While the preceding analysis examined probable fatalities due to power system collapse, actual
fatalities would not be piecemeal-either radiation release would occur and result in fatalities, or
not. In the present section, we show a projection of total fatalities from zirconium fires. To avoid
double-counting of population surrounding nuclear power plants and spent fuel pools, the
analysis is done on a per-site basis rather than a per-pool basis.

The MACCS2 consequence code severe accident computer code used by the NRC estimates
fatalities based on societal dose of radiation, using a directly proportional relationship between
dose and fatalities. 3 If two spent fuel pools ignite rather than one, the projected fatalities would
be twice as large. Accordingly the below analysis multiplies the individual risk of fatalities from
NUREG-1738 by the number of reactors (and associated spent fuel pools) at a site.

Our analysis shows that 11,598 individuals live within I mile of nuclear power plant sites and
3.6 million live within 10 miles of sites. In the event of a long-term commercial power grid
collapse, 119 early fatalities and 77,705 cancer deaths are projected, assuming that outside
assistance cannot be provided to nuclear power plants and that all spent fuel pools experience
spontaneous zirconium ignition. This projection would represent an upper probabilistic bound for
radiation fatalities, within the individual risk methodology of NUREG- 1738.

/

3 NUREG-1738, page 3-13, "Because latent cancer fatalities are directly proportional to societal dose through a

dose-to-cancer-risk conversion factor within the MACCS2 consequence code (Ref. 9), results for latent cancer

fatalities are not displayed separately.'
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Spent Fuel Pool Fatalities in Event of Power System Collapse
Event Estimates

Risks from NUREG-1738:

Individual Risk of Early Fatality (Within 1 Mile), Late Evacuation

Individual Risk of Latent Cancer Fatality (Within 10 Miles), Late Evacuation

0.71%

1.68%

Within
Area of
Probable
Power Number Populatloq Population Latent
System of within I within 10 Early Cancer
Collapse State Nuclear Power Plant Site Reactors MMle miles Fatalities Fatalities

yes Alabama

no

no

no

no

no

yes

no

no

no

yes

yes

yes

yes

yes

yes

yes

no

no

no

no

no

yes

yes

yes

yes

yes

no

no

no

no

no

no

Alabama

Arizona

Arkansas

California

California

Connecticut

Florida

Florida

Florida

Georgia

Georgia

Illinois

Illinois

Illinois

Illinois

Illinois

Illinois

Iowa

Kansas

Louisiana

Louisiana

Maryland

Massachusetts

Michigan

Michigan

Michigan

Minnesota

Minnesota

Mississippi

Missouri

Nebraska

Nebraska

Browns Ferry 1/2/3

Farley I & 2

Palo Verde 1/2/3

Arkansas Nuclear I & 2

Diablo Canyon 1 & 2

San Onofre 2 & 3

Millstone 2 & 3

Crystal River 3

St Lucie 1 & 2

Turkey Point 3 & 4

Hatch 1 & 2

Vogtle I & 2

Braidwood 1 & 2

Byron 1 & 2

Clinton

Dresden 2 & 3

La Salle 1 & 2

Quad Cities 1 & 2

Duane Arnold

Wolf Creek

River Bend

Waterford

Calvert Cliffs 1 & 2

Pilgrim

Cook I & 2

Enrico Fermi 2

Palisades

Monticello

Prairie Island 1 & 2

Grand Gulf

Callaway

Cooper

Fort Calhoun

3 0 32,751

0

0
231

0

0

517

0

0
0

0

0

884

21

0
134

5

0
7

0

53

256

30

613

114

21

29

94

219

0

11

0

17

9,795
3,302

45,451

24,084

74,169

117,615

18,663

160,073

104,389

8,339

2,990

32,361

24,887

12,326

64,843

13,923

30,985

101,695

4,846

24,633

80,758

40,524

69,854

53,351

87,086

31,619

43,181

26,923

7,628

6,238

4,665

17,244

0

0

0

0

0

7

0

0

0

0

0

13

0

0
2

0

0

0
0

0

0

0
4

2

0

0

0

0

0

0

0

0

0

0
0

0

0

3,952

0

0

0
280

100

1,087

836

207

2,179

234

0

0
0

0

0

1,362

1,174

1,793

1,463

.531

0

0

0

0

0

0

0 1,651

U. FM 773 of 2929



73

Spent Fuel Pool Fatalities in Event of Power System Collapse (continued)
Event Estimates

Risks from NUREG-1738:

Individual Risk of Early Fatality (Within I Mile), Late Evacuation

Individual Risk of Latent Cancer Fatality (Within 10 Miles), Late Evacuation

0.71%

1.68%

Area of
Probable
Power Number Population Pouulation Latent
Sysem of within 1 wti 10 Early Cancer
Collase ta Nuclear Power Plant Site Reactos Mile Miles Fatalities Fatalities

{f*~

I N

\

Li

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no

no

yes

yes

yes

yes

yes

yes

Totals

New Hampshire Seabrook

New Jersey Hope Creek/Salem 1 & 2

New Jersey Oyster Creek

New York FitzPatrick

New York Ginna

New York Indian Point 2 & 3

New York Nine Mile Point 1 & 2

North Carolina Brunswick 1 & 2

North Carolina Harris

North Carolina McGuire I & 2

Ohio Davis-Bessie

Ohio Perry

Pennsylvania Beaver Valley 1 & 2

Pennsylvania Limerick 1 & 2

Pennsylvania Peach Bottom 2 & 3

Pennsylvania Susquehanna 1 & 2

Pennsylvania Three Mile Island

South Carolina Catawba 1 & 2

South Carolina Oconee 1/2/3

South Carolina Robinson

South Carolina Summer

Tennessee Sequoyah I & 2

Tennessee Watts Bar

Texas Comanche Peak I & 2

Texas South Texas 1 & 2

Vermont Vermont Yankee

Virginia North Anna I & 2

Virginia Surry 1 & 2

Washington Columbia

Wisconsin Kewaunee

Wisconsin Point Beach 1 & 2

852 117,769

0 32,622

1,275 120.110

10 38,737

177 53.810

1,510 257,474

10 38,571

314 24,186

0 53,629

120 118,694

90 17,061

189 76,201

470 145,409

661 213,586

127 41,081

163 53,058

358 185,780

191 140,492

18 71,183

600 33,649

24 10,567

637 83,152

0 19,322

0 28,126

0 2,779

412 33,943

93 15,516

0 117,247

4 2.851

35 9,911

2 20,361

11,598 3,558,068

6 1,979

0 1,644

9 2,018

0 651

1 904

22 8,651

0 1,296

4 813

0 901

2 3,988

1 287

1 1,280

7 4,886

9 7,176

2 1,380

2 1,783

3 3,121

3 4,721

0 3,588

4 565

0 178

9 2,794

0 325

0 0

0 0

3 570

1 521

0 3,939

0 48

0 167

0 684

119 77,705
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) 7 DEFENSE-IN-DEPTH
The NRC "Policy Statement on the Use of Probabilistic Risk Assessment (PRA)" reads in part:

(C) Defense-In-Depth Philosophy

In the defense-in-depth philosophy, the Commission recognizes that complete reliance or safety
cannot be placed on any single element of the design, maintenance, or operation of a nuclear
power plant. Thus, the expanded use of PRA technology will continue to support the NRC's
defense in depth philosophy by allowing quantification of the levels of protection and by helping to
identify and address weaknesses or overly conservative regulatory requirements applicable to the
nuclear industry. Defense-in-depth is a philosophy used by the NRC to provide redundancy for
facilities with "active" safety systems, e.g., commercial nuclear power, as well as the philosophy
of a multiple barrier approach against fission product releases. Such barrier principles are
mandated by the Nuclear Waste Policy Act of 1982, which provides redundancy for a geologic
repository to contain and isolate nuclear waste from the human environment.

Spent fuel pools are not within physical containment but are instead located in industrial-style
metal buildings with numerous openings and gaps to the outside atmosphere. As currently
designed and licensed, the first level of defense-in-depth for spent fuel pools is the active cooling
system dependent on offsite power. The second level of defense in depth is the large volume of
water in the pool. The third level of defense-in-depth are human operators that can establish
supplementary makeup water and cooling systems.

"Regulatory Guide 1. 174 - An Approach for Using Probabilistic Risk Assessment in Risk-
Informed Decisions on Plant-Specific Changes to the Licensing Basis" (Revision 1, November
2002) explains how the defense-in-depth philosophy should be maintained:

Consistency with the defense-in-depth philosophy is maintained if:

" A reasonable balance is preserved among prevention of core damage, prevention of
containment failure, and consequence mitigation.

* Over-reliance on programmatic activities to compensate for weaknesses in plant design
is avoided.

" System redundancy, independence, and diversity are preserved commensurate with the
expected frequency, consequences of challenges to the system, and uncertainties (e.g.,
no risk outliers).

" Defenses against potential common cause failures are preserved, and the potential for
the introduction of new common cause failure mechanisms is assessed.

" Independence of barriers is not degraded.
" Defenses against human errors are preserved.
" The intent of the General Design Criteria in Appendix A to 10 CFR Part 50 is maintained.

As currently designed and licensed, defense-in-depth for spent fuel pools suffers from a number
of flaws under a scenario of long-term LOOP. First, there is no physical containment. Second,
there is overreliance on human operators to make up for a weakness in design. Third, there is no
effective redundancy for a risk event-geomagnetic disturbance and long-term LOOP-that has
an expected frequency that is reasonably foreseeable and not remote or speculative. Fourth, the
active cooling system, any portable makeup water systems, and long-term presence of human
operators onsite are subject to a common mode failure--failure of the commercial power grid.
Because of these factors, there is no effective defense-in-depth for spent fuel pools under the
current design basis.
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8 PREVIOUS MITIGATIVE ACTIONS
The terrorist attacks of September 11,2001 focused attention on the risk of spent fuel pools.
Mitigation strategies were developed for spent fuel pools, some of which may be classified and
therefore unavailable for full public examination. The NRC denial of Petitions for Rulemaking
PRM-51-10 and PRM-51-12 describe the existence of these mitigation strategies:

Additional mitigation strategies implemented subsequent to September 11, 2001, enhance spent
fuel coolability and the potential to recover SFP water level and cooling pdor to a potential SFP
zirconium fire. The Sandia studies also confirmed the effectiveness of additional mitigation
strategies to maintain spent fuel cooling in the event the pool is drained and its initial water
inventory is reduced or lost entirely. Based on this more recent information, and the
implementation of additional strategies following September 11, 2001, the probability, and
accordingly, the risk, of a SFP zirconium fire initiation is expected to be less than reported in
NUREG-1738 and previous studies.

The NRC denial of Petitions for Rulemaking PRM-51-10 and PRM-51-12 describes additional
study and strategies for the "Partial Drain-Down" scenario, a scenario which is essentially
equivalent to the gradual boil-off scenario that is of concern to the current Petition:

2. Partial Drain-Down.

Air cooling is less effective under the special, limited condition where the water level in the SFP
drops to a point where water and steam cooling is not sufficient to prevent the fuel from
overheating and initiating a zirconium fire, but the water level is high enough to block the full
natural circulation of air flow through the assemblies. This condition has been commonly referred
to as a partial draindown, and is cited in the Thompson Report. Under those conditions, however,
it is important to realistically model the heat transfer between high- and low-powered fuel
assemblies. The heat transfer from hot fuel assemblies to cooler assemblies will delay the
heat-up of assemblies, and allow plant operators time to take additional measures to
restore effective cooling to the assemblies. Further. for very low-powered assemblies, the
downward flow of air into the assemblies can also serve to cool the assembly even though the full
circulation flow path is blocked. Also, as discussed further in this document, all nuclear plant
SFPs have been assessed to identify additional, existing cooling capability and to provide new
supplemental cooling capability which could be used during such rare events. This supplemental
cooling capability specifically addresses the cooling needs during partial draindown events, and
would reduce the probability of a zirconium fire even during those extreme events.

(Emphasis not in original.)

As indicated in the bolded text above, additional study after NIJREG-1738 indicates that heat
transfer from hot fuel assemblies to cooler assemblies will delay the heat-up of assemblies.
Additional study does not indicate that enhanced heat transfer will prevent zirconium cladding
from eventually heating up and catching fire under some circumstances. The benefit of a delay
would be additional time to "allow plant operators time to take additional measures to restore
effective cooling to the assemblies." But in a case where plant operators were no longer on-site,
or where outside assistance is no longer available, the delay would not necessarily result in a
prevention of zirconium fire, except in the rare case where a delay of a few extra hours or days
would increase fuel decay time until ziiconium fire would not occur. (This borderline condition
would be statistically rare and would not substantially affect the probability of zirconium fire.
For example, if delayed heat-up provided an extra five days of time and the borderline condition
were at one year of fuel decay, the probability would be affected by 5 days/365 days = 1.4%.)
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The NRC denial of Petitions for Rulemaking PRM-5 I-10 and PRM-51-12 also describes license
• -amendments to enhance spent fuel pool safety:

3. License Amendments.

In January 2006, the nuclear industry proposed a combination of internal and external strategies
to enhance the spent fuel heat removal capability systems at every operating nuclear power
plant. The internal strategy implements a diverse SFP makeup system that can supply the
required amount of makeup water and SFP spray to remove decay heat. The external strategy
involves using an independently-powered, portable, SFP coolant makeup and spray capability
system that enhances spray and rapid coolant makeup to mitigate a wide range of possible
scenarios that could reduce SFP water levels. In addition, in cases where SFP water levels
cannot be maintained, leakage control strategies would be considered along with guidance to
maximize spray flows to the SFP. Time lines have been developed that include both dispersed
and non-dispersed spent fuel storage. The NRC has approved license amendments and issued
safety evaluations to incorporate these strategies into the plant licensing bases of all operating
nuclear power plants in the United States.

As described above, there are two safety enhancements in the license amendments--an "internal
strategy" and an "external strategy." The internal strategy consists of a "diverse SFP makeup
system that can supply the required amount of makeup water and SFP spray to remove decay
heat." But any internal strategy that relies on electric power would suffer from the same long-
term loss of outside power vulnerability as the motor-driven circulation pumps normally used for
spent fuel pool cooling. Any internal strategy relying on petrochemical-fueled pumps would not
be assured resupply of fuel. And finally, any internal strategy relying on human operators would
not work if the operators were no longer on site.

While the "external strategy" is not described in detail, one might imagine a portable spray
system or a hose from a firetruck. But as outlined elsewhere in the current Petition, Under
conditions of long-term and widespread commercial grid failure, there is no assurance that
portable cooling systems can be airlifted or trucked in, nor any assurance that firetrucks will
promptly arrive and permanently stay on site.

In addition to mitigative strategies for spent fuel pools, in recent years the NRC, FERC, and
NERC have taken steps to improve commercial grid reliability for nuclear power plants. The
required participation of nuclear power plant licensees is spelled out in "NRC Generic Letter
2006-02: Grid Reliability and the Impact on Plant Risk and the Operability of Offsite Power"
(February 1,2006). All addressees were required to submit written responses to the Generic
Letter regarding their compliance with regulatory requirements for electric power sources and
associated training. While Generic Letter (GL) 2006-2 may have produced greater coordination
between nuclear power plants and electric transmission system operators, GL 2006-2 did not
require protection of the electric transmission system from severe space weather and resulting
geomagnetic disturbance. As a result, any mitigative actions flowing from GL 2006-2 are not
applicable to the current Petition.

N
\__.

FM 777 of 2929



77

9 PREVIOUS NRC RESPONSE TO RELICENSING COMMENTS ON

GEOMAGNETIC DISTURBANCE

Petitioner searched the NRC ADAMS online information system and found that at least one
other party has concerns regarding geomagnetic disturbance that are similar to the concerns of
the Petitioner. "Generic Environmental Impact Statement for License Renewal of Nuclear Plants,
Supplement 45, Regarding Hope Creek Generating Station and Salem Nuclear Generating
Station, Units I and 2, Draft Report for Comment Appendices" available under the NRC
ADAMS system contains the comments of Mr. John Greenhill. The commenter observes that a
one-in-one hundred year solar storm could produce a continent-wide, long-term outage of the
power grid due to damage to damage to step-up transformers. Mr. Greenhill also expresses
concerns about fuel running out for emergency diesel generators and commercial vendors being
unable to resupply fuel:

' £
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Reproduction of Email From John Greenhill to NRC

Eccleston, Charles

From: Greenhill, John (John.GreenhiUl@dhs.gov]
Sent: Saturday, November 21, 2009 9:24 PM
To: SalemEIS: HopeCreek@nrc.gov
Cc: Eccleston. Charles; Warren Udy
Subject: Salem and Hope Creek Nuclear Plants 20 year license extensions

Dears Sirs

There were incidents on 3/13/1989 and 9/19/1989 at the Salem 1.2and Hope Creek nuclear plants sites when
geomagnetic storms caused damage to the single phase, generator step-up transformers which caused them to be taken
out of service.

The damage was due to geomagnetically induced currents (GIC) caused by the geomagnetic storms.

Questions:
1. Is there a publicalty available report that describes these incidents?
2. What was the magnitude of the currents that caused the damage?
3. How long did the damaging currents persist?
4. What was the protective relay system In place at that time such as the IEEE Sid C37.91-1985?
5. Where there any modifications to the transformer protective system put into effect?
6. How will the step-up transformers at Salem and Hope Creek sites be protected if a super geomagnetic storm (10

times the size of the 1989 storms) occurs during the 20 year extension? The next solar maximum is expected
2013-2014.

7. Do the sites have spare step-up transformers?

The TMI Generic Environmental Impact Statement for License (NUREG-1437 Supplement 37) table 5-2 shows the
following

Table 5-2. TMI-1 Internal Events Core Damage Frequency

/'-•,CDF%
Initiating Event (Per Year) Contibutlon

(Per ear) to CDF

Loss of Oftsite Power 7.73 x 10") 32.6

Transients 5.80 x 10"6 24.5

Small and Very Small LOCA 4.66 x 10 19.7

Loss of Nuclear Service River Water 3.67 x 10" 15.5

Steam Generator Tube Rupture 9.93 x 10" 4.2

Internal Floods 4.50 x 10. 1.9

Large and Medium LOCA 2.06 x 10` < 1

ISLOCA 1.80 x 107 , 1

Total CDF (internal events) 2.37 x 104 100

The probability of a super solar storm of the 1859 or 1921 size is about 1/100 years or 1 %/year. This size storm could
lead to a continental wide, long term (many months) outage of the bulk power grid because of damage to all the U.S. step-
up transformers. This damaged would be similar to the damage that occurred at Salem New Jersey in 1989 duhrig a fairly
mild solar storm. With such an outage, the emergency generators (that drive the cooling pumps) fuel supply could run out
and may not be replaced because all the commercial fuel suppliers would be out of fuel as well due to the failure of the
electrical pumps. Without fuel for the cooling pumps, the core damage frequency (CDF) appears to be several orders
larger that the CDF given in the table 5-2. Perhaps s solar storm initiating event should be includeO in all the final EIS
documents including the Salem and Hope Creek..

John D. Grenhil' PE
Department of Energy
National Communications System
Department of Homeland Security
Email: iohn.greenhill@dhs.pov
Phone: 703-235-5538

FM 779 of 2929



79

Official comments from Mr. Greenhill and the NRC response follow:

Comment: I am unable to attend the hearings on 11115/09 but would like to submit the following
questions. There were incidents on 03113/1989 and 911911989 at the Salem 1 and 2 Nuclear
Plants sites when geomagnetic storms caused damage to the single phase, generator step-up
transformers which caused them to be taken out of service. The damages were due to
geomagnetically induced currents caused by the geomagnetic storms.

Questions:

Is there a publically available report that describes these incidents?
What was the magnitude of the currents that caused the damage?
How long did the damaging currents persist?
What was the protective relay system in place at that time such as the IEEE Std C37.91 1985?
Where there any modifications to the. transformer protective system put into effect?
How will the step-up transformers at Salem and hope Creek sites be protected if a super
geomagnetic storm (10 times the size of the 1989 storms) occurs during the 20 year extension?
Do the sites have spare step-up transformers?

An initial cursory look shows a possible problem with the draft EIS when one examines table 5-
2. The probability of a super solar storm of the 1859 or 1921 size is about 1/100 years or 1 %
year. This size storm leads to a continental long term (many months) grid outage because of
damage to all the U.S. step-up transformers similar to the damage that occurred at Salem New
Jersey in 1989 during a fairly mild solar storm. With such an outage the emergency generators
(that drive the cooling pumps) fuel supply would run out and could not be replaced because the
commercial fuel suppliers would beout of fuel as well. Without fuel for the cooling pumps, the
core damage frequency (CDF) appears to be several orders larger that the CDF given in the table
5-2. Perhaps a solar storm initiating event should be included in all the final EIS documents
including the Salem and Hope Creek. SHC-18-1; SHC-18-2; SHC-18-3

Response: The seven questions listed in the comment above have been provided to the
appropriate NRC Region I staff and a separate response was provided to the commenter. These
questions raise concerns that are related to current operational issues at the plant but do not fall
within the scope of the license renewal environmental review and, therefore, will not be evaluated
in development of the SEIS.

With respect to the comment's suggestion that solar storms should be included as an initiating
event for severe accident mitigation alternatives (SAMA), the staff considers the issue as follows:
The SAMA analysis considers potential ways to further reduce the risk from severe reactor
accidents in a cost-beneficial manner. The process for identifying and evaluating potential plant
enhancements involves use of the latest plant-specific, peer-reviewed probabilistic risk
assessment (PRA) study. These risk assessment studies typically show that loss of offsite power
(LOSP) and station blackout (SBO) sequences are among the dominant contributors to core
damage frequency (CDF) for nuclear power plants and account for about 20 to 50 percent of the
CDF. As a result, enhancements to mitigate SBO events initiated by a LOSP are routinely
identified and evaluated in the SAMA analysis. Consideration of SBO events initiated by a solar
storm would not be expected to result in identification of additional SAMAs to mitigate LOSP and
SBO events since license renewal applicants already perform a search for potential means to
mitigate these risk contributors.

Consideration of solar storms would not be expected to substantially impact the CDF for
LOSP/SBO events because postulated damage to generator step-up transformers would not
affect the operation of the emergency diesel generators (EDGs). The EDGs would function to
cool the reactor core until connections to the electrical grid are reestablished or alternative means
of core cooling are established. Onsite fuel storage is typically sufficient to provide for at least 7
days of EDG operation and would be replenished during this period, as demonstrated at the
Turkey Point plant following Hurricane Andrew in 1992 (NRC, 1992). Even with a major disruption
in the supply chain, the 7-day period is sufficient for alternative arrangements to be made to

FM 780 of 2929



80

resupply fuel for nuclear power plant EDGs in accordance with the National Response
Framework (see National Response Framework, Emergency Support Function #12 - Energy
Annex, www. fema.gov/pdf/emergency/nrf/nrf-esf- 12.pdfo. Alternative means of core cooling would
be viable in the longer term, given that core cooling requirements (e.g., required pumped flow
rates) would be substantially reduced days and weeks after reactor shutdown, and given the
substantial industry and Federal resources that would be available to facilitate these measures.

If there is incompleteness in current PRAs with respect to an underestimate of the frequency or

consequence of solar storm-initiated LOSP/SBO events, the sensitivity analysis performed on the
SAMA benefit calculation would capture the increased benefit that might result from a more
explicit consideration of solar storm-induced events. This analysis typically involves increasing
the estimated benefits for all SAMAs by an uncertainty multiplier of approximately 2 to determine
whether any additional SAMA(s) would become cost-beneficial and retaining any such SAMA(s)
for possible implementation. In summary, the consideration of solar storm initiated events would
not be expected to alter the results of the SAMA analysis since enhancements that address these
types of events are already considered in the applicants' search for SAMAs to mitigate
SBO/LOSP events, and any potential underestimate of the benefit of these SAMAs would be
captured in existing applications by the use of the uncertainty multiplier on the SAMA benert's.

Petitioner disagrees with the contentions of NRC staff in regard to Mr. Greenhill's comments
and would also disagree if the same contentions were made in regard to the current Petition. The
reasons for specific disagreements follow:

I. NRC staff states, "Consideration of SBO events initiated by a solar storm would not be
expected to result in identification of additional SAMAs to mitigate LOSP and SBO
events since license renewal applicants already perform a search for potential means to
mitigate these risk contributors." After a thorough search of the NRC ADAMS database,
Petitioner was unable to find any evidence that licensees already perform searches in the

SAMA process for potential means to mitigate the risk of solar storms or geomagnetic
disturbance.

2. NRC staff states, "Onsite fuel storage is typically sufficient to provide for at least 7 days
of EDG operation and would be replenished during this period, as demonstrated at the
Turkey Point plant following Hurricane Andrew in 1992 (NRC, 1992)." Petitioner is
concerned that multiple nuclear power plants would be affected simultaneously by long-
term LOOP, while the Hurricane Andrew event at Turkey Point was an isolated incident.
Moreover, the vast majority of national infrastructure was not affected by Hurricane
Andrew. Therefore replenishment of fuel at Turkey Point is not predictive of
replenishment of fuel during a long-term and widespread commercial grid outage.

3. NRC staff states, "Even with a major disruption in the supply chain, the 7-day period is
sufficient for alternative arrangements to be made to resupply fuel for nuclear power
plant EDGs in accordance with the National Response Framework (see National
Response Framework, Emergency Support Function # 12 - Energy Annex,
www.fema.gov/pdf/emergency/nrf/nrf-esf-I 2.pdf)." The NRC response about the
adequacy of government planning is an assertion, unsupported by quantification. As
explained in Section 6.4 of this Petition, "Lack of DHS Preparation for Scenario of Long-
Term Power Grid Collapse," there is no 100% assurance that this paper plan would
provide outside assistance to dozens of nuclear power plants in the event of power grid
collapse. There is no experience with use of the National Response Framework under a
condition of widespread power outage, although the experience with Hurricane Katrina

"I
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would indicate that government emergency planning is not a sure solution. Use of any
assumption regarding outside assistance, including resupply of diesel fuel, needs a
quantitative value to be used in a PRA.

4. NRC staff states, "Alternative means of core cooling would be viable in the longer term,
given that core cooling requirements (e.g., required pumped flow rates) would be
substantially reduced days and weeks after reactor shutdown, and given the substantial
industry and Federal resources that would be available to facilitate these measures." It is
by no means 100% certain that "substantial industry and Federal resources that would be
available" during a condition of long-term and widespread commercial grid collapse. Any
assumption regarding availability of industry and Federal resources must meet the burden
of substantial evidence and also needs a quantitative value to be used in a PRA.

5. NRC staff states, "If there is incompleteness in current PRAs with respect to an
underestimate of the frequency or consequence of solar storm-initiated LOSP/SBO
events, the sensitivity analysis performed on the SAMA benefit calculation would capture
the increased benefit that might result from a more explicit consideration of solar storm-
induced events. This analysis typically involves increasing the estimated benefits for all
SAMAs by an uncertainty multiplier of approximately 2 to determine whether any
additional SAMA(s) would become cost-beneficial and retaining any such SAMA(s) for
possible implementation." Again, Petitioner could find no evidence that licensees include
any estimates in current PRAs for the frequency or consequence of solar storm-initiated
LOSP/SBO events. To the extent that current PRAs contains risk estimates for other
weather-related LOSP/SBO events, these estimates are inapplicable because LOSP/SBO
events in current PRAs are assumed to have duration of days, while a solar storm-
initiated LOSP/SBO event would have a duration of months or years.
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10 TECHNICAL FEASIBILITY ASSESSMENT
The requirements of the current Petition are well within the capabilities of existing commercial
off-the-shelf technology. Numerous industries require highly reliable unattended power
generation, including oil, gas, and telecommunications. As a result, a well-developed supplier
base exists with multiple technology options. The below table shows options for highly reliable
unattended power generation.

High Reliability Unattended Power Production

Typical Unit
Technolof/ Example Vendor Capacity Cost/KW

Organic Rankine Cycle Ormat Technologies 4 KW $20,000

Solar Photovoltaic Solar Electric Supply 5 KW $60,000

Thermoelectric Global 0.5 KW $40,000
Generator Thermoelectric

Generated power could be used to run electric pumps to provide makeup water. Makeup water
by itself could provide sufficient cooling for spent fuel pools since the high latent heat of
vaporization provides substantial cooling capacity. Required pump capacity would depend on the
time since discharge of fuel from the reactor core. Below is a table derived from NUREG- 1738
which shows the required pumping capacity in gallons per minute as a function of time after fuel
discharge. Because diesel generators could supply power for spent fuel circulation pumps for up
to 7 days after fuel discharge (in the event of loss of outside power immediately after refueling),
a pumping capacity of 130 gallons per minute would provide substantial safety margin.

- 'a

\ /

-I

FM 783 of 2929



83

Spent Fuel Pool Boil-Off Rates

Time Decay

After Power from Boil-off Rate Water Level

Discharge Last Core Total Heat Load (Gallons per Decrease

(days) (Megawatts) (Megawatts) Minute) (ft/hour)

2 16.4 18.4 130 1.00

10 8.6 10.6 74 0.60

30 5.5 7.5 52 0.42

60 3.8 5.8 41 0.33

90 3.0 5.0 35 0.28

180 1.9 3.9 27 0.22

365 1.1 3.1 22 0.18

Notes: Using typical pool sizes, it is estimated that for BWRs, we have 1040 ft3/ft depth, and for
PWRs, we have 957 ft3/ft depth. Assume = 1000 ft3/ft depth for level decreases resulting from
boil-off.

A 5 HP electric motor running at 80% typical efficiency would consume approximately 5
kilowatts of power. Multiple units of any of the above high reliability power production
technologies could supply this amount of power. A pump attached to a 5 HP motor would
typically generate approximately 100 feet of head through a 2 inch pipe at 160 gallons per
minute. As the boil-off rate charge shows, after only a few months the duty cycle for any power
generation solution would dramatically decline.

The Organic Rankine Cycle technology for power production is particularly intriguing because
this technology can use waste heat below the boiling temperature of water as an energy source.
An obvious source of waste heat would be the water contained in the spent fuel pool. The typical
spent fuel pool generates 3 megawatts of heat one year after fuel discharge from the reactor.
Another source of heat for Organic Rankine Cycle is propane.

An additional advantage of Organic Rankine Cycle turbines are their high reliability, with a
demonstrated Mean Time Between Critical Failure of 200,000 hours and an operational lifetime
in excess of twenty years. A makeup water system based on Organic Rankine Cycle turbines
powered by waste heat could run not only for two years, but until the waste beat produced by the
spent fuel is insufficient to bring the pool water to high temperature.

Solar power systems are designed to run unattended for long periods and consist of only three
basic components: photovoltaic panels, charge controllers, and batteries. The normal unattended
lifetime of these components are in excess often years if telecommunications-grade batteries are
used. If a solar power system were to be used for spent fuel cooling, it should be recognized that
a reservoir of makeup water--either internal or external to the spent fuel pool--could be a
source of stored cooling during inclement weather.

2
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Thermoelectric generators were originally designed to provide power on Apollo moon missions
and are highly reliable with minimal maintenance requirements. The life expectancy of a
thermoelectric generator is 15-20 years. Thermoelectric generators have no moving parts. The
most appropriate fuel source would be propane. Annual maintenance consists of checking (but
not replacing) the fuel filter, pressure regulator, and burner orifice.

Because of the distinctive power requirements for spent fuel pool cooling-initial high power at
the time of fuel discharge followed by much lower power requirement-a hybrid system could
provide both cost efficiency and high reliability. For example, a propane-powered Organic
Rankine Cycle turbine could be used to provide high power initially, with a lower kilowatt solar
system used after several months of fuel decay. In the later stages of fuel decay, weather
interruption of solar power might be acceptable if the spent fuel pool and/or associated reservoirs
stored sufficient water to allow non-continuous makeup water supply. Multiple redundant units
could be employed to provide sufficient power in the early stages of fuel decay and greater
reliability in the later stages of fuel decay.

The control system used to meter makeup water into the spent fuel pool could be extremely
simple, consisting of little more than float switches and/or float values. An intermediate water
reservoir could be used to reduce on/off cycling of the electrically-operated pump(s) and power
generation system(s).

Highly reliable electrically-driven pumps and control mechanisms are available in the off-the-.
shelf commercial market. Municipal water systems and sewage treatment facilities use such
equipment. Likewise, reliable propane storage is available and commonly used for distribution
facilities.

Petitioner does not present a PRA for spent fuel pools that includes a specific backup power and
makeup water solution, because Petitioner does not know the precise requirements of CFR
amendment that might be approved or how licensees may choose to implement a change to the
CFR. Petitioner has shown that multiple technology options exist that could be combined into a
feasible and highly reliable solution. For the purposes of advocating Petition approval, Petitioner
should not have to design an optimal solution; Petitioner should only have to show that a
practical and cost-effective solution could exist.

No doubt the reliability of any specific solution would not be 100%. In fact, because of thewide
divergence between the current risk of spent fuel pools and the NRC safety goals/LERF
guideline, it would be challenging to design a specific solution that would completely close this
safety gap. But a partially-effective solution would reduce risk far more than no solution at all;
the lack of a perfect solution should not be grounds for denial of this Petition nor should it be a
reason to not attempt any solution at all.

Some early readers of this Petition have speculated as to whether backup power solutions and
associated fuel would be susceptible to theft. Nowhere in this Petition has Petitioner used
speculation about human behavior in a PRA. Instead, the PRA is confined to the probability of
physical events and direct physical consequences, e.g., without electricity for refineries, fuel
resupply might be interrupted. Prediction of second-order effects of human behavior, including
theft, social dissolution, widespread scavenging, etc., could be without sufficient evidence. In
any case, such speculations should not be the basis to not attempt any solution at all.
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11 COST-BENEFIT COMPARISION
As the previous technical feasibility assessment shows, the cost per kilowatt of reliable backup
power is moderate and as little as 5 kilowatts of backup power might suffice. We expect the

other costs of an emergency makeup water system, including fuel storage, pumps, piping, and

control systems to be moderate as well. Electrically-operated pumps cost only a few thousand
dollars and float values/float switches cost even less. Based on a backup power system with peak
capacity of 5-10 kilowatts, we estimate that a complete unattended makeup water system could
cost as little as $1 million per spent fuel pool. Early readers of this Petition have indicated that
nuclear industry requirements could raise the cost to $10 million, but we use $1 million as a first-
order estimate.

The probabilistic benefit of providing emergency makeup water systems for spent fuel can be
computed by multiplying avoided fatalities by a standard figure per fatality of $4 million. We
estimate the per-pool benefit to be $110 million.4 This cost-benefit calculation does not assume
that the any solution would be 100% effective; for the sake of example we assume only 90%
effectiveness of a solution.

Cost-Benefit Calculations

Probable Fatalities 3,174

Benefit per Avoided Fatality $4M

Total Benefits $12,696M

Number of Spent Fuel Pools 104

Estimate of Solution Effectiveness 90%

Estimate of Solution Benefit per Pool $110M
Estimate of Solution Cost per Pool $1M

Ratio of Benefits to Costs 110

Thus, the per-pool benefit would be 110 times our estimated solution costs. Or put another way,
up to $1 10 million could be spent to protect each spent fuel pool and the estimated benefits
would still exceed the estimated costs.

'This cost-benefit calculation does not include avoidance of radioactive contamination on land surrounding

nuclear power plants and is therefore conservative.
/
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12 CONCLUSION
Potential interruption of active cooling for spent fuel pools due to geomagnetic disturbance and
resulting long-term loss of outside power presents an unacceptable risk to public health and
safety. Using the NRC-approved method of Probabilistic Risk Assessment (PRA), Petitioner has
shown that spent fuel pools as currently designed and licensed do not meet NRC standards for
safety. Amendment to the Code of Federal Regulations is required to rectify this situation.

The probability, duration, and geographic scope of initiating events for Petitioner's PRA-severe
space weather, geomagnetic disturbance, and resulting long-term loss of outside power-have
been well-documented by Oak Ridge National Laboratory, the government agency best suited to
make such a determination. Moreover, the probability of such events is not remote or
speculative; similar but smaller events have occurred in the past and have resulted in equipment
damage and commercial grid outage. These smaller but similar events allow the probability of a
more extreme event to be established.

Other assumptions used in the Petitioner's PRA include the probability of outside assistance, the
probability of spontaneous zirconium ignition, and individual risk estimates of early fatalities
and latent cancer deaths. The probability of outside assistance is an optimistic midpoint
assumption buttressed by the work of the congressionally-chartered EMP Commission and
public documents available from the Department of Homeland Security. The probability of
spontaneous zirconium ignition is an optimistic midpoint assumption based on the work of
Sandia National Laboratories, NRC, and the National Academy of Sciences. Individual risk
estimates of early fatalities and latent cancer deaths come directly from NRC staff work.

