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First of all our study was funded by DOE, the Department of Energy, not during the
current administration but during the last administration. We just take so long to
complete the work that ...

But our objective and the objective of the people who provided the funding had, I think,
nothing to do with Rokkasho or influencing the debate in Japan. It was entirely oriented
to and focused on the debate in the United States.

The funders anticipated that there would be a call for reexamination of reprocessing
and of fast reactors, which we have in fact seen in both the Gen IV effort and in the
Advanced Fuel-cycle Initiative and so the objective of our study was, as you anticipated,
to, to head off or to discourage those routes.

And indeed in the printed version of the report there is hardly any mention of
Rokkasho and there is no use of the prices of reprocessing or MOX fabrication at
Rokkasho. The estimates are based largely on the United Kingdom, the Thorp plant. Of
course, since | was invited to Japan, I tried to make the presentation more interesting
for local audiences by making more generous use of the example of Rokkasho.

Regarding the second question, North America may be largely energy sufficient when
viewed as a whole, but actually about now 40%, 45% of US oil is imported.

Oil is tremendously more important to the US economy than uranium is to the Japanese
economy. And the United States has because of this vulnerability to oil supply shocks
that was the main reason for establishing a strategic petroleum reserve.

So actually I think the reasoning is quite parallel in the cases that if there is concern
about uranium price shocks or disruption in uranium supply establishing a uranium

stockpile seems to me to be a reasonable way of dealing with that possibility.
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Well, let me just give some reactions. First, | think too much emphasis is given on
proven resources as compared with or sometimes called reserves as compared with
ultimately recoverable resources.

Colleagues and | are writing a new paper that looks at over 90 minerals and mineral
resources and the trends over the last 100 years in price and in the ratio of current
production to proven resources.

In virtually every case, we see a constant increase in the ratio of proven resource to
production even as production, annual production increases.

Similarly, we see in almost every case a constant and steady decrease in the price per
kilogram of mineral resources.

The reasons for this are first, it is simply not economic to prove resources far in
advance of their use. There is no economic incentive for extraction industries to
demonstrate the existence of a resource more than 20 or 30 years in advance of its use.
If we relied on estimates of proven resources of oil, say in 1950, all of the oil would have

been gone long ago.
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Similarly, we have seen very large decreases in the price with time due to dramatic
increases in the technology and efficiency of extraction.

The amount of coal or copper that can be extracted per miner per dollar invested is
vastly greater today than it was just 30 years ago.

These trends will, have applied and will continue and will apply in the future to
uranium as well. And although I did not mention it in my talk in this time frame in the
say 50-year or greater time frame it may even become possible to extract the vast
guantities of uranium in seawater at a reasonable price.

Of course, there may be technological advance also in reprocessing and nuclear
technology, but those advances will be across a broad front. For example, the cost of
light-water technology, we hope, is decreasing as may also the cost of fast reactors in the
future. So fast reactors may become cheaper but so may light-water reactors become
cheaper in the future.

PUREX is a relatively mature technology and we see no reason to expect dramatic
decreases in the cost of PUREX, but it is interesting to note that the cost of PUREX
separation in France and the United Kingdom if one includes the entire capital cost of
the plant is not so very different from that at Rokkasho. A fair price probably would be
about $2000 per kilogram if the construction had not been subsidized by pay-ahead
contracts.

The central value used in our analysis was only $1000 a kilogram, which we intended
to give credit for the possibility of further reductions in price.

Oh, I forgot... yes, about the increase in demand for nuclear electricity and the fact,
particularly China’s plans for greatly increased production of nuclear electricity. These
were fully included in the scenarios that | showed by the IIASA and WEC. The high-
growth nuclear scenarios, in fact, exceed the most ambitious projections by the
International Atomic Energy Agency, which in turn were based on the plans of

individual countries.
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First, I am sorry for any misimpression | might have given about the discussion of
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proliferation concerns. Of course, | am not an official of the US government and so
nothing I said should reflect on the views of the US government. | am a personal citizen,
but even personally | have no concern about, no proliferation related concerns about
reprocessing in Japan. Nevertheless, | have given many talks in China, in Korea, in
Taiwan and ...about these matters. And every time they say to me “Why is Japan
separating plutonium?” “Is there some other reason?” in Korea “If Japan can separate
plutonium then why can't we?” “Why does the US say it is OK for Japan and not for us?”
And that is a difficult question to answer. Also lagree that Japan is... complies
meticulously with its obligations under NPT and IAEA safeguards but nevertheless
reprocessing plants are very difficult to safeguard to the IAEA standard, which is timely
detection of an inventory difference of 8 kilograms where for reprocessing timely
detection is 1 month. That is a very, very high standard to meet. And so it is inevitable
that there will be inventory differences as there have been in the past. And it is
inevitable that people in other countries will say “What happened to that plutonium?”
Of course it is not gone, it is not missing it is simply a difference in the accounting
records. But there will be people who raise this as a concern and that is a factor that has
to be considered.