Other pessimistic but highly probable events were excluded from the Petitioner's PRA. These
events include the possibility of cascading power grid outages beyond the geographic scope
determined by Oak Ridge National Laboratory, grid outages caused by other secondary effects,
emergency evacuation below the 95% level, and early fatalities and latent cancer deaths outside a
10 mile radius from nuclear power plants.

Results of the Petitioner's PRA for spent fuel pools show that NRC safety goals, as determined
by quantitative health objectives (QHOs), are violated by a factor of 35.7 for early fatalities and a
factor of 21.0 for latent cancer deaths. NRC guidelines for LERF are violated by a factor of 250.
Because of the large differences between NRC safety goals/guidelines and PRA results,
sensitivity analysis shows that assumptions could be significantly more optimistic and the safety
goals/guides would still not be met. For example, the frequency of the initiating event-long
term loss of outside power--could be one-in-one-thousand-years rather than one-in-one-
hundred-years and the NRC safety goals/guidelines would still be violated. A simple probability
analysis shows that a well-developed system of space weather forecasting, combined with
operational procedures to manage commercial power grids under conditions of geomagnetic
disturbance, would still not reduce risk sufficiently to meet NRC safety goals/guidelines.

Site-specific population data from the US Census Bureau can be used to estimate probabilistic
deaths. Probabilistic deaths are 4 for early fatalities and 3,170 for latent cancer deaths. Should
the initiating event of long-term LOOP actually occur, Petitioner estimates radiation-induced

"N, deaths of over 77,000.
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When an alternative safety assessment based on the defense-in-depth philosophy is performed,
spent fuel pools exhibit the following issues under a scenario of long-term loss of outside power:

* Lack of physical containment
" Potential common mode failures in the case of long-term LOOP
* Overreliance on human operators to make up for weaknesses in design
* Lack of system redundancy when presented with an event of expected frequency

Petitioner has proposed multiple technical solutions that are practical, commercially-available,
and of moderate cost. When a cost-benefit analysis is performed, the benefits of the proposed
solutions exceed estimated costs by a factor of 110. Because of the large difference between
costs and benefits, actual costs of a solution could be much higher and still be justified.

The data used to support the Petitioner's PRA assumptions come not from the work of advocacy
groups or private citizens, but from the work of government-sponsored commissions and
regulatory bodies. Petitioner takes the reasonable position that nuclear power plant licensees
should be required to implement design changes of moderate cost that would prevent fatalities
and extensive radiation contamination of United States territory.

, -"\
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FYI.

The attached letter from the Chairman to Congresswoman Capps, dated 8/26/10, refers to the expressed
concerns that seismic uncertainties remain unstudied and unresolved (the incoming spoke in particular about
the need to consider the ongoing evaluation of a recently discovered shoreline fault). On behalf of the
Commission, the Chairman states in part that this is a matter that the NRC may have to review in its
adjudicatory capacity and therefore the Commission cannot comment or discuss the specific concerns about
the consideration of seismic issues in the NRC's license renewal process.
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August 26, 2010

The Honorable Lois Capps
United States House of Representatives
Washington, D.C. 20515

Dear Congresswoman Capps:

Thank you for your letter of July 19, 2010, informing me of efforts underway in California
to analyze the most recent data regarding seismic issues at the Diablo Canyon Nuclear Power
Plant (DCNPP). In your letter, you request that the U.S. Nuclear Regulatory Commission (NRC)
collaborate with California State agencies to review the results of seismic studies being carried
out by the Pacific Gas and Electric Company (PG&E) as part of its long-term seismic program
commitment.

The NRC certainly recognizes the importance of working collaboratively with others to
ensure the scientific validity of analyses undertaken on a range of topics, including seismic
hazards. We have a well-established record of coordination with California agencies on
numerous issues associated with the DCNPP and plan to continue to pursue that approach.
The State and the NRC will, of course, each have certain specific statutory and regulatory
obligations and limitations. For example, the NRC must retain the ability to perform

. j independent reviews necessary to fulfill its legal obligations. Recognizing these limitations, if

the California Energy Commission (CEC) wishes to propose a specific collaborative process to
review the seismic studies, NRC staff would be happy to evaluate the proposal. The NRC looks
forward to better understanding the roles and responsibilities envisioned for such a panel and
how the collaborative process would function in accordance with our legal obligations.

On September 8th and 9th, 2010, the NRC will be hosting a Seismic Information
Workshop to provide a forum for members of the public to gain a basic knowledge of seismic
hazard and its applications for the safety and operation of commercial nuclear plants, including
specific discussions of the Diablo Canyon facility. Information is expected to be presented by
technical experts from the NRC, the United States Geological Survey, the California Geological
Survey, California Polytechnic State University, the University of California at Berkeley, the
University of California at Santa Barbara, and Pacific Gas and Electric, as well as participation
from State and local officials.

The NRC maintains highly skilled Resident Inspectors at DCNPP who monitor and
inspect the operation of the facility on a daily basis. In addition, NRC staff routinely inspects
seismic issues. As such, the NRC staff is able to quickly respond to new information, as the
agency demonstrated when it monitored PG&E's response to the discovery of the Shoreline
Fault. Should information at any time cause the NRC to question the continued safe operation
of the DCNPP, the agency will take appropriate action.
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Your letter also mentions that the CEC, the California Public Utilities Commission, and
the California Coastal Commission have commented on the DCNPP license renewal
proceedings, indicating that many seismic uncertainties remain unstudied and unresolved. This
is a matter that the NRC may have to review in its adjudicatory capacity and, therefore, the
Commission cannot comment on or discuss your specific concerns about the consideration of
seismic issues in the NRC's license renewal process.

Lastly, you urged the NRC "to take immediate steps to ensure it has the tools and
resources it needs." If you are referring to NRC being prepared to participate in a possible joint
expert review- panel to address seismic concerns at DCNPP, the NRC has the necessary
resources available to participate in such a panel should it be formed.

I appreciate your interest in this matter and assure you that the NRC is working to meet
its statutory and regulatory obligations. If you have any questions, please contact me or have
your staff contact Ms. Rebecca Schmidt, Director of the Office of Congressional Affairs, at
(301) 415-1776.

Sincerely,

IRA!

Gregory B. Jaczko

N
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Blake, Kathleen
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Sosa, Belkys
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He will call you. kb

Administrative Assistant
to Commissioner Apostolakis
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, Maryland 20852
301-415-1810
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U.S. Tsunami Programs: A Brief Overview

Summary

A 9.0 magnitude earthquake struck off Japan's northeast coast near Honshu in the afternoon on
Friday, March 11, 2011 (12:46 am. eastern time in the United States). The earthquake triggered a
tsunami that has caused widespread devastation to parts of the coastal regions in Japan closest to
the earthquake. The tsunami traveled across the Pacific Ocean, and the National Oceanic and
Atmospheric Administration (NOAA) tsunami warning centers in Hawaii and Alaska issued
tsunami warnings for coastal areas of Hawaii, Guam, the Commonwealth of the Northern
Marianas, American Samoa, Alaska, and California. Although the tsunami caused widespread
damage along the northeast coast of Japan, tsunami warnings issued from the tsunami warning
centers gave the above U.S. Pacific territories, Hawaii, and the U.S. West Coast adequate warning
to prepare for incoming waves.

NOAA's National Weather Service (NWS) manages the two tsunami warning centers that
monitor, detect, and issue warnings for tsunamis generated in the Pacific Ocean. The NWS
operates the Pacific Tsunami Warning Center (PTWC) at Ewa Beach, HI, and the West
Coast/Alaska Tsunami Warning Center (WC/AKTWC) at Palmer, AK. The National Tsunami
Hazards Mitigation Program (NTHMP) assists states in emergency planning and in developing
maps of potential coastal inundation for a tsunami of a given intensity. The goal of NTHMP is to
ensure adequate advance warning of tsunamis along all the U.S. coastal areas and appropriate
community response to a tsunami event.

The tsunami warning centers monitor and evaluate data from seismic networks and determine if a
tsunami is likely based on the location, magnitude, and depth of an earthquake. If the center
determines that a tsunami is likely, it transmits a warning message to NOAA's weather
forecasting offices and state emergency management centers, as well as to other recipients. The
centers monitor coastal water-level data, typically with tide-level gages, and data from NOAA's
network of Deep-ocean Assessment and Reporting of Tsunamis (DART) detection buoys to
confirm that a tsunami has been generated, and if not, to cancel any warnings. Shortly after the
2004 tsunami in the Indian Ocean, Congress passed the Tsunami Warning and Education Act (P.L.
109-424), to enhance and modernize the existing Pacific Tsunami Warning System to increase
coverage, reduce false alarms, and increase the accuracy of forecasts and warnings, among other
purposes. As a result, the array was expanded to a total of 39 DART buoys in March 2008.

Funding for the NOAA tsunami program supports three main categories of activities: (1) warning,
such as the activities of the tsunami warning centers and DART network; (2) mitigation, such as
the activities of NTHMP; and (3) research, including activities conducted by the Pacific Marine
Environmental Laboratory and the National Buoy Data Center. The Government Accountability
Office (GAO) noted that total funding for all these activities ranged from $5 million to $10
million annually between FY1997 and FY2004, but increased after the 2004 Indian Ocean
tsunami from approximately $27 million in FY2005 to $42 million in FY2009. Funding in
FY2010 was $41 million.

Currently, 7 of the 39 DART buoys are not operational. Of the 7 buoys that are not working, 5 are
deployed in the Pacific Ocean. If more DART buoys fail, and regional forecasting capabilities are
impaired, then the NOAA Administrator must notify Congress within 30 days. According to
NOAA, the current continuing resolution (P.L. 112-4) does not allow the NWS to allocate
FY2011 funding to purchase ship time required to repair the 7 DART buoys that are not working.
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U.S. Tsunami Programs: A Brief Overview

Japan Earthquake and Tsunami

A 9.0 magnitude massive earthquake struck off Japan's northeast coast near Honshu in the
afternoon on Friday, March 11, 2011 (12:46 a.m. eastern time in the United States). The
earthquake triggered a tsunami' that has caused widespread devastation to parts of the coastal
regions in Japan closest to the earthquake. The tsunami traveled across the Pacific Ocean, and the
National Oceanic and Atmospheric Administration (NOAA) tsunami warning centers in Hawaii
and Alaska issued tsunami warnings for coastal areas of Hawaii, Guam, the Commonwealth of
the Northern Marianas, American Samoa, Alaska, and California. The first tsunami waves
reached Hawaii in the early morning of March 11,2 and reached the west coast of the United
States later in the morning (Pacific time). Although the tsunami caused widespread damage along
the northeast coast of Japan, tsunami warnings issued from the tsunami warning centers gave the
above U.S. Pacific territories, Hawaii, and the U.S. West Coast adequate warning to prepare for
incoming waves. 3 In addition, the long distance traveled across the Pacific from the earthquake
epicenter attenuated the energy associated with the tsunami thousands of miles from its source. In
contrast, the city of Sendai, Japan, is just 80 miles west of the epicenter.4

Tsunami Warning Centers

NOAA's National Weather Service (NWS) manages the two tsunami warning centers that
monitor, detect, and issue warnings for tsunamis generated in the Pacific Ocean. The NWS
operates the Pacific Tsunami Warning Center (PTWC) at Ewa Beach, HI, and the West
Coast/Alaska Tsunami Warning Center (WC/AKTWC) at Palmer, AK. The PTWC monitors for

_), tsunamis and issues warnings for the Hawaiian Islands, the U.S. Pacific territories, and other U.S.
and international interests in the Pacific Basin. The center was established in 1949, after a strong
earthquake and massive landslides off the coast of southwest Alaska caused a disastrous tsunami
for the Hawaiian Islands only hours later. The WC/AKTWC was established in 1967, following a
magnitude 9.2 earthquake that struck Anchorage, AK, in 1964 and caused major earthquake and
localized tsunami damages.5 The WC/AKTWC is responsible for issuing tsunami warnings to
emergency management officials in Alaska, British Columbia (Canada), Washington State,
Oregon, and California. The WC/AKTWC also serves as the center for warning U.S. populations
located in the western Atlantic.

1 A tsunami is a large ocean wave typically caused by a subsea earthquake or volcanic eruption that can cause extreme
destruction when it stkes land.
2 CNN U.S., Tsunami Waves Reach Hawaii, Eye West Coast. CNN Wire Staff, March 11, 2011. httpi/www.cnn.com/
201 1US/03/I ltsunami/index.htrnlhpt=T!.
3 Despite the tsunami warnings. some communities along the West Coast and in Hawaii suffered damages. For
example, some boats and harbor facilities were damaged by the tsunami in Crescent City, CA, although most of the
fishing fleet headed out to sea to avoid the waves before they reached the harbor, according to the Los Angeles Times.
Crescent City has suffered tsunami damage in the past, particularly from the 1964 Good Friday earthquake that struck
Alaska- See Maria L La Ganga, "Crescent City Comes to Grips with Tsunami's Devastation," Los Angeles Times,
March 13, 2011. httpi/www.latimes.comlnews/local/la-me-japan-quake-crescent-city-20110313,0,5296998.story.
4 U.S. Geological Survey, Earthquake Hazards Program, htpJ/earthquake.usgs.gov/earthquakes/eqinthenews/201 I/
usc0001 xgp/#details.
5See NOAA, NWS, "How TsunamiReady Helps Communities and Counties at Risk."
http:/www.tsunamiready.noaa.gov/.
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The National Tsunami Hazards Mitigation Program

The National Tsunami Hazards Mitigation Program (NTHMP) assists states in emergency
planning and in developing maps of potential coastal inundation for a tsunami of a given
intensity. The NTHMP also operates tsunami disaster outreach and education programs through
NOAA's TsunamiReady program. In 1992, NOAA launched the NTHMP to address the credibility
of Pacific tsunami warnings and to reduce the number of "false alarms." The goal of NTHMP is
to ensure adequate advance warning of tsunamis along all the U.S. coastal areas and appropriate
community response to a tsunami.6

Detecting Tsunamis and Issuing Warnings

The tsunami warning centers monitor and evaluate data from seismic networks and determine if a
tsunami is likely based on the location, magnitude, and depth of an earthquake.7 If the center
determines that a tsunami is likely, they transmit a warning message to NOAA's weather
forecasting offices and state emergency management centers, as well as to other recipients. The
centers monitor coastal water-level data, typically with tide-level gages, and data from NOAA's
network of Deep-ocean Assessment and Reporting of Tsunamis (DART) detection buoys to
confirm that a tsunami has been generated, and if not, to cancel any warnings! A generalized
decision tree network for the earthquake-detection-through-warning process is shown in Figure
1.

Warnings Triggered by the March 11, 2011, Tsunami

Initial warnings of an impending tsunami were first issued by the PTWC based on seismic
information before the network of DART buoys and tide gages actually detected a wave
generated by the earthquake. 9 According to NOAA, initial tsunami warnings are normally based
only on seismic information to provide the earliest possible alert.' 0 Because tsunamis travel more
slowly than seismic waves, confirmation of a tsunami may take much longer than confirmation of
an earthquake. That was the case for the March 11, 2011, tsunami. The DART network first
detected the earthquake-triggered wave 27 minutes after the earthquake struck at 2:46 p.m. local
time in Japan," confirming that a tsunami had been generated and could lead to significant
widespread inundation around the Pacific Ocean. Figure 2 shows results from a model depicting
the tsunami wave propagation across the Pacific Ocean.

6 NOAA FY2012 Blue Book, Chapter 5, National Weather Service, p. 691, httpJ/www.corporateservices.noaa.govl

nbu/fyl2_presidents-budget/National_WeatherServiceFY12.pdf
7 Nearly all tsunamis are triggered by subsea earthquakes, although some may also be caused by underwater volcanic
eruptions or landslides.

s U.S. Government Accountability Office, US. Tsunami Preparedness: NOAA Has Expanded Its Tsunami Programs,
but Improved Planning Could Enhance Effectiveness, GAO-l0.490, April 2010, p. 5.

9 DART buoy 21418; telephone conversation with Laura Furgione, Deputy Director, National Weather Service, March
15, 2011.
'0 NWS, Pacific Tsunami Warning Center, About PTWC Messages, http'lptwc.weather.gov/ptwclabout messages.php.

"Telephone conversation with Laura Furgione, March 15, 2011.
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Figure I. Flow Chart of the Tsunami Warning System
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Figure 2. Results from NOAA Model Depicting the March 11, 2011 Tsunami
Propagating Across the Pacific Ocean
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Source: NOAA Center for Tsunami Research. Pacific Marine Environmental Laboratory.
htrpl/nctr.pmel.noaa.gov/honshu2011031 l/.

Notes: Colors indicate the wave amplitude in centimeters (see scale bar on right side of figure); contour labels

indicate the computed tsunami arrival times. Black triangles indicate location of Deep-ocean Assessment and

Reporting of Tsunamis (DART) detection buoys.

The DART Buoy Network

NOAA first completed a six-buoy DART array in 2001 in the Pacific Ocean. Shortly after the
2004 Indian Ocean earthquake and tsunami that killed over 200,000 people, Congress passed
H.R. 1674, the Tsunami Warning and Education Act (P.L. 109-424), to enhance and modernize
the existing Pacific Tsunami Warning System to increase coverage, reduce false alarms, and
increase the accuracy of forecasts and warnings, among other purposes. In part, the 2004 tsunami
provided the impetus to expand and upgrade the DART system and to improve the U.S. capability
to detect and issue warnings for tsunamis generally. As a result, the array was expanded to a total
of 39 DART buoys in March 2008.'2 (See Figure 3.)

32 According to NOAA, 33 of the DART buoys are deployed in the Pacific Ocean, and the rest are deployed in the

Atlantic Ocean and Caribbean. NOAA National Data Buoy Center, Deep-ocean Assessment and Reporting of

Tsunamis (DART) Description. httpJ/www.ndbc.noaa.gov/dartldart.shtml.
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Figure 3. Locations of DART Buoys
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Notes: The United States owns and operates 39 of the DART Buoys.

Currently, 7 of the 39 buoys are not operational and in need of repair. Of the 7 buoys that are not
working, 5 are deployed in the Pacific Ocean. Other countries also operate DART buoys in the
Pacific (e.g., Australia and Russia), but if another U.S. DART buoy ceases to function less than
80% of the U.S. DART network would be operational. The Tsunami Warning and Education Act

(P.L. 109-424) requires that NWS ensure that maintaining operations of tsunami detection
equipment is the highest priority within the tsunami forecasting and warning program at NOAA.
Further, PL. 109-424 requires that the NOAAAdministrator notify Congresst3 within 30 days of

(1) impaired regional forecasting capabilities due to equipment or system failures; and (2)
significant contractor failures or delays in completing work associated with the tsunami
forecasting and warning system. 14

Tsunami Warnings from the Japan Meteorological Agency

According to the International Tsunami Information Center. which operates under the
International Oceanographic Commission (IOC)-part of the U.N.'s Educational, Scientific. and
Cultural Organization (UNESCO)-the Japan Meteorological Agency (JMA) issued a major

13 Specifically. P.L 109-424 requires the NOAA Administrator to notify the Committee on Commerce, Science, and

Transportation in the Senate and the Committee on Science (now Science, Space. and Technology) in the House.
W4 The statute does not define what is considered impairment of the forecasting abilities, or what is a threshold for

significant contractor failures or delays. However. the committee report accompanying the bill states that NWS is
required to notify Congress when the tsunami forecasting capabilities are impaired for more than three months; U.S.
Congress, House Science. United States Tsunami Wanung and Education Act. report to accompany H.R. 1674, 109h
Cong.. 2"' sess., 2006. H.Rept. 109-698, p. 10. NWS uses an 80% operational threshold as its internal guideline:
Telephone conversation with Laura Furgione, March 15, 2011.
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- -' tsunami warning 3 minutes after the earthquake struck at 3:46 pm local time.' 5 The first regional
tsunami bulletins were issued by the North West Pacific Tsunami Advisory Centre (NWPTAC),
operated by the JMA, about 9 minutes after the earthquake occurred.' 6 The first tsunami wave
reached the Japan coastline nearest to the epicenter about 15 minutes after the earthquake.' 7

The network of tsunami warning centers is coordinated under the umbrella of the IOC, through its
Tsunami Programme, which falls under the auspices of UNESCO. According to the IOC, its role
is coordinating the regional tsunami warning systems.'8 The IOC coordinates the Indian Ocean
Tsunami Warning and Mitigation System (IOTWS), in addition to its role in the Pacific, per U.N.
mandate after the 2004 Indian Ocean tsunami. The IOC also coordinates similar systems in the
Caribbean (CARIBE-EWS) and the North-Eastern Atlantic and Mediterranean (NEAMTWS).

The IOC noted that for the March 11 earthquake the warning centers operated well and according
to expectations: the seismic systems identified the location and magnitude of the earthquake
within minutes and allowed for early warnings; the DART buoys confirmed the initial tsunami
warnings and alerts; and the communication systems allowed for near-real time monitoring.' 9 As
a result, countries with Pacific Ocean coastlines received adequate warning in time to prepare for
the oncoming tsunami waves. Northeast Japan, however, suffered the worst damage because it is
so close to the epi center, and the waves struck before people could evacuate to safety. In such
instances, the ground shaking caused by the earthquake may be the only early indicator for people
to act upon who live closest to the epicenter of an impending tsunami.2°

Funding for the Tsunami Program

Funding for the NOAA tsunami program supports three main categories of activities: (1) warning,
such as the activities of the tsunami warning centers and DART network; (2) mitigation, such as
the activities of NTHMP; and (3) research, including activities conducted by the Pacific Marine
Environmental Laboratory and the National Buoy Data Center.2' In the NOAA budget, these
activities are cross-cutting among different activities under the NWS line item.2 GAO, which
analyzed funding data for the three general categories, noted that total funding for all these
activities ranged from $5 million to $10 million annually between FY1997 and FY2004, but
increased after the 2004 Indian Ocean tsunami from approximately $27 million in FY2005 to $42
million in FY2009. According to GAO, the proportion of funding allocated to warning activities
increased from about 40% of the total in FY2004 to approximately 70% of the funding in
FY20O9.23 The proportion allocated to mitigation decreased from approximately 50% of the total

11 UNESCO. International Tsunami Information Center, httpY/itic.ioc-unesco.org/.

16 World Meteorological Organization, March 11. 2011, httpY/www.wmo.int/pages/mediacentre/newsrfndex-en.huTm.

17 UNSESCO, Intergovernmental Oceanographic Commission, hnpJ/ioc-unesco.orgI.

13 UNESCO. International Tsunami Information Center. http:J/itic.ioc-unesco.orgI.

'9 Ibid.

I personal communication, Dr. Gregory van der Vink, seismologist, March 14, 2011.

21 U.S. Government Accountability Office, US. Tsunami Preparedness: NOAA Has Expanded Its Tsunami Programs,

but Improved Planning Could Enhance Effectiveness, GAO-10-490, p. 7.

' For example, the FY2010 enacted budget contains a line item: Strengthen U.S. Tsunami Warning Network-$23.264

million. However, research activities for tsunamis are included in the overall budget for the Pacific Marine
Environmental Laboratory and for the National Buoy Data Center.

2 U.S. Government Accountability Office, U.S. Tsunami Preparedness: NOAA Has Expanded Its Tsunami Programs,

(continued...)
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in FY2004 to about 30% in FY2009, while the proportion for research remained steady between
about 6% to 10%.

Funding for the NWS tsunami program for FY2010 was approximately $41 million, allocated as
follows:

* $23 million-Strengthen U.S. Tsunami Warning Program;

* $13 million-Spectrum Auction funding;2 4

* $4 million-NWS/Local Warnings and Forecasts; and

S$1 million--Office of Oceanic and Atmospheric Research/Pacific Marine
Environmental Laboratory. 5

In 2010, the Government Accountability Office (GAO) found that NOAA had made progress
since 2005 in expanding and strengthening its tsunami warning and mitigation capabilities,
including the deployment of the 39 DART buoys. GAO also found that operating and maintaining
the buoys has proved difficult and costly, consuming about 28% of the total NOAA Tsunami
Warning Program budget in FY2009.26 GAO noted that NOAA is exploring ways to reduce
maintenance costs by improving buoy reliability.

According to NOAA, the current continuing resolution (P.L. 112-4) does not allow the NWS to
allocate FY2011 funding to purchase ship time required to repair the seven DART buoys that are
not working.27 As noted above, the delay or failure in completing work associated with the
tsunami forecasting and warning system by contractors should also trigger notification of
Congress by the NOAA Administrator under P.L. 109-424.

Additional Reading

CRS Report RL3386 1, Earthquakes: Risk, Detection, Warning, and Research, by Peter Folger.

CRS Report RL33436, Japan-U.S. Relations: Issues for Congress, coordinated by Emma
Chanrett-Avery.

CRS Report R41023, Haiti Earthquake: Crisis and Response, by Rhoda Margesson and Maureen
Taft-Morales.

(.. continued)

but Improved Planning Could Enhance Effectiveness, GAO- 10-490. p. 8.
24 Starting in FY2009. the tsunami program received funding from the proceeds of the Federal Communication
Commission's auctioning of broadcast frequency spectrum. In FY2012, the program will be augmented by $12.7
million from auction proceeds, according to NOAA. Total funding received from auction proceeds will be
approximately $50 million for the tsunami program at the end of FY2012, according to GAO.

2 E-mail from Lara Hinderstein, NOAA Budget Outreach and Communications. March 11,2011.

2 U.S. Government Accountability Office, U.S. Tsunami Preparedness: NOAA Has Expanded Its Tsunami Programs,
but Improved Planning Could Enhance Effectiveness, GAO-l0-490, p. 21.
27 Approximately $4 million would required, according to NOAA. Telephone conversation with Laura Furgione, March
15,2011.
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Fukushima Nuclear Crisis

Summary of the Crisis

The earthquake on March 11, 2011, off the east coast of Honshu, Japan's largest island, reportedly
caused an automatic shutdown (called a "scram") of eleven of Japan's fifty-five operating nuclear
power plants.' Most of the shutdowns proceeded without incident. The plants closest to the
epicenter, Fukushinma and Onagawa (see Figure 1), were damaged by the earthquake and
resulting tsunami.

(,•

1 BBC News, "Timeline: Japan Power Plant Crisis." March 13, 2011, hrtp://www.bbc.co.uk/news/science-environment-
12722719.

I
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Figure IJapan and Earthquake Epicenter
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Tokyo Electric Power Company (TEPCO) operates the Fukushima nuclear power complex in the
Futaba district of Fukushima prefecture in Northern Japan, consisting of six nuclear units at the
Daiichi station and four nuclear units at the Daini station. All the units at the Fukushima complex
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are boiling water reactors2 with reactors 1, 2, and 3 being the General Electric Mark I design (see
Figure 2). The Fukushima Daiichi reactors entered commercial operations in the years from 1971
(reactor 1) to 1979 (reactor 6). At the time of the earthquake, reactors 1, 2, and 3 at Daiichi were
operational and shut down after the quake, while reactors 4, 5, and 6 were already shut down for
routine inspections. All four of the Daini reactors were operational at the time of the earthquake
and taken down after the quake.

Nuclear fuel rods in a reactor continue to produce heat when the reactor is shut down. To stop the
nuclear reaction, control rods3 are inserted into the reactor. During the cool-down phase, a source
of electricity is needed to operate pumps and circulate water in the reactor. Under normal
conditions, it would take a few days for a reactor core to cool down to a "cold shutdown" state.4

The magnitude 9.0 earthquake triggered a ten meter (33 foot) high tsunami which struck the
coast, devastating much of the area and overtopping a six meter high sea wall at Fukushima
Daiichi station. The station was cut off from Japan's national electricity grid. Diesel generators at
the Daiichi station initially took over the power load but later failed. The tsunami flooded the
backup diesel powered electric generators at the station, sweeping away the diesel fuel tanks, and
knocking out the backup cooling capability for the station's nuclear reactors.5

2 A common nuclear power reactor design in which water flows upward through the core, where it is heated by fission
and allowed to boil in the reactor vessel. The resulting steam then drives turbines, which activate generators to produce
electrical power. BWRs operate similarly to electrical plants using fossil fuel, except that the BWRs are powered by
370-800 nuclear fuel assemblies in the reactor core rather than burning coal or natural gas to create steam. U.S.
Nuclear Regulatory Commission, "Boiling-Water Reactor (BWR)." httpJlwww.nrc.govlreading-rmLbasic-reflglossaryl
boiling-water-reactor-bwr.htnil.
3 A rod, plate, or tube containing a material such as hafnium, boron, etc., used to control the power of a nuclear reactor.
By absorbing neutrons, a control rod prevents the neutrons from causing further fissions. U.S. Nuclear Regulatory
Commission, "Control Rod," httpJlwww.nrc.gov/reading-rmlbasic-ref/glossary/control-rod.html.
' U.S. Nuclear Regulatory Commission. "Cold Shutdown," htpJ/www.nrc.gov/reading-rmvbasic-reflglossary/cold-
shutdown.htal.
5 BBC News, 'Timeline: Japan Power Plant Crisis," March 13, 2011, hnp://www.bbc.co.uk/news/science-environment-

12722719.
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Figure 2. General Electric Mark I Boiling Water Reactor and Containment Building
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TEPCO immediately began to experience problems with the Daiichi units, as temperatures began
to rise in the reactors. With the primary and secondary cooling systems for the Daiichi reactors

offline, TEPCO began trying to cool the reactor cores with seawater. Boron6 has been added to
the seawater to help slow down the nuclear reactions and cool down the reactor cores. Pressure
began building in Daiichi reactor 1, resulting in an explosion on March 13, 2011, and radiation
leak possibly from a build-up of hydrogen gas. Falling water levels in the reactor core are thought
to have exposed fuel rods, leading to oxidation of the zirconium cladding resulting in the
formation of hydrogen gas.

An explosion was reported at reactor 3 on March 14, 2011, with an associated release of
radiation. At this time, while the containment structures at reactors I and 3 were breached, the
reactor vessels themselves were thought to be undamaged. Falling water levels in reactor 2 and
increasing pressure eventually led to another explosion on March 15, 2011, resulting in damage to
the roof of the building above the reactor vessel and a release of radiation. It was unclear at that
time whether the reactor vessel itself was damaged in the explosion. Fires were also reported at
reactor 4, with the loss of water levels in the spent fuel pool. Elevated radiation levels measured
around reactor 4 caused the temporary suspension of reactor control room operations on March
16, 2011. The spent fuel pool of reactor 3 was also reported to be boiling, with the reported
release of radioactive steam. Water is also being introduced to the non-operational reactors 5 and
6 at the Daiichi station. The Japanese military may be enlisted to pump water into reactor 3 and
the spent fuel pool in reactor 4.?

6 Boron is the main material that goes into control rods used to halt or slow fission reactions in nuclear reactors. Japan

Times Online, "Seoul to Send Boron in Bid to Cool Reactors." March 16. 2011. http:/search.japantimes.co.jp/cgi-bin/
nn20l10317a9.html.
7 Reuters. "Timeline for Japan's Unfolding Nuclear Crisis." March 16, 2011. http://www.vision.orglvisionrnedia/

(continued... l
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__I Efforts continue in Japan to try to cool the nuclear reactors at the Daiichi station and keep water
in the spent fuel pools. Loss of cooling water has reportedly led to "prolonged" exposure of fuel
rods in the reactor cores, resulting in hydrogen gas formation. The explosions at reactors 1, 2, and
3 are thought to have been caused by the buildup of hydrogen gas. TEPCO is trying to build a
new power line to supply electricity to the Daiichi station. It is unclear how long it will take to
complete the line. However, it is not clear to what extent that any of the reactor core cooling
systems are functioning at reactors 1, 2 and 3. Experts suggest that as long as the fuel cores can
be kept covered with liquid water, the reactors cores should continue to cool, and a cold shutdown
state may yet be achieved in all the Daiichi reactors.

If the fuel rods in the reactor cores cannot be cooled down, temperatures will continue to increase
and the nuclear fuel assemblies would likely melt. In such a situation, a full meltdown or
explosion could result in a major breach of the reactor vessel and extreme measures may be
needed to contain a major radioactive release. This could mean filling the surviving reactor
containment structures with concrete. Eventually, a reinforced concrete structure would be needed
over the reactor containment buildings and the site monitored for radioactive releases.

The Fukushima Daini station is approximately 12 kilometers south of the Daiichi station, and
further removed from the epicenter of the earthquake. The earthquake and tsunami apparently
caused damage to the emergency core cooling systems at reactors 1, 2, and 4, while reactor 3 was
apparently able to shut down without problems. The station reportedly retained offsite power to
maintain its ability to circulate cooling water in the reactor. The makeup water and condensate
systems were used as an emergency measure to maintain cooling water levels in reactors 1, 2, and
4. TEPCO has since made repairs to the cooling systems, and stable, cold shutdown conditions
are reported at all Daini reactors as of March 14, 2011.8

The United States and other countries, as well as the International Atomic Energy Agency, are
providing assistance to Japan to deal with the nuclear crisis. According to the U.S. State
Department, Japan has requested foreign assistance including consequence management support,
transport of pumps, boron, fresh water, remote cameras, global hawk surveillance, evacuation
support, medical support, decontamination, and radiation monitoring equipment. A U.S. Nuclear
Regulatory Commission advisory team is in Japan at the Japanese government's request. The
Department of Energy has sent radiation monitoring equipment, and the U.S. Department of
Defense has provided high-pressure water pumps and fire trucks.

(...continued)
ardcle.aspx?id=42042.

a World Nuclear News, "All Fukushima Daini Units in Cold Shutdown." March 14, 2011, httpJ/www.world-nuclear-
news.org/IT-All FukushimaDainiunitsincoldshutdown-1503114.htrml.
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Japan 2011 Earthquake: U.S. Department of Defense (DOD) Response

Overview

With almost 40,000 U.S. troops stationed in Japan, the March 11, 2011, earthquake and tsunami is
unique in that U.S. forces and associated resources were located in close proximity to deal with
the crisis. All services-Army, Navy, Marine Corps, and Air Force-are present in Japan in
various capacities. In addition, U.S. forces train regularly with their Japanese Self Defense Force
(SDF) counterparts, including many humanitarian assistance and disaster relief exercises.

With 100,000 SDF troops called up to respond to the disaster, U.S. forces were able to coordinate
their efforts almost immediately to provide support for the Japanese responders. Within five days
of the earthquake, the SDF had deployed 76,000 personnel (45,000 ground, 31,000 air and
maritime); 194 rotary aircrafts and 322 fixed-wings; and 58 ships. As of March 16, the SDF had
rescued 19,300 people, in addition to supporting activities at the troubled nuclear reactors.'

Operational Update2

DOD officials report that as of the morning of March 17, 14 U.S. naval ships and their aircraft
and 17,000 sailors and Marines are now involved in humanitarian assistance and disaster relief
efforts in and around Japan. These efforts have included 132 helicopter sorties and 641 fixed-
wing sorties moving both people and supplies, assisting in search and rescue efforts, and
delivering 129,000 gallons of water and 4,200 pounds of food. These totals are increasing by the
hour, although some helicopter activities have been limited by poor weather and visibility. All
search and rescue assets from Okinawa, the southernmost part of Japan, have been moved to

, Yokota Air base outside of Tokyo to be deployed to the north. Further details are in the sections
on each branch's operations below.

DOD Funding3

On March 12, Secretary of Defense Gates authorized U.S. Pacific Command (USPACOM) to
continue disaster relief operations and approved $35 million in Overseas Humanitarian, Disaster,
and Civic Aid (OHDACA) funding for these purposes. As the scope and duration of DOD's
support becomes better defined, it is possible that additional funding will be required.

Status of DOD Facilities and Personnel

Initial DOD efforts after the earthquake were focused on what can be described as "force
protection," such as relocating naval vessels and aircraft so that potential damage from the
impending tsunami would be mitigated, as well as protecting and accounting for U.S. military
personnel, 43,000 dependents, and 5,000 DOD civilian employees stationed in Japan. These force

'Japanese Ministry of Defense, httpJ/www.mod.go.jt/j/press/news/2011/03/16d.html
2 Cheryl Pellerin, "Ships, Aircraft Support Japan Relief Effort," American Forces Press Service, March 16, 2011.

3 Operational Update provide to CRS by the Office of Secretary of Defense Office for Legislative Affairs, March 16,
2011.
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protection efforts appear to have been successful, as there were no reported DOD-related fatalities
and no reports of major damage to DOD facilities or equipment.4

Voluntary Departure of DOD Dependents5

After the State Department authorized voluntary departure for family members and dependents of
U.S. government personnel who wish to leave northeast Japan on March 17, DOD stated that it
would implement the State Department's plan for eligible DOD dependents. It was reported that
Navy bases in the Tokyo area will begin voluntary evacuations for family members as early as the
evening of March 17. The Navy reportedly has the capability to evacuate up to 10,000 people per
day.

Operation Tomodachi6

DOD's relief effort has been designated "Operation Tomodachi"-Japanese for "friend"-and
consists at this point primarily of search-and-rescue missions and the delivery of humanitarian
aid. U.S. airlift capability is particularly valuable in reaching survivors in the devastated areas.
The U.S. airbase Misawa, located in Aomori prefecture in northeastern Japan, was shaken
violently by the earthquake but escaped with only minor damage. The facility is being used as a
forward operating base for both U.S. and SDF forces. In addition, the government of Japan
granted permission for U.S. forces to use Yamagata airport, the first time such an allowance has
been approved. SDF troops are also using the facility.7

Response to Damaged Nuclear Reactors

It is not yet clear to what extent DOD will be involved in responding to the problems at the
affected nuclear reactor. On a force protection level, U.S. forces both ashore in Japan as well as at
sea and in the air are well-equipped to monitor radiation levels as. well as to decontaminate
personnel and equipment that might become contaminated by radiological materials. On March
15, sensitive instrumentation on the USS George Washington in Yokosuka detected low levels of
radioactivity from the Fukushima plant.

As the crisis surrounding the stricken reactors at the Fukushima Dai-ichi facility intensified, it
appeared that the United States was stepping up efforts to assist the government of Japan (GoJ).
On March 16, news outlets reported that the Global Hawk drone would fly over the reactor site in
order to collect data and imagery for the GoJ.8 On March 17, the U.S. Navy Seventh Fleet
reported that five high-pressure water pumps from Sasebo and 100 Nuclear, Biological, Chemical

4 Cheryl Pellerin, "Military Gears Upto HelpJapan," American Forces Press Service, March 11, 2001.
5 Operational Update provide to CRS by the Office of Secretary of Defense Office for Legislative Affairs, March 17,
2011 and Erik Slavin. "Navy to Begin Voluntray Evacuation of Families in Japan," Stripes.con, March 17, 2011.
6 Information in this section is taken from Fred W. Baker a1 "U.S. Forces Provide Relief Aid to Japan," American

Forces Press Service, March 13, 2011; Chris Carroll et al, "Relief Efforts Limited Days After the Earthquake,"
American Forces Press Service, March 13. 2011; and Phil Stewart, "More U.S. Ships Head to Japan, Radiation Risk
Eyed," Reuters.com, March 14, 2011.
7 "Japan. U.S. Engage in Record-scale Cooperation for Quake Relief," Sankei News. March 17, 2011.
8 "Northrop Drone Set to Overfly Japan Reactor, Seek Data on Damage," Bloomberg News. March 16, 2011.
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(NBC) suits and masks were delivered to the government of Japan to be employed at the troubled
Fukushima plant. The Naval Disometer Center is sending 2,000 personal disometers (devices to
monitor radiation exposure on individuals) to Japan. The U.S. military also contributed two fire
trucks to Japanese authorities for use at the site.

Naval Activities 9

The USS Ronald Reagan Carrier Strike Group, which includes the cruiser USS Chancellorsville,
the destroyer USS Preble, and the combat support ship USS Bridge, was diverted from military
exercises around Korea and is now conducting operations off the coast of east Honshu. The USS
Ronald Reagan, with its 3,200 sailors and 2,480 aviators and air wing personnel and 85 aircraft,
in addition to conducting flight operations, is expected to serve as a refueling platform for
helicopters from the Japanese SDF, Japanese Coast Guard, and civilian authorities involved in
rescue and recovery efforts. Seventeen members of the Reagan 's crew were exposed to low-level
radiation and were successfully decontaminated.' 0

Guided missile destroyers USS Fitzgerald, USS John S. McCain, USS McCampbell, and the USS
Curtis Wilbur are also operating in close proximity to the USS Ronald Reagan Group, and the
destroyer USS Mustin is at sea south of the disaster site. As of March 16, the group has already
flown scores of sorties to deliver around 40 tons of humanitarian supplies to the affected areas.

The USS Tortuga, an amphibious dock landing ship that had been docked at the U.S. naval base
in Sasebo, picked up over 90 SDF vehicles and nearly 300 SDF forces from Hokkaido, Japan's
northernmost island, and delivered them to northern Honshu. The Tortuga also transported 5,000
bottles of water and 5,000 Meals Ready to Eat (MREs).

The USS Essex, an amphibious assault ship with the 31' Marine Expeditionary Unit aboard, and
the USS Harpers Ferry and USS Germantown amphibious dock landing ships have arrived in the
Sea of Japan and will conduct operations from Japan's west coast due to concerns about radiation
levels closer to the Fukushima reactor site on the east coast. This position will allow access to
undamaged roads to deliver relief supplies. One primary mission will be the re-opening of the
severely damaged Sendai airport in order for it to serve as an operating base for disaster response
in the surrounding area.

The USS Blue Ridge, the Seventh Fleet's command ship, arrived in the Okinawa vicinity and
loaded personnel and additional supplies. It is expected in the disaster region within the next day.

Marine Corps Ground Activities

The III Marine Expeditionary Force is opening a command element and two forward refueling
points at the Yamagata airport, located about 35 miles from Sendai.

Two U.S. Marine Corp Humanitarian Assistance Support (HAS) teams from the III Marine
Expeditionary Force have arrived in the affected area, with two more HAS teams expected in the

9 Information reported on U.S. Navy Seventh Fleet Facebook page, March 16-17, 2011.
'0 Cheryl Pellerin, "Ships. Aircraft Support Japan Relief Effort," American Forces Press Service, March 16, 2011.
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region in the coming days. Landing in a heavily damaged Air SDF airfield, the Marines worked
with ASDF personnel to unload relief supplies headed for a survivors' refuge center near
Kesennuma, a coastal city north of Sendai particularly hard hit by the tsunami. The HAS teams
will deliver water and other supplies, survey damaged infrastructure in need of repair, and
monitor the spread of potential disease among the displaced population.

Air Activities"

In the early hours immediately following the earthquake, Yokota Air Base was used to recover
airline traffic and as an alternate airfield for planes that could not land at Tokyo's Narita Airport.
Initial air operations from Naval Air Facility Atsugi and the USS Ronald Reagan were focused on
identifying survivors in need of assistance as well as delivering water, blankets, and food.
Additional helicopters conducted surveys of the at-sea debris fields, looking for survivors, and
also conducted search and rescue missions along the coastline. Two U.S. Navy P-3 Orion aircraft
also participated in survey operations.

U.S. Air Force and Marine helicopters and transport aircraft have been moved from Okinawa to
U.S. military bases on Honshu to assist with operations. In addition, Carrier Airwing Five began
relocating scores of tactical fixed-wing aircraft from Atsugi to Okinawa and Guam to provide for
incoming aircraft to be used in relief operations. Delivery of generators and helicopters to
Misawa is ongoing.

An RQ-4 Global Hawk, an unmanned, long-endurance aircraft that performs surveys of large
geographic areas, was deployed from Anderson Air Force Base in Guam to assist with disaster
relief. Using radar and optical surveillance, the aircraft will be able to assess damage to
infrastructure throughout the affected area.' 2

Ground Activities"

The U.S. Army in Japan reportedly provided a 10-person team of translators, communications
experts, and combat medics upon request of the Japanese Self-Defense Forces to help with
disaster assessment efforts in the Sendal area. It was also reported that throughout Japan, similar
efforts were undertaken at the request of local Japanese authorities by DOD personnel to aid and
assist Japanese communities affected by the earthquake and tsunami. In addition, the U.S. Army
Corps of Engineers Japan District provided an administrative system to help the U.S. Army Japan
disaster assessment team with debris-removal efforts, and the Corps is also working on a plan to
clear debris from airfields that are critical to logistic and humanitarian efforts). 4

" Information in this section is taken from Fred W. Baker a11, "U.S. Forces Provide Relief Aid to Japan," American
Forces Press Service, March 13, 2011; Chris Carroll et a], "Relief Efforts Limited Days After the Earthquake,"
American Forces Press Service, March 13, 2011; and Phil Stewart, "More U.S. Ships Head to Japan, Radiation Risk
Eyed," Reuters.com, March 14, 2011.
12 "Air Force Officials Use Global Hawk to Support Japan Relief Efforts," Air Force News Today. March 16, 2011.

13 Chris Carroll et al, "Relief Efforts Limited Days After the Earthquake:" American Forces Press Service, March 13,
2011 and Devon James, "Misawa Sailors Assist Clean Up at Local Fishing Port," United States Pacific Command,
March 14, 2011.
'4•Cheryl Pellerin, "Ships, Aircraft Support Japan Relief Effort," American Forces Press Service, March 16, 2011.
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Background: U.S. Military Presence in Japan 15

Current U.S. military presence in Japan consists of approximately 38,000 military personnel,
43,000 dependents, 5,000 DOD civilian employees, and 25,000 Japanese workers. U.S. forces are
stationed in Japan pursuant to the U.S.-Japan Treaty of Mutual Cooperation and Security of 1960.

U.S. military strength in Japan is about 38,000 ashore and 11,000 afloat, and U.S. forces are
dispersed among 85 facilities located on Honshu, Kyushu, and Okinawa.16 Total acreage of U.S.
bases is approximately 77,000 acres. United States Forces Japan (USFJ) bases and facilities range
in size from a several-thousand-acre training area to a single antenna site.

On mainland Japan, there are seven different bases/posts: Yokota and Misawa, representing the
Air Force; Camp Zama, representing the Army; Iwakuni; the Marine Corps; and Yokosuka,
Atsugi, and Sasebo, the Navy.

15 Inforrnation in this section is taken directly from the U.S. Forces Japan website, httpY/www.usfj.mil/. accessed on
March 16. 2011.
'6 See Figure 1.
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Figure I. U.S. Bases in Japan
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* U.S. Army, Japan (USARJ)17

U.S. Army, Japan (USARJ) consists of about 2,000 soldiers and is charged, during peacetime,
with operating port facilities and a series of logistics installations throughout Honshu and
Okinawa. USARJ participates actively with the Japan Ground Self Defense Force in bilateral
training exercises and the development of bilateral plans. It commands and supports U.S. Army
assigned units, attached units, and augmentation forces and employs these forces in support of the
Commander. USARJ maintains defense facilities, war reserves, and operational project stocks.
USARJ/91 h Theater Support Command (TSC) is headquartered at Camp Zama.

U.S. Marine Corps

The III Marine Expeditionary Force (MEF), which is under the operational command of Marine
Forces Pacific, consists of approximately 16,000 Marines, who are garrisoned primarily on
Okinawa and southern Honshu. II1 MEF is headquartered at Camp Courtney, Okinawa.

U.S. Marine Corps Bases, Japan' 8

U.S. Marine Corps Bases, Japan, consists of approximately 9,000 military and civilian personnel
and includes two air stations and nine camps/housing areas throughout Okinawa and mainland
Japan. Its primary mission is to provide installation support and services, including force
protection and quality of life, to forward-deployed Marine and Naval forces, other service
members, civilians, retirees, family members, and others associated with U.S. Marine Corps
Bases, Japan. HQs, U.S. Marine Corps Bases, Japan, is located at Camp Foster, Okinawa.

U.S. Navy"9

Commander, Naval Forces, Japan, consisting of about 6,000 personnel, is responsible for
maintaining and operating the port facilities and providing base and logistic support for those
surface, subsurface, aviation, and amphibious elements of the U.S. Seventh Fleet that operate
from Japan as part of the Forward Deployed Naval Forces (FDNF). U.S. Commander Navy
Forces, Japan, participates with the Japan Maritime Self Defense Force in exercises and planning.
CNFJ is headquartered at Yokosuka.

U.S. Seventh Fleet

U.S. Seventh Fleet, which is under the operation control of Commander, Pacific Fleet, has about
13,000 sailors, 18 ships, and 100 airplanes operating from Japan as part of the Forward Deployed
Naval Forces.

17 Information in this section is taken directly from the U.S. Forces Japan website, httpJ/www.usf.mil/, accessed on
March 16, 2011.
ZaIbid.

"Ibid.

Congressional Research Service 7

FM 822 of 2929



Japan 2011 Earthquake: U.S. Department of Defense (DOD) Response

U.S. Air Force Japan (USAFJ) 20

The U.S. Air Forces, Japan/Fifth Air Force mission is to maintain the deterrent force posture of
the United States and to conduct offensive and defensive air operations, should deterrence fail.
Supporting that mission are approximately 13,000 military and civilian personnel located at units
throughout Japan. In addition to the tactical air roles, USAFJ provides theater airlift and
operational support with cargo airlift. USAFJ participates with the Japan Air Self Defense Force
in bilateral training exercises and the development of bilateral plans. Fifth Air Force is
headquartered at Yokota Air Base and is commanded by Commander, U.S. Forces Japan in a
dual-hatted capacity.
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he following table provides access to names and contact information for CRS experts on
policy concerns relating to the nuclear and humanitarian disaster unfolding in Japan.
Policy areas identified include

* Nuclear power, nuclear safety, and radioactive heath concerns;

* Geology, earthquakes, and tsunamis;

* U.S. relations with Japan;

* U.S. government response to the disaster; and

* Economic impacts of the crisis.

Legislative Issues Name/Title Phone E-mail
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Emma Chanlett-Avery
Specialist in Asian Affairs

Mark Manyin
Specialist in Asian Affairs
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Mark Holt
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Anthony Andrews
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Richard Campbell
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C. Stephen Redhead
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Jonathan Medalia
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Peter Folger
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Humanitarian Response
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Analyst in Emergency Management Policy
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Legislative Issues Name/Title
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Summary

The United States faces the possibility of large economic losses from earthquake-damaged
buildings and infrastructure. The Federal Emergency Management Agency has estimated that
earthquakes cost the United States, on average, over $5 billion per year. California, Oregon, and
Washington account for nearly $4.1 billion (77%) of the U.S. total estimated average annualized
loss. California alone accounts for most of the estimated annualized earthquake losses for the
nation.

A single large earthquake, however, can cause far more damage than the average annual estimate.
The 1994 Northridge (CA) earthquake caused as much as $26 billion (in 2005 dollars) in damage
and was one of the costliest natural disasters to strike the United States. One study of the damage
caused by a hypothetical magnitude 7.8 earthquake along the San Andreas Fault in southern
California projected as many as 1,800 fatalities and more than $200 billion in economic losses.
An issue for the 1 1 2 'h Congress is whether existing federally supported programs aimed at
reducing U.S. vulnerability to earthquakes are an adequate response to the earthquake hazard.

Under the National Earthquake Hazards Reduction Program (NEHRP), four federal agencies have
responsibility for long-term earthquake risk reduction: the U.S. Geological Survey (USGS), the
National Science Foundation (NSF), the Federal Emergency Management Agency (FEMA), and
the National Institute of Standards and Technology (NIST). They variously assess U.S.
earthquake hazards, deliver notifications of seismic events, develop measures to reduce
earthquake hazards, and conduct research to help reduce overall U.S. vulnerability to earthquakes.
Congressional oversight of the NEHRP program might revisit how well the four agencies
coordinate their activities to address the earthquake hazard. Better coordination was a concern
that led to changes to the program in legislation enacted in 2004 (P.L. 108-360).

P.L. 108-360 authorized appropriations for NEHRP through FY2009. Total funding enacted from
reauthorization through FY2009 was $613.2 million, approximately 68% of the total amount of
$902.4 million authorized by P.L. 108-360. Congress appropriated $131.2 million for NEHRP in
FY2010, similar to FY2009 funding levels. Also, the American Recovery and Reinvestment Act
(ARRA; P.L. 111-5) provided some additional funding for earthquake activities under NEHRP.
What effect funding at the levels enacted through FY2010 under NEHRP has had on the U.S.
capability to detect earthquakes and minimize losses after an earthquake occurs is difficult to
assess. The effectiveness of the NEHRP program is a perennial issue for Congress: it is inherently
difficult to capture precisely, in terms of dollars saved or fatalities prevented, the effectiveness of
mitigation measures taken before an earthquake occurs. A major earthquake in a populated urban
area within the United States would cause damage, and a question becomes how much damage
would be prevented by mitigation strategies underpinned by the NEHRP program.

Legislation was introduced during the Il"' Congress (H.R. 3820) that would have made changes
to the program and would have authorized appropriations totaling $906 million over five years for
NEHRP. Ninety percent of the funding would have been designated for the USGS and NSF, and
the remainder for FEMA and NIST. The bill passed the House but not the Senate. Similar
legislation will likely be introduced in the 1120"' Congress.
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Introduction

Close to 75 million people in 39 states face some risk from earthquakes. Earthquake hazards are
greatest in the western United States, particularly in California, but also in Alaska, Washington,
Oregon, and Hawaii. Earthquake hazards are also prominent in the Rocky Mountain region and
the New Madrid Seismic Zone (a portion of the central United States), as well as in portions of
the eastern seaboard, particularly South Carolina. Given the potentially huge costs associated with
a large, damaging earthquake in the United States, an ongoing issue for Congress is whether the
federally supported earthquake programs are appropriate for the earthquake risk.

Under the National Earthquake Hazards Reduction Program (NEHRP), the federal government
supports efforts to assess and monitor earthquake hazards and risk in the United States. Four
federal agencies responsible for long-term earthquake risk reduction coordinate their activities
under NEHRP: the U.S. Geological Survey (USGS), the National Science Foundation (NSF), the
Federal Emergency Management Agency (FEMA), and the National Institute of Standards and
Technology (NIST). Congress last made changes to NEHRP in 2004 (P.L. 108-360), and
authorized appropriations through FY2009 for a total of $902.4 million over five years. A bill
introduced in the 1 1 1I" Congress, H.R. 3820 (Title 1), would have made further changes to the
program and authorized appropriations through FY2014, but it was not enacted.

This report discusses:

& NEHRP-the multi-agency federal program to reduce the nation's risk from
earthquakes;

, earthquake hazards and risk in the United States;

* federal programs that support earthquake monitoring;

& the U.S. capability to detect earthquakes and issue notifications and warnings;
and

* federally supported research to improve the fundamental scientific understanding
of earthquakes with a goal of reducing U.S. vulnerability.

National Earthquake Hazards Reduction Program
(NEHRP)

In 1977 Congress passed the Earthquake Hazards Reduction Act (P.L. 95-124) establishing
NEHRP as a long-term earthquake risk reduction program for the United States. The program
initially focused on research, led by USGS and NSF, toward understanding and ultimately
predicting earthquakes. Earthquake prediction has proved intractable thus far, and the NEHRP
program shifted its focus to minimizing losses from earthquakes after they occur. FEMA was
created in 1979 and President Carter designated it as the lead agency for NEHRP. In 1980,
Congress passed the Earthquake Hazards Reduction Act (P.L. 96-472), defining FEMA as the lead
agency and authorizing additional funding for earthquake hazard preparedness and mitigation for
FEMA and the National Bureau of Standards (now NIST).

C /
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A Shift in Program Emphasis to Hazard Reduction

NEHRP's original focus on research to predict earthquakes was changed in 1990, when Congress
enacted P.L. 101-614. Congress decreased the emphasis on earthquake prediction, clarified the
role of FEMA, clarified and expanded the program objectives, and required federal agencies to
adopt seismic safety standards for new and existing federal buildings. In 2004, Congress enacted
P.L 108-360 and adjusted the program again by shifting primary responsibility for planning and
coordinating NEHRP from FEMA to NIST. P.L. 108-360 also established a new interagency
coordinating committee and a new advisory committee, both focused on earthquake hazards
reduction.

The current program activities are focused on four broad areas:

* developing effective measures to reduce earthquake hazards;

* promoting the adoption of earthquake hazard reduction activities by federal,
state, and local governments, national building standards and model building
code organizations, engineers, architects, building owners, and others who play a
role in planning and constructing buildings, bridges, structures, and critical
infrastructure or "lifelines-;)

* improving the basic understanding of earthquakes and their effects on people and
infrastructure, through interdisciplinary research involving engineering, natural
sciences, and social, economic, and decision sciences; and

* developing and maintaining the Advanced National Seismic System (ANSS), the
George E. Brown Jr. Network for Earthquake Engineering Simulation (NEES),
and the Global Seismic Network (GSN).2

The House Science Committee report in the 1 0 8 0h Congress on H.R. 2608 (P.L. 108-360) noted
that NEHRP has produced a wealth of useful information since 1977, but it also stated that the
program's potential has been limited by the inability of the NEHRP agencies to coordinate their
efforts.3 The committee asserted that restructuring the program with NIST as the lead agency,
directing funding towards appropriate priorities, and implementing it as a true interagency
program would lead to improvement.

The 2004 law directed the Director of NIST to chair the Interagency Coordinating Committee.
Other members of the committee include the directors of FEMA, USGS, NSF, the Office of
Science and Technology Policy, and the Office of Management and Budget. The Interagency
Coordinating Committee is charged with overseeing the planning, management, and coordination
of the program. Primary responsibilities for the NEHRP agencies break down as follows (see also
Figure 1):

1Lifelines are essential utility and transportation systems.

2 ANSS is a nationwide network of seismographic stations operated by the USGS. GSN is a global network of stations

coordinated by the Incorporated Research Institutions for Seismology (IRIS, a nonprofit organization). NEES is an
NSF-funded project that consists of 15 experimental facilities and an TI infrastructure with a goal of mitigating
earthquake damage by the use of improved materials, designs, construction techniques, and monitoring tools.
3 U.S. House, Committee on Science, National Earthquake Hazards Reduction Program Reauthorization Act of 2003,
H.Rept. 108-246 (Aug. 14, 2003). p. 13.
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" NIST is the lead NEHRP agency and has primary responsibility for NEHRP
planning and coordination. NIST supports the development of performance-based
seismic engineering tools and works with FEMA and other groups to promote the
commercial application of the tools through building codes, standards, and
construction practices.

FEMA assists other agencies and private-sector goups to prepare and
disseminate building codes and practices for structures and "lifelines", and aids
development of performance-based codes for buildings and other structures.

* USGS conducts research and other activities to characterize and assess
earthquake risks, and (1) operates a forum, using the National Earthquake
Information Center (NEIC), for the international exchange of earthquake
information, (2) works with other NEHRP agencies to coordinate activities with
earthquake reduction efforts in other countries; and (3) maintains seismic hazard
maps in support of building codes for structures and lifelines, and other maps
needed for performance-based design approaches.

NSF supports research to improve safety and performance of buildings,
structures. and lifelines using the large-scale experimental and computational
facilities of NEES and other institutions engaged in research and implementation
of NEHRP.

Figure I. NEHRP Agency Responsibilities and End Users of NEHRP Outcomes
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I

Table 1 shows the authorized and enacted appropriations for NEHRP from FY2005 through
FY2010. The total enacted amount for FY2005-FY2009 was $613.2 million, or 68% of the
$902.4 million total amount authorized in P.L. 108-360 over the five-year span. President Obama

requested a total of $129.7 million for NEHRP in FY2011, even though authorization of
appropriations for the program under P.L. 108-360 expired at the end of FY2009.

Table I.Authorized and Enacted Funding for NEHRP

($ millions)

USGS NSF FEMA NIST Total

FY2005 Authorized 77.0 58.0 21.0 10.0 166.0

Enacted 58.4 53.1 14.7 0.9 127.1

FY2006 Authorized 84.4 59.5 21.6 11.0 176.5

Enacted 54.5 53.8 9.5 0.9 118.7

FY2007 Authorized 85.9 61.2 22.3 12.1 181.5

Enacted 55.4 54.2 7.2 1.7 118.5

FY2008 Authorized 87.4 62.9 23.0 13.3 186.6

Enacted 58.1 53.6 6.1 1.7 119.5

FY2009 Authorized 88.9 64.7 23.6 14.6 191.8

Enacted 61.2 55.0 9.1 4.1 129.4

FY2010 Enacted 62.8 55.3 9.0 4.1 131.2

FY201 I Requested 62.3 54.3 9.0 4.1 129.7

Source: NEHRP program office, at httpl/www.nehrp.gov/pdf/20 I ONEHRPAnnualReport.pdf.

Notes: According to the NEHRP program office, ARRA funds are not included. The FY201 I requested budget is
the estimated portion of the President's budget request that would be allocated for NEHRP activities. The
FY2010 enacted amounts are estimates.

NEHRP Legislation in the 1 1 1 th Congress

Title I of H.R. 3820, the Natural Hazards Risk Reduction Act of 2009, introduced in the II th

Congress. would have made changes to NEHRP and authorized appropriations for the program
through FY2014. The bill was reported by the House Science and Technology Committee on
February 26, 2010, and was passed by the House on March 2. 2010. The Senate did not act on the
bill. The legislation would have retained NIST as the lead NEHRP agency, and authorized total
appropriations of about S906 million over five years. Title 11 of H.R. 3820 would have made
changes to the National Windstorm Impact Reduction Act (first enacted in 2004 as Title II of P.L.

108-360 and modeled after NEHRP), and Title III would have created an interagency
coordinating committee, chaired by the Director of NIST, to oversee the planning and
coordination of both the earthquake and wind hazards programs. The single interagency
coordinating committee would have replaced the two separate interagency committees overseeing
the current earthquake and wind hazards programs.

I,

I- N,
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Earthquake Hazards and Risk

Portions of all 50 states and the District of Columbia are vulnerable to earthquake hazards,
although risks vary greatly across the country and within individual states. Seismic hazards are
greatest in the western United States, particularly in California, Washington, Oregon. and Alaska
and Hawaii. Alaska is the most earthquake-prone state, experiencing a magnitude 7 earthquake
almost every year and a magnitude 8 earthquake every 14 years on average. (See box below for a
description of earthquake magnitude.) Because of its low population and infrastructure density,
Alaska has a relatively low risk for large economic losses from an earthquake. In contrast.
California has more citizens and infrastructure at risk than any other state because of the state's
frequent seismic activity combined with its large population.

United States National Seismic Hazard Map

Figure 2 shows where earthquakes are likely to occur in the United States and how severe the
earthquake magnitude and resulting ground shaking are likely to be. The map in Figure 2 depicts
the potential shaking hazard from future earthquakes. It is based on the frequency at which
earthquakes occur in different areas and how far the strong shaking extends from the source of the
earthquake. In Figure 2, the hazard levels indicate the potential ground motion-expressed as a
percentage of the acceleration due to gravity (g). In a sense, the map shows the likelihood of
where earthquakes could occur, and where the strongest shaking could take place.

Figure 2. Earthquake Hazard in the United States
F-- High~est IraZafd
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Source: USGS Fact Sheet 2008-3018 (April 2008). at httpJ/pubs.usgs.gov/fsI2008/30I 8/pdfIFSO8-30I8_508.pdf.
Modified by CRS.

Note: The bar in the upper right shows the potential ground motion-expressed as a percentage of the
acceleration due to gravity (g)-with up to a I in 50 chance of being exceeded over a 50-year period.
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Figure 2 also shows relatively high earthquake hazard in the Rocky Mountain region, portions of

the eastern seaboard-particularly South Carolina-and a part of the central United States known
as the New Madrid Seismic Zone (see "The New Madrid Seismic Zone" below). Other portions
of the eastern and northeastern United States are also vulnerable to moderate seismic hazard.
According to the USGS, 75 million people in 39 states are subject to "significant risk."-

Earthquake Magnitude and Intensity
Earthquake magnitude is a number that characterizes the relative size of an earthquake. It was historically reported
using the Richrer scale (magnitudes in this report are generally consistent with the Richter scale). Richter magnitude is
calculated from the strongest seismic wave recorded from the earthquake. and is based on a logarithmic (base 10)
scale: for each whole number increase in the Richter scale, the ground motion increases by 10 times. The amount of
energy released per whole number increase, however, goes up by a factor of 32. The moment magniaude scale is
another expression of earthquake size. or energy released during an earthquake, that roughly corresponds to the
Richter magnitude and is used by most seismologists because it more accurately describes the size of very large
earthquakes. Sometimes earthquakes will be reported using qualitative terms, such as Great or Moderate. Generally,
these terms refer to magnitudes as follows: Great (M>8): Major (M>7); Strong (M>6): Moderate (M>5): Light (M>4):
Minor (M>3): and Micro (M<3).

Intensity is a measure of how much shaking occurred at a site based on observations and amount of damage. Intensity
is usually reported on the Modified Mercalli Intensity Scale as a Roman numeral ranging from I (not felt) to XII (total
destruction). The intensity of an earthquake depends on where the earthquake occurs, how it is felt by people. and
the damage it causes. The lower numbers of the Modified Mercalli Intensity Scale generally refer to how the
earthquake is felt by people, and the higher numbers are based on observed structural damage.

Modified Mercalli intensities that are typically observed at locations near the epicenters of earthquakes of different
magnitudes are as follows;

Magnitude 1.0-3.0 Modified Mercalli Intensity I

Magnitude 3.0-3.9 Modified Mercalli Intensity I1-1Il

Magnitude 4.0-4.9 Modified Mercalli Intensity IV-V

Magnitude 5.0-5.9 Modified Mercalli Intensity Vl-VII

Magnitude 6.0-6.9 Modified Mercalli Intensity VII-IX

Magnitude 7.0+ Modified Mercalli Intensity VIII or higher

Source: USGS FAQs. at http'./earthquake.us-s.govllearnmfaq/: and Magnitude/Intensity Comparison, at
httpJ~learthquake.usgs.gov/learrdtopics/mag_vsintpphp.

I._•'

2008 Update to the National Seismic Hazard Map

On April 21. 2008, the USGS released National Seismic Hazards Maps that updated the version
published in 2002.5 Compared to the 2002 version, the new maps indicate lower ground motions

(by 10% to 25%) for the central and eastern United States, based on modifications to the ground-
motion models used for earthquakes. The new maps indicate that estimates of ground motion for
the western United States are as much as 30% lower for certain types of ground motion, called
long-period seismic waves, which affect taller, multi-story buildings. Ground motion that affects

, U.S. Geological Survey, Dept. of the Interior, Earthquake Hazards-A National 77Treat. Fact Sheet 2006-3016,
March 2006. httpJ/pubs.usgs.gov/fs/2006/3016/2006-3016.pdf. During the period 1975-1995, only four states did not
experience detectable earthquakes: Florida, Iowa, North Dakota. and Wisconsin. See USGS Earthquake Hazards
Program. Earthquake Facts, at hnp:/earnhquake. usgs.gov'learn/facts.php.

USGS Fact Sheet 2008-3018. "2008 United States National Seismic Hazard Maps" (April 2008), at
http://pubs.usgs.gov/fsI2008/3018/pdf/FS08-301_508.pdf:
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7 .

'_ .i shorter buildings of a few stories, called short-period seismic waves, is roughly similar to the
2002 maps. The new maps show higher estimates for ground motion for western Oregon and
Washington compared to the 2002 maps, due to new ground motion models for the offshore
Cascadia subduction zone. In formulating the 2008 maps, the USGS gave more weight to the
probability of a catastrophic magnitude 9 earthquake occurring along the Cascadia subduction
zone. The Cascadia subduction zone fault ruptures, on average, every 500 years, and has the
potential to generate destructive earthquakes and tsunamis along the coasts of Washington,
Oregon, and northern California.

Earthquake Forecast for California

According to a report released on April 14, 2008, California has a 99% chance of experiencing a
magnitude 6.7 or larger earthquake in the next 30 years.6 The likelihood of an even larger
earthquake, magnitude 7.5 or greater, is 46%, and such an earthquake would likely occur in the
southern part of the state. The fault with the highest probability of generating at least one
earthquake of magnitude 6.7 or greater over the next 30 years is the San Andreas in southern
California (59% probability); for northern California it is the Hayward-Rodgers Creek fault
(3 1%). The earthquake forecasts are not predictions (i.e., they do not give a specific date or time).
but represent probabilities over a given time period. In addition, the probabilities have variability
associated with them. The earthquake forecasts are known as the "Uniform California Earthquake
Rupture Forecast (UCERF)" and are produced by a working group composed of the USGS, the
California Geological Survey, and the Southern California Earthquake Center.

How Many Earthquakes Occur Each Year?

The USGS estimates that several million earthquakes occur worldwide each year, but the majority
are of small magnitude or occur in remote areas, and are not detectable. More earthquakes are
detected each year as more seismometers' are installed in the world, but the number of large
earthquakes (magnitude greater than 6.0)8 has remained relatively constant. Between 2000 and
2008 there were between 2,261 and 3,876 earthquakes per year in the United States, according to
the National Earthquake Information Center (NEIC). (See Figure 3.)

As Figure 3 shows, about 98% of earthquakes detected each year by the NEIC are smaller than
magnitude 5.0 (light earthquakes); only 63 earthquakes exceeded magnitude 6.0 (strong
earthquakes) for the 10-year period (about 0.2% of the total earthquakes detected), for an average
of about six earthquakes per year of at least 6.0 magnitude. Larger earthquakes, although
infrequent, cause the most damage and are responsible for most earthquake-related deaths. The
great San Francisco earthquake of 1906 claimed an estimated 3,000 lives, as a result of both the
earthquake and subsequent fires. Over the past 100 years, relatively few Americans have died as a
result of earthquakes, compared to citizens in some other countries. 9 Since 1970, three strong

USGS Fact Sheet 2008-3027, "Forecasting Califomia's Earthquakes--What Can We Expect in the Next 30 Years'?"
(2008), at http'/pubs.usgs.gov/fs12008/3027/fs2008-3027.pdf.

Seisnporneters are instruments that measure and record the size and force of seismic waves, essentially sound waves

radiated from the earthquake as it ruptures. Seismometers generally consist of a mass atnached to a fixed base. During
an earthquake, the base moves and the mass does not. and the relative motion is commonly transformed into an
electrical voltage that is recorded. A seismograph usually refers to the seispnometer and the recording device, but the
two terms are often used interchangeably.

8 See USGS "Earthquakes Facts and Statistics" at httpJ/neic.usgs.gov/neisleqlists/eqstats.html#table_2.

9' Estimates of earthquake-related fatalities vary. and an exact tally of deaths and injuries is rare. For more information
(continued...)
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earthquakes (greater than magnitude 6) in the United States were responsible for 188 of the 212
total earthquake-related fatalities. (See Table 2.)

Figure 3. Histogram of the Number of U.S. Earthquakes
from 2000 to 2009 by Magnitude (1.0 to 6.9)
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Source: USGS. "Earthquake Facts and Statistics," at httpilneic.usgs.govlneisleqlistsleqstats.htmI; data as of
January 6, 201 L.
Note: Earthquakes greater than magnitude 7.0 and less than 1.0 are not shown. According to the USGS, 6
earthquakes of magnitude 7.0 or greater occurred in the United States between 2000 and 2009.

Table 2. Earthquakes Responsible for Most U.S. Fatalities Since 1970

Date Location Magnitude Deaths

February 9. 1971 San Fernando Valley, CA 6.6 65

October 18, 1989 Loma Prieta. CA 6.9 63

January 17. 1994 Northridge, CA 6.7 60

Source: USGS. httppJ/earthquake.usgs.gov/earthquakes/states/usdeaths.php.
Note: Other sources report different numbers of fatalities associated with the Northridge earthquake.

Earthquake Fatalities

Since 2000, only two deaths directly caused by earthquakes have occurred in the United States.
both associated with falling debris in Paso Robles (CA) during the December 22, 2003, San
Simeon earthquake of magnitude 6.5. In contrast, earthquakes have been directly or indirectly
responsible for more than 685,000 fatalities in other countries since 2000. 1o Approximately 65%

(...continued)
on the difficulties of counting earthquake-related deaths and injuries, see httpJlearthquake.usgs.gov/regionallworldl
casualty.jotals.php.
10 U.S. Geological Survey. Earthquakes with LO0 or More Deatl/ Since 1900, at http'//earthquake.usgs.gov/

earthquakes/world/worlLdeaths.php. This estimate does not include fatalities from the February 27, 2010, magnitude
8.8 Chilean earthquake, which has resulted in widespread destruction but few fatalities compared to the Indonesian,
(continued...)V
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of those estimated deaths resulted from the December 2004 Indonesian earthquake (and resulting
tsunami) of magnitude 9.1, and the January 2010 magnitude 7.0 earthquake in Haiti.