About the cost difference of 10% and the significance of that, | think that as electricity
markets become deregulated and more competitive, a difference of 10% becomes very
important, or potentially important. A difference of 10% can make the difference
between nuclear energy being competitive with another source of electricity and not
being competitive. 1 know that in deregulated markets in the United States no
electricity generator would want to pay 10$ extra for his electricity production cost.
There is great pressure to keep cost down. That is all | have to say.

| would like to just add that | am not against nuclear power.

I am very concerned about climate change. In fact, much of my work is about climate
change. | believe that nuclear energy is a very important, carbon free energy source for
the future.

My concern is that at least in the United States the future of nuclear energy might be
undermined by a push to reprocess and deploy fast reactors rather than facilitate it. And
our conclusions are similar to those of the recent MIT study group on nuclear power that
at least for the foreseeable future, the future of nuclear energy is best promoted by

relying on a once-through fuel cycle, precisely because it is the cheapest.
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It is probably easier to answer those in reverse order. As you know, the original waste
disposal... Waste disposal is politically complicated in United States as it is in Japan.
And the original legislation for waste disposal required two repositories: one in the east,
one in the west. It proved impossible to find one in the east and so Congress decided just
to go with the one in the west the Yucca Mountain and as a political compromise

imposed the limit of 70, 000 tons, which would not be enough to hold all the spent fuel
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from the current reactors.

And it is correct that the capacity could theoretically be increased to 120,000 tons
although, of course, this would require a lifting the congressional restriction. That would
be enough to hold all the fuel from current US reactors even if all of them operate for 60
years.

There is concern however among those who would like nuclear energy to have a longer
term future in the United States that if additional reactors are built, there would not be
room at Yucca Mountain for additional waste and so that leads to a basic choice: to
explore a new, a second repository or to adopt some new technology that would allow
additional waste to be placed in Yucca Mountain. And this is really the origin of the
Advanced Fuel-cycle Initiative and the origins of that could already be seen in the
Clinton administration. This was raised at the time. The history goes back to at least oh,
I think the early 1990’'s transmutation and separation there was a major national
academy of sciences report. But of course, even that major national academy report,
which concluded that there was no advantage to separation and transmutation did not
end the debate. The debate is never ended. And so I think, our report was partly
stimulated by this idea.

Today the main argument in favor of reprocessing and fast reactors in the United
States is not to desire the extend uranium resource, it is the desire to avoid the
construction of a second repository. But | believe this is based on two mistakes, two
mistaken impressions.

The first is that the additional cost associated with separation and transmutation in
fast reactors will be acceptable. Who would build these reactors? Who would build these
reprocessing plants? The marketplace in the United States will not support this. There
would have to be very substantial government subsidies.

Second, | believe it is based on the mistaken impression that it will be politically easier
to build several reprocessing plants and many fast reactors than it would be to select a
second repository or even to expand the repository. Perhaps not in Yucca Mountain but
adjacent to Yucca Mountain. As you may know, there are vast amounts of land adjacent
to Yucca Mountain. | would not say this in Nevada, but there are vast amounts of
suitable land in Nevada for nuclear waste disposal and that | believe would be
ultimately more politically possible than adopting a fast reactor fuel cycle and passing

the substantial additional costs along to rate payers.
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Yes, | would just say that if you look at the ratio of proved resources only to
consumption for other minerals it is considerably less than that for uranium. For
uranium the 6 million tons, that is not speculative it is 100 times current consumption.
The figures for oil or gas or copper are much lower. Proved resources are typically 30 or