Estimating Potential Losses from Earthquakes

Estimating the seismic hazard for a region-as in Figure 2-is a first step in assessing risk. As a
second step, shaking hazards maps are often combined with other data, such as the strength of
existing buildings, to estimate possible damage in an area due to an earthquake. A third step in
estimating potential losses would be in assigning value to the infrastructure at risk from
earthquake damage. The combination of seismic risk, population, and vulnerable infrastructure
can help improve the understanding of which urban areas across the United States face risks from
earthquake hazards that may not be immediately obvious from the probability maps of shaking
hazards alone, and what potential economic costs may be at stake.

The 1994 Northridge earthquake was the nation's most damaging earthquake in the past 100
years, preceded five years earlier by the second-most costly earthquake-Loma Prieta.
Comparing losses between different earthquakes, and between earthquakes and other disasters
such as hurricanes, can be difficult because of the different ways losses are calculated.
Calculations may include a combination of insured losses, uninsured losses, and estimates of lost
economic activity.

The United States faces potentially large total losses due to earthquake-caused damage to
buildings and infrastructure and lost economic activity. As urban development continues in
earthquake-prone regions in the United States, concerns are increasing about the exposure of the
built environment, including utilities and transportation systems, to potential earthquake
damage." One estimate of economic loss from a severe earthquake in the Los Angeles area is
over $500 billion."2 Another estimate of economic loss from a hypothetical 6.5 magnitude
earthquake along the heavily populated central New Jersey-Philadelphia corridor would be even
higher-approximately $900 billion. The seismic hazard in the New Jersey-Philadelphia regions,
however, is much lower than in the Los Angeles area, as shown in Figure 2.

Another approach to estimating potential losses is to "normalize" the damage estimates from past
earthquakes by adjusting for inflation, increases in wealth, and changes in population. For
example, adjusting the 1906 San Francisco earthquake and subsequent fire using 2005 dollars
results in between $39 billion and $328 billion in losses, depending on assumptions and
earthquake mitigation measures if that earthquake happened today.13

(...continued)
Pakistan, and Haiti earthquakes.
" FEMA Publication 366, HAZUSMH Estimated Annualized Earthquake Losses for the United States (April 2008), at
http:flwww.fema.gov/library/viewRecord.do?id=3265. Hereafter referred to as FEMA 366.
12 A. M. Best Company Inc., 2006 Annual Earthquake Study: $100 Billion of Insured Loss in 40 Seconds (Oldwick, NJ:

A.M. Best Company, 2006), p. 12. The A. M. Best report includes estimates from catastrophe-modeling companies of
predicted damage from hypothetical earthquakes in Los Angeles. the Midwest, the Northeast, and Japan. The report
cites an estimate by one such company, Risk Management Solutions (RMS), that a hypothetical 7.4 magnitude event
along the Newport-lnglewood Fault near Los Angeles would cause $549 billion in total property damage. A
hypothetical 6.5 magnitude earthquake along a fault between Philadelphia and New York City would produce $901
billion in totd loss, according to an RMS estimate.

/13 Kevin Vranes and Roger Pielke, Jr., "Normalized Earthquake Damage and Fatalities in the United States: 1900-
(continued...)
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Some studies and techniques combine seismic risk with the value of the building inventory"4 and
income losses (e.g., business interruption, wage, and rental income losses) in cities, counties, or
regions across the country to provide estimations of economic losses from earthquakes. An April
2008 report from FEMA calculated that the average annualized loss from earthquakes nationwide
is $5.3 billion, with California, Oregon, and Washington accounting for nearly $4.1 billion (77%)
of the U.S. total estimated average annualized loss.' 5 Table 3 shows metropolitan areas with
estimated average annualized U.S. earthquake losses over $10 million.

Table 3. U.S. Metropolitan Areas with Estimated Annualized Earthquake Losses of
MoreThan $10 Million

(in $ millions)

Rank Metro area AEL Rank Metro area AEL

I Los Angeles-Long Beach-Santa Ana. CA $1.312 23 Reno-Sparks, NV $29

2 San Francisco-Oakland-Fremont. CA $781 24 Charleston-North Charleston, SC $22

3 Riverside-San Bernadino-Ontario. CA $397 25 Columbia, SC $22

4 San Jose-Sunnyvale-Santa Clara. CA $277 26 Stockton. CA $21

5 Seattle-Tacoma. WA $244 27 Atlanta-Sandy Springs-Marietta, GA $19

6 San Diego-Carlsbad-San Marcos. CA $155 28 Bremerton.Silverdale. WA $18

7 Portland-Vancouver-Carlsbad. OR $137 29 Ogden-Clearfield, UT $18

8 Oxnard-Thousand Oaks-Ventura. CA $111 30 Salem. OR $17

9 Santa Rosa-Petaluma, CA $69 31 Eugene-Springfield. OR $17

10 St. Louis, MO-IL $59 32 Napa, CA $16

II Salt Lake City, UT $52 33 San Luis Obispo-Paso Robles, CA $16

12 Sacramento-Arden-Arcade-Roseville, CA $52 34 Nashville-Davidson-Murfreesboro, TN $15

13 Vallejo-Fairfield. CA $40 35 Albuquerque, NM $15

14 Memphis, TN $38 36 Olympia, WA $14

I5 Santa Cruz-Watsonville. CA $36 37 Modesto. CA $13

16 Anchorage, AK $35 38 Fresno, CA $13

17 Santa Barbara-Santa Maria-Goleta. CA $34 39 Evansville. IN-KY $12

18 Las Vegas-Paradise. NV $33 40 Birmingham-Hoover, AL $11

19 Honolulu, HI $32 41 El Centro, CA $11

20 Bakersfield. CA $30 42 Little Rock-North Little Rock, AR $11

21 New York-Northern New Jersey- $30 43 Provo-Orem. UT $10
Long Island, NY

22 Salinas. CA $29

Source FEMA Publication 366, HAZUS MH Esti"mated Annualized Earthquake Losses for the United States (April
2008). Annualized earthquake losses (AEL) calculated in 2005 dollars.

K N

(.. continued)

2005." Natural Hazards Review, vol. 10, no. 3 (August 2009), pp. 84-101.

" Building inventory refers to four main inventory groups: (1) general building stock, (2) essential and high potential
loss facilities, (3) transportation systems, and (4) utility systems (FEMA 366).

" FEMA 366, p. 37.
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Annualized earthquake loss (AEL) addresses two components of seismic risk: the probability of
ground motion and the consequences of ground motion. It enables comparison between different
regions with different seismic hazards and different building construction types and quality. For
example, earthquake hazard is higher in the Los Angeles area than in Memphis, but the general
building stock in Los Angeles is more resistant to the effects of earthquakes. The AEL annualizes
the expected losses by averaging them by year.

A single large earthquake can cause far more damage than the average annual estimate.
Annualized estimates, however, help provide comparisons of infrequent, high-impact events like
damaging earthquakes with more frequently occurring hazards like floods, hurricanes, or other
types of severe weather. The annualized earthquake loss values shown in Table 3 represent future
estimates, and are calculated by multiplying losses from potential future ground motions by their
respective frequencies of occurrence, and then summing these values. i6

Table 3 also shows that annualized earthquake losses in the New York-Northern New Jersey-
Long Island metropolitan area are $30 million (ranked 21 out of 43 metropolitan areas with losses
greater than $1 million per year), even though no destructive earthquakes have struck that area for
generations." This area has a relatively low seismic hazard, but also has an extensive
infrastructure and is densely populated. That combination of seismic risk, extensive
infrastructure, and dense population produces a significant risk to people and structures,
according to some estimates.18

A Decrease in Estimated Loss?

In its most recent publication estimating potential earthquake losses, FEMA noted that the $5.3
billion in annualized earthquake loss nationwide was 21% higher than the $4.4 billion calculated
in FEMA's previous report, published in February 2001.19 However, the 2001 report calculated
losses using 1994 dollars, and when adjusted to reflect 2005 dollars the earlier estimate increased
to $5.6 billion, indicating a small decrease in nationwide annualized earthquake loss potential
since the 2001 report was published. According to FEMA, this loss occurred even though the
national building inventory increased by 50% over this same period.

What factors led to a decreased estimate in potential loss despite growth in building inventory?
According to FEMA, two primary factors were responsible: (1) a slight decrease in estimated
earthquake hazard in the western United States (namely California) except for some parts of
Washington and Utah, and (2) a change in the distribution of building inventory in California,
with an increase in wood frame buildings of 17% and a reduction in the amount of masonry
(-6%), steel (-5.8%), and concrete (-3%) buildings in the state.7 Wood frame buildings are less
vulnerable to earthquake damage, generally, compared to other construction types. Because
California accounts for 66% of the overall nationwide annualized earthquake loss, a 17% increase

16 FEMA 366, p. 10.
1

7 The largest earthquakes in New York. New Jersey, and Massachusetts were. respectively: 1944, Massena, NY,
magnitude 5.8, felt from Canada south to Maryland; 1783, New Jersey, magnitude 5.3, felt from New Hampshire to
Pennsylvania; and 1755, Cape Ann and Boston, MA, intensity of VIII on the Modified Mercalli Scale, felt from Nova
Scotia to Chesapeake Bay (USGS Earthquake Hazards Program).

's USGS Circular 1188, Table 3.
19 FEMA 366, p. 32

Ibid.. p. 32 and p. 36.
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.\ in wood frame buildings had a proportionally large effect. In fact, FEMA attributed 78% of the
loss reduction between 2001 and 2008 to the change in building inventory distribution, and 22%
to the decrease in earthquake hazard for California.2

The New Madrid Seismic Zone

The New Madrid Seismic Zone in the central United States is vulnerable to large but infrequent
earthquakes. A series of large (magnitude greater than 7.0) earthquakes struck the Mississippi
Valley over the winter of 1811-1812, centered close to the town of New Madrid, MO. Some of
the tremors were felt as faraway as Charleston, SC, and Washington, DC. The mechanism for the
earthquakes in the New Madrid zone is poorly understood,2 and no earthquakes of comparable
magnitude have occurred in the area since these events.

Estimating earthquake damage is not an exact science and depends on many factors. As described
above, these are primarily the probability of ground motion occurring in a particular area (see
Figure 2), and the consequences of that ground motion, which are largely a function of building
construction type and quality, and of the level of ground motion and shaking during the actual
event. Such factors contribute to the difficulty of making a reasonable damage estimate for a low-
frequency, high-impact event in the New Madrid region based on the probability of an earthquake
of similar magnitude occurring. This uncertainty has implications for policy decisions to
ameliorate risk, such as setting building codes, and for designing and building structures to
withstand a level of shaking commensurate with the risk. Presumably, the same seismic hazard
should lead to similar building codes in urban areas (e.g., in Figure 2, compare the seismic
hazard for the New Madrid area with portions of California).

Some researchers have questioned whether erring on the side of caution in the New Madrid
Seismic Zone is justified- 3 These researchers challenge whether the benefits of building
structures to conform with the earthquake probability estimates merit the costs, in light of the• 24

uncertainty in making those probability estimates. These analyses may call into question
whether the probability of ground motion estimates for the New Madrid Seismic Zone (the bulls-
eye-shaped area shown in Figure 2 that includes parts of Arkansas, Illinois, Tennessee, and
Missouri), and other regions of the country that experience infrequent earthquakes, are too high.25
A contributing factor to the uncertainty in estimating the earthquake hazard in the New Madrid
Seismic Zone is the small amount of ground motion measured across the major faults, compared
to much faster motions measured across major faults in California. 26 Typically, seismologists

21 Ibid., p. 36.

22 In contrast to California, where earthquakes occur on the active margin of the North American tectonic plate, the
New Madrid seismic zone is not on a plate boundary but may be related to old faults in the interior of the plate,
marking a zone of tectonic weakness.

23 Andrew Newman et al., "Slow Deformation and Lower Seismic Hazard in the New Madrid Seismic Zone," Science,
v. 284 (April 23, 1999), pp. 619-621.
2
4Seth Stein, Joseph Tomasello. and Andrew NewmanA "Should Memphis Build for California's Earthquakes?" Eos, v.

84. no. 19, (May 13. 2003), pp. 177, 184-185.
2 Seth Stein, "Code Red: Earthquake Imminent?" Earth. vol. 54, no. I (January 2009), pp. 52-59.
26 Some researchers measure, for example, less than 2 millimeters of ground motion per year in the New Madrid
Seismic Zone using modern GPS technology. In contrast, motion across the San Andreas Fault in California is about 36
millimeters per year. See Seth Stein, Disaster Deferred: How New Science is Changing Our View of Earthquake
Hazards in the Midwest (New York: Columbia University Press, 2010), pp. 4-5.
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estimate the stress that builds up on a fault by measuring ground motion across the fault: the
faster the motion, the more quickly the stress builds up. The buildup of stress may be ultimately
released in an earthquake during which the rocks on one side of the fault move relative to the
other side. Generally, for fast-moving faults such as the San Andreas Fault, the period of
earthquake recurrence is short compared to faults where the ground motion is relatively slow.

Yet despite the uncertainty raised by some researchers because of the apparent lack of much
ground motion, the USGS attributes a seismic hazard to areas of the New Madrid Seismic Zone
comparable to the most seismically active portions of California (see Figure 2), where
earthquakes are much more frequent, and the mechanisms for generating earthquakes are better
understood. The lack of much ground motion is a confusing factor for scientists trying to
understand the New Madrid Seismic Zone, which experienced three major earthquakes 200 years
ago but does not seem to exhibit much ground motion today. In part because of the 2 0 0 th

anniversary of the three major earthquakes, FEMA is planning a National Level Exercise (NLE
2011) that will focus on a scenario of a catastrophic earthquake in the New Madrid Seismic Zone
and will encompass eight states: Alabama, Arkansas, Kentucky, Illinois, Indiana, Mississippi,
Missouri, and Tennessee. The NLE 2011 will be conducted in May 2011.27

Earthquakes in Haiti, Chile, and Japan-Some Comparisons

The magnitude 8.8 earthquake that struck Chile on February 27, 2010, was over 60 times larger
than the magnitude 7.0 earthquake that destroyed Port-au-Prince, Haiti, less than two months
earlier. Yet the number of deaths and the amount of damage in Haiti far exceeded damage and
fatalities in Chile. The Chile earthquake occurred offshore, and was deeper and farther away from
major cities than the Haiti earthquake; in addition, the infrastructure in Chile-buildings,
highways, bridges-appears to have been built to withstand earthquake shaking far better than
similar infrastructure in Haiti. Japan's magnitude 9.0 earthquake on March 11, 2011, was even
larger and more destructive than the Chile earthquake, but a large portion of the damage was
caused by a powerful tsunami. The three countries faced significant seismic hazards, although the
hazards facing Chile and Japan were arguably better known, because Chile experienced a great
(magnitude 9.5) earthquake in 196028 and Japan experienced a very damaging earthquake in Kobe
in 1995 and has a long history of seismic activity. By contrast, Haiti had last experienced a large
earthquake in 1860 (earthquakes in 1751 and 1770 destroyed Port-au-Prince; the 1860 earthquake
struck farther west). In addition to the seismic hazard, which is a consequence of geology and
plate tectonics, Haiti's vulnerability to earthquake shaking appears to have exceeded Chile's.
Japan's dense population and infrastructure, in particular the nuclear power reactors located on
the northeast coastline close to the epicenter, increased its vulnerability to the March 11
earthquake and tsunami. However, Haiti was at greater risk of fatalities-from the earthquake and
resulting damage to buildings-than Chile or Japan, even though Japan's March 11, 2011,
earthquake was approximately 100 times larger than the Haiti earthquake.

27 See FEMA, National Level Exercise NLE 2011 Private Sector Participation, at httpJ/www.femna.govlprivateseciorl

takeaction.shtm#2.

2 According to the USGS, the May 22, 1960, magnitude 9.5 earthquake was the largest earthquake in the world. See
http:flearthquake.usgs.gov/earthquakestworldleventsl1960-05-22.php.
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January 12, 2010, Magnitude 7.0 Earthquake in Haiti

On Tuesday, January 12, 2010, a magnitude 7.0 earthquake struck Haiti at 4:53 p.m. The
epicenter was located approximately 15 miles west-southwest of Port-au-Prince, and the
earthquake occurred at a depth of about 8 miles, according to the USGS.-9 The relatively shallow
earthquake, and its close proximity to the capital city, exposed millions of Haitians to severe to
violent ground shaking. The earthquake occurred along the Enriquillo-Plantain Garden fault
system, a major east-west trending strike-slip fault system that lies between the Caribbean
tectonic plate and the North American tectonic plate; the Caribbean plate actively moves against
the North American plate and shear stresses are created at the boundary. At a strike-slip fault, the
rocks move past each other horizontally along the fault line (in contrast to a thrust fault, where
rocks on one side of the fault move on top of the rocks on the other side). Other examples of
strike-slip faults are the San Andreas fault in California and the Red River fault in China.

The January 12, 2010, earthquake caused widespread damage in the Port-au-Prince area, causing
approximately 223,000 deaths and 300,000 injuries.i" Also, a series of aftershocks followed the
main earthquake. There were 14 aftershocks greater than magnitude 5, and 36 greater than
magnitude 4, within the first day following the magnitude 7.0 event. Aftershocks have the
potential to cause further damage, especially to structures weakened by the initial large
earthquake. The USGS noted that buildings in the Port-au-Prince area will continue to be at risk
from strong earthquake shaking, and that the fault responsible for the January 12, 2010,
earthquake still stores sufficient strain to be released as a large, damaging earthquake during the
lifetime of structures built during the reconstruction effort.3'

The USGS based its probability estimates on techniques developed to assess earthquake hazards
in the United States. Using these techniques, the USGS estimated that the probability of a
magnitude 7 or greater earthquake occurring within the next 50 years along the Enriquillo fault
near Port-au-Prince is between 5% and 15%. The range of probabilities reflects the current
understanding of the seismicity and tectonics of the Haiti region. By comparison, the USGS has
estimated that that the probability of a magnitude 7 or greater earthquake occurring within the
next 50 years along the Hayward-Rodgers Creek fault east of San Francisco is about 15%.32

February 27,2010, Magnitude 8.8 Earthquake in Chile

A magnitude 8.8 earthquake struck Chile on February 27, 2010, along a subduction zone plate
boundary fault 65 miles north-northeast of the city of Concepcion and offshore of the Chilean
coast. 33 The earthquake occurred at a depth of approximately 22 miles below the seafloor, much
deeper than the earthquake that struck Haiti on January 12, 2010. The city of Concepcion
experienced intensity IX shaking on the Modified Mercalli Intensity Index, corresponding to
considerable damage to specially designed structures, and corresponding to great damage to
"substantial" buildings. The capital city of Santiago, located 200 miles northeast of the epicenter,

29 USGS Earthquake Hazards Program, at hntpJ/earthquake.usgs.govlearthquakes/eqinthenews/2OlO/us2OlOrja6/.

30 See http:/earthquake.usgs.gov/earthquakes/eqinthenews/2010/us2010rja6/#summary.
31 USGS statement, "USGS Updates Assessment of Earthquake Hazard and Safety in Haiti and the Caribbean."
February 23, 2010, at httpJ/www.usgs.govlnewsroomlarticle.asp?ID=2413&from=rsshome.
32 Ibid. However, the USGS also notes that the probability of a magnitude 6.7 or greater earthquake occurring on the
Hayward-Rodgers fault over the next 30 years is 31%.
13 See htipJ/earthquake.usgs.gov/earthquakes/eqinthenews/2010/us20lOtfan/#details.
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experienced intensity VIII shaking corresponding to considerable damage in ordinary substantial
buildings. 4 The earthquake caused an estimated $30 billion in total economic damage.3 5 Over
500 deaths were reported, many from the tsunami generated by the subsea earthquake, and
approximately 1.8 million people were affected.

Because the earthquake occurred offshore, it generated a tsunami, which struck parts of the
Chilean coastline and offshore islands, causing damage and fatalities. Tsunami warnings were
issued by the National Weather Service Pacific Tsunami Warning Center for Hawaii, Japan, and
other regions bordering the Pacific Ocean that may have been vulnerable to a damaging tsunami
wave, although most regions far from the epicenter did not experience any serious damage. A
tsunami caused significant damage to the city of Hilo, Hawaii, following the May 1960
magnitude 9.5 earthquake that also occurred along the subduction zone fault about 143 miles
south of the February 27, 2010, earthquake.6 Why the 1960 earthquake generated a tsunami that
caused damage and fatalities in Hawaii, Japan, and the Philippines, while the 2010 earthquake did
not, is not yet well understood and is being actively studied.

The magnitude 8.8 earthquake occurred along the boundary between the Nazca tectonic plate and
the South American tectonic plate, which converge at a rate of about 3 inches per year. The Nazca
plate is subducting under the South American plate, which rides over the top of the Nazca plate.
In geologic terms, this is known as a thrust fault or megathrust, in contrast to a strike-slip fault,
where the rocks on either side of the fault slide past each other. The San Andreas fault and the
Enriquillo fault that caused the January 2010 Haiti earthquake are strike-slip faults. The
Sumatran-Andaman megathrust fault, which triggered the December 2004 Indonesian earthquake
and tsunami, is a subduction zone fault or megathrust geologically similar to the Nazca-South

/ -- American tectonic plate subduction zone.

March 11, 2011, Magnitude 9.0 Earthquake in Japan

A 9.0 magnitude massive earthquake struck off Japan's northeast coast near Honshu on Friday,
March 11,2011 (12:46 a.m. eastern time in the United States). The earthquake triggered a
tsunami that caused widespread devastation to parts of the coastal regions in Japan closest to the
earthquake epicenter. The epicenter was located about 80 miles east of Sendai, and about 230
miles northeast of Tokyo, and it occurred at a depth of approximately 20 miles beneath the
seafloor.

3 7

The earthquake resulted from thrust faulting along the subduction zone plate boundary between
the Pacific and North America plates, and this is similar tectonically to the motion described for
the 2010 Chile earthquake. Where the earthquake occurred, the Pacific plate is moving westward
and sliding underneath the North America plate at just over 3 inches per year. (See Figure 4.)
This is similar to the convergence rate of the Nazca plate and the South American plate on the
west side of Chile, where the February 27, 2010, earthquake occurred. The convergence zone
between the Pacific plate and North America plate creates an undersea feature known as the Japan
Trench. According to the USGS, tectonic plate motion in the Japan Trench subduction zone has

3 See httpJ/earthquake.usgs.gov/eanhquakes/eqinthenews/2O0Olus2OlOtfan/#summary.
11 Ibid.
3 The Orphan Tsunami of 1700-Japanese Clues to a Parent Earthquake in North America, USGS. Professional Paper
1707, 2005, htzpJ/pubs.usgs.gov/pp/ppl707/.
37 USGS, Earthquake Hazards Program, hrtpJ/earthquake.usgs.gov/earthquakes/eqinthenews/201 1/uscOO01 xgp/.
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0 triggered nine magnitude 7 or greater earthquakes since 1973.38 Also, records indicate that large
offshore earthquakes occurred in the same subduction zone in 1611, 1896, and 1933. each
producing tsunamis that caused great destruction and fatalities? 9 According to records, the 1896
earthquake created tsunami waves of over 100 feet high and a reported death toll of 27,000."o

Figure 4. Image of the Japan Trench and Location of the March 11, 2011, Earthquake

(the Pacific plate is moving west and underneath the North America plate)

C

.- ý

Source: NASA. Earth Observatory. March II. 201 I. http'/learthobservatory.nasa.govlNaturalHazardslview.php?
id=49621.

Notes: Large circle depicts epicenter of the earthquake (upgraded to magnitude 9.0); solid circles indicate
aftershocks, dotted circles indicate foreshocks (smaller earthquakes that occurred prior to the major
earthquake).

J USGS Earthquake Hazards Program. http'/earthquake.usgs.gov/earthquakesteqinthenews/201 l/uscOOOl xgp/
#summary.

'9 Ibid.

*, For more information on the March 11. 2011. Japan tsunami, and the U.S. tsunami monitoring network, see CRS
Report R41686. US. Tsunami Programs: A Brief Ovenriew, by Peter Folger.
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S..Is There a Similar Risk to the United States?

Subduction zone megathrust faults generate the largest earthquakes in the world. The Cascadia
Subduction Zone megathrust that stretches from mid-Vancouver Island in southern British
Columbia southward to Cape Mendocino in northern California has the potential to generate a
very large earthquake, similar in magnitude to the February 2010 Chilean earthquake and the
March 11, 2011, Japan earthquake. The fault's proximity to the northwestern U.S. coastline-
approximately 50-100 miles offshore-also poses a significant tsunami hazard; destructive waves
from a large earthquake along the fault could reach the coast of Oregon and Washington in less
than an hour, possibly in tens of minutes. The Cascadia Subduction Zone fault forms the
boundary between the subducting Juan de Fuca tectonic plate and the overriding North America
plate, very similar to the relationship between the Nazca plate and the South American plate off
the Chilean coast, and the Pacific plate and North America plate east of Japan. If the Cascadia
Subduction Zone megathrust were to "unzip" or rupture along a large section of its entire length,
models indicate that it would likely generate a megathrust earthquake near magnitude 9 or more,
similar to the 1964 Alaskan earthquake, the 1960 and 2010 Chilean earthquakes, the 2004
Indonesian earthquake, and the 2011 Japan earthquake. Scientists have documented that the last
time this occurred along the Cascadia Subduction Zone fault was in 1700. The 1700 earthquake
spawned a tsunami that traveled across the Pacific Ocean and struck Japan. Because of the
similarities in the subduction zone megathrust faults, scientists hope to learn a great deal about
the seismic hazard in the Pacific Northwest by studying the unique strong ground motion
recordings from the 2010 Chilean magnitude 8.8 earthquake and the 2011 Japan earthquake.

Monitoring

Congress authorized the USGS to monitor seismic activity in the United States in the 1990 law
modifying NEHRP (P.L. 101-614). The USGS operates a nationwide network of seismographic
stations called the Advanced National Seismic System (ANSS), which includes the National
Strong-Motion Project (NSMP). Globally, the USGS and the Incorporated Research Institutions
for Seismology (IRIS) operate 140 seismic stations of the Global Seismic Network (GSN) in
more than 80 countries.4 The GSN provides worldwide coverage of earthquakes, including
reporting and research.42

Advanced National Seismic System (ANSS)

According to the USGS, "the mission of ANSS is to provide accurate and timely data and
information products for seismic events, including their effects on buildings and structures,
employing modem monitoring methods and technologies.,,43 If fully implemented, ANSS would
encompass more than 7,000 earthquake sensor systems covering portions of the nation that are
vulnerable to earthquake hazards. As envisioned, the system would consist of dense urban
networks, regional networks, and backbone stations.

41 IRIS is a university research consortium. primarily funded by NSF, that collects and distributes seismographic data.

42 The GSN also monitors nuclear explosions.
43 USGS Earthquake Hazards Program, hrtpJ/eanthquake.usgs.gov/research/monitoringlanss/.
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ANSS Funding

Congress first authorized the ANSS program in P.L. 106-503 at a level of $38 million for FY2002
and $44 million for FY2003. The 2004 reauthorization of NEHRP (EL. 108-360) authorized $30
million for ANSS in FY2005 and then $36 million per year through FY2009. From FY2000
through FY2010, the USGS has spent a total of $68.2 million on ANSS-directed funding,"4

although expenditures have never reached authorized levels since Congress first authorized
appropriations for ANSS. Of the $8.8 million for ANSS-directed funding in FY2009, about $1.5
million was devoted to the development, modernization, and expansion of the system; the
remainder of FY2009 funding was used to operate the existing system.4 5 By the end of 2009, the
USGS and its partners had installed a cumulative total of 886 ANSS earthquake monitoring
stations. 4

The American Recovery and Reinvestment Act (ARRA, P.L. 111-5) provided an additional $19
million for ANSS.47 The ARRA funding for ANSS was provided for modernization of the current
system, and is approximately 70% expended. The remainder of the ARRA funding for ANSS is
expected to be expended by the end of FY201 1.48

Dense Urban Networks

In the original conception for ANSS, approximately 6,000 of the planned stations would have
been installed in 26 high-risk urban areas to monitor strong ground shaking and how buildings
and other structures respond. Currently, five high-risk urban areas have instruments deployed in
sufficient density to generate the data to produce near real-time maps,49 called ShakeMaps, which
can be used in emergency response during and after an earthquake.50 (See "ShakeMap," below.)

Backbone Stations

Approximately 100 instruments comprise the existing "backbone" of ANSS, with a roughly
uniform distribution across the United States, including Alaska and Hawaii. These instruments
provide a broad and uniform minimum threshold of coverage across the country. The backbone
network consists of USGS-deployed instruments and other instruments that serve both ANSS and
the EarthScope project (described below, under "National Science Foundation").

"USGS FY2011 Budget Justification, p. 1-9, at http:lwww.usgs.gov/budget/201 l/greenbook/
FY201 lUSGS._Greenbook.pdf.
45 Email from William Leith, Advanced National Seismic System Coordinator, USGS, December 22, 2009.

46 USGS FY201 I Budget Justification, p. 1-10.
47 USGS FY201 I Budget Justification. p. J-10.

4 E-mail from William Leith, USGS, January 11, 2011.

49 The five urban areas are Los Angeles, San Francisco. Seattle. Salt Lake City, and Anchorage. E-mail from William
Leith. USGS, February 7, 2011.

'0 The number of stations necessary to generate a data-based ShakeMap depends on the urban area and geology, but
roughly correspond to about half the number of planned stations per urban area, at a spacing of about 20 kilometers
between stations. Personal communication. William Leith, USGS, January 11, 2010.
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National Strong-Motion Project (NSMP)

Under ANSS, the USGS operates the NSMP to record seismic data from damaging earthquakes in
the United States on the ground and in buildings and other structures in densely urbanized areas.
The program currently has approximately 1,280 strong-motion51 instruments across the United
States and in the Caribbean. The NSMP has three components: data acquisition, data
management, and research. The near real-time measurements collected by the NSMP are used by
other government agencies for emergency response and real-time warnings. If fully implemented,
the ANSS program would deploy about 3,000 strong-motion instruments. Many of the current
NSMP instruments are older designs and are being upgraded with modem seismometers.

Regional Networks

If ANSS were fully implemented under its original conception, approximately 1,000 new
instruments would replace aging and obsolete stations in the networks that now monitor the
nation's most seismically active regions. The current regional networks contain a mix of modern,
digital, broadband, and high-resolution instruments that can provide real-time data; they are
supplemented by older instruments that may require manual downloading of data. Universities in
the region typically operate the regional networks and will likely continue to do so as ANSS is
implemented.

Global Seismic Network (GSN)

The GSN is a system of broadband digital seismographs arrayed around the globe and designed to
collect high-quality data that are readily accessible to users worldwide, typically via computer.
Currently, 140 stations have been installed in 80 countries and the system is nearly complete,
although in some regions the spacing and location of stations has not fully met the original goal
of uniform spacing of approximately 2,000 kilometers. The system is currently providing data to
the United States and other countries and institutions for earthquake reporting and research, as
well as for monitoring nuclear explosions to assess compliance with the Comprehensive Test Ban
Treaty.

The Incorporated Research Institutions for Seismology (IRIS) coordinates the GSN and manages
and makes available the large amounts of data that are generated from the network. The actual
network of seismographs is organized into two main components, each managed separately. The
USGS operates two-thirds of the stations from its Albuquerque Seismological Laboratory, and the
University of California-San Diego manages the other third via its Project IDA (International
Deployment of Accelerometers). Other universities and affiliated agencies and institutions
operate a small number of additional stations. IRIS, with funding from the NSF, supports all of
the stations not funded through the USGS appropriations. Funding for the GSN is provided via
annual appropriations from the USGS and the National Science Foundation. In addition, the
USGS committed $4.7 million from ARRA funding to the GSN, and NSF committed a similar
portion of its ARRA funding to replace obsolete equipment on GSN stations worldwide.5 2

51 Strong motion seismometers, or accelerometers, are special sensors that measure the acceleration of the ground

during large (>6.0 magnitude) earthquakes.
52 USGS FY2011 Budget Justification, p. J-32. Annual appropriations for GSN totaled approximately $9 million for

FY2009 and reflect the combined appropriations for USGS and NSF. The USGS portion of annual appropriations in
(continued...)
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2Detection, Notification, and Warning

Unlike other natural hazards, such as hurricanes, where predicting the location and timing of
landfall is becoming increasingly accurate, the scientific understanding of earthquakes does not
yet allow for precise earthquake prediction. Instead, notification and warning typically involves
communicating the location and magnitude of an earthquake as soon as possible after the event to
emergency response providers and others who need the information.

Some probabilistic earthquake forecasts are now available that give, for example, a 24-hour
probability of earthquake aftershocks for a particular region, such as California. These forecasts
are not predictions, and are currently intended to increase public awareness of the seismic hazard,
improve emergency response, and increase scientific understanding of the short-term hazard.53 In
the California example, a time-dependent map is created and updated every hour by a system that
considers all earthquakes, large and small, detected by the California Integrated Seismic
Network,- and calculates a probability that each earthquake will be followed by an aftershock 55

that can cause strong shaking. The probabilities are calculated from known behavior of
aftershocks and the possible shaking pattern based on historical data.

When a destructive earthquake occurs in the United States or in other countries, the first reports
of its location, or epicenter,56 and magnitude originate either from the National Earthquake
Information Center (NEIC), or from one of the regional seismic networks that are part of ANSS.
Other organizations, such as universities, consortia, and individual seismologists may also
contribute information about the earthquake after the event. Products such as ShakeMap
(described below) are assembled as rapidly as possible to assist in emergency response and

, jdamage estimation following a destructive earthquake.

National Earthquake Information Center (NEIC)

The NEIC, part of the USGS, is located in Golden, CO. Originally established as part of the
National Ocean Survey (U.S. Department of Commerce) in 1966, the NEIC was made part of the
USGS in 1973. With data gathered from the networks described above and from other sources,
the NEIC determines the location and size of all destructive earthquakes that occur worldwide
and disseminates the information to the appropriate national or international agencies,
government public information channels, news media, scientists and scientific groups, and the
general public.

(...continued)
FY2010 was $5.8 million.
53 USGS Open-File Report 2004-1390, and California 24-hour Aftershock Forecast Map, at
httpJI/pasadenawr.usgs.gov/stepl.
9 The California Integrated Seismic Network is the California region of ANSS; see httpY/www.cisn.orgl.

55 Earthquakes typically occur in clusters, in which the earthquake with the largest magnitude is called the main shock,
events before the main shock are called foreshocks. and those after are called aftershocks. See also
hntpJ/pasadenawr.usgs.gov/step/afiershocks.html.
56 The epicenter of an earthquake is the point on the earth's surface directly above the hypocenter. The hypocenier is

the location beneath the earth's surface where the fault rupture begins.
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With the advent of the USGS Earthquake Notification Service (ENS), notifications of earthquakes
detected by the ANSS/NEIC are provided free to interested parties. Users of the service can
specify the regions of interest, establish notification thresholds of earthquake magnitude,
designate whether they wish to receive notification of aftershocks, and even set different
magnitude thresholds for daytime or nighttime to trigger a notification.

The NEIC has long-standing agreements with key emergency response groups, federal, state, and
local authorities, and other key organizations in earthquake-prone regions who receive automated
alerts-typically location and magnitude of an earthquake-within a few minutes of an event in
the United States. The NEIC sends these preliminary alerts by email and pager immediately after
an earthquake's magnitude and epicenter are automatically determined by computer.57 This initial
determination is then checked by around-the-clock staff who confirm and update the magnitude
and location data. 58 After the confirmation, a second set of notifications and confirmations are
triggered to key recipients by email, pager, fax, and telephone.

For earthquakes outside the United States, the NEIC notifies the State Department Operations
Center, and often sends alerts directly to staff at American embassies and consulates in the
affected countries, to the International Red Cross, the U.N. Department of Humanitarian Affairs,
and other recipients who have made arrangements to receive alerts.

ShakeMap

Traditionally, the information commonly available following a destructive earthquake has been
epicenter and magnitude, as in the data provided by the NEIC described above. Those two

" , parameters by themselves, however, do not always indicate the intensity of shaking and extent of
damage following a major earthquake. Recently, the USGS developed a product called ShakeMap
that provides a nearly real-time map of ground motion and shaking intensity following an
earthquake in areas of the United States where the ShakeMap system is in place. Figure 5 shows
an example of a ShakeMap.