40 or 50 times current production.
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The reason is not because there is not more resources to be discovered, it is because
there is no economic incentive for anyone to prove that the resource exist that much
farther in advance of its actual use. In all of these other cases though we have not run
out of the resource as it has been consumed, in fact, in all of these other cases, | should
virtually all, I think about 87 of the 90 minerals we have looked at. The proved resource
has increased at a greater rate than production of that... and consumption of that
mineral resource has increased. And so | think it is reasonable to believe that the same
principles of economics and geology that apply to other minerals will also apply to
uranium and that if the price of uranium increases there will be incentive to prove that
additional resource exists and that as the technology for extraction of metals increases
in general it will also increase for uranium and make it possible to extract lower grade

resources at lower prices.
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Some of the scenarios that | showed in the chart of the scenarios by IIASA and the
World Energy Council... Two of those scenarios assume stabilization CO2 at 550 parts
per million and they did not assume that all of the decrease in fossil fuel carbon
emissions was due to nuclear energy, they assumed it was a portfolio of non-fossil
carbon supply, non-fossil energy supply options including wind, solar, biomass and fossil
fuels with sequestration of carbon and so | think it is quite possible to achieve
stabilization of carbon dioxide levels at reasonable levels with growth both in nuclear
power and other energy, non-carbon energy supply options while still remaining within
the uranium resource that | indicated earlier, which is quite a bit higher than three

times than the proven amount. Again | think the proven uranium resource is only a very
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small fraction of the total resource that will be ultimately extractable. | would just say
again that uranium prices have been very low for 20 years. There has been in the
United States almost zero investment in exploration for uranium. If the uranium price
increases significantly, say simply to $80 per kilogram, there would be substantial
investment in exploration and inevitably there would be the discovery of substantial
...additional proven uranium resources. We have seen this in every other case when
price rises, for example, when the price of oil rose in the 1970’'s there was the discovery
of very substantial additional resources of oil. In fact there has been discovery of
additional substantial resources of oil even when the oil price was falling. | did
develop... this is a little different, but I did develop scenarios of future energy supply to
limit carbon emissions and to cap the carbon dioxide concentration in the range of 450 to
550 parts per million and nuclear energy did play a significant part in those scenarios.
We published a short article in Science Magazine making this point about one third of
the carbon mitigation was achieved with nuclear power. We, of course, received many
nasty letters complaining about that but we thought that was quite realistic and
desirable and the total consumption of uranium in a once-through fuel cycle over the
next 100 years in those scenarios was well within what | would say a reasonable

projections of a uranium resource available at less than $130 a kilogram.
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Well, in theory the price should be the marginal cost plus a reasonable profit that is
that corresponds to the risk being taken in the economic enterprise. Of course in the
short term there can be disruptions and departures from this model, but in the long
term as were shown in the 1970’s, in the oil supply market, the 1970’s the price of oil
was rising very steeply and there were many projections at the time that showed the
price of oil would be going up and up and up forever. That was a short-term distortion
that was caused by political factors. It was not sustainable over the long run and, in fact,
over time the price of oil fell partly due to the fact that more suppliers entered the
market.

The price of oil rose to the point where it was economically attractive to go back to even
old oil wells and extract the oil that was left over, to search for in remote parts of the
world. And so while there might be short term disruptions in supply and high-price
spikes and those will undoubtedly be painful, over the long run, measured on time scales
of several decades | do not think there is reason to expect that the price will be very far
above the cost of extraction. If it was, then there would be powerful incentives for

everyone to try to enter the market and produce uranium or oil or whatever it is.
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It is difficult to make painful political decisions when there is no imperative. And so
beginning an attempt to lift the 70,000 ton limit on Yucca Mountain, or beginning an
attempt today to look for a second repository. These are very painful. People do not want
to incur that pain unless there is a powerful reason to do it and today there is not a
powerful motive to do it. It is my judgment that in time when it becomes apparent to
everyone that more repository space is needed, we will decide that the simplest, the
cheapest thing, the best thing is to first lift the 70,000 ton limit on Yucca Mountain and
second to expand repository space in adjacent areas. There are only two senators from
Nevada, 48 senators from the other states also there is the vast Nevada test site directly
adjacent to the Yucca Mountain site. And | am told by people much more expert than |
am that much of that area is as suitable or even more suitable than Yucca Mountain for
the disposal of radioactive waste. So | am hopeful that we will come to this logical

conclusion.
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Thank you very much. I would like to thank the commissioners for this opportunity to
present the results of some research that | have done with my colleagues at Harvard

University in comparing the economics of direct-disposal of and reprocessing and recycle.

[Direct-disposal v. Reprocessing-Recycle]

I am sure the basic question is familiar with to all of you is it better to dispose of spent
fuel directly in geologic repositories as the United States plans to do or is it better to
reprocess the fuel to recover and recycle the plutonium and uranium.

Of course, this is not a new question this has been studied for over thirty years, but it
is receiving renewed attention both in the United States and in other countries for
several reasons. In the United States, in particular, there is concern about the
accumulations of spent fuel at nuclear reactors and the capacity of geologic repositories
such as Yucca Mountain to absorb all of that fuel.

There is also concern about growing stockpiles of plutonium at civilian reprocessing
plants around the world and about the links between the civilian nuclear fuel cycle and
the proliferation of nuclear weapons.

Finally, there are concerns about the long-term future of nuclear power particularly
what if efforts to mitigate the emissions of green house gases lead to growth in the
generation of nuclear electricity there are concerns about the ability... the size of
uranium resources and the ability of the once-through fuel cycle to support an

increasing supply of nuclear electricity.

[Our Study Focused on Costs]

Our study focuses mostly on cost issues, although we recognize that cost is not the only
factor in this debate and it may not even be the most important factor, that there are
also concerns about energy security, non-proliferation, waste management and so on.
But cost is important particularly in an increasingly competitive electricity market.

In the last ten years there has emerged general and widespread agreement that
reprocessing and recycle is more expensive than direct-disposal today. For example, a
report done for the French government last year showed that in France reprocessing

added about 5% to the cost of nuclear generated electricity and would cost French rate
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payers tens of billions of dollars in added expense.

The debate is over how significant this cost difference is and how long it is likely to
persist. Advocates of reprocessing generally argue that the cost difference is relatively
small. They stress the 5 to 10% figure and argue that the cost difference will disappear
soon as demand for nuclear electricity grows and uranium becomes scarce and expensive.

We argue, however, that this cost difference is significant and is a significant burden

on nuclear energy and it is likely to persist for a long time for at least 75 to 100 years.

[Outline]

So the list of my remarks will follow this outline where first | will compare the
economics of direct-disposal to those of reprocessing and recycle in light water reactors
and | will calculate the breakeven uranium price, which is the price of uranium that
would give the same cost of electricity for both fuel cycles. When uranium is cheap,
direct-disposal will be more cost effective. When uranium is expensive, then
reprocessing and recycle is more cost effective. The breakeven uranium price is the point
where they are equal in cost.

We calculate breakeven prices for other fuel cycle parameters, such as reprocessing
price and for a given set of parameters we calculate the difference in the cost electricity
between the fuel cycles.

Of course, reprocessing and recycle in light-water reactors was never intended to be the
long-term future of nuclear energy. This is intended to be a temporary measure until a
transition to fast-breeder reactors can be made and so next we compare the cost of the
direct-disposal in light-water reactors to full recycle and fast-breeder reactors.

From this analysis we hope to find how expensive uranium must be before reprocessing
and recycle is cost effective and then it is logical to ask how much uranium will be
available at that price.

Then if time permits, | can address non-economic factors such as the impact of

reprocessing and recycle on the capacity of geologic repositories and other factors.

[Direct Disposal v. Reprocessing in LWRS]
Now | apologize. These slides were made for a public audience and | know everyone
here is very well familiar with the nuclear fuel cycle so | don’'t need to go over these

steps, but | will just note that two things. First, we have assumed that spent MOX fuel
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would not be recycled, that spent MOX fuel would be disposed of directly in geologic
repositories that is | understand the current plan in France that the plutonium becomes
less desirable with each additional recycle. However, because of our assumption that the
cause of disposal are equal for both spent LEU and spent MOX fuel, this has no effect on
our analysis, our economic analysis. If spent MOX fuel was recycled, we would get the
same answers that | will present today.

| have also shown on the slide our central values for the prices of the various fuel cycle
services. | would like to emphasize that these were developed in the US context. The
prices for the once-through fuel cycle have been fairly stable and are well known because
they are based on prices in an open competitive market.

I would also note that we assume spent interim spent fuel storage for all spent fuel
from the once through cycle, even though in some cases that would not be needed
because some reactor sites have sufficient storage for spent fuel.

The cost of spent fuel disposal, geologic disposal, shown here $400 per kilogram is of

course highly uncertain. This figure is based on the cost of the Yucca Mountain
repository where it is believed that the current fees will provide about $350 per kilogram
for the disposal of spent fuel, which is still believed to be sufficient for the disposal of
that fuel.
The cause indicated here for the reprocessing and recycle fuel cycle, however, are much
more uncertain because the reprocessing and MOX fuel fabrication industries have been
dominated by just a few companies and all of their prices have been kept confidential.
The prices that we show here are very low compared with prices that have been charged
by France and the United Kingdom over the last 10 or 20 years.