The maps produced portray the extent of damaging shaking and can be used by emergency
response and for estimating loss following a major earthquake. Currently, ShakeMaps are
available for northern California, southern California, the Pacific Northwest, Nevada, Utah,
Hawaii, and Alaska.59

With improvements to the regional seismographic networks in the areas where ShakeMap is
available, new real-time telemetry from the region, and advances in digital communication and
computation, ShakeMaps are now triggered automatically and made available within minutes of
the event via the web. In addition, better maps are now available because of recent improvements
in understanding the relationship between the ground motions recorded during the earthquake and
the intensity of resulting damage. If databases containing inventories of buildings and lifelines are
available, they can be combined with shaking intensity data to produce maps of estimated
damage. The ShakeMaps have limitations, especially during the first few minutes following an

" Stuart Simkin, NEIC, Golden. CO, telephone conversation, Nov. 4. 2006.
8 In early 2006, the NEIC implemented an around-the-clock operation center and seismic event processing center in

response to the Indonesian earthquake and resulting tsunami of December 2004. Funding to implement 24/7 operations
was provided by P.L 109-13.

59 ShakeMaps for some areas outside the United States are also available. See htlp'//earthquake.usgs.gov/eqcenter/
shakemap'.
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earthquake before additional data arrive from distributed sources. Because they are generated
automatically, the initial maps are preliminary, and may not have been reviewed by experts when
first made available. They are considered a work in progress. but are deemed to be very
promising, especially as more modern seismic instruments are added to the regional networks
under ANSS and computational and telecommunication abilities improve.

Figure 5. Example of a ShakeMap

CISN ShakeMap: 37.1 krn (23.1 mi) WNW of Ferndale, CA
Sal Jan 9. 2010 04:27:39 PM PST M 6.5 N40.65 W124.69 Detlh: 29.3km ID:71338066
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Source: USGS, http'/earthquake.usgs.gov/eqcenterlshakemap/ncdshake/71338066!.

Note: Earthquake occurred 23.1 miles west-northwest of Ferndale, CA, at 4:27 p.m. onJanuary 9, 2010, with a
magnitude of 6.5. The star indicates the epicenter of the earthquake. Viewed on January 12, 2010.
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Prompt Assessment of Global Earthquakes for Response (PAGER)

Another USGS product that is designed to provide nearly real-time earthquake information to
emergency responders, government agencies, and the media is the Prompt Assessment of Global
Earthquakes for Response, or PAGER, system.'1' This automated system rapidly assesses the
number of people, cities, and regions exposed to severe shaking by an earthquake, and generally
makes results available within 30 minutes. Following the determination of earthquake location
and magnitude, the PAGER system calculates the degree of ground shaking using the
methodology developed for ShakeMap, estimates the number of people exposed to various levels
of shaking, and produces a description of the vulnerability of the exposed population and
infrastructure. The vulnerability includes potential for earthquake-triggered landslides, which
could be devastating, as was the case for the huge May 12, 2008, earthquake in Sichuan, China.
The automated and rapid reports produced by the PAGER system provide an advantage compared
to the traditional accounts from eye-witnesses on the ground or media reports, because
communications networks may have been disabled from the earthquake. Emergency responders,
relief organizations, and government agencies could make plans based on PAGER system reports
even before getting "ground-truth" information from eye-witnesses and the media.6' Figure 6
shows an example of PAGER output for the January 12. 2010, magnitude 7.0 earthquake in Haiti.

Pre-disaster Planning: HAZUS-MH

FEMA developed a methodology and software program called the Hazards U.S. Multi-Hazard
(HAZUS-MH)6 2 The program allows a user to estimate losses from damaging earthquakes,
hurricane winds, and floods before a disaster occurs. The pre-disaster estimates could provide a
basis for developing mitigation plans and policies, preparing for emergencies. and planning
response and recovery. HAZUS-MH combines existing scientific knowledge about earthquakes
(for example. ShakeMaps, described above), engineering information that includes data on how
structures respond to shaking, and geographic information system (GIS) software to produce
maps and display hazards data including economic loss estimates. The loss estimates produced by
HAZUS-MH include

" physical damage to residential and commercial buildings. schools, critical
facilities, and infrastructure:

* economic loss, including lost jobs, business interruptions, repair and
reconstruction costs: and

* social impacts. including estimates of shelter requirements. displaced households.
and number of people exposed to the disaster.

In addition to furnishing information as part of earthquake mitigation efforts, HAZUS-MH can
also be used to support real-time emergency response activities by state and federal agencies after
a disaster. Twenty-seven HAZUS-MH user groups-cooperative ventures among private, public,
and academic organizations that use the HAZUS-MH software-have formed across the United
States to help foster better-informed risk management for earthquakes and other natural hazards. 63

""OSee the USGS Earthquakes Hazards Program for more information, at httpifearthquake.usgs.gov/eanhquakesfpager/.

61 See also USGS Fact Sheet 2007-3101 at htp:H/pubs.usgs.gov/fs/200713101/.

See hnp://www.fema.gov/plan/prevent/hazus/hz overview.shtm.

,: See httpJ/www.hazus.org/.

Congressional Research Service 23

FM 853 of 2929



Earthquakes: Risk, Detection, WarninQ, and Research

Figure 6. Example of PAGER Output for the January 12, 2010,
Magnitude 7.0 Haiti Earthquake
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though some resistant structures exist. On June 24, 1984 (UTC), a magnitude 6.7 earthquake 329 km
East of this one struck the Dominican Republic, with estimated population exposures of 320,000 at
intensity VII and 2,964,000 at intensity Vi. resulting in an estimated 5 fatalities. Recent earthquakes in
this area have caused landslides that may have contributed to losses.

The ~ww ~wmas mwafunmy guwwakW u'd ts flA bsw, rue~ewd by a sesudogis

http.Jlearthquake.usgs.govlpager Event ID: us2010rja6

Source: USGS. httpJ/earthquakeusg.sgovvearthquakes/pager/events/us/20IOrja6/onepager.pdf.

Note: This is version 7 of the PAGER output accessed on January 14. 2010.
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Research-Understanding Earthquakes

U.S. Geological Survey

Under NEHRP, the USGS has responsibility for conducting targeted research into improving the
basic scientific understanding of earthquake processes. The current earthquake research program
at the USGS covers six broad categories:6

Borehole geophysics and rock mechanics: studies to understand heat flow, stress,
fluid pressure, and the mechanical behavior of fault-zone materials at
seismogenic65 depths to yield improved models of the earthquake cycle;

* Crustal deformation: studies of the distortion or deformation of the earth's
surface near active faults as a result of the motion of tectonic plates;

Earthquake geology and paleoseismology: studies of the history, effects, and
mechanics of earthquakes;

* Earthquake hazards: studies of where, why, when, and how earthquakes occur;

* Regional and whole-earth structure: studies using seismic waves from
earthquakes and man-made sources to determine the structure of the planet
ranging from the local scale, to the whole crust, mantle, and even the earth's
core; and

. Strong-motion seismology, site response, and ground motion: studies of large-
amplitude ground motions and the response of engineered structures to those
motions using accelerometers.

National Science Foundation

NSF supports fundamental research into understanding the earth's dynamic crust. Through its
Earth Sciences Division (part of the Geosciences Directorate), NSF distributes research grants
and coordinates programs investigating the crustal processes that lead to earthquakes around the
globei.

6

EarthScope

In 2003, NSF initiated a Major Research Equipment and Facilities Construction (MREFC) project
called EarthScope that deploys instruments across the United States to study the structure and
evolution of the North American Continent, and to investigate the physical processes that cause
earthquakes and volcanic eruptions. 67 EarthScope is a multi-year project begun in 2003 that is
funded by NSF and conducted in partnership with the USGS and NASA.

" See httpJ/earthquake.usgs.govlresearch/.

6 Seismogenic means capable of generating earthquakes.

6See htrpJlwww.nsf.gov/div/ndex.jspdiv=-EAR.
67 See httpi/www.earthscope.orgl.
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K j• EarthScope instruments are intended to form a framework for broad, integrated studies of the
four-dimensional (three spatial dimensions, plus time) structure of North America. The project is
divided into three main programs:

* The San Andreas Fault Observatory at Depth (SAFOD), a deep borehole
observatory drilled through the San Andreas fault zone close to the hypocenter of
the 1966 Parkfield, CA, magnitude 6 earthquake;

" The Plate Boundary Observatory (PBO), a system of GPS arrays and
strainmeters(a that measure the active boundary zone between the Pacific and
North American tectonic plates in the western United States; and

" USArray, 400 transportable seismometers that will be deployed systematically
across the United States on a uniform grid to provide a complete image of North
America from continuous seismic measurements.

SAFOD and PBO are in place and providing data to the seismological community. USArray is
progressing across North America and is also furnishing real-time data to seismologists. The
portable array currently covers the midsection of the United States and is moving east. The
installation plan calls for completing the portable array by 2013.6

Network for Earthquake Engineering Simulation

Through its Engineering Directorate, NSF funds the George E. Brown Jr. Network for Earthquake
Engineering Simulation (NEES), a project intended to operate until 2014, aimed at understanding
the effects of earthquakes on structures and materials. 70 To achieve the program's goal, the NEES
facilities conduct experiments and computer simulations of how buildings, bridges, utilities,

.i coastal regions, and materials behave during an earthquake. In the first six years of operations
since 2004, 160 multiyear projects have been completed or are in progress under NEES.7'

Conclusion

At present earthquakes can be neither accurately predicted nor prevented, and in its 1990
reauthorization NEHRP shifted its program emphasis from prediction to hazard reduction. The
program's focus has been on understanding the earthquake hazard and its risk to populations and
infrastructure in the United States, developing effective measures to reduce earthquake hazards,
and promoting the adoption of earthquake hazards reduction measures in vulnerable areas.

A strainmeter is a tool used by seismologists to measure the motion of one point relative to another.

69 See http://www.usarray.org/maps.

'0 Management for NEES has been headquartered at Purdue University's Discovery Park since October 1, 2009.
Institutions participating in NEES include Cornell University, Lehigh University; Oregon State University;, Rensselaer
Polytechnical Institute; University of Buffalo-State University of New York; University of California-Berkeley;
University of California-Davis; University of California-Los Angeles; University of California-San Diego; University
of California-Santa Barbara; University of Colorado-Boulder; University of Illinois at Urbana-Champaign; University
of Minnesota; University of Nevada-Reno; and University of Texas at Austin. See httpJ/www.nees.org/.
71 See http.Inees.org/about.
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Legislation to modify NEHRP in the 10 8 " Congress (P.L. 108-360) reflected congressional
concerns about how well the four NEHRP agencies coordinated their efforts to maximize the
program's potential. If legislation is introduced in the I 12'h Congress to modify the program and
reauthorize appropriations, Congress may consider evaluating how effectively the agencies have
responded to Congress's direction in P.L. 108-360 to improve coordination since 2004.

In the 11 1 h Congress, legislation introduced to make changes to NEHRP, H.R. 3820,
reemphasized that approach but cast it in terms of hazard mitigation by stating that a major goal
for the program should be "to reduce the loss of life and damage to communities and
infrastructure through increasing the adoption of hazard mitigation measures." The bill further
emphasized the social aspects of mitigating earthquake hazards, calling for research to better
understand institutional, social, behavioral, and economic factors that influence how risk
mitigation is implemented, in addition to the traditional research into understanding how, why,
and where earthquakes occur.

The emphasis on mitigation proposed by H.R. 3820 in the 111 h Congress reflects at least two
fundamental challenges to increasing the nation's resiliency to earthquakes, and to most other
major natural hazards such as hurricanes and major floods. The first is to assess whether social,
behavioral, and economic factors can be understood in sufficient degree to devise strategies that
influence behavior to mitigate risk posed by the hazard. Put simply, what motivates people and
communities to adopt risk mitigation measures that address the potential hazard? A second
challenge, which is more squarely an issue for Congress, is how to measure the effectiveness of
NEHRP more quantitatively. It is inherently difficult to capture precisely, in terms of dollars
saved or fatalities prevented, the effectiveness of mitigation measures taken before an earthquake
occurs. A major earthquake in a populated urban area within the United States would cause
damage, and a question becomes how much damage would be prevented by mitigation strategies
underpinned by the NEHRP program.

A precise relationship between earthquake mitigation measures, NEHRP and other federal
earthquake-related activities, and reduced losses from an actual earthquake may never be
possible. However, as more accurate seismic hazard maps evolve, as understanding of the
relationship between ground motion and building safety improves, and as new tools for issuing
warnings and alerts such as ShakeMap and PAGER are devised, trends denoting the effectiveness
of mitigation strategies and NEHRP activities may emerge more clearly. Without an ability to
precisely predict earthquakes, Congress is likely to face an ongoing challenge in determining the
most effective federal approach to increasing the nation's resilience to low-probability but high-
impact natural hazards, such as major earthquakes.

Author Contact Information

Peter Folger
Specialist in Energy and Natural Resources Policy
pfolger@crs.loc.gov, 7-1517
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Sosa, Belkys

From:
, ' nt:

3ubject:

Sosa, Belkys
Friday, March 18, 2011 9:41 AM
Apostolakis, George
Accepted: NRC All-Hands Meeting to Address the Nuclear Crisis in Japan
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Sosa. Belkys

From: Collins, Elmo
Friday, March 18, 2011 10:55 AM
Sosa, Belkys
RE: Congressional Correspondence

Thank you
Elmo

From: Sosa, Belkys
Sent: Friday, March 18, 2011 9:17 AM
To: Apostolakis, George; Davis, Roger; Snodderly, Michael; Baggett, Steven; Collins, Elmo
Subject: FYI: Congressional Correspondence

Another Itr from Boxer. Thanks, - Belkys

From: Champ, Billie
Sent: Friday, March 18, 2011 10:12 AM
To: Batkin, Joshua; Monninger, John; Sharkey, Jeffry; Sosa, Belkys; Bubar, Patrice; Nieh, Ho
Cc: Vietti-Cook, Annette
Subject: Congressional Correspondence

The attached letter has been assigned as follows:

EDO to Prepare Response for Chairman's Signature...Date due Comm: April 8 ...Cpy to: RF, OCA to Ack....11-0126
,-.,,MMISSION CORRESONDENCE

I have attached for your information a letter from Senators Boxer and Carper dated March 17, 2011 re: Risks posed to
nuclear reactors in the U.S.

1ie , a. eepa0
Atawsc 17, 2011

. "We

WWOMOMOV11"o
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Sciia. Belkys NfOPBtDstsR
From:

int:

J.oubJect:
Attachments:

Sosa, Belkys
Friday, March 18, 2011 10:36 AM'
Apostolakis, George; Snodderly. Michael; Baggett,-Steven; Davis, Roger
FYI: Incoming Congressional Correspondence
03-16-11 Letter to Jackson and Jaczko.pdf

fyi

From: McKelvin, Sheila
Sent: Friday, March 18, 2011 10:32 AM
To: Batkin, Joshua; Monninger, John; Bradford, Anna; Sharkey, Jeffry; Sosa, Belkys; Bubar, Patrice; Nieh, Ho
Cc: Vietti-Cook, Annette; Jaegers, Cathy; Clayton, Kathleen; McKelvin, Sheila; Champ, Billie
Subject: Incoming Congressional Correspondence

The assignment for the attached document is as follows:

... To EDO to Prepare Response for Chairman's Signature... Date due Comm: 04/08... Copy to: RF, OCA to Ack... 11-0125
Commission Correspondence

sta tcJxdw, stey
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March 16, 2011

Lisa Jackson
Administrator
Environmental Protection Agency
US EPA Ariel Rios Building
1200 Pennsylvania Ave, NW
Washington, DC 20004

Gregory Jaczko
Chairman
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Dear Administrator Jackson and Chairman Jaczko,

I write to inquire about the potential risk to U.S. West Coast communities from the
explosions and release of radiation from the Fukushima Daiichi nuclear facility in Japan.
In a region that is already breathing air pollution from China, my constituents are
concerned about radiation contamination from the facility reaching the West Coast.

While a number of experts have indicated that contamination in the U.S. as a result of the
Japanese catastrophe is unlikely, I would like to better understand the agencies'
contingency plans and your plan for disseminating information to concerned citizens. At
your earliest convenience, please respond to me with the following information:

e What is the U.S. Government doing to monitor radiation levels over the
Pacific?
e What steps is the Government taking to plan for a scenario in which radiation is
elevated to unsafe levels?
9 How does the Government plan to provide information about this potential risk
to citizens?

Thank you for your attention to this request. I look forward to being able to assure my
constituents that the U.S. Government has a plan and to be able to tell them where they
can find more information about the situation.

f/Jjfjg:f! :4!~
Earl Blumenauer
Member of Congress

)
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From: Apostolakis, George
Friday, March 18, 2011 11:18 AM
Sosa, Belkys; Snodderly, Michael
FW: Diablo Canyon

Do we need anything?

Commissioner George Apostolakis
US Nuclear Regulatory Commission
One White Flint North, MS 016 G4
11555 Rockville Pike
Rockville, MD 20852

(301) 415-1810

--- Original Message-
From: Conway, John Tmailto:itch@xge.com1
Sent: Friday, March 18, 2011 11:08 AM
To: Apostolakis, George
Subject: Diablo Canyon

If there is any information you would like in advance of your visit, please feel free to ask. I look forward to
seeing you.

'ohn Conway CNO

7 J
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Sosa, Belkys ~GYf0~B~IGE
From: Snodderly, Michael
•ent: Friday, March 18,2011 11:41 AM

Wittick, Brian
Sosa, Belkys; Davis, Roger; Franovich, Mike; Castleman, Patrick; Orders, William;
Hipschman, Thomas; Marshall, Michael

Subject: Request for Info

Brian,

I understand that there may be a table that was used to support the recent congressional hearings that shows
the seismic design basis, and perhaps the design basis for other external events, for a number of US plants.
Would it possible to get a copy of this table?

Are you aware of a description of the Fukushima plants and their seismic design bases? The Commissioner is
preparing for a trip to visit San Onofre this Tuesday with Senators Finestein and Boxer. This info would be
helpful in preparing for this trip.

Finally, longer term, Commissioner Apostolakis would like to set up a briefing on how the NRC considers
external events with an emphasis on seismic events. The Commissioner is aware of seismic design bases,
such as the safe shutdown earthquake and operational basis earthquake, and that the staff looks at many
external events through IPEEE and external PRAs. The Commissioner would like to have a discussion with
cognizant staff to understand the similarities and differences between these approaches to external events and
how they are used to form the licensing basis of the plant. More specifically, has the staff considered any of
these events in conjunction with others, such as an earthquake and a Tsunami.

ke Snodderly
ý-echnical Assistant for Reactors
to Commissoner Apostolakis
U. S. Nuclear Regulatory Commission

Phone: 301-415-2241
Email: michael.snoddertvy(nrc.a ov
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Sosa, Belkys

From: Marshall, Michael
Friday, March 18, 2011 11:44 AM

i ,: Snodderly, Michael
__ ••: Sosa, Belkys; Davis, Roger, Franovich, Mike; Castleman, Patrick; Orders, William;

Hipschman, Thomas; Wittick, Brian; Wamick, Greg
Subject: RE: Request for Info
Attachments: OBE SSE question (3).xlsx

Mike,

Attached is the table provided to the Chairman.

Michael L. Marshall, Jr.
Policy Advisor for Reactors
Office of the Chairman
U.S. Nuclear Regulatory Commission

Phone: 301-415-1750
Email: michael.marshallkWnrc.gov

From: Snodderly, Michael
Sent: Friday, March 18, 2011 11:41 AM
To: Wittick, Brian
Cc: Sosa, Belkys; Davis, Roger; Franovich, Mike; Castleman, Patrick; Orders, William; Hipschman, Thomas;
Marshall, Michael

- Subject: Request for Info

i --- ' Brian,

I understand that there may be a table that was used to support the recent congressional hearings that
shows the seismic design basis, and perhaps the design basis for other external events, for a number
of US plants. Would it possible to get a copy of this table?

Are you aware of a description of the Fukushima plants and their seismic design bases? The
Commissioner is preparing for a trip to visit San Onofre this Tuesday with Senators Finestein and
Boxer. This info would be helpful in preparing for this trip.

Finally, longer term, Commissioner Apostolakis would like to set up a briefing on how the NRC
considers external events with an emphasis on seismic events. The Commissioner is aware of seismic
design bases, such as the safe shutdown earthquake and operational basis earthquake, and that the
staff looks at many external events through IPEEE and external PRAs. The Commissioner would like
to have a discussion with cognizant staff to understand the similarities and differences between these
approaches to external events and how they are used to form the licensing basis of the plant. More
specifically, has the staff considered any of these events in conjunction with others, such as an
earthquake and a Tsunami.

Mike Snodderty
Technical Assistant for Reactors

,-•, to CommissonerApostolakis
U. S. Nuclear Regulatory Commission

Phone: 301-415-2241
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Sosa, Belkys

From: Sosa, Belkys
" nt: Friday, March 18. 2011 2:50 PM

Snodderly, Michael; Baggett, Steven; Davis, Roger
•-Subject: Query: NYTimes com: Early Questions After Japan

What could be GA's high level response to the following issue?

"One of the first questions is whether current evacuation plans are robust enough. The Nuclear Regulatory

Commission requires plant operators to alert the public within a io-mile radius if a dangerous plume of

radioactivity will be heading their way, and local officials decide whether to order an evacuation. The

American Embassy in Japan, based on advice from Washington regulators, has told Americans there to

evacuate to a radius of about 50 miles from the Fukushima plant.

Why wouldn't a worst-case accident here merit the same caution? The difficulty, of course, is that some

plants - including Indian Point north of New York City - are within 50 miles of millions of people.

Regulators will need to clarify this discrepancy or start coming up with more ambitious evacuation plans."

From: emailthlscams3.laa2.nvtimes.com rmailto:emailthis(ams3.lga2.nvtimes.comI On Behalf Of aoQ la(&mit.Ldu
Sent: Friday, March 18, 2011 1:47 PM
To: Sosa, Belkys
Subject: NYTlmes.com: Early Questions After Japan

NOT MR Ue~CUOSCLOSURE;
-Euwrk Mato E-Mail This

This page was sent to you by: apostola(@,mit.edu

Message from sender:

We will need to have a position on the issues this editorial
raises. GA.

OPINION I March 18, 2011

Editorial: Early Questions After Japan
Nations around the world are looking at the safety of their
nuclear reactors, as they should.

C y 201 The N•w York Tiffe CoMwMl I P oVA v

N---

\,,•, •1
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S-NOT FORPUB9C DISCLOSURESosa, Belky/s

From: Davis, Roger
Friday, March 18, 2011 5:21 PM
Sosa, Belkys; Baggett, Steven; Snodderly, Michael

\.ibJect: RE: Commissioner Briefing Package

Thanks. I have no comments on or objections to the two briefing packages that will serve as background for

the Commissioner's visit to San Onofre and his meeting with the Senators and others there.

Roger

P.S.

I note that the purpose section of the Exe. Summary for the Diablo visit still suggests that Cmr. Apostolakis is
visiting Diablo Canyon though he is not listed in the NRC attendees that follows immediately thereafter.

From: Sosa, Belkys
Sent: Friday, March 18, 2011 5:05 PM
To: Davis, Roger; Baggett, Steven; Snodderly, Michael
Subject: FW: Commissioner Briefing Package

Here is the briefing package for the site visit with Senators. Please review and comment.

Roger, please let me know if there are any issues that need to be deleted given the adjudicatory proceedings.

(`-•,,anks,

•._Jikys

From: Hay, Michael
Sent: Friday, March 18, 2011 4:27 PM
To: Sosa, Belkys; Powell, Amy
Subject: Commissioner Briefing Package

Belkys and Amy,
Attached are two briefing packages, for San Onofre and Diablo Canyon.

This weekend I will send you both another document that will contain 'draft" answers to a recently submitted
letter from Senator Boxer to the NRC asking us a number of things. As previously discussed, these answers
are not the "official" NRC response, but should prepare Elmo and the Commissioner for general discussion on
the topics should they develop.

Belkys, please be aware that there may be some information related to Diablo Canyon that may need to be
withheld from Commissioner Apostolakis based on its relationship to license renewal and his involvement in
that process. I'll let you and council deal with that.

If you need anything else please don't hesitate to call or send me an email.

Mike Hay

'Thief/DRS

3
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Apostolakis, George

-.crom: Snodderly, Michael
, nt: Friday, March 18, 2011 5:11 PM

Apostolakis, George
:Sos, Belkys; Baggett, Steven; Davis, Roger

Subject: B.5.b Description

Commissioner,

Below please find a good 3 paragraph abstract on B.5.b from ADAMS Accession # m10929904170.

After the terrorist attacks on September 11, 2001, the NRC promptly assessed the potential for deliberate
attacks using large commercial aircraft on NRC-licensed facilities, the physical effects of such a strike on the
facility, and the potential for such strikes to result in large, rapid releases of radioactive material to the
environment. Using state-of-the-art structural and fire analyses, NRC staff and national experts from several
U.S. Department of Energy laboratories conducted these assessments. The NRC also consulted with other US
Government agencies and industry representatives. For the commercial power reactor facilities analyzed, the
results confirmed that the likelihood is low that such strikes could both damage the reactor core and release
radioactivity that could affect public health and safety. The results of the studies gave the NRC information
which it incorporated into Security Advisories and implementing guidance issued to power reactor licensees to
further reduce this risk and enhance safety and security.

On February 25, 2002, the NRC issued EA-02-026, 'Order for Interim Safeguards and Security Compensatory
Measures' (referred to here as the lCM Order), which modified current operating licenses for commercial
power reactor facilities to require compliance with specified interim safeguards and security compensatory
-easures. Section B.5.b of the ICM Order requires licensees to adopt mitigation strategies using readily
'ailable resources to maintain or restore core cooling, containment, and spent fuel pool cooling capabilities to

',_jpe with the loss of large areas of the facility due to large fires and explosions from any cause, including
beyond-design-basis aircraft impacts. Following issuance of the ICM Order, the staff met and corresponded
with industry representatives on many occasions in an attempt to clarify the implementing details for the
mitigating strategies required by Section B.5.b of the ICM Order. During the period from October 2002 to
October 2003 the staff performed an inspection at each site to evaluate the adequacy of the mitigating
strategies licensees had implemented to address the ICM Order. Based on the results of these inspections the
staff determined that additional guidance should be developed. The staff worked with industry representatives
to develop this additional guidance which included insights gained through NRC ongoing research and lessons
learned from security assessments. On February 25, 2005, the staff forwarded a letter to all power reactor
licensees, which provided guidance for implementing Section B.5.b of the ICM Order. This guidance was
further refined in a series of interactions with industry representatives. By August 2007, all operating power
reactor licensees had implemented the guidance via commitments and in new conditions of their operating
licenses. By December 2008, the NRC staff had completed licensing reviews and onsite inspections to verify
implementation of the licensee actions.

On March 27, 2009, the NRC amended Title 10 of the Code of Federal Regulations (10 CFR) Part 50,
'Domestic Licensing of Production and Utilization Facilities,' Part 52, "Licenses, Certifications, and Approvals
for Nuclear Power Plants,* and Part 73, *Physical Protection of Plants and Materials," with new requirements
published in the Federal Register dated March 27, 2009 (74 FR 13926). The purpose of this amendment was
to make security requirements similar to those previously imposed by the Commission Orders issued after the
terrorist attacks of September 11, 2001, generically applicable to operating reactors and new reactors. The
staff has implemented guidance for inspection of these requirements on a routine basis at operating reactors.

s 'The staff has also prepared interim staff guidance for review of combined license applications for new reactors.

'Ae Snodderly r r PUB, Y -- ' -
Technical Assistant for Reactors -.
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to Commissoner Apostolakis
U. S. Nuclear Regulatory Commission

,---hone: 301-415-2241
.inail: michael.snodderlvy(nrc.aov
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Lake Barrett, 3/20/11

Lastly I need to tell you about what I think was a very unfortunate poor decision by NRC
Chairman Jaczko to recommend that the US government order that all US persons follow an 80
KM exclusion zone. In my view this was inappropriate because I believe they over relied on
conservative worse case computer models and did not appropriately consider realistic risk, did
not apparently consider that an 80km radius virtually cut off north south transport, and did not
consider sufficiently the duress the population there is already under from the earthquake and
lack of basic services. The way the NRC applied the 1 Rem Protective Action Guideline was
overly conservative and I don't think they considered the ramifications of their actions on the
Japanese people. In my professional judgment it is technically unjustifiable and caused an
unnecessary extra burden on the Japanese people who are already suffering from the terrible
natural disaster there. I believe the US should just follow the Japanese precautionary measures
which I believe is sufficient and appropriate for the situation. When in Rome do as the Romans
do and when in Japan do as the Japanese do unless you have proof they are wrong. I believe
the Japanese are right and the US is unrealistic and plain wrong. It is my view, the US .... ,
govemment should immediately retract the 80km evacuation notice and apologize to the
Japanese people for any confusion they may have caused.

This NRC/Administration poor judgment made the Japanese government mad, just as it should
have. What are Japanese citizens to think if they knew that the American government stated
that people in the 20 to 80Km ring were not safe being there? Fortunately the Japanese
government and press kindly did not publish the foolish American order so that I don't think the
Japanese people are aware of what the US did. It is like a when a good friend does something

( bad to you, it is best to just ignore the transgression and pretend that it did not happen. Such
\.•> behavior could never happen in the US, if the Japanese had done this to us. But that is a

cultural issue I won't go into here. But let me just say that I am ashamed of what my
Government has done and more ashamed that they have not yet corrected the inconsiderate
action.

Of course the haughty Europeans were just as bad as they panicked being first to leave the
country. At least the UN World Health Organization released the following sensible statement
yesterday trying to counter the US and Europeans. The said:

UPDATE AS OF 09:00 P.M. EDT, FRIDAY, MARCH 18:

A World Health Organization spokesman said that radiation levels outside the 20-
kilometer (12-mile) evacuation zone around the Fukushima Dalichi nuclear plant In
Japan are not harmful for human health. He said the WHO finds no public health
reason to avoid travel to unaffected areas in Japan or to recommend that foreign
nationals leave the country. He also said there is no risk that exported Japanese
foods are contaminated with radiation.
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-OSp-USUWCIDWEDavis, Roqer

Subject:
Attachments:

Snodderly, Michael
Monday, March 21, 2011 4:14 PM
Baggett, Steven; Davis, Roger
COMGBJ-11-002 for comment
COM GBJ1 1-0002 GA Comments.docx

Please see attached for your review and comment.

Thanks,

Mike Snodderly
Technical Assistant for Reactors
to Commissoner Apostolakis
U. S. Nuclear Regulatory Commission

Phone: 301-415-2241
Email: michael.snodderly(Dnrc.gov
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INICIRIPi
a m a g uImmediate Release

"- March 26, 2011

Fukushima Nuclear Reactor Accident

The National Council on Radiation Protection and Measurements (NCRP) is actively advising U.S. fed-
eral and state agencies as they assist the Japanese government in their response to the Fukushima nu-
clear reactor accident. NCRP is also working closely with members of the media (i.e., television, radio
and print) to provide timely and accurate information related to the potential human and environmental
health impacts of releases of radionuclides from the damaged reactors and spent fuel pools.

Once the situation in Japan is stabilized, the focus will shift to late-phase recovery and site restoration. In
2010, NCRP formed a scientific committee to define the process and procedures to be used in optimizing
recovery and restoration following a radiological or nuclear incident. This effort is being funded by the
U.S. Department of Homeland Security with an emphasis on incidents involving radiological dispersal
devices and improvised nuclear devices.

The next meeting of the NCRP Committee on April 11-12, 2011 has been expanded to include a discus-
sion of the Fukushima nuclear reactor accident. Members of the Committee are actively monitoring the
situation and assembling relevant information to be discussed at the meeting. The lessons learned sec-
tion of the report will include this accident.

NCRP has published a number of important reports that provide guidance at each phase of a nuclear or
radiological accident.

Human Health
. Report No. 161, Management of Persons Contaminated with Radionuclides
* Report No. 159, Risk to the Thyroid from lonizing Radiation
* Report No. 116, Limitation of Exposure to Ionizing Radiation

Environmental Health
" Report No. 154, Cesium-137 in the Environment: Radioecology and Approaches to

Assessment and Management
" Report No. 109, Effects of Ionizing Radiation on Aquatic Organisms
" Report No. 52, Cesium from the Environment to Man: Metabolism and Dose

Emergency Response
* Commentary No. 19, Key Elements of Preparing Emergency Responders for Nuclear and

Radioloqical Terrorism

Immediately following the Fukushima nuclear reactor accident, NCRP made Commentary No. 10,
Advising the Public About Radiation Emerencies, available for free download from its website
(http:/HNCRPonline.or ).

All NCRP reports and commentaries are available from the NCRP website, http://NCRPpublications.orq.
For additional information contact David A. Schauer, ScD, CHP at schauerOaNCRPonline.orq,
301.657.2652 (x20) or 301.907.8768 (fax).

The National Council on 7910 Woodmont Avenue. Suite 400
Radiation Protection and Bethesda. Maryland 20814-3095
Measurements Telephone; (301) 657-2652

Fax. (301) 907-8768
http://NCRPonline. org
httpd/NCpzblicAtionca rg
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Apostolakis, George

England, Kristin F [kengland@utk.edul
Monday, March 28, 2011 4:22 PM
Panel Discussion Webcast on Japan Nuclear Events

On March 11, 2011, a magnitude 9.0 earthquake struck the northeast coast of Japan, followed by a tsunami that
inundated the coast. Following the initial events, multiple loss of cooling incidents at several Japanese nuclear
power reactors caused an ongoing crisis.

On Tuesday, March 29, 6:00 - 8:00 pm, a panel of experts from academia, the national laboratory community,
industry, and radiological emergency response will discuss the earthquake- and tsunami-caused nuclear events.
The panel discussion, which is open to the public, will be in The Tennessee Auditorium in the Carolyn P.
Brown Memorial University Center on the University of Tennessee Campus, Knoxville, TN. The Panel
Moderator will Professor Howard Hall, UTK Department of Nuclear Engineering and the Howard H. Baker
Center for Public Policy. The panel discussion will be webcast in real time. You can view the live webcast
of this presentation at the following link -
http://160.36.161.128/UTK/Viewer/?peid= 125414c34db64c9ab995a592f4fd5 fa0. You must have a media
player such as Windows Media installed on your computer.

We will also accept questions from the Internet for the panelists. Please email your questions to
howard.hallaWutk.edu, and please provide your name and affiliation in your email message.

i"

/K)-
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Apostolakis, George

-~.. om:England, Kristin F [kengland@utk.edu]
-t: Tuesday, March 29, 2011 10:47 AM

"\'_. bject: Panel Discussion Webcast on Japan Nuclear Events: UPDATE

UPDATE

On March 11,2011, a magnitude 9.0 earthquake struck the northeast coast of Japan, followed by a tsunami that
inundated the coast. Following the initial events, multiple loss of cooling incidents at several Japanese nuclear
power reactors caused an ongoing crisis.

On Tuesday, March 29, 6:00 - 8:00 pm, a panel of experts from academia, the national laboratory community,
industry, and radiological emergency response will discuss the earthquake- and tsunami-caused nuclear events.
The panel discussion, which is open to the public, will be in The Tennessee Auditorium in the Carolyn P.
Brown Memorial University Center on the University of Tennessee Campus, Knoxville, TN. Panelists will
include Jeff Chapman, President of Knoxville Chapter of the American Nuclear Society; Russell "Rusty" West,
VP of Nuclear Operations, TVA; Lawrence Townsend, Robert M. Condra Professor of Nuclear Engineering,
UTK;. Al Wiley, Director of the Oak Ridge Institute of Science and Education (ORISE) Radiation Emergency
Assistance Center/Training Site (REAC/TS); Tom Rucker, President of the East Tennessee Health Physics
Society; Daniel Hollenbach, SpectraTech; Howard Hall, Professor and UTK/ORNL Governor's Chair in
Nuclear Security. The Panel Moderator will be Professor Howard Hall. The panel discussion will be webcast
in real time. You can view the live webcast of this presentation at the following link -
http://H60.36.161.1 28/UTKNiewer/?veid= 125414c34db64c9ab995a592f4fd5fa0. You must have a media

,<layer such as Windows Media installed on your computer.