We did this to make the case as favorable as possible for the reprocessing and recycle
fuel cycle. We also assumed a significant benefit in the cost o geologic disposal for
reprocessing and recycle. Here we assume that the cost of high level waste disposal is
50% less than the cost of the disposal of spent fuel due to the reduction in heat and
volume and mass of the waste.

To indicate how favorable we believe our estimates are for the reprocessing and recycle
case, | have shown in orange the estimated cost for the Rokkasho Plant.

I have simple taken the latest cost estimate for Rokkasho and divided it by the total
amount of spent fuel that will be reprocessed over its 40-year lifetime, which is roughly

$3000 dollars a kilogram. Similarly, I have taken the capital and operating cost,
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decommissioning cost and so on for the Rokkasho MOX plant and divided it by the total

amount of MOX to be fabricated there.

[For central values of the price of fuel-cycle services and other parameters, we calculate]

So for the central values of these fuel cycle services and other parameters we calculate
the breakeven uranium price, the breakeven prices for other fuel cycle services such as
reprocessing and the difference in the cost of electricity for a given uranium price or the

extra cost that is due to reprocessing.

[Breakeven Prices]

This chart gives the breakeven prices. | draw your attention to the first line for
uranium. What this shows is that even if reprocessing costs a $1000 a kilogram, MOX
fabrication costs $1500 a kilogram. If all spent fuel in the once through cycle is stored in
interim facilities at $200 a kilogram if there is a $200 per kilogram cost savings in the
price of geologic disposal due to reprocessing that uranium would have to cost $370 per
kilogram in order for reprocessing and recycle in light-water reactors to be equal to the
price of electricity from direct-disposal.

Similarly, if uranium costs $50 | should say first that this is about ten times the
current price of uranium.

Similarly, if uranium costs $50 a kilogram and all of these other parameters are set at
their central values, reprocessing would have to cost only $420 a kilogram in order for
electricity produced in the reprocessing and recycle fuel cycle to be equal to that from
the direct-disposal cycle. And that is seven to eight times less than the cost of

reprocessing at Rokkasho.

[Breakeven U Price v. Reprocessing Price]

Just to emphasize how sensitive the breakeven uranium price is to the reprocessing
price...for reprocessing prices greater than $1000 a kilogram, the breakeven uranium
price rises very, very quickly. Even if we set all of the parameters equal to their most
favorable values for the reprocessing and recycle case, we can see that at reprocessing
prices of $2000 or even $3000 a kilogram, the breakeven uranium price would be

extremely high.
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[COE Premium for Reprocessing-Recycle]

This graph shows the increase in the cost of electricity due to reprocessing. At current
uranium prices of about $40 a kilogram, if reprocessing costs $2000 a kilogram and all
the other prices are set to their central values that would increase the price of electricity
by about 3.5 mils per kilowatt hour above the cost of direct-disposal.

For a price of $3000 a kilogram, which corresponds to Rokkasho, the added cost is
about 5.5 million per kilowatt hour, which is an increase of roughly 10% in the price of

nuclear generated electricity.

[COE Premium for Cu = $130/kg]

It is often noted that eventually reprocessing and recycle will become more cost
effective as the price of uranium rises, but as you can see unless reprocessing costs less
than $1000 per kilogram, the price of uranium must rise very high in order for

reprocessing to be cost effective.

[These estimates are favorable to reprocessing]

| would like to emphasize that we believe that our analysis has been very favorable to
reprocessing that the central values for reprocessing and MOX fuel fabrication that we
use are well below recent prices.

We have included no charge for the storage of plutonium, no charges for the removal of
americium, no additional charges for licensing reactors for the use of MOX and no
additional charges for extra security for the transportation of MOX or plutonium or for
the storage or use of MOX at nuclear reactors.

We have also included interim storage costs for all spent fuel for direct-disposal. We
have included a significant cost saving for high-level waste compared with the disposal
of spent fuel. And also importantly, we have assumed the same cost of disposal for spent
MOX fuel as for spent LEU fuel, even though spent MOX fuel is considerably hotter and
the disposal cost have been estimated by some to be two to four times greater per

kilogram than the disposal cost for spent LEU.

[LWR (direct disposal) v. FBR]
We then perform the same analysis to compare light-water reactors with direct-

disposal to fast-breeder reactors.

37



[Breakeven Prices assuming regulated utility ownership]

And quite surprisingly to us at first the results for the breakeven uranium price are
quite similar. But first | should mention that another key parameter in this analysis is
the capital cost difference between the reactors. In the last analysis, the reactor was the
same. In this analysis, we have two different kinds of reactor and so we have to take
into account the possible difference in the capital cost of the reactors.

For our reference case, we assume that fast-breeder reactors are only $200 per
kilogram... per kilowatt more expensive than light-water reactors, which is a cost
premium of roughly 10%.

This is of course much less than the historical experience with fast-breeder reactors
indicates. But if we assume a cost difference of just $200 per kilowatt and we set the
other prices and parameters at their central values the breakeven uranium price, in
other words, the price at which electricity from fast-breeder reactors would be equal to
the price of electricity from light-water reactors with direct-disposal the breakeven
uranium price in that case would be about $340 per kilogram.

With uranium at $50 a kilogram, somewhat above current prices, and with
reprocessing again at a low cost of $1000 per kilogram breeder reactors would have to be
cheaper than light-water reactors to generate electricity of the same cost.

Also note that if uranium is relatively inexpensive and breeder reactors cost more than
light-water reactors. Breeder reactors will produce electricity of higher cost even if

reprocessing is free.

[Breakeven U Price v. Capital Cost Difference]

This shows the breakeven uranium price as a function of the capital cost difference.
You see curves for three different forms of ownership because the cost of capital depends
on ownership. Our reference case is a regulated utility with low cost of capital and you
see the per cost difference of $200 per kilowatt and all the other values set to their
reference values. The breakeven uranium price is $340.

But even if the cost difference is zero, even if breeder reactors cost the same as light-
water reactors, the breakeven price is still $130 a kilogram, which is a substantial
increase over current prices.

The biggest difference is the cost of money. There are also the tax rate and the

depreciation.
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[COE Premium for FBR]

And this graph shows the difference in the cost of electricity between a fast-breeder
reactor and a light-water reactor with direct-disposal as a function of the price of
uranium in the difference in the capital cost.

As you can see, if uranium is relatively inexpensive, and if breeder reactors cost more
than light-water reactors, the cost difference is significant, maybe about 7 mil per
kilowatt hour or roughly 10% higher.

And again in the interest of time, | will skip the rext and move on to uranium
resources. So from the previous slides we have estimated breakeven uranium prices for
central values of our parameters in excess of $300 per kilogram for both fast-breeder

reactors and light-water reactors.

[COE Premium for Cu = $130/kg]
Even making the most optimistic assumptions that we felt were reasonable for
reprocessing, the breakeven uranium price in all cases was greater than $130 per

kilogram.

[Uranium Resources]

And so this leads logically to the question: how much uranium is available at a price of
less than $130 per kilogram and when are uranium prices likely to rise to that level?

The OECD conducts a survey of countries where there are uranium resources that is
called the red book, and as you probably know the red book lists about 16 million tons of
uranium available at a price of $130 per kilogram or less.

We believe however that this is a substantial underestimate for several reasons. First,
high-cost resources are not estimated in many countries including countries with
substantial uranium resources such as Australia and Canada. Because the price of
uranium has been low, they feel no need to estimate the amount of uranium available in
high cost categories.

Also the OECD includes only those ores, which are economical to mine for uranium
only. They don't include unconventional resources where the uranium could be
recovered as a by-product of other mining operations.

For example, the extraction of uranium from copper ore has been demonstrated at costs

of as low as $50 per kilogram recently.
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Finally and | think most importantly, there has been very little investment in
exploration for the last 20 years because the price of uranium has been very low. If the
price of uranium rose to the prices that | have been discussing here, $230 a kilogram or
more, there would be substantial new investment and exploration and I am confident

that additional substantial resources would be discovered.

[A Very Rough Estimate of Ultimately Recoverable Uranium Resources]

To give a very rough estimate of how much uranium might be ultimately recoverable at
a given price, we use the fact that the red book gives 2 million tons of uranium available
at about the current price which we think is a very reliable number and then
extrapolate from that level based on a given long-term price elasticity of supply.

To illustrate this idea, one person who is very knowledgeable in the uranium industry
has stated that a doubling of the price from the present level could be expected to create
a tenfold increase in measured resources. So if there are 2 million tons available at $40
a kilogram, according to this reasoning, there should be 20 million tons available at $80

a kilogram and 200 million tons available at $160 a kilogram.

[Deffeyes and MacGregor (1980)]

One of the few serious attempts by geologists to estimate the ultimately recoverable
amount of uranium was by Deffeyes and MacGregor at Princeton University and they
concluded that on average a tenfold decrease in ore grade is associated with a three-

hundredfold increase in the available resource