•;/J will also accept questions from the Internet for the panelists. Please email your questions to
howard.hall(utk.edu, and please provide your name and affiliation in your email message.
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Apostolakis, George

"ore: Costas Synolakis [costas@usc.edu]
it: Tuesday, March 29, 2011 4:16 PM

apostola@mit.edu
Su•bject: Just in case you haven't seen these AP and Reuters

Sorry to add to your woes, but you may find these stories of interest,

http://www.washington post-com/world/a p-impact-laPan-utility-used-bad-assumptions-to-conclude-nuclear-plant-was-
safe-from-tsunami/2011/03/27/AFVzEi[B stor/.htmi

http://www.nyi.mes.com/2011/03/27/world/asia/27nuke.html? r=I &emc=eta 1

and the Japanese response, about 2 hours ago as reported by AP, then the latest from Reuters - a fast evolving
story. The AP story reprinted in the Washington Post yesterday got it right, they had evaluated the safety of the
NPP only four months ago and had concluded "we assessed and confirmed the safety of the nuclear power
plant". The Reuters story refers to an earlier assessment.

Japan vows to review nuclear safety standards

By MARI YAMAGUCHI and YURI KAGEYAMA, Associated Press Mari Yamaguchi And
Yuri Kageyama, Associated Press 1 hr 27 mins ago

TOKYO - Japan's government vowed Tuesday to overhaul nuclear safety standards once its
radiation-leaking reactor complex is under control, admitting that its safeguards were insufficient
to protect the plant against the March 11 tsunami.

The struggle to contain radiation at the complex has unfolded with near-constant missteps -

including two workers drenched Tuesday with radioactive water despite wearing supposedly
waterproof suits. The unfolding drama has drawn increasing criticism of the utility that owns the
plant as well as scrutiny of Japan's preparedness for nuclear crises.

"Our preparedness was not sufficient," Edano told reporters. "When the current crisis is over, we
must examine the accident closely and thoroughly review" safety standards.

An AP investigation found that Tokyo Electric Power Co. officials had dismissed scientific
evidence and geological history that indicated that a massive earthquake - and subsequent
tsunami - was far more likely than they believed.

That left the complex with nowhere near enough protection against the March 11 tsunami.

A massive offshore earthquake triggered the tsunami that slammed into Japan's northeast, wiping
out towns, killing thousands of people and knocking out power and backup systems at the coastal
nuclear power plant

More than 11,000 bodies have been recovered, but officials say the final death toll is expected to
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exceed 18,000. Hundreds of thousands of people remain homeless, their homes and livelihoods
destroyed. Damage could amount to $310 billion - the most expensive natural disaster on
record.

The mission to stabilize the power plant has been fraught with setbacks, as emergency crews
have dealt with fires, explosions and radiation scares in the frantic bid to prevent a complete
meltdown.

The plant has been leaking radiation that has made its way into vegetables, raw milk and tap
water as far away as Tokyo. Residents within 12 miles (20 kilometers) of the plant have been
ordered to leave and some nations have banned the imports of food products from the Fukushima
region.

Highly toxic plutonium was the latest contaminant found seeping into the soil outside the plant,
TEPCO said Monday.

Safety officials said the amounts did not pose a risk to humans, but the finding supports

suspicions that dangerously radioactive water is leaking from damaged nuclear fuel rods.

"The situation is very grave," Edano told reporters Tuesday.

Workers succeeded last week in reconnecting some parts of the plant to the power grid. But as
they pumped in water to cool the reactors and nuclear fuel, they discovered numerous pools of
radioactive water, including in the basements of several buildings and in trenches outside of
them.

) The contaminated water has been emitting four times as much radiation as the government
considers safe for workers. It must be pumped out before electricity can be restored and the
regular cooling systems powered up.

That has left officials struggling with two crucial but contradictory efforts: pumping in water to
keep the fuel rods cool and pumping out contaminated water.

Officials are hoping tanks at the complex will be able to hold the water, or that new tanks can be
trucked in. On Tuesday, officials from the Nuclear Safety Commission, an expert panel of
nuclear watchdogs, said other possibilities include digging a storage pit for the contaminated
water, recycling it back into the reactors or even pumping it to an offshore tanker.

The latest mishap came Tuesday, when three workers trying to connect a pump outside the Unit
3 reactor were splashed by radioactive water that gushed from a pipe. Though they were wearing
suits meant to be waterproof and protect against high levels of radiation, nuclear safety official
Hidehiko Nishiyama said the men were soaked to their underwear with the contaminated water.

They quickly washed it off and were not injured, officials said.

Last week, two workers were hospitalized with burns after they were issued ankle-high
protective boots to walk into highly radioactive knee-high water.

) Such incidents have led to increased criticism of the utility company.

Nikkei, Japan's top business newspaper, called it "outrageous" that TEPCO had been slow to
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release information about trenches outside the reactors filled with contaminated water.

On Monday, Edano blasted TEPCO for a major miscalculation that saw company officials
•-• announce a wildly high radiation level at the plant over the weekend, only to back away a half-

) day later, saying it had been an error. "This sort of mistake is not something that can be
forgiven," he said.

Prime Minister Naoto Kan, meanwhile, reiterated in a speech to parliament that Japan was
grappling with its worst problems since World War II.

"This quake, tsunami and the nuclear accident are the biggest crises for Japan" in decades, said
Kan, dressed in one of the blue work jackets that have become ubiquitous among bureaucrats
since the tsunami. He said the crises remained unpredictable, but added: "We will continue to
handle it in a state of maximum alert."

Kan has faced increasing criticism from opposition lawmakers over the handling of a nuclear
disaster stretching into a third week.

"We cannot let you handle the crisis," lawmaker Yosuke Isozaki said in parliament. "We cannot
let you be in charge of Japan's crisis management."

From Reuters, a few minutes ago,

-'-,,,ial Report - Engineers knew tsunami could overwhelm plant
'in Krolicki, Scott DiSavino and Taro Fuse, Reuters March 30, 2011, 7:18 am

TOKYO (Reuters) - Over the past two weeks, Japanese government officials and Tokyo Electric Power
executives have repeatedly described the deadly combination of the most powerful quake in Japan's history and
the massive tsunami that followed as "soteigai," or beyond expectations.

When Tokyo Electric President Masataka Shimizu apologised to the people of Japan for the continuing crisis at
the Fukushima Daiichi nuclear plant he called the double disaster "marvels of nature . that we have never
experienced before."

But a review of company and regulatory records shows that Japan and its largest utility repeatedly downplayed
dangers and ignored warnings - including a 2007 tsunami study from Tokyo Electric Power Co's senior safety
engineer.

"We still have the possibilities that the tsunami height exceeds the determined design height due to the
uncertainties regarding the tsunami phenomenon," Tokyo Electric researchers said in a report reviewed by
Reuters.

The research paper concluded that there was a roughly 10 percent chance that a tsunami could test or overrun
the defences of the Fukushima Daiichi nuclear power plant within a 50-year span based on the most

/ ',servative assumptions.

z•ut Tokyo Electric did nothing to change its safety planning based on that study, which was presented at a
nuclear engineering conference in Miami in July 2007.
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Meanwhile, Japanese nuclear regulators clung to a model that left crucial safety decisions in the hands of the
utility that ran the plant, according to regulatory records, officials and outside experts.

long examples of the failed opportunities to prepare for disaster, Japanese nuclear regulators never demanded
tlat Tokyo Electric reassess its fundamental assumptions about earthquake and tsunami risk for a nuclear plant
built more than four decades ago. In the i 990s, officials urged but did not require that Tokyo Electric and other
utilities shore up their system of plant monitoring in the event of a crisis, the record shows.

Even though Japan's Nuclear and Industrial Safety Agency, (NISA) one of the three government bodies charged
with nuclear safety, catalogued the damage to nuclear plant vent systems from an earlier earthquake, it did not
require those to be protected against future disasters or hardened against explosions.

That marked a sharp break with safety practices put in place in the United States in the 1980s after Three Mile
Island, even though Japan modelled its regulation on U.S. precedents and even allowed utilities to use American
disaster manuals in some cases.

Ultimately, when the wave was crashing in, everything came down to the ability of Tokyo Electric's front-line
workers to carry out disaster plans under intense pressure.

But even in normal operations, the regulatory record shows Tokyo Electric had been cited for more dangerous
operator errors over the past five years than any other utility. In a separate 2008 case, it admitted that a 17-year-
old worker had been hired illegally as part of a safety inspection at Fukushima Daiichi.

"It's a bit strange for me that we have officials saying this was outside expectations," said Hideaki Shiroyama, a
/-` fessor at the University of Tokyo who has studied nuclear safety policy. "Unexpected things can happen.

it's the world we live in."

He added: "Both the regulators and TEPCO are trying to avoid responsibility."

Najmedin Meshkati, a professor of civil and environmental engineering at the University of Southern
California, said the government's approach of relying heavily on Tokyo Electric to do the right thing largely on
its own had clearly failed.

"The Japanese government is receiving some advice, but they are relying on the already badly stretched
resources of TEPCO to handle this," said Meshkati, a researcher of the Chernobyl disaster who has been critical
of the company's safety record before. "Time is not on our side."

The revelation that Tokyo Electric had put a number to the possibility of a tsunami beyond the designed
strength of its Fukushima nuclear plant comes at a time when investor confidence in the utility is in fast retreat.

Shares in the world's largest private utility have lost almost three-fourth of their value -- $30 billion -- since the
March 11 earthquake pushed the Fukushima Dalichi nuclear plant into crisis. Analysts see a chance the utility
will be nationalized by the Japanese government in the face of mounting liability claims and growing public
frustration.

AN 'EXTREMELY LOW RISK

tsunami research presented by a Tokyo Electric team led by Toshiaki Sakai came on the first day of a three-
>:*y conference in July 2007 organized by the International Conference on Nuclear Engineering.
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It represented the product of several years of work at Japan's top utility, prompted by the 2004 earthquake off
the coast of Sumatra that had shaken the industry's accepted wisdom. In that disaster, the tsunami that hit
Indonesia and a dozen other countries around the Indian Ocean also flooded a nuclear power plant in southern
-`,ý,;,a. That raised concerns in Tokyo about the risk to Japan's 55 nuclear plants, many exposed to the dangerous

~s .t in order to have quick access to water for cooling.

Tokyo Electric's Fukushima Daiichi plant, some 240 km (150 miles) northeast of Tokyo, was a particular
concern.

The 40-year-old nuclear complex was built near a quake zone in the Pacific that had produced earthquakes of
magnitude 8 or higher four times in the past 400 years -- in 1896, 1793, 1677 and then in 1611, Tokyo Electric
researchers had come to understand.

Based on that history, Sakai, a senior safety manager at Tokyo Electric, and his research team applied new
science to a simple question: What was the chance that an earthquake-generated wave would hit Fukushima?
More pressing, what were the odds that it would be larger than the roughly 6-metre (20 feet) wall of water the
plant had been designed to handle?

The tsunami that crashed through the Fukushima plant on March 11 was 14 meters high.

Sakai's team determined the Fukushima plant was dead certain to be hit by a tsunami of one or two meters in a
50-year period. They put the risk of a wave of 6 metres or more at around 10 percent over the same time span.

In other words, Tokyo Electric scientists realised as early as 2007 that it was quite possible a giant wave would
overwhelm the sea walls and other defences at Fukushima by surpassing engineering assumptions behind the

-t's design that date back to the 1960s.

\6mpany Vice President Sakae Muto said the utility had built its Fukushima nuclear power plant "with a
margin for error" based on its assessment of the largest waves to hit the site in the past.

That would have included the magnitude 9.5 Chile earthquake in 1960 that killed 140 in Japan and generated a
wave estimated at near 6 meters, roughly in line with the plans for Fukushima Daiichi a decade later.

"It's been pointed out by some that there could be a bigger tsunami than we had planned for, but my
understanding of the situation is that there was no consensus among the experts," Muto said in response to a
question from Reuters.

Despite the projection by its own safety engineers that the older assumptions might be mistaken, Tokyo Electric
was not breaking any Japanese nuclear safety regulation by its failure to use its new research to fortify
Fukushima Daiichi, which was built on the rural Pacific coast to give it quick access to sea water and keep it.
away from population centres.

"There are no legal requirements to re-evaluate site related (safety) features periodically," the Japanese
government said in a response to questions from the United Nations nuclear watchdog, the International Atomic
Energy Agency, in 2008.

In fact, in safety guidelines issued over the past 20 years, Japanese nuclear safety regulators had all but written
1 11 the risk of a severe accident that would test the vaunted safety standards of one of their 55 nuclear reactors, a

( )pillar of the nation's energy and export policies.

That has left planning for a strategy to head off runaway meltdown in the worst case scenarios to Tokyo Electric
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in the belief that the utility was best placed to handle any such crisis, according to published regulations.

Tn December 2010, for example, Japan's Nuclear Safety Commission said the risk for a severe accident was
-tremely low" at reactors like those in operation at Fukushima. The question of how to prepare for those

K%_,harios would be left to utilities, the commission said.

A 1992 policy guideline by the NSC also concluded core damage at one of Japan's reactors severe enough to
release radiation would be an event with a probability of once in 185 years. So with such a limited risk of
happening, the best policy, the guidelines say, is to leave emergency response planning to Tokyo electric and
other plant operators.

PREVENTION NOT CURE

Over the past 20 years, nuclear operators and regulators in Europe and the United States have taken a new
approach to managing risk. Rather than simple defences against failures, researchers have examined worst-case
outcomes to test their assumptions, and then required plants to make changes.

They have looked especially at the chance that a single calamity could wipe out an operator's main defence and
its backup, just as the earthquake and tsunami did when the double disaster took out the main power and backup
electricity to Fukushima Daiichi.

Japanese nuclear safety regulators have been slow to embrace those changes.

Japan's Nuclear and Industrial Safety Agency (NISA), one of three government bodies with responsibility for
safety policy and inspections, had published guidelines in 2005 and 2006 based on the advances in regulation

,.--<7where but did not insist on their application.

'tince, in Japanese safety regulation, the application of risk information is scarce in experience. (the)
guidelines are in trial use," the NISA said.

Japanese regulators and Tokyo Electric instead put more emphasis on regular maintenance and programs
designed to catch flaws in the components of their ageing plants.

That was the thinking behind extending the life of the No. I reactor at Fukushima Daiichi, which had been
scheduled to go out of commission in February after a 40-year run.

But shutting down the reactor would have made it much more difficult for Japan to reach its target of deriving
half of its total generation of electricity from nuclear power by June 2010 -- or almost double its share in 2007.

The Ministry of Economy, Trade and Industry (METI) figured it could reach the target by building at least 14
new nuclear plants, and running existing plants harder and longer. Fukushima's No. 1 reactor was given a 10-
year extension after Tokyo Electric submitted a maintenance plan.

Safety regulators, who also belong to METI, did not require Tokyo Electric to rethink the fundamental safety
assumptions behind the plant. The utility only had to insure the reactor's component parts were not being worn
down dangerously, according to a 2009 presentation by the utility's senior maintenance engineer.

/.t kind of thinking - looking at potential problems with components without seeing the risk to the overall
It -- was evident in the way that Japanese officials responded to trouble with backup generators at a nuclear

ý,ctor even before the tsunami.
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On four occasions over the past four years, safety inspectors from Japan and the International Atomic Energy
Agency (IAEA) were called in to review failures with backup diesel generators at nuclear plants.

/ -'Tune 2007, an inspector was dispatched to Fukushima's No. 4 reactor, where the backup generator had caught

K\ ) after a circuit breaker was installed improperly, according to the inspector's report.

"There is no need of providing feedback to other plants for the reason that no similar event could occur," the
June 2007 inspection concluded.

The installation had met its safety target. Nothing in that report or any other shows safety inspectors questioned
the placement of the generators on low ground near the shore where they proved to be at highest risk for
tsunami damage at Fukushima Daiichi.

"GET OUT, GET OUT"

Japanese nuclear regulators have handed primary responsibility for dealing with nuclear plant emergencies to
the utilities themselves. But that hinges on their ability to carry them out in an actual crisis, and the record
shows that working in a nuclear reactor has been a dangerous and stressful job in Japan even under routine
conditions.

Inspectors with Japan's Nuclear Energy Safety Organisation have recorded 18 safety lapses at Tokyo Electric's
17 nuclear plants since 2005. Ten of them were attributed to mistakes by staff and repairmen.

They included failures to follow established maintenance procedures and failures to perform prescribed safety
checks. Even so, Toyko Electric was left on its own to set standards for nuclear plant staff certification, a

.ition some TAEA officials had questioned in 2008.

-xii'Mvarch 2004, two workers in Tokyo Electric's Fukushima Daini plant passed out when the oxygen masks they
were using - originally designed for use on an airplane - began leaking and allowed nitrogen to seep into their
air supply.

The risks also appear to have made it hard to hire for key positions. In 2008, Toshiba admitted it had illegally
used six employees under the age of 18 as part of a series of inspections of nuclear power plants at Tokyo
Electric and Tohoku Electric. One of those minors, then aged 17, had participated in an inspection of the
Fukushima Daiichi No. 5 reactor, Tokyo Electric said then.

The magnitude 9.0 quake struck on Friday afternoon of March 11 -- the most powerful in Japan's long history of
them -- pushed workers at the Fukushima plant to the breaking point as injuries mounted and panic took hold.

Hiroyuki Nishi, a subcontractor who had been moving scaffolding inside Reactor No. 3 when the quake hit,
described a scene of chaos as a massive hook came crashing down next to him. "People were shouting 'Get out,
get out!'" Nishi said. "Everyone was screaming."

In the pandemonium, workers pleaded to be let out, knowing a tsunami was soon to come. But Tokyo Electric
supervisors appealed for calm, saying each worker had to be tested first for radiation exposure. Eventually, the
supervisors relented, threw open the doors to the plant and the contractors scrambled for high ground just ahead
of the tsunami.

,/,r the wave receded, two employee were missing, apparently washed away while working on unit No. 4.
contractors were treated for leg fractures and two others were treated for slight injuries. A ninth worker

was being treated for a stroke.
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In the chaos of the early response, workers did not notice when the diesel pumps at No. 2 ran out of fuel,
allowing water levels to fall and fuel to become exposed and overheat. When the Fukushima plant suffered its

. nd hydrogen blast in three days the following Monday, Tokyo electric executives only notified the prime
t )~iister's office an hour later. Seven workers had been injured in the explosion along with four soldiers.

An enraged Prime Minister Naoto Kan pulled up to Tokyo Electric's headquarters the next morning before
dawn. "What the hell is going on?" reporters outside the closed-door discussion reported hearing Kan demand
angrily of senior executives.

Errors ofjudgement by workers in the hot zone and errors of calculation by plant managers hampered the
emergency response a full week later as some 600 soldiers and workers struggled to contain the spread of
radiation.

On Thursday, two workers at Fukushima were shuttled to the hospital to be treated for potential radiation bums
after wading in water in the turbine building of reactor No. 3. The workers had ignored their radiation alarms
thinking they were broken.

Then Tokyo electric officials pulled workers back from an effort to pump water out of the No. 2 reactor and

reported that radiation readings were 10 million times normal. They later apologized, saying that reading was
wrong. The actual reading was still 100,000 times normal, Tokyo Electric said.

The government's chief spokesman was withering in his assessment. "The radiation readings are an important
part of a number of important steps we're taking to protect safety," Chief Cabinet Secretary Yukio Edano told
reporters. "There is no excuse for getting them wrong."

NTS AND GAUGES

Although U.S. nuclear plant operators were required to install "hardened" vent systems in the 1980s after the
Three Mile Island incident, Japan's Nuclear Safety Commission rejected the need to require such systems in
1992, saying that should be left to the plant operators to decide.

A nuclear power plant's vent represents one of the last resorts for operators struggling to keep a reactor from
pressure that could to blow the building that houses it apart and spread radiation, which is what happened at
Chernobyl 25 years ago. A hardened vent in a U.S. plant is designed to behave like the barrel on a rifle, strong
enough to withstand an explosive force from within.

The U.S. Nuclear Regulatory Commission concluded in the late 1980s that the General Electric designed Mark I

reactors, like those used at Fukushima, required safety modifications.

The risks they flagged, and that Tokyo did not heed, would come back to haunt Japan in the Fukushima crisis.

First, U.S. researchers concluded that a loss of power at one of the nuclear plants would be one of the "dominant
contributors" to the most severe accidents. Flooding of the reactor building would worsen the risks. The NRC
also required U.S. plants to install "hard pipe" after concluding the sheet-metal ducts used in Japan could make
things much worse.

F- ' nting via a sheet metal duct system could result in a reactor building hydrogen burn," researchers said in a
.jirt published in November 2008.

In the current crisis, the failure of the more vulnerable duct vents in Fukushima's No. 1 and No. 3 reactors may
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have contributed to the hydrogen explosions that blew the roof off the first and left the second a tangled hulk of
steel beams in the first three days of the crisis.

F- >' plant vents, which connect to the big smokestack-like towers, appear to have been damaged in the quake or
)tsunami, one NISA official said.

Even without damage, opening the vulnerable vents in the presence of a build-up of hydrogen gas was a known
danger. In the case of Fukushima, opening the vents to relieve pressure was like turning on an acetylene torch
and then watching the flame "shoot back into the fuel tank," said one expert with knowledge of Fukushima who
asked not to be identified because of his commercial ties in Japan.

Tokyo Electric began venting the No. I reactor on March 12 just after 10 a.m. An hour earlier the pressure in
the reactor was twice its designed limit. Six hours later the reactor exploded.

The same pattern held with reactor No. 3. Venting to relieve a dangerous build-up of pressure in the reactor
began on March 13. A day later, the outer building - a concrete and steel shell known as the "secondary
containment" -- exploded.

Toshiaki Sakai, the Tokyo Electric researcher who worked on tsunami risk, also sat on a panel in 2008 that
reviewed the damage to the Kashiwazaki-Kariwa nuclear plant. In that case, Tokyo Electric safely shut down
the plant, which survived a quake 2.5 times stronger than it had been designed to handle.

Sakai and the other panellists agreed that despite the successful outcome the way the ground sank and broke
underground pipes needed for firefighting equipment had to be considered "a failure to fulfil expected
Derformance."

anese regulators also knew a major earthquake could damage exhaust ducts. A September 2007 review of
ýimage at the same Tokyo Electric nuclear plant by NISA Deputy Director Akira Fukushima showed two spots
where the exhaust ducts had broken.

No new standard was put in place requiring vents to be shored up against potential damage, records show.

Masashi Goto, a former nuclear engineer who has turned critical of the industry, said he believed Tokyo
Electric and regulators wrongly focussed on the parts of the plant that performed well in the 2007 quake, rather
than the weaknesses it exposed. "I think they drew the wrong lesson," Goto said.

The March 11 quake not only damaged the vents but also the gauges in the Fukushima Daiichi complex, which
meant that Tokyo Electric was without much of the instrumentation it needed to assess the situation on the
ground during the crisis.

"The data we're getting is very sketchy and makes it impossible for us to do the analysis," said David
Lochbaum, a nuclear expert and analyst with the Union of Concerned Scientists. "It's hard to connect the dots
when there are so few dots."

In fact, Japan's NSC had concluded in 1992 that it was important for nuclear plant operators to have access to
key gauges and instruments even in the kind of crisis that had not happened then. But it left plans on how to
implement that policy entirely to the plant operators.

'ie Fukushima accident, most meters and gauges were taken out by the loss of power in the early days of the
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That left a pair of workers in a white Prius to race into the plant to get radiation readings with a handheld device

in the early days of the crisis, according to Tokyo Electric.

*, .y could have used robots to go in.

",:-,iimediately after the tsunami, a French firm with nuclear expertise shipped robots for use in Fukushima, a
European nuclear expert said. The robots are built to withstand high radiation.

But Japan, arguably the country with the most advanced robotics industry, stopped them from arriving in
Fukishima, saying such help could only come through government channels, said the expert who asked not to
be identified so as not to appear critical of Japan in a moment of crisis.

(Scott DiSavino was reporting from New York; additional reporting by Kentaro Sugiayama in Tokyo, Bernie
Woodall in Detroit, Eileen O'Grady in New York, Roberta Rampton in Washington)
(Editing by Bill Tarrant)

PS. While there have been tens of stories with miscellaneous quotes, just in case you haven't seen or heard
them, I attach them, On Newsweek on March 13,

http://www. newsweek.com/2011/03/13/when-will-we-leam.html

and one of my best BBC Radio interviews,
http://www.bbc.co.uk/iplaver/console/00f9y2m/Science In Action 18 03 2011

\,a•6s Synolakis
Professor of Civil and Environmental Engineering,
Director, Tsunami Research Center
V'derbi School of Engineering, University of Southern California
Los Angeles, California 90089-2531
www.usc.edu/depttsunamis

Beauty is truth, truth beauty
this is all you know on earth,
and all you need to know.

John Keats.

(D
)s
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Apostolakis, George

/,/•-om: Christos Housiadas [christos@ipta.demokrtos.gr]
nt: Friday, April 01, 2011 12:35 PM

Apostolakis, George
Subject: FW: European Council conclusions - paragraph 31: nuclear safety

AyarInTt F-tpyo,

EuXaptor) yta Tq ou6ýTioiq OTO ToqJXp6)VO. Mnop:iS Va 5&tU napaK&W -roa oJoPrlrpaopaTa TqS

T-EEoT-aiaS Ouv65oo Kopwp)xp, p1E pIptK(x EvF5 atatpouoES unoypappioutS EXXrjvuxo6 EvlatpqpovToS.
M- (pt~tKo6S XatpFct-Po06

XpiolrOs Xoocne6as

Delegations will find below the extract from today's European Council conclusions (doc. EUCO
10/11) which concerns nuclear safety:

III. JAPAN

I In this connection, the European Council stresses the need to fully draw the lessons from these events, and
( )to provide all necessary information to the public. Recalling that the energy mix is the competence of

Member States, it calls for work to be taken forward as a matter of priority on the following aspects:

the safety of all EU nuclear plants should be reviewed, on the basis of a comprehensive and transparent risk
and safety assessment ("stress tests"); the European Nuclear Safety Regulatory Group (ENSREG) and the
Commission are invited to develop as soon as possible the scope and modalities of these tests in a
coordinated framework in the light of lessons learned from the accident in Japan and with the full
involvement of Member States, making full use of available expertise (notably from the Western European
Nuclear Regulators Association); the assessments will be conducted by independent national authorities
and through peer review; their outcome and any necessary subsequent measures that will be taken should be
shared with the Commission and within the ENSREG and should be made public; the European Council
will assess initial findings by the end of 2011, on the basis of a report from the Commission;

- the priority of ensuring the safety of nuclear plants obviously cannot stop at our borders; the EU will
request that similar "stress tests" be carried out in the neighbouring countries and worldwide, regarding both
existing and planned plants; in this regard full use should be made of relevant international organisations;

- the highest standards for nuclear safety should be implemented and continuously improved in the EU and
promoted internationally;

- the Commission will review the existing legal and regulatory framework for the safety of nuclear
installations and will propose by the end of 2011 any improvements that may be necessary. Member States

,)/should ensure the full implementation of the Directive on the safety of nuclear installations. The proposed
- Directive on the management of spent fuel and radioactive waste should be adopted as soon as possible.

The Commission is invited to reflect on how to promote nuclear safety in neighbouring countries;
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consequences for the world and for the EU need to be closely monitored, paying particular attention to the
volatility of energy and commodity prices, in particular in the context of the G20.

Susan Brinnstr6m
DG C Energy I Atomic Questions Unit
Office of Mr Jean-Paul Decaestecker

Address: JL 40-HN-38
Tel: +32 2 281 9448
Fax: +32 2 281 7715

email: secretariat.dqc-ener &ie onsilium.europa.eu
or

susan.brannstromcaconsillum.europa.eu

Information from ESET NOD32 Antivirus, version of virus signature database 6006 (20110401)

The message was checked by ESET NOD32 Antivirus.

http://www.eset.com

Information from ESET NOD32 Antivirus, version of virus signature database 6006 (20110401)

The message was checked by ESET NOD32 Antivirus.

http://www.eset.com

37

FM 887 of 2929



~W~CLQSURE~Apostolakis. George

nt:

Cc:

Dennis Bley I (b)(6)

Saturday. April 02, 2011 3:31 PM
Michael Corradini
John Stetkar, Dennis Bley; Sanjoy Banerjee; JOY REMPE; Sam Armijo; Dana Powers; Mario
Bonaca; Bill Shack; Mike Ryan; Jack Sieber; Said Abdel-Khalik; CHades Brown; Harold Ray;
George Apostolakis
Re: Late News from TEPCOSubject:

(1) acceleration in gal

Probably familiar to all of you, but I don't recall hearing of the unit of acceleration, gal,
named for Galileo Galilei

1 gal = 0.00102 g

Apparently it is used in gravimetry (and seismic measurements in Japan). It's not an SI
unit.

(2) These accelerations look small for such a major earthquake and damage. (Although I
realize the tables provide no information on frequency and time history.)

For Daiichi 1,2,3, which appear to be on essentially the same site, if I calculate the
resultant horizontal acceleration from the E-W & N-S horizontal accelerations SQRT [(E-142) +
(N-S)^2)] , I get:

•it 1

-•nit 2
Unit 3

Dennis

641 gal = 0.65
709 gal = 0.72
601 gal = 0.61

g
g
g

)~UC~SctosuRr
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SUSTAINABLE ENERGY NETWORK]

JAPANESE NUCLEKAfRACCIDHT- A TRAGIC REMMIbR :P

IT'S L*~g PAS TMT-OU~"O =x

:kObamn Could.* 611I -

ise l*
I-'Ff 

kali'(

r

April 6, 2011

President Barai
The White Hot

wasiuuniii 1AX £UJA0Y

Dear President Obama: .-

We, the 147 undersigned safe energy advocates, have been speaking out about the risks and dangers posed by nuclear

power for years - for many of us, since before the 1986 Cho.Wbyl and 1979 Three Mile Island accidents as well as the

hundreds of other radioactive releases, unplanned shut-downs, and other mishaps that have continuously plagued both the
.U.S. and fth intenationalinuclear . dusidrs since their-founding.,'

I.., : i • .l . " ".: * ., .'-F., '.: • .-I": i• • - : " : • . • . • •.

While nuclear power's unagceplU.be saf&ty, environmental, public health. economic, and national security risks: should
have been self-evident long before now, the latest unfolding nuclear disaster in Japan once again underscores the

.ri,'(

follow ing: - ,: . ,. i :. . , : : • .. ,' .< . .

,-Nuclear plants cAn never be designed to withstand all potential "acts of.Go".-

K,__,clear plants can never be designed to %zthsta.9d ajl, .impa $s of '%himuiergor."
F . ,... i i . : .F.~ . , . .' i. ' -)., t It i;• i L1: 1'• • . , '!I )

Nuclear plants canpever be des."ige to 'ithstand all types of "M9C'p1W. ,' kfianction."

Nuclear plants. can never be designed to withstand all forms of "teqqrq$i. attack.";

There is no sch thing asafe" nicear poIS~~~ -p po g swer.

-''.. •,...... .. :" !

.-. . .. '. .

There is no such thing as "crean" nucear'power.
There is no such thing as "cheap" ucle- jlower.Thereis nosuch thing~~~......... *."ha".,u,•.)wr ;...." .. :

Consequently, the Price-Andisod ca•od iiability in the event of an accident shoild be repealed, all proposed
governmental f'mancial and regulatory incintives for ilew nikicar plihtj6oinusuc'ion - including loan gurtees,
accelerated licensing, aixl ilnusion ma 0"clean energy stndard . sioiuid be rejected, and no new reactors. j ould be built.

Existing nuclear reactors should be 'phhdd out as rapidly as possible, beginning with the oldest and/or most unsafe, and no
presently-licensed reactors should 1iaveh•hir operting lives ex6eided. .

Safety standards for existing '`rei tots tholid be substMa ll -while they cobti•'ue to 6p*rate med fral ni•dear
funding should be'r6iiected to.o the. orderly phase-out of those reactos. as, wel4 the safe decommissioning of closed
reactors and disposal of radioa•tive waste.'

L- '-.• "J:' '-4A:

tK. tio~'enewble fulipndinvg should be refocused oned energy efficiencyan the rapid deployment

Ssources wch 9r.cleaner, er, and che4M. than quclear power.

cc. Steven Chu, Secretary - U.S. Department of Energy
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Ken Salazar, Secretary - U tA 9VWy o ~pA, 1' 1 'tn / )k Te
Gregory Jaczko, Chairman - U.S.-N•W1 .om4ba,
Kristine Svinicki, Commissioner - U.S. Necrehf:t ulattloftmission
George Apostolakis, Commissioner- .,96 ;u 6a liatk-y ommrission
William MagwW4 ow),o ;J• j . uce f I, .

Lisa Jarks-niA-Ill 1saihT OSEn' -i-o na-'ToA&gency
Jon Wellinghoff, Chairman - Federal Energy Regulatory Commission
Philip Moeller, Commissioner - Federal Energy Regulatory Commission
Marc Spitzer, Commissioner - Federal Energy Regulatory Commission ,
John Norris, Commissioneri- Federal Energy Regulatory Commission

Cheryl LaFleur, Commissioner - Federal Energy Regulatory Commission , .,

John Holdren. Director White House Office of Science & Technology
Nancy Sutley, Chair - White House Council on Environmental Quality . :.,
Peter B., LyonsDOE Acting Assistant Secretary for Nuclear Energy. .

Michael Closson, Executive Director Kay Martin, ViceAPrbsidea .n . *'v /A
Acterra: Action for a Healthy Planet JBioEnergy Producers Association Center for Food Safety
Pao.. .' CA,,ialala,-CA:;

/,..

Aur J. Beck, Chief Tech •.
Advanced Energy Solutions
Pomona, IL

Lesley Weinstock, Coordinator
Agua es Vida Action Team
Albuquerque, NM

Kay Firor, President
Blue Mountain Solar, Inc.

C-10 Research & Education Foundation
l• :'• "~~-,'- " :. !.¢ ,"

Rochelle Becker, Executive Director
Alliance for Nuclear Responsibility

San Luis Obispo, CA

Laura Filbert Zacher, CEO
ARE Systems, LLC

St. Louis, MO

Thea Paneth., Secretary, ......
Arlington tuýed tor •ustice with PeaceAil.... 4" '".

Mar ose~rucState Organizing

Director
Asian Paci w tal Ne, ,
O'aklhnd,C *,1' .

Laa Morison, Boad Member.
Beverly-Veont CoqAmunity Land

Los Angeles, CA

Capitol Solar Energy LLC
Denver, CO

Elizabeth C. Battocletti, President
The Carnel Group, LLC
Reston, VA

* .v.~

Lenny Siegel, Executive Director .

Center for Public Ezwironmemal
o,,e. ,,.

Mountain View, CA........................... ......)..i.'..... +...". :.....i'.i:;',•'

Lucy Law Webster, Executive Director

New York, NY

David Hughes,. Executve Director
Pi ower

Pi.ttsbu.rgb, PA. .~ .- .

Citizens Awareness Network
• J .,/.., •' ..*b ,*-._.' ,*..--

S*.buwO.,< .•. .
jxanet C"rea14, -c riaor. .

Citizens for Alternatives to Radioactive

Albuqqqe•!e•NM, .

-foens SeIA i
North Sandwich, NH

.RobeftSiq~~t Nuclear~ ls~u~ h
C066i Oýrgnized to Def'end:! Au'stin
AUjtn,T I.. '

The Carri Dic&:r n Foupdation.

.:u .sO'?:'" ., ; } -. €i. ,.'' ".- : ,

Don Timmerman, Robei1a ?ls.tin,...
Timmerman

Coipmwiidty *.

Milwaue•e, Wl

Kie an, S~u~cltk,1 • ,
'Ctiter forr. ologicaiTbversty•

::.L4U,.• . l '• ".•.:", ';'. , '•;- •i, "
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Charlie-Higley., Executive Director
Citizens Uillty Board.of.Wisconsin
Madison, WI

Pam Solo, President.
(Co-convener, TheCLEAN.org)
The Civil Society Institute
Newton, MA

Norm Cohen
Coalition for Peace and Justice.
Linwood, NJ

Cristina Castro, Coordinator
CODEPINK NYC
New York, NY

Medea Benjamin, Co-Founder
CODEPINK Women ftreace.•
Washington, DC

Bill Gallegos, Executive Director
Communities for a Better Envinonment
Huntington Park & Oakland, CA

Tam Hunt, J.D., President - .,
Community Renewable Solutions LLC
Santa Barbara, CA::

John Calandrelli, Chapter Program i-:
Director.
Connecticut Chapter of Sierra Club
Hartford, CT

Nancy Burton, Director
Connecticut Coalition Against Millstone
Redding, CT

Luke Luado,.Diwct. .
Conscious Living Project
Jackson, MS

Lois Arkin, Ezaiyve Dirator. ,
CRSP Institute for Urban Ecovillages.
Los Angeles, CA

Stephen M. Brittle, Presidmet,
Don't Waite Arizona, hi e,
Phoenix, AZ .

Kathryn Baine, Board Of DimeWrs
DoantWasft ichigan. Sherwood
Chapter
Sherwood, MI

Lois Barber, Executive Director
EarthAction.& 2020 Action'i -. ,
Amherst, MA

• " '; r'..
Jane E. Magers, Coordinat..!
Earth Care, In.
Des Moines, IA

Chris Trepal, ElecutiveDireer
Earth Day Coalition .
Cleveland, OH

S..

. :.-

A] Fritsch, SJ

Earth Healing.
Ravenna, KY

Lester R. Brown
Earth Policy Institbte
Washington, DC. . ......

Jim Bell, Director
Ecological Life Systems Inst,1nc.i,
San Diego, CA

Mahlon Aldridge, Vice Pccidet.
Ecology Action ." " • ,
Santa Cruz, CA

Cara L. Campbell, Chair-
Ecology Party of Florida: -
Ft. Lauderdale, FL

Dan Stafford, Organizing Direc= .
Environmental Action
Denver, CO

William Scape .. . ..

Environmental Law Program
!American University Law School
Washington, DC

Dan Brook, Ph.D. .. ,

Food for Thdught--abd Ac, ti•
San Jose, CA

Jon Blickenstaff, Treasurer

Don Ogden,.Producet
The Eaviro Show-WXOJ-LP & WMCB
Florence, MA

Jennifer Barker
EORenew/SolWest Fair f
Canyon.City; OR

Ben Mancini, President
EV Sjolar Products, Inc.
ChinoValley, ,, . ..

Judi Poulson, Chair
Fairmont, Minnesom USA Peace Group
Fairmont, MNl

Linda S. Ochs, Director
Finger Lakes Citizens for the
Env o -, :.... ...

Waterloo, NY ...

Footprints for Peace
Cincinnati, OH

. ..'." " " " ;

Nick Maim, Legislative Progunii
Assistant-Environment ." ! ,.
Friends Committee on National
L~egislation.,. :-! .-

Washington, DC

Richard V. Sidy, President
Gardens for Humanity
Sbe ma.AZ ... .

Amanda Hill-Attkisson, Managing
Director .

Georgia WVmeft Action for New-;
-Directions a"

Atlanta, GA
.: . ," . : , • ! I . . ,

.. I.Peer Meism Piesident
Lillian K. Light, President
Environmental Priorities Network.

Manhattan Beach; CA.'

Global Energy Network Institute
San Diego, CA
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Bruqe K& Gagnon, Coctdifntvw. , : p. I

GokbfiNeWork-A#•.WWWapons &;d)

Nuclear Powerin Space /,I. ,

Brunswick, ME

Casey Coates Daadi, , .. I. ,i

Global Possibilities .I .•

Los Angeles, CA

Barbara Harris .;F -, i I
Granny Peace BrigadeWY... ' ...

New York, NY

VickGyStemBsn, Unit.'ed f l. ;,t ,,,.,)
Greater Boston United for J~li~sl. with;

VictomMcnudi;.Ea cudvDim•cr,!t. .A
IntenfomLF6r,.uQWt kt'iA"m - 1

San Francisco, CA .

Christian May, Founder
iSup ot~tN o~lu'7 I .'i~ ," 7.'7•;,.. p•L, iL >;-

F~n IcrckM•:,v.'. . /... ..! *,, .,;'

Daniel Ziskin, PhD, President
Jews Of ibeft&. I
Boulder, CO

Andy McDonald, Director
Kentucky,••.I~am)i,, .: I. -1.v
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Peace Coalition Interest
Boston, MA -; .:- .!;,a . ',, , ",.i..0 ,i.: FrankfurtKY

I .I.iIJ!',~:~

Alisa Gravitz, Executive Dinctau ,
GreenAmerica "/ !. '/1

Washington, DC

N

K )

Jewdnifer ,0tma.Viek.E..'
Director ':..'."

HOME: Healing Ourselves & Mother

Earth ,..,I i.

N. Bennington, VT , /1 ;' ' .
B ~~~~~. ih• m,,..:

Bonnie A. New, MD MPH; Director

Health Professina-fmr(I -dal"A; .4,t :,

Houston, TX :, . , . ,

Dr. Kathleen Sullivan, Program -irector%
Hibakusha Stories
New York, NY

Jack Martin,•'odmn . . . .i
Home Power Hour radio show, WCOM.,

Carborro/Chapel Hill, NC

David Morris, Vice President *.

Institute for Local &f-4RelanM -
Minneapolis, MN

• ., !'|I-I

Jaydee Hanson, Policy Director

International Cenlfor',bw y.; .'I

Assessmeng-t :1 .
Washington, DC ".).,:: .,

Kay Tiffany, Steering Committed Ih,

Lexington Global WarmingActio;.
Coalition
Lexington, MA

Paul G• Directori, -"-

Long Branch Environmental Education
Center .; .) i,, .

L.eicestein, ; • -. -., ,.. ,

Greg Mello
Los Alamob-SmlyGloup ',: ,., ,
Albuquerque, NM ..

/' I 1; |.iI •. I '

Claudine Cremer, Owner
Meadow Cove F .. a.
Weaverville, NC.,.

Unda Belgrave, Secretary
Miami Mea•tJu :'
Coral Gables, FL

• 1 ' ,:A ;

Barbara Jennings, CSJ, Coordinator
Midwest Coalition for Revspnb.' t:
Investmient '*

SL Louis, MO ;

Mark Haim, Chair
Missourians fomr Sfie leg'w, .4
Columb, ...

Judy Trick•l, E uf_ ivth :cthr, :
Nevada:NucI~r WMe Task Fdrc:,
Las Vegas, NV 0 ? ,

Ulia Diaz, Outreach •Diree-•.e ,
New Energy E""...on..y
SantaFe,NM.:' ,i

Penelope McMulle, SL
New Mexico Justice and Peace.
Coordinatr;-. .
Loretto Community
Santa Fe, NM

Carolyn Treadway
No New Nukes
Normal, IL

,', ,:. I.- 1 ,.' ' 1. '.

Wells Eddi Staff Sciinst.i N I
North Carolina Citizens Relsearcb (Ioup
Durham, NC

LaTy il t.. .... ,.
North T.MituiEnery.Services

Company
Conllbo, AZ !",,":' :Il~;t.

"3 J I ": :, • ' " :"' . " . '. ! .' , .. . i, ,

Barbara Haack, Member,-. .
North Shore Coalition for Peace and
Justice:-,! * ) .. l .. ' ',.- .

Ipswich, MA

David Borns, President
North Suburban Peace Initiative and
Chicago Area Pecde Ation,' .
Bvnston; I ' v ',

Nina Bell, J.D., Executive Director
Northwest EnvirnmuneW.Advioamts -:-
Portland,OR ".

Alice Slater, NY Director
Nuclear Age Po1 lsaid Jn,i 1. ."
New.rYo4 ...Y I,

e 4 .: :./.,* ;

David Krieger, President'
Nuclear Age Rlfosmf"dg .,

Santa Barbara,C CA .:".,
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David Kraft, Director
Nuclear Energy Information Service:

Chicago, IL

Launce Rake, Communications Diree'ig.
Progressive Leadership Alliance of
Nevada .. .. - ! .-
Carson CityIL as Vegas/Rew, NV

ElizabethONan,[)4recwr:.• •
Protect AU Children's Environme n .
Marion, NC

Wendy Oser, Director ! :-"
Nuclear Guardianship Project
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Jack & Felice Cohen-Joppa, editors
The Nuclear Resister
Tucson, AZ

Joy Blackwood
Public Health Educator
Landover, MD

' • . ,l ": :

Am.Specter, Editor
The Nuclear Review

Philadelphia, PA

-~ Anne Mitchell',General Secretar3z
QuakefEkrthcare Witness .
Burlington, VT

Tor Allen, Executive Director
The RahuiInstiwtc ,'
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Glenn Carroll, Coordinator A
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Atlanta, GA

,* -,

Chris Daum, President
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Supply & Design
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Occidental Arts and Ecology Center
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Coordinator
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Patricia A. Maida, Chair-Nochtar
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PACE (People's Action for Clean
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Renewable Energy Long Island
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Apostolakis, George

i-"\-or: Mujid Kazimi [kazimi@MIT.EDUJ
I nt: Saturday, Apr 09, 2011 9:16 AM

nse-prof@mitedu; cforsber@mit.edu
Subject: Fwd: Thermal Power Plants were damaged severely as well.

FYI

>Subject: Thermal Power Plants were damaged severely as well.
>From: "Aii* A-"<kato.isao.unftohoku-epco.co.ipc>
>To: Mujid Kazimi <kazimi(bnit.edu>
>Date: Thu, 7 Apr 2011 21:29:48 +0900
>X-Brightmail-Tracker: HPmxRjl2AwAA

>Dear Prof. Kazimi:

>Thank you for your message.
>Yes, our and Tokyo's thermal power plants along the coast line of
>Tohoku were hit hard and damaged severely, which forced us to ask our
>customers to reduce their electric consumption.
>Tokyo EPCo. had to enforce pre-announced power outage in Tokyo area.
>Thermal power plants are far less fortified against Tsunami force so
>all our thermal plants in the area including the newest one with 58%
>thermal efficiency are gone.
-t will take at least two years before some of them become operational.

'\~sao Kato, Tohoku EPCo., JAPAN

Mujid S. Kazimi
TEPCO Professor of Nuclear Engineering
Professor of Mechanical Engineering
Director, Center for Advanced Nuclear Energy Systems Massachusetts Institute of Technology
Room 24-215, 77 Massachusetts Avenue Cambridge, MA 02139
email: kazimipmit.edu tel: 1-617-253-4206
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Apostolakis, George

/" nt:
--"0:

Apostolakis, George
Sunday, April 10, 2011 12:37 PM
Baggett, Steven; Blake, Kathleen; Davis, Roger; Lui, Christiana; Pangbum, George; Reckley,
William; Savoy, Carmel; Snodderly, Michael; Sosa, Belkys
FW: NRC team in JapanSubject:

----- Original Message -----
From: Apostolakis, George
Sent: Sunday, April 10, 2011 12:36 PM
To: 'Lyons, Peter'; Jaczko, Gregory; Magwood, William; Ostendorff, William; Svinicki,
Kristine
Subject: RE: NRC team in Japan

Pete:

I am very glad to hear this. Thanks for confirming what I always thought to be true.

George

Commissioner George Apostolakis
US Nuclear Regulatory Commission
One White Flint North, MS 016 G4
11555 Rockville Pike
Rockville, MD 20852

, 01) 415-1810

-Original Message -----
From: Lyons, Peter [mailto:Peter.Lyons(@Nuclear.Energy.govI
Sent: Sunday, April 10, 2011 12:07 PM
To: Jaczko, Gregory; Magwood, William; Ostendorff, William;
Kristine
Subject: NRC team in Japan

Apostolakis, George; Svinicki,

Commissioners
I returned from Japan on Friday. I had several opportunities to work with and observe the
interactions of your NRC team with Japanese government and industry leaders.

Many compliments on the superb work your team is doing. Chuck Casto, supported by the rest
of your team, has clearly gained the trust of the Ambassador, key GO3 leaders, and Japanese
industry. They are providing invaluable advice on the complex situation in Japan.

Pete Lyons

"A-RN mmsoIoE-
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Davis, Roger

Subject:

Sosa, Belkys
Tuesday, April 12, 2011 2:19 PM
Apostolakis, George; Davis, Roger
FW: FYI

From: Sharkey, Jeffry
Sent: Monday, April 04, 2011 10:06 AM
To: Nieh, Ho; Bubar, Patrice; Sosa, Belkys
Subject: FYI

-- Original Message --

From: Schmidt, Rebecca [mailto: Rebecca. SchmidtDnrc. covi
Sent: Monday, April 04, 2011 08:45 AM
To: Caputo, Annie (EPW)
Subject: RE: Emergency

Section 3 of the Reorganization Plan No.1 of 1980 provides the Chairman with substantial additional authority
during an emergency. This does not require an "official designation of an emergency." The Commission and
staff understand how this authority is executed. The Operations Center went into monitoring mode on March
1 1th at approximately 0946 in response to the possible impact on the West Coast plants due to potentially high
waves. The Chairman has been exercising his emergency authority since that time. The agency will return to
a non-emergency status when the situation warrants.

f/ '.

-F

I
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Snodderly, Michael

r-om: Grantom, Carl [crgrantom@STPEGS.COM]
Brnt: Wednesday, April 13, 2011 9:00 AM

J.o: Lui, Christiana; Snodderly, Michael; Sosa, Belkys
Subject: Fukushima Event - Use of risk methods

I realize you are all dealing with the Fukushima event and its implications.

I was asked by my management on how risk insights could be used.

There will probably be many opinions on the use of deterministic and probabilistic (risk) criteria.

My view is that you need both to get the answer and approach correct

So, here is a concept that I communicated and that I am sending to you for your information.

As Co-Chair of the ASME/ANS Joint Committee on Nuclear Risk Management responsible for PRA standards I have
constituted a team to start tracking the feedback and lessons learned from Fukushima for the purposes of recommending
changes to the standard. NRC is participating on this team.

I have an appointment at your office on August 20 if you want to discuss.

Best regards,

Rick Grantom

Here is a concept for further discussion and/or refinement for how we could approach a risk informed approach to the
Fukushima response.

Key Conceptual Strategy:

" Each U.S. nuclear plant has a plant specific PRA that gives the core damage and radiological release
probability of a station blackout (SBO).

" Industry decides (i.e. CNOs) what the tarqet reduction (i.e., goal) in probability of core damage and
radiological release from SBO should be. For example, 1 in 10... 1 in 100... 1 in 1000.

" Using risk technology, create the proper design and mitigating strategies (i.e., equipment, procedures,
etc.) to reduce core damage frequency and radiological release frequency to meet the target reduction.

* In conjunction with improvements based on deterministic criteria as incorporated into PRAs, use the
PRA results to communicate these exceptional reductions in core damage frequency and radiological
release. For example, STP could reduce its overall CDF to the neighborhood of 1E-7 (currently IE-05).
This would be a significant opportunity to demonstrate to the NRC, Public, state and local governments,
etc. how the industry has responded to improve public safety associated with nuclear power plant
operation.

* Other Key Points:

* Sources of SBO are plant specific but are generally extreme external events.
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0 All PRAs have a SBO core damage probability and subsequent large early radiological release
probability.

0 Typically, SBO is in the range of a 25 - 40% contributor to core damage frequency (CDF) and large
early release frequency (LERF).

0 Failure states of equipment associated with key safety functions upon a loss of power needs to be
known

• The failure modes of the mitigating strategies must be identified from the PRA
* The PRA includes key human performance actions (under adverse conditions), equipment performance

attributes, etc. that can be further evaluated
* Stations should evaluate all events that lead to an SBO to identify other issues such as communication,

offsite support, etc.

(I
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Apostolakis, George

7om:i• • t:

uc:
Subject:
Attachments:

Neil Todreas [todreas@MIT.EDU]
Wednesday, April 13, 2011 10:20 AM
nse-prof
Buongiomo Jacopo
Dick Wilsons updated version on Fukushima
Japanesereactors. html; ATT00002..htm

FYI Neil

Begin forwarded message:

From: Andree or Richard Wilson <wilson56)fas.harvard.edu>
Date: April 11, 2011 2:49:57 PM EDT

Dear Colleague

I updated my discussion of the Fukushima accident

http://physics.harvard.edu/%7Ewilson/Japanese reactors.html

My recommendations will probably be unpopular for the regulators (and
/ ,. press) but I think they are important.

aiso attach today's version of that file

Dick Wilson

1
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Japanese Reactor Problems Page 1 of 91

What was known (by me) before
and comments after

the Fukushima reactor problems.
These notes were first on my website on Saturday 12th March 2011 and regularly updated. This version

is on April 1Oth 2011

Richard Wilson is Mallinckrodt Professor o Physics (emeritus) at Harvard University

He has written extensively about TMI, Chernobyl and other nuclear accidents and received awards for
this work

Sources of Information

While in early versions of this reporrt I outlined the course of the accident as it unfolded, there are now
far better discussions. Pn the detailed course I see an excellent set of slides by AREVA
(AREVA Fukushima.ppt) and pther sources of information:

(1) http://en.wikilpedia.org/wiki/Fukushima I nuclear accident
(2) Gesellschaft fir Reaktorsicherheit [GRS.de]
7f'<ogical measurements published

a translation ofjapanese/englisch web pages
(3) Japan Atomic Industrial Forum [jaif.or.jp/english/]
Current Status of the plants
Measurement values of the reactors (pressure liquid level)
(4) Tokyo Electric Power Company [Tepco.co.jp]
Status of the recovery work Casualties
Much too little and too delayed.

Although the TEPCO website now (at last) gives detail on some numbers on radiation doses and also
radioacivity deposition, NONE seem to go on the describe what they mean in terms of the imporatnt end
result: the public health. In my comments below I therefore emphasize this.

Effects on Public Health

rhere are over 100,000 papers on the general subject for the UN subcommittee for the effects of atomic
radiation. Then there is the experience of previous reactor accidents. From these one can deduce
several important features which should be known and understood by those involved with either (1)
iccident prevention (2) accident management or (3) limitation of the adverse effects on public health I
wvill start with item (3) limitation of the adverse effects on public health. Firstly in effects of radiation
•,• reactor accident there are two steps. If anyone gets a radiation dose (equivalent whole body dose

Reins or 3 Sv) within a short time period, it leads to ACUTE RADIATION SICKNESS and the
x.y fails within a week or two. At Chemobyl about 200 plant workers and firemen got this much and
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Japanese Reactor Problems Page 2 of 9

officially 31 died (my belief is 60 or so died because no one counted the army) But no one in the general
1"-y'c; got acute radiation sickness.

h,. .,eone gets a dose just less than that (200 Reins) over a period of years then he or she has a 10%-
20% addition to his cancer rate. This of course is about what one gets from cigarette smoking. Only of
the dose is very large will it be possible to say that this person got a cancer from this accident. if a well
defined group gets a 20% increase, and that increase is statistically signficant, then one might say that
these cancers are ATTRIBUTABLE. Otherwise all that can be done is to calculate the number of
cancers on an asssumed theory of what happens at low doses - usually linear no threshold model. The
justification for such a model is not unique to effects of radiation ALSO applies to cancers increased by
pollutants such as arsenic and to lung effects caused by low levels of air pollution.

The radionuclides that are produced by nuclear fission are well known, as are their melting points and
boiling points. A listing can be found, for example in Table B3 of the evere Accidents at Nuclear Power
Plants that was carried out for the American Physical Society and is on this website at
http://phys4.harvard.edu/-wilson/publications/pp34 l.pdf and Reviews of Modern Physics, 57,,3, pt. II, July
1985. So we can outline those that can, and have, caused problems.

The radioactivity produces two basic problems - Radioactive iodine and
longer term problems mostly radioactrive cesium.
(1) Short lived radioactive iodine (1131 with 10 day half life) can make the major immediate hazard with

- known chain.odine can fall to the ground and be eaten by cows where it concentrates in the milk
\ ) ,ies drink the milk and concentrate the iodine in the thyroid. This has been realized for 60 years

an, at the Windscale accident in the UK in 1957 the government impounded and bought all milk for a
couple of months. (curiously the cows produced twice as much as usual, although this increase is not
usually attributed to radiation!)
No one knows exactly how much iodine was ingested at Chernobyl but a lot. 2,000 children got thyroid
cancer of which 20 have died. None need have got thyroid cancer if it were not for secrecy. There are
anecdotes (which I believe) that a school teacher near Hohnichi (Belarus) and an Army general in eastern
Ukraine were reprimanded by the KGB for advising children not to drink milk for a month (the half life
of the iodine is 10 days or so) and thereby causing a panic. This would not happen in an open society in
Japan.

Moreover the iodine was released at Chernobyl from an explosion after 5 seconds and after burning
graphite for a week. There was no water around. If there is water, as at TMI and Japan, the iodine will I
interact with the water and produce water soluble hydrogen iodide
Very little iodine was released at TMI. Therefore no problem was likely from that source, and although
3mall amounts were released none seem to be of importance.

12) there is an intermediate question of release of noble gases when the pressure is released. This gives a
;pike in radiation. But this declines quickly and we get then to (3)

'. long term issue is radiation doses from radioactive deposition on the ground. There are a number•- -onuclides but cesium 134 (2 year half life) cesium 137 (30 year half life) are most important.

klthough cesium is solid at room temperature, the higher temperatures of an accident can evaporate the
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Japanes'e Reactor Problems Page 3 of 9

cesium. The deposition can be measured (and of course remeasured.) At Chemobyl this was first done
- staff of Professor Izrael of Leningrad in the first few days after the accident and repeated umpteen

__ i ince then. Although the USSR measurements were kept secret from the population for 4 years
s_,--- were reported in August 1956 at IAEA in Vienna. The doses in Russia, Belarus and the Ukraine
were calculated using his computer program by Dr Pavlowski and were about a factor of 3 pessimistic
because he did not account for the soaking of the cesium into the soil. For the USSR countries (Ukraine,
Belarus and Russia) an "offocial" calculation in a UN report of 4 years ago, using a pessimistic linear no
threshold calculation, is that 4,000 people will develop a fatal cancer within the next 50 years. I agree
with it. In the whole world the best number is 20,000 over 50 years or so. This compares to 6,000 people
A YEAR in USA alone and perhaps 100,000 a year in the world from natural background). The doses
are over a period of years, so that a wait of even a month before evacuation would not be important, and
enabkle any evacuation to be done calmly and carefully with no consequent health hazardI note that
although a lot of radioactive cesium went in to the Dnieper river and the reservoir just below Chemobyl
which provides Kiev drinking water, very little was found in the drinking water. In fact nowhere after the
Chernobyl accident was radioactive contamination of drinking water a problem. Therefore I anticipate
that drinking water will not, even in the worst case, be a problem in Japan. At Three Mile Island the very

small releases led to only 0.7 calculated cancers.

(7-XIe must also be well aware of the different heights of various plumes.
( .mobyl, the initial explosion sent a lot of radioactive material 10,000 feet into the air and some

3to feet, and was blown over many countries. The graphite fire which followed sent radioactivity 500
to 1000 feet high and was responsible for much of the local deposition in Belarus, Russia and the
Ukraine. An overheated spent fuel pool will involve evaporation from a molten uranium mass with no
other "driving force"and the plume is likely to be at ground level and the deposition will be more local.

Radiation Accident Management

There seems to have been no realization in Japan, and probably no realization anywhere else, of the fact
that radiation management after an accident should, even must, must differ from radiation management
before the accident. I briefly outline three items that should have been considered in Fukushima and it
;eems were not.

Before TMI (before 1980) it was generally accepted that there were certain radiation levels that should
iot be exceeded. After TMJ, and even more after Chemobyl these were reduced. While it makes some
;ense to keep, for example, to 5 Rems/yr (05 Sv/yr) for a nuclear power worker in ordinary operation it is,,
[ believe desireable to return to he higher figures as soon as an accident is in progress. Thus it should be
illowed for a worker to plan for 20 Rems (0.2 Sv) for the whole accident, and indeed at Chernobyl
100,000 or more workers got this dose of 20 Rems as "liquidatiors" (clean up workers). A one time dose
f"''-Rems (0.8 Sv) was allowed for an astronaut and for a rare individual "to save lives" 80 Rems was

!. It is reported that at Fukushima workers were pulled off the job in Sunday and Monday in the
: .onima accident before the Japanese belatedly restored the pre-1980 levels. This probably delayed a
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Japanese Reactor Problems Page 4 of 9

I

proper technical responses to the accident.

, er extremely important issue in public health management is when to suggest, when to
r ... ,mend, and when to order an evacuation. Before 1980 the US Nuclear Regulatory Commission
asided for an "Emergency Planning Zone" (not an evacuation zone). of 10 miles diameter. After TMI this
became an "evacuation zone". I 'persobnally was opposed to this, and testified to an Ontario Royal
Commision and others that it was a mistake. At Chernobyl the evacuation was delayed 34 hours from the
initial accident for Pripyat and 3 days more for more distant communities. Even in retrospect there is
no indication that this was too late. I have recommended for 15 years that evacuation can be delayed
until a large release of cesium is actually occurring. Then evacuation can be done more calmly and
deliberately than was the case. one is worried about the effects over several years of deposited cesium.
A delay of a couple of weeks to calmly assess the situation will not be important for public radiation
doses. It seems clear to me that emergency plans in Japan DID NOT consider the desirability of waiting
to evacuate.

It has been noted in the medical community for many years that there are stresses and problems
associated with relocation that can lead to lead by themselves to adverse effects on public health. In
1975 1 saw figures of a 5% increase in cancer rate. The "offocial" Kemeny report after the Three Mile
Island accident stated (inter alia) "We conclude that the most serious health effect of the accident (for any
reason) was severe mental stress, which was short-lived. The highest levels of distress were found among those
living within 5 miles of TMI and in families with preschool children."

(' ad writes and confirms this view: "there appears to be a well known phenomenon of 'earthquake
L•)that the Japanese have recognised from their previous experience whereby there are unexpected deaths
in the elderly who have been evacuated and these deaths have been consistently reported on Japan world
television news since the incident. They are described in terms of significant numbers of the elderly in shelters
who have died unexpectedly. One reason given was 'economy class' syndrome. There appears however to be
;ome very practical reasons that would add to the death and illness rates - the calorie intake must be below
;tarvation (and we are now at Day 25) with the bowl of rice and cracker they are eating in shelters and not all
have three meals a day. The emotional status of many may also reduce food and liquids intake. Lack of hot
rood, running water, crowding, poor toilet facilities and lack of water for cleaning people and locations, lack of
ruel and lack of hospitals to accept admissions, ambulances or medical services except what appear to be medical
3ersonnel who are themselves local victims."

My present research on survival after cancer suggests that stress can reduce survival by about 5%.
lislocation of disabled persons may well be worse. A simple calculation shows that this can far exceed any
)enefit evacuation may bring.

CONSIDER THESE THREE TO BE THE MOST IMPORTANT ISSUES TO BE CONSIDERED now
hat the technical situation is (at least partially) stanbilized.

I next turn to accident prevention

n is to prevent the undesirable fission products ever coming into contact with the public. There arei

everal barriers.
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(1) The fuel is in zirconium pellets with are in a zironium tube. Although design criteria allowed 0.1%
ce•'`se tubes to leak, probably none did
K. ~ -" first barrier fails, there is a pressure vessel which should hold them

(0,, the pressure vessel fails there is a containment vessel.
BUT
One must emphasize the importance of keeping barrier I intact if possible. Of course it is aways
important to stop an untoward event as early in the chain as possible. But it is especially important
because faulure here makes it harder to control. In a BWR one can be close to the reactor in operation as
I personally have been -.one is shielded by the water in the pressure vessel. Once barrier I fails, doses are

higher outside the pressure vessel increasing radiation doses for a worker and making subsequent fixes
harder.

In contrast to Chernobyl the reactors all shut down at the earthquake automatically. The problem then was
to cool the core since the circulating water through the steam turbine has stopped. Just after shut down thel
power level is 8% of full power (plus an extra 4% in neutrinos). This drops in a well known way. (The
Wigner Wey law of 1949). After 10 hours the decay heat is about 1% and on to 0.1% after a year. This
must be removed, hopefully by water circulation, or it will remove itself by evaporation of the fuel.

In Japan, there was a barrier of about 7 m (22 feet) to avoid flooding but the tsunami was about 10 metres
(33 feet) and the site was flooded including the emergency diesels. There was no power from the grid to
Dperate the pumps. Emergency DC power worked for a short while. Emergency diesels started up as
planned but failed after reported times varying from 1 to 8 hours. Reports differ slightly so that reasons

unclear. But why did not the operators immediately put seawater into the reactor pressure vessel
- spent fuel pools? but may be flooding, or earthquake destruction equipment or of fuel supply in i

mne plant and longer in another due to flooding or perhaps to loss of fuel due to either the tsunami or the
.argquake. At the power plant there was after this time basically no electricity. It took perhaps an hour or!

vo for the top of the core to be uncovered and heat up (this time must be knewn but I do not know it).
Mhen the core starts heating and the zirconium begins to oxidize (at 1900 degrees F), pulling hydrogen
)ut of residual water and hydrogen was released.

It should be firmly drilled into every reactor operator as it was to me in 1980:
Mways keep the reactor cool. After coolant water stopped circulating the clear plan then should have
)een to inject sea water into the reactor within the hour. I understand that a port exists for the purpose.
[hey did not do so. Cooling the spent fuel pit was less important but it should have been cooled with sea
.vater by Sunday night (3 days into the accident). It was not. If sea water injection had started early
-nough the hydrogen gas would not have been released and exploded. There may be technical reasons
xvhy there was there was this delay but the "obvious" yet maybe incorrect presumption n is that the
)perators knew that putting corrosive seawater in would mean that the reactor would never again
)perate. This is clearly something to learn for the future. One fact has become clear that they did not
earn from Chemobyl. At Chernobyl the dosemwters in the control room were designed to measure
)rdiray doses and saturated with accident dose. Dosemeters to measuere higher levels were in a locked
;upborad at the opposite side of the reactor and were in accessible? At Fukushima most dosemeters were
l'•'ved by the tsunami, and although it is reported that all wore film badges, immediate information
K'St available for individuals bt only for a group.
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In contrast, at TMI cooling was interrupted by stupid manual action almost at once and 2 hours later
Ss''nium began to oxidize, which caused an explosion INSIDE THE CONTAINMENT at about noon

time in my files) 8 hours after the initial accident. In Japan the hydrogen and other gases were
vt...-.. and the explosions were OUTSIDE (where they did no important damage).

In Unit 4 and possibly units 5 and 6 there is spent fuel in the spent fuel storage pool. While not as
important as the reactor itself, it is important to keep these covered with water. Again ideally, it should
be ordinary relatively pure water. There was a hope that a helicopter could drop freshwater onto the pit
of unit 4 from above. But the hole in the building roof, made by the hydrogen explosion, is not above the
pool. In units 5 and 6 there are plans to deliberately make holes in the roof of the building above the
spent fuel pit to vent hydrogen gas directly to the atmosphere if problems arise. Again sea water would
do in a pinch although that would corrode the spent fuel and leave more of a mess that ultimately has to
be cleaned up. This decision was made 2 days too late.

By Thursday 17th March cooling of the reactor has been maintained by sea water flooding the
containment. Seawater was injected into the reactor vessel also, through a special port for this purpose.
(I was initially suspicious of this report because I was not sure how it got there. I became aware of this
port only Thursday evening). The seawater interacting with the pressure vessels and piping corrodes
them so that a decision to use seawater may have been delayed because it means the plant will never
operate again. Also sludge from sea water contaminants may be steadily building up. There are reports
that the stainless steel piping will fail in a matter of weeks, It is claimed that there is filtering for
radioactivity but I do not know this for certain. Injection of sea water into the spent fuel pools was
j'>iY by helicopter but later by fire engines. As of April 8th there is discusssion of restarting
,.\•Ating water using new pumps and piping.

There has been some worry about leakage of radioactivewater into the ocean, the very existence of
thepower plant has infleunced marine life - brinking fish into the warm coolant water. The issue
iswhetehrit is dabngerous to health. It seems to me the answer is NO it is not dangerous. the oceans are
vast and dilution should be encouraged. We must remember that we have dumped seversals nuclear
eactorgs into the ocean (starting with the submarine Thresher) and cannot find radioacive traces!
All of these technical reactions by the Japanese since March 16th 2001, seems good, although when

nore detail is available more suggestions for the future may be sensible.

Reasons for Contined Optimism

[Ihe sudden radioactivity release on Wednesday morning, March 16th Japanese time caused confusion.
md many people argue that the risks wee getting worse. But I did not and do not share this view.
klthough many people say it got worse on Thursday morning when I believe it got better. I had these
-easons which seem to be subsequently confirmed
¶1) The staff at the Fukushima power plant got over the initial shock and seem to be behaving well and
wven heroically
2) The decay heat that must be removed has gone down from 8% of full power to less than 1% although

dropping more slowlyMArch 16th
" e hydrogen explosions have been outside the reactor containments and have not stopped cooling

he core
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(4) More helicopters are now available from a multitude of international sources to do what is necessary
(,q -'AlAthough it is hard to get precise information from the power plants (I do not have the telephone

r of the control room as I had at TMI) the Japanese are hiding nothing and are asking for help.
(C, . nere is a reliable report that electricity has been available since Thursday at the plant site
(7) The pessimistic report of NRC Chairman Jaczo to a US Senate committee on Wednesday was
contradicted by the Japanese because he had his facts wrong. Moreover he should have said do not
evacuate beyond 2 miles till a large Cesium release is happening".

MY PREDICTION (barely changed since the first days)

The heroic reactor staff will continue to do their jobs bravely and well. I think they will succeed in
getting matters under control.

No one in the public will get acute radiation sickness and probably no more than one or two members of

the reactor staff will either.

No one will have problems from iodine ingestion

There will be minimal cesium releases. There will be very few fatal cancers CALCULATED using the
standard pessimistic formula) from the doses to the public. Originally I said none. Now I say 10-20

This is to be compared to 10,000-20,000 direct, measurable and definite deaths from other earthquake

"! Some Disaster Casualties in rough order of numbers of deaths

Fatal cancers caused by arsenic in drinking water in Bangladesh from exposures already accumulated
500,000

Earthquake in Haiti
Z00,000

Earthquake and Tsunami in Japan
20,000

Fatal cancers from Chernobyl in next 60 years (calculated using the standard pessimistic formula
issuming inear no-threshold dose response)
t,000 in Belarus, Russia and Ukraine
A0,000 world wide

'atal cancers from Natural Background (including medical) exposures in US
,,000 per year

"r fatalities from Three Mile Island
iculated for the Kemeny Commission
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Japanese Reactor Problems Page 8 of 9

My prediction: 10-20 calculated cancers from radiation from Fukushima (originally my prediction
i',"--.lose to zero)

O-..,,,,dO adverse health effects of evacuation.

Recommendations for Public Information

It is wll known that in past accidents the media have done an appalling job of communicating
with the public. At TMI neither Associated Press nor Reuters bothered to quote the accurate NRC
press releases. Not one major newspaper got the units straight, confusing Rems and Reins/hr.
The Director of Research of the Nuclear Regulatory Commission, then Dr Robert Budnitz,
anticipated the problem and personally called several "reliable" people, including me in the hope
that we would spread the truth and be reliable "auxiliary" sources of information. After TMI I
had the honor of being Chairman of a committee to make recommendations to the Governor of
Massachusetts. Noting that the newpapers were the means of communicating to the public,
including experts among the public, we recommended, inter alia, that in any major accident the
newspapers be asked to print verbatim any official government press release, and make any
-omment on it they wish. Then, for example in Boston area, the 1,000 or so people who uderstand
radiation would be informed. NO newpaper picked up on this and as I read this at our press
zonference every TV camera switched off!. It was a little better after Chernobyl where some
reporters bothered to talk to people who "knew" but coverage was not good.

__ iw it may not matter. I found the new Wikepedia web page remarkably reliable.

http://en.wikipedia.orw/wiki/Fukushima I nuclear accident

rhe existence of this and related sources on the web is a remarkable improvement from the
;ituation at TMI and Chernobyl. My recommendation therefore to Wikipedia is: - continue the
Kood work. And to the media, let us hope that you can sell papers with sense rather than hysteria.

Recommendations for continued nuclear power

Mere have been already several discussions on what to do about exisiting nuclear power plants, and
)roposals for new ones throughout the world. These include recent fine articles in the Bulletin of Atomic
)cientsits. Many of these discussions echo previous views expressed by the authors asking that certain
ssues already decided be reconsidered. I here make my comments on severalof them

1) We should obviously reexamine every existing nuclear power plant to see whether and how whether
my specific problem raised by Fukushima can be easily addressed. We must remember that when the
irst event tree analysis was done in 1976 it was found that the reactor (Surry) could be made 5 times
afer at small expense by modification of a control system

nce it is claimed, and probably true, that newer designs of reactors would be safer and would have
I> ed the terrible events, should we not retrofit all older reactors? and in particular all 23 older GE

eactors in the USA? This question has been repeatedly raised over the last 30 years. I believe the

ile://C:\Documents and Settings\KMB7\Local Settings\Temporary Internet Files\CofiM4.q03okf2L9291/29/2011
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question is posed too narrowly. It is too restricted to nuclear plants. Should we not retrofit or get rid of
'der energy plants? The cost of retrofits can be high and in many cases would close the plants down.I ,,he question is broadened we might decide to sretrofit, and perhaps close, plants in order of the

es•,±,ated risk to pulic health. For example start by closing every coal fired power plant and only then
consider the older nuclear ones.

(3) One of the largest risks we face in the world is the risk of starting a catastrophic all out nuclear war.
We must remember that while bombs with 100 pounds of TNT killed people in World War II that
Sakharov's test explosion at Nuovo Zembla over 40 years ago was of a bomb

ONE BILLION times more powerful

Should we not consider this carefully in all applications of nuclear energy? In particular should that not
be a fundamental question asked by the Nuclear Regulatory Commission? While it is evident to me that
this issue MUST be in the front of all our minds from now to eternity, it is far less clear that the Nuclear
Regulatory Commission is the proper place. Already, as noted above, they have internal conflicts
between discussion of "ordinary" operation, and reaction to an accident mode which has resulted in the
silly statements mentioned earlier. It goes far beyond Fukushima or indeed beyond any other public
safety or public safety issue. Where, when and how proliferation questions should be discussed is
perhaps the most important long term issue. Maybe I should invert the issue. When are the few
occasions when non-proliferation should NOT (or need not) be discussed? It has been urgent for at least
the last 60 years.

j
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Apostolakis, George

,ol-_ore: Apostolakis. George
nt: Thursday, April 14, 2011 8:49 AM

Apostolakis, George; Baggeft, Steven; Blake, Kathleen; Davis, Roger Lui, Christiana;
Snodderly, Michael; Sosa, Belkys

Subject: FW: NRC team in Japan

----- Original Message -----
From: Casto, Chuck
Sent: Wednesday, April 13, 2011 10:17 PM-
To: Apostolakis, George
Subject: RE: NRC team in Japan

Commissioner,

Thanks I had not seen this note. I passed on the sentiments to the group. The Commission
has provided the best people and have supported them well.

By the way, we have used your name over here several times. Your great work on the ACRS and
the insights from the ACRS have been discussed.

Thanks for your continued support.

Chuck Casto

-- Original Message -----

-_j~m: Apostolakis,. George
Sent: Thursday, April 14, 2011 5:19 AM
To: Casto, Chuck
Subject: FW: NRC team in Japan

Chuck:

Good to see that your team's work is recognized. Congratulations.

GA

Commissioner George Apostolakis
US Nuclear Regulatory Commission
One White Flint North, MS 016 G4
11555 Rockville Pike
Rockville, MD 20852

(301) 415-1810

--- Original Message-----
From: Apostolakis, George
Sent: Sunday, April 10, 2011 12:36 PM
To: 'Lyons, Peter'; Jaczko, Gregory; Magwood, William; Ostendorff, William; Svinicki,

,*- 'stine

ject: RE: NRC team in Japan

rete:
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I am very glad to hear this. Thanks for confirming what I always thought to be true.

George

K>. unmissioner George Apostolakis
. Nuclear Regulatory Commission
One White Flint North, MS 016 G4
11555 Rockville Pike
Rockville, MD 20852

(301) 415-1810

----- Original Message-----
From: Lyons, Peter rmailto:Peter.Lyonsi*Nuclear.Energy.gov1
Sent: Sunday, April 10, 2011 12:07 PM
To: 3aczko, Gregory; Magwood, William; Ostendorff, William; Apostolakis, George; Svinicki,
Kristine
Subject: NRC team in Japan

Commissioners
I returned from Japan on Friday. I had several opportunities to work with and observe the
interactions of your NRC team with Japanese government and industry leaders.

Many compliments on the superb work your team is doing. Chuck Casto, supported by the rest
of your team, has clearly gained the trust of the Ambassador, key GO) leaders, and Japanese
industry. They are providing invaluable advice on the complex situation in Japan.

Pete Lyons

\/_.-.

wat DGLGSREF
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1< US.NRC
United States Nucler Reg,,htou, Cum~imit)i,

-Poectin.g People and ,-e -Ei ,o-•omn-

Nuclear Accident in Japan: NRC
Early Protective Action

Recommendations
National Radiological Emergency

Preparedness Conference

April 18, 2011

Patricia A. Milligan, CHP

Senior Technical Advisor for Preparedness & Response

Office of Nuclear Security and Incident Response
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~•US.NRC
Umriid Siamc Nucleir Regphim y oosi

Pro tecting People and tbeE nwironment

Status of site prior to earthquake

2
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SUS,NRC
UtiiWd Stain Nudeir Rqul a oiy Commtiwoi•

Pthe~ctinghpe and die Enviro~nmen

NPP site post Tsunami March 11, 2011

.04
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SUS.NRC
Uoited Siatts Nudur Regi, l mfy Caimiunwo

N aing •.opi and &hEvnironmfnt

Plant Response

Earthquake

, Earthquake Caused Automatic Shutdown of 3 Operating
Units

* Offsite Power Lost

* Initial indications are that Emergency Diesels were operating

14m Tsunami (less than 1 hour later)

* All Emergency Back-up Power Lost

* 8-10 hours later Station Batteries Depleted

5
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SUS.NRC
Uniicd Suaics Nurar RegIaiLuty Cuuiainstiou

PThctingheopl and d•E nvironment

NRC Response

s Ops Center 24/7
# Team of experts to Tokyo

- First team deployed on March 12

- Additional teams have been deployed

s Support to U.S. Ambassador and Japanese

s Coordinating Environmental Monitoring with
DOE & EPA

s PARs
6
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IJUS.NRC
UnIed Stato NudJw. Requlmioiy Coimbiium

Nreainh p and iln£nvirownnnt

March 12, 2011 early in the day

7
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SUSNRC

United Siames Nudear Rt dAmuyi Cumi.iamwio.

Powcing Peple and the Environment

March 12, 2011 later in the day

I '
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'< US.NRC
Uji•ol Stico Nutlear Reptlatory Comniiaion

winr I Popp and dE bwvironmrnt

March 14, 2011

AV9

FM 921 of 2929



SUS,NRC
United Siamt Nuclur Regplvoiy Co•ii•uission

Pt leoplq ad tb4 #d pironmnwt

March 15, 2011

7A
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1i<US,NRC
Utile4 Stmes Nudur kq~Lalatut CommiLI1ioIu

PrtectinghPeple and th E~wirornment

March 46, 2014

1 Ok I

77,

FM 923 of 2929



SUSNRC
United Stan Nudear R ,uiatoty Cautailaion

Pwtectinglhlk and ýe Envirnment

Emergency Planning Zones and Protective
Action Recommendations

Why 50 miles?

- Limited and uncertain data was available

- Significant challenges to 3 units and at least 2 spent
fuel pools on site

- Potential for large offsite release existed

- Elevated dose rates on site presented challenges to
crews attempting to stabilize reactor

- Limited offsite data suggested serious damage to
fuel

- Winds shifting from out to sea to land
12
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(%US.NRC

United Sates Nudear R tgu!amy CommissimI

ProtctingI'eople and he Environment

Emergency Planning Zones and Protective
Action Recommendations

Why 50 miles?

@ US government cannot affect the outcomes in
Japan

* US government can only take actions to protect
its citizens
Evacuation recommendation to 50 miles
afforded protection to US citizens in uncertain
and challenging conditions

13
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(' US,NRC
Unitd Staec NULIs,' Recubtui Coiimni•,ion

Protecting People and 6hebivironment

Emergency Planning Zones and Protective
Action Recommendations

* Two emergency planning zones (EPZ) around each
nuclear power plant
- 10 mile EPZ - plume exposure planning zone

- 50 mile EPZ - ingestion exposure planning zone

* EPZ size established:
- to protect against most accident sequences
- to provide a substantial basis for expansion of response efforts

as needed beyond the EPZ distances

15
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S•U.SNRC
Uuji.d Stain Nuudear Regatory Coiuiiioi,

Prowcting Poplk and the EPwironment

Basis for Emergency Planning

What is the basis for the existing Emergency Planning
Zones (EPZs) the nuclear power plants in US?

s Emergency planning in the US is based on a range
of accidents including most severe

s Two EPZs (10/50 miles) around each NPP

, Exact size and shape of EPZ is a result of detailed
planning which includes consideration of the specific
conditions at each site, unique geographical features
of the area, and demographic information.

16
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SUSNRC

Umied Siam Nudriu Reguhvojy Czouiniain

Protcting Peopl and 6¢Environment

Domestic Considerations

* No U.S. Health Effects from radiation fall out from Fukushima
* U.S. Plants Designed for External Events

NRC has initiated additional inspections at all U.S. Plants
, NRC conducting Near-Term and Long-Term Reviews.

17
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SUS,NRC
UuaLcd St:tcs NULIcr Rcgul•lwr Co:misiori

ProtNteng Pop and the Etvironment

NRC Near Term Review
, Evaluate Fukushima Daiichi Events

Domestic Operating Reactors and Spent Fuel Pools
* External Events

a Station Blackout

@ Severe Accident Mitigation
e Emergency Preparedness
# Combustible Gas Control

Staff will brief the Commission in public meetings on
May 12 and June 16; final recommendations in public
meeting July 19.

18
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(' U.S.NRC
UIfLed Sw2Les NuLIcir Reguhtoy Conhmi.oi

Protecting People and the Environment

NRC Longer Term Review

# Begin as soon as NRC has sufficient technical information from the events in
Japan -no later than the completion of the 90 day near term report

# Include specific information on the sequence of events and the status of
equipment during the duration of the event.

# Evaluate all technical and policy issues related to the event to identify potential
research, generic issues, changes to the reactor oversight process,
rulemakings, and adjustments to the regulatory framework that should be
conducted by NRC.

* Evaluate potential interagency issues such as emergency preparedness.

* Applicability of the lessons learned to non-operating reactor and non-reactor
facilities should also be explored.

# Provide a report with recommendations, as appropriate, to the Commission
within six months from the start of the evaluation for Commission policy
direction.

19
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The Great East Japan Earthquake and Current Status
of Nuclear Power Stations

April 18, 2011

Tokyo Electric Power Company

.~
All Rights Reserved 0)201 Tlhe Tokyo Electric Power Company, Inc.
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1. Overview
I The earthquake occurred at 2:46 pm on March 11, 2011 (Friday).

I Fukushima Daiichi Nuclear Power Station
* Units 1-3 shut down automatically (Units 4-6 had been cold shutdown due to annual outage).

* Although emergency diesel generators had started after the loss of offsite power due to the earthquake,
they were lost by the ensuing tsunami,
->Currently offsite power has been restored and lights in the main control room (all units) and some
area in turbine building (Units 1-4) have been energized.

* Core cooling functions were insufficient. Initially fresh water were used for cooling and then sea water
(boric acid partially contained) were injected,
->Currently fresh water has been injected into the reactor core by the temporary motor driven pump
(Units 1-3).

* Implemented ventilation to reduce the pressure of Primary Containment Vessel (PCV) in Units 1-3 to
prevent over pressurization of the PCV.

* Reactor buildings were damaged due to possible hydrogen explosion (Units 1 &3).
* Abnormal sound was heard near the suppression chamber followed by a decrease in the suppression

chamber pressure (Unit 2).
a Large sound was heard, and the reactor building of Unit 4 was confirmed to be damaged.
* Contaminated water with high radioactive materials have been found in large quantityin turbine

buildings of Units 1-3, leakage of the water into the ocean was found via Unit 2 trench, sealing of the
leakage was implemented on April 6. Pumping out the contaminated water is on progress. In order to
transfer and store the contaminated water with extremely high radioactive dose in Unit 2 in Centralized
Radioactive Waste Disposal Facility, approximately 10,000 tons of low level radioactive water stored
therein was discharged into the ocean.

* Units 5 and 6 are under cold shutdown.

a Fukushima Daini Nuclear Power Station
* Units 1-4 shutdown automatically.
* All Units are under cold shutdown, and water level of the reactors are stable and controlled. Offsite

power has been available.

All Riglits Reserved 02011 The Tokyo Electric Power Company, Inc.
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2. Tohoku Pacific Ocean Eathquake

Time: 2:46 pm on Fri, March 11, 2011.

•Place: Offshore Sanriku coast (northern latitude of 38 degrees, east longitude of 142,9),

24km in depth, Magnitude 9.0

lntenslty: Level 7 at Kurihara in Miyagl Miyagi prefecture

Upper 6 at Naraha, Tomioka, Okuma, and Futaba in Fukushima pref,

Lower 6 at Ishinomaki and Onagawa in Miyagi pref., Tokai in Ibaraki pref,

Lower 5 at Kariwa in Niigata pref.

Level 4 at Rokkasho, Higashidori, Mutsu and Ohma in Aomori pref,, Kashiwazaki in Niigata pref,

[Epicenter]
htlod Ai 1406 on MW€l 11. 2011

Fukushima
Dalichi NPS

Fukushima

/g//

I Seismic Acceleration at
i Fukushima Oaiichi Unit 2

Horizontal' 550gal
Vertical: 302gal
(provisional value)

Seismometer

* gal: a unit of acceleration defined as cm/s2.
9 oplmotor

All Rights Reserved 201 I The Tokyo Electric Power Company, Inc. 2
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3. Impacts for Safety Function
ý Offsite Power Su~yJuakk e; dlesl gqpt•'•to.••

•, "Shutdozn, was mUred by automatic shutdown of all control rods Inserted at the same time of the earthquake
S, "Cooling" of reactor and spnt fuel W I was Insufflcent due to the loss of power supply

->CurrenNtlyzrswater 15 InWured y. tem P&u•

•' "Qntainmynt" bl ;pay because high level contaminated water has been found In turbine buildings,
->Preventative measures of _panding contaminations are In full force,

Shutdown
Stop fission reaction by inserting
control rods that absorb neutron

Containment
Contain radioactive materials inside
the Reactor Building by five walls

Injecting water by temporary

fire trucks or pumps

All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc. 3
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4. Plant Status: Fukushima Daiichi
, Units 1-3: Injecting fresh water by temporary motor-driven pumps in order to cool the fuels in reactors.
, Units 1.4: Injecting fresh water from the top or via Fuel Pool Cooling System intermittently in order to cool the
fuels in spent fuel pool,

, Units 1-3: Found contaminated water with high radioactive materials in turbine buildings, Pumping out of the
water into the condensers, etc, is in progress,

, Unit 1: Injecting N2 into PCV to lower the possibility of hydrogen explosion, Also scheduled for Units 2&3.
ý Units 5&6: Under cold shutdown,

#1 #2 #3 #4 #5 #6
460MW 784MW 784MW 784MW 784MW 1l100MW

Pre-Earthquake Status Operating Shutdown for Outage

Shutdown 0 Automatic Shutdown - - -

A A A - 0 0
m Reactor Offsite Power Offsite Power Offsite Power Fuels have been Cold Cold
D Cooling Freshwater Freshwater Freshwater removed Shutdown Shutdown

Pool A A A A 0 0
C SX X X

0 *Containment Highly Highly Highly A 0 0
contaminated contaminated contaminated

water water water

0 :functioning A: non-functioning (work in progress) X:non-functioning (not working)

*There are damages on upper part of the Reactor buildings of Unit 1,3 and 4, There is a possibility of malfunction
of containment in suppression chamber of Unit2. Holes are drilled on the roof of reactor buildings of Units 5 and 6
to prevent hydrogen accumulation.

All Rights Reserved 02011 The Tokyo Electric Power Company, Inc. 4
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4. Plant Status: Fukushima Daini

ý Unit1-4: Automatic Shutdown
ý Unit1,2 & 4: Offsite power maintained, Heat removal functions for reactors were lost in Units 1, 2 and 4,

Later the functions were restored and cold shutdown has been secured for those units,
, Unit 3: Cold Shut down in 22hrs after the quake

Fukushima Daini Nuclear Power Station

#1 #2 #3 #4
1,100MW 1,100MW 1,100MW 1,100MW

Pre-Earthquake Operating
Status

Shutdown 0
"1

m 0
W Cooling
4(Cold Shutdown)

- Containment 0
I 1

0 :functioning A: non-functioning (work in progress) X:non-functioning (not working)

All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc. 5
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0
5. Course of Events (Fukushima Daiichi Unit 3)

Earthquake K
Loss of Offsite f

Pnwpr

_ Reactor Automatic Shutdown .1
Diesel Generator-(DIG) Automatic Start

W- Unstable condition
SSafe condition

[ Operation for mitigation

Tsunami Station Black Outt
I

Water Injection into reactor by *non-electrical system J
Failure of water injection system [Failure of Fuel Poc'I Cooling System

Water injection into reactor via Fire
Protection system

[. Fuels exposed

1-- --- -i -
[Fuels damaged

I
Reactor building (R/B)

damaged due to presumed
hydrogen explosion occurred

in R/B
]

I-Fission products released

*High Pressure Coolant Injection System (HPCI),
Reactor Core Isolation Cooling System (RCIC)

; All Rights Reserved ©2011 iThe Tokyo Electric Power Company, Inc. 6
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6. Chronology of Fuel Cooling (Fukushima Daiichi)

Unit I Unit 2 Unit 3 Unit 4
nsF Po 6l Re Cto• Power Supply

Unit 5-6 Common SF Pool

One DIG
survived

VEM All Rights Reserved ,)201 IThe Tokyo Blleciric Power Company, Inc. 7
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[Reference] Recovery Status (Main Control Room)

Main Control Room Power recovered as the first symbolic step of restoration
SMarch 22 at 22:45 Unit 3 Main Control Room lights turned on

ý March 24 at 11:30 Unit 1 Main Control Room lights turned on

,March 26 at 16:46 Unit 2 Main Control Room lights turned on

; March 29 at 11:50 Unit 4 Main Control Room lights turned on

Unit 1 Main Control Room lights turned on
(The light covers come off by the earthquake)

Unit 4 Main Control lights turned on

All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc. 8
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7. Plant Parameters (Fukushima Daiichi) as of April 17 at 14:00

RPV Pressure [MPa-g
I 1

Unit 1 Unit 2 Unit 3

0.973 -0.023 -0.030

RPV Temp LC]
Unit 1 Unit2 Unit 3

180.4 141,1 121.7
(Feedwater (Feedwater (bottom of

Nozzle) Nozzle) RPV)

Reactor water level [mm]

Unit 1 Unit 2 Unit 3

-1,650 -2,100 -2,250

Prim
Reactor Building

ary Containment Vessel
(PCV)

R trPe s~sur

iII

Suppression
chamber

Drywell pressure [MPa-abs]

Unit I Unit 2 Unit 3

0.175 0,085 0,1047

Pressure conversion: Gauge pressure (MPa-g)=absolute pressure (MPa-abs)-atmospheric pressure(O.1013Mpa)

*Posted in one gauging
d

;nxlj All Rights Reserved Q201 IThe Tokyo Electric Power Company, Inc. 9

FM 941 of 2929



a a
8. Water Removal Process from Turbine Building (Fukushima Daiichi)

Contaminated water with high radioactive materials have been found in large quantity in Turbine buildings of
Units 1-3 etc. Following measures will be taken to store them safely.
V Transfer the low level radioactive wastewater stored in Condenser to the tanks outside in order to store the

water puddle therein (1).
V Discharged approximately 10,000 tons of low level radioactive water stored in Centralized Radioactive

Waste Disposal Facility in order to store the contaminated water with extremely high radioactive dose in
Unit 2 therein (2).

(Assessed low impact to the public as the radioactivity in 10,000 tons of the low level water is equivalent to
10 litter of high level water in Unit 2.)

< Water puddle in Unit 2 (as of April 14) >

sTrench water in Unit 2
o1-131 6,9X100 Bq/cm3,
iCs-137: 2,OX106 Bq/cm3

(As of 3/30 at 8:50)

Central Radioactive Waste Disposal Facility

(2)

isfe er.: _____"_____ Dischamae low lev~el
radioactive waterI i

Water puddle Trerch

woo All Rights Reserved 0201 1111c Tokyo Electric Power Company, Inc,
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9. Countermeasures to Prevent Diffusion of Radioactive Materials

, Sprayed dust inhibitor agents on trial basis to reduce spreading of powder dust containing radioactive
materials on the ground, (Have been spraying intermittently since April 1-"t)

, Took following measures in order to prevent radioactive contaminated water from running off into the sea.
V Injected coagulants from the holes near the shaft. Have confirmed the outflow from the crack on the

concrete wall of the pit stopped, (at 5:38 am, April 6)
V Installed a rubber plate and jig to enhance water sealing.
V Monitoring continuously for any existence of leakage,

', Took following measures in order to prevent contaminated water from running off from a plant's port at
southern part of the site.
V Launched construction of installing large sandbags around the breakwater.
V Installed 120 meter-wide double silt fences around the breakwater.

Spraying dust inhibitor agents Coagulant injection to stop outflow

All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc. 11
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10. Injection of Nitrogen Gas into the Primary Containment Vessel (PCV)

ý,lnjecting nitrogen gas into PCV since April 6th to mitigate the risk of hydrogen
gas accumulation in the PCV (Fukushima Daiichi Unit 1).

SSame measures are scheduled to be take for Units 2 and 3.

As of April 13

Flammability limit of hydrogen gas

C

C

C
0
CD
0)

4%

Flammable
(explosive)

range

Reducing the risk of hydrogen burning by injecting
nitrogen gas, which decreases concentration of
hydrogen and oxygen.

5%
Oxygen concentration

Wam All Rights Rcscrvcd O2OI1The Tokyo Elcctric Powcr Company, Inc. 12
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11. Evacuation

Fri, 11 March
14:46 Automatic Shutdown by the earthquake (Daiichi Units 1-3, Daini Units 14)
19:03 Emergency Declaration by the Gov't (Daiichi)
21:23 3 km radius evacuation directed by the Prime Minister (PM) (Daiichi)

10 km radius taking shelter directed by the PM (Daiichi)

Sat, 12 March
5:44 10 km radius evacuation directed by the PM (Daiichi)
6:50 The Gov't ordered to control the internal pressure of PCV (Daiichi Units 1&2, Nuclear Regulation)
7:45 Emergency Declaration by the Gov't (Daini)

3 km radius evacuation and 10 km radius taking shelter directed by the PM (Daini)
17:39 10 km radius evacuation directed by the PM (Daini)
18:25 20 km radius evacuation directed by the PM (Daiichi)

Tue, 15 March

11:00 20-30 km radius taking shelter directed by the PM (Daiichi)

Fri, 25 March
A.M. 20-30 km radius evacuation announced by the Chief Cabinet Secretary

Mon, 11 April
P.M. Government declared two new regions "Planned evacuation area" where the accumulated dose of

radiation to the public might exceed 20 millisieverts/yr. The second area overlapping with "Shelter in
Place", is "emergency preparation evacuation area".

19 111 All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc. 13
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12. Monitoring Data (at Site Boundary of Fukushima Daiichi)
IH N NN W W M "I 'lll l I11 I / .... .. I 1]1 / I I I . .I1

4,Monitoring data at the site boundary of Fukushima Daiichi
KContinue to monitor the surrounding environment

Monitoring post air dose rate
:u Sv/h as of 17. April 2011 21:00

10MP I
34,M112 ' I

Dose rate at the surrounding area of
Nuclear Power Station

Daiichi (maximum):
Area around Unit 3: 400mSv/h (3/15 10:00)
Site boundary:12mSv/h (3115 9:00)

Daini: 0.03-183 uSv/h

Dose Rate Trend at the Site Boundary of Fukushima
Daiichi

31 MP' 3)

29 MP 4
r

49 mp K

Wesot Gate

0-

HJJ~~il
3H"IR

2I

[ u SvIN

1000 1
West Gate

100~
r

10t

83
MP 6

MPY ,i
192

MP17171
1
(0
1T-

000
\

10W Yol-MCMO
N T -T

l'-
N-

0)
r-
N

WRM
Ulu
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0
12. Monitoring Data (Surroundings of Fukushima Daiichi)

Accumulated Dose 30km radius from 23 March to 13 April maximum 16,0 mSv

0
I'~; I.I~

A

~ fli~

(Location Number]

Accumulative Dose

(Dose per hour)

Unit : PSv

(P Sv/h)

Source: Ministry of Education,
Culture, Sports, Science and

Technology

1.7 0~1I~o'
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CA0
12. Nuclide Analysis Data Sampled in and Near the Site

, Plutonium was detected from the soil at the site sampled after March 21.

Concentration of Plutonium detected was as same level as that under usual environment and it is
considered not to be harmful to human health. Environmental monitoring at the site and surroundings
were strengthened just in case,

Ground [sampled on 414]
Pu-238: 0.21 ± 0.019 Bq/kg
(normal level is below detection limit to 0.15)

,/
North Discharge Channel of Units 5-6
[sampled on 4/16 14:15]
1-131: 0.48 Bq/cm 3 (12 times)
Cs-1 37: 0.66 Bq/cm3(7.3 times)

4,

II

P.1
1

"l

. Unit 6

Unit 5

Unit1

Unit 2

. Unit 3

Unit 4

I

West gate [sampled on 4/16 11:25,,-11:451
1-131: 1.1 X1 04 Bqtcm 3 (0.11 times)
Cs-137: 1.6X10- Bq/cm3(0.01 times)

Industrial waste disposal area
[sampled at 4/4]
Pu-238: not detectable
(normal level is below detection limit to 0,15)

South Discharge Channel [sampled on 4/16 14:00]

1-131:0.36 Bq/cm3 (9 times)
Cs-1 37: 0.68 Bq/cm3 (7.6 times)

*Representative nuclides concentration described out of
detected nuclides

W(times in the bracket is the ratio of concentration limit by law)
Em All Rights Reserved 001 IThe To

[-]: sea water 0: air
I: Iodine, Cs: Cesium, Pu:

0: soil
Plutonium 3

kyo Electric Power Company, Inc. 16
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[Reference] Impacts to Food and Water (Restriction as of April 17, 2011)

Since March 21, radioactive matorials Ihat exceed provisional standard sot by the Ministry of Hoalth, Labour and Welfare havo
been dotocted from vegetablos, milk and tap water, which loads to the restriction of food distribution otc,

Vegetables, Milk Fukushima Cbaraki pref. ochigi prf Gunma prof Chibapref.
.. __prof. baraki p .o irfu ae Asahi city Katori city Takotown

spinach DR. , D.R. - DR. DR. D.R.

Kakina D.R.
Non-head CR _

leaf Shungiku D.R,
vegetables Bok choy CR D.R.

sanqchu
Other Non-head D.R.
leaf vegetables CR, _

D.R.
head leaf vegetables CR. -.....

D.R.
Brassica oleracea C.R

D.R.
turnip C.R. - " _

parsley - D.R. -

celery -___ D.R.

D.R.raw milk "pailly lifted
_~ - -i

lidate Village, **15 municipalities,

Fukushima pref. Fukushima pref.

Tap water CR, for infant

Fresh D.R, D.R.
Shiitake CR.

DR.: Distribution Restricted, CR.: Consumption Restricted

*Kitakata, Bandai, Inawashiro, Mishima, Aizumisato, Simogo,

Minamiaizu were lifted

**Date, Souma, Minamisouma, Tamura, Iwaki, Shinchi, Kawamata,

Namie, Futaba, Ohkuma, Tomioka, Naraha, Hirono, Katsurao,
and Kawauchi

***Kitaibaraki and Takahagi

Source : web site by the Ministry of Health, Labour and Welfare
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[Reference] Relationship between Health and Radiation Dose

(mSv)

(Whole body exposure) 99% mortality 7,000",l,0000 10000

(Whole body exposure) 50% mortality 3,000'-5,000

1000
(Whole body exposure) decrease of I y~ 00

Maximum permitted for staff working in
emergency cases
(on ly Fukushima Daiichi case) 250 .

Maximum permitted for staff working in
emergency cases (ordinary) 100

-~ Maximum permitted for radiation workers
in yoariq y 50

100
4T

C

(0
ax
C
02

I
I' ~

Natural Radiation at Guarapari
Beach, Brazil (per year) 10

0ll Natural Radiation per person
- (per year, world average) 2.4

Tokyo - New York flight
(round trip) 0.19

(radiation varies depending on the flight altitude)

10 Chest X-Ray computed
tomography (one time) 6.9

Regular public space
t (except medical area) 1.0

Abdominal X-Ray for health "
....... checku one -me . 0.6 ,

0.1 The target figure around Nuclear
Power Plant area (per year) 0,05 , r-r "

Irrr r

(Note) The amount of natural radiation is induding the effect of inhalation of Radon.
(source) UNSCEAR 2000 Report, 'Sources and Effects of Ionizing Radiation" etc.
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C

13.1NES (International Nuclear Event Scale ) Evaluation
, On Apri 12, Nuclear and Industrial Safety Agency released as below;

s Tentatively assigned Level 7 on INES for the accident at Fukushima Daiichi Nuclear Power Station,

# In this regard however, the amount of released radioactive materials is one-tenth as much as the
accident at Chemobyl,

, We are wrestling with hurdles such as cooling the reactors or reducing the diffusion of radioactive materials
in order to resolve the situation as soon as possible. We will commit in full force to resolve this situation
along with the close coordination and cooperation with the national and local governments.

Estimated release from Fukushima Daiichi....... .......... (R eference)
by NISA by Nuclear Safety Release from Chemobyl

Commission

130 thousands T Bq 150 thousands T Bq 1,800 thousands T Bq
Iodine 131 (a) (1.3X10 17Bq) (1.5X10g 7Bq) (1.5X10 17Bq)

6 thousands T Bq 12 thousands T Bq 85 thousands T Bq
(6.0X1015Bq) (1.2X1016Bq) (8.5X10 16Bq)

Iodine value 240 thousands T Bq 480 thousands T Bq 3,400 thousands T Bq

conversion (b) (2.4X10 17Bq) (4.8X10g7Bq) (3.4X10 18Bq)

370 thousands T Bq 630 thousands T Bq 5,200 thousands T Bq
(a) + (b) (3.7X10 17Bq) (6.3XlO17Bq) (5.2X1018Bq)

INES level 7 equivalent: over 10 thousands Tera Becquerel (T Bq) (over 1016Bq)

Source: Nuclear and Industrial Safety Agency
VIM 19All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc. 19
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14. Roadmap towards Restoration from the Accident

By bringing the reactors and spent fuel pools to a stable cooling condition and
mitigating the release of radioactive materials, we will make every effort to enable
evacuees to return to their homes and for all citizens to be able to secure a sound life,

< Roadmap for Immediate Actions (Issues I Targets I Major Countermeasures) >
STEP1 STEP2

Current S~lus (around 3 months) It MOM ft 4da" 4p Mid-term Issues

'Radiation dose is in steady decline" V4 M do" , W"% ,,,W(

I j Nle a.sinect',ion mlm' • if +tractatmi mAtais Olt,

+J _J+ , ...... ,+'t li ......,.

" ,.a n to. .l o R myn"jI riva l tl rl tls

i1- 4astmn Inta NetNi

Dise>on of inhibitor

Removal of debris)

I nstarlling reactor buildinfg ruvur

Monmg of radiaton dos in pandonhance monitoring and inlorm of reslls fast ore xidevmao e p continue monitoring and interming
and o~ulf&P lt : ad accuratety ao ion enwano ras_ mentat safety

t~ ~ All Rigots Reserved QJOI I The Tokyo Electric Power Company, Inc. 20
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14. Roadmap towards Restoration from the Accident
I

< Overview of Major Countermeasures in the Power Station >

Cooling~ of 5ipurt fuel pwl by external wiluf ipA~lionjL junphig fslfofiuilinpuol Water Ind mosien i11

dor Q~~if;Ulatioi' cooling of speol f UPlI

FT1F'I Pruouing high tadiailiuo

ouppro•,ul 'n
Chamber1 Disprsin of nhilbior

Removal of deb~s12) Sý,olng lhe danqied1l•iot n odnlnf

Cofilinued monitoring,USeiqsc assessment,
(Unit 4) Installation of supovoring structure une

bI lotto of Ip~n fmuelU(

4 for conlarninaled

heat exchangers, water processing facilities
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[Reference] Reactor Feed Water System

Injected fresh water to cool the reactor just after the earth quake, changed over from fresh
water to sea water (boric acid contained) after that, and then changed over again from sea
water to fresh water for the injection,

From raw water tank (Fresh water)

Primary Containment
Vessel

Water
Filtration

Tank

1

Fresh Water

Tank

All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc. 22
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[Reference] Water Spray into Spent Fuel Pool

>Injecting freshwater although injected seawater just after the earth quake.

SMonitoring continuously the status of spent fuel pools, and will spraylinject fresh water
into the pools if it is necessary.

From raw water tank (Fresh water)

Fire truck

Temporary
water tank

Fire truck Concrete
pumper

Reactor Building

[.INi
Spent Fuel Pool

00
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[Reference] Measure to Decrease Pressure of PCV (Ventilation)

Implemented ventilation to reduce the pressure of Primary Containment Vessel (PCV) in
Units 1-3 to prevent PCV from getting over pressured,

Exhaust
Stack

(A): Drywell (upper PCV) ventilation

Rupture Disk 

Valve

Reactor Building

P

Valve

Valve

(B): Suppression pool ventilation
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Reference: Seismic Observed Data

AWill endeavor to keep collecting as much data as possible and analyze these in
more detail

Comparison between Basic Earthquake Ground Motion and the record of intensity

Observed data (*interim) Maximum Response Acceleration

Observation Point Maximum Response against Basic Earthquake Ground
(The lowest basement of Acceleration (gal) Motion (Gal)

reactor buildings) Horizontal Horizontal Horizontal Horizontal verical

(N-S) (E-W) (N-S) (E-W)

Unit 1 460*2 447*2 2582 487 489 412

Unit 2 348'2 550'2 302'2 441 438 420

Fukushima Unit 3 322'2 507'2 231'2 449 441 429

Daiichi Unit 4 281.2 319*2 200*2 447 445 422

Unit 5 311'2 548*2 256'2 452 452 427

Unit 6 298'2 444'2 244 445 448 415

Unit 1 254 230'2 305 434 434 512

Fukushima Unit 2 243 196'? 232.2 428 429 504

Daini Unit 3 277T 216'2 208.2 428 430 504

Unit 4 210'2 205'2 288'2 415 415 504

*1: The data above is interim and is subject to change.
I2: The recording time was about 130-150 seconds

U.
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[Reference] Height of Tsunami
BasI d on e evaluation nm b 00 Japan SIIoiet Civil Enginoors rovised on 2002, we conducted an assessment regarding Tsunami or UO 5.1-I
5.7m, and based on Ohis ovalua•lon, we have ta•en soafey measures,

, At Fukushimo Dalichl Nuclear Power Stati, inundlation with Inundallon height of tpproximately OP. + 14 to 15 motors and inundation dophll
approximatoly 4 to 5 moetrs occurred in most of tie area.

SAt Fukushlina DeaIN Nucloar Power Station, Inundation with Inundation height of alplroximatoly OP. + 6.5 to 7 motors occurred In Iho ocean-side areas,
however, only surrounding areas of Unit 1 and 2 Iktldings and tha south side of Unit 3 building was Inundated within thl moan building aroa.

Fukuthima Dalnil Nuclear Powor Station.

Press release at April 9

Fukushima Daiichi

Assumed highest
tsunami water level

O.P. +5.7m

Base level

O.P. Om "JV

Main building area
,,ahi1ly nieiuir,' lia~ Inundation height

, Iafil1 m ht , px. T.ur.b.in-1e 51
ipII I(iti hfi~ll11 Turbine builc

T

Silo leyO.Pý .0In

*';i(o lovol (III ý111(1 6 vi R R 113111.

ihFukushimaDain

Assumed highest
tsunami water level

O.P.+5.2m

Baselevel,
O.P.Om

"t

Ocean-sido
area r Main building area

Inundation height apx. O.1 .+ 14-15m
saiely •~sm;I•~ ;kl

ap]inilt 5lrn 1 ;uikii IfýIlqhil Turbine

Site levei \ eat exchnger bui ...
O.P +41"J\II p

7:]
I`
L I

wow
O.P. : Onahama bay cntruction base level
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[Reference] Inundated and Inflowed Area at Fukushima Daiichi and Daini Site

Fukuslma DalliFush lmaDalniin

n

Inflowed

W !l•'All Rights Reserved 0201 IThe Tokyo Electric Power Company, Inc.

(C) GeoEye
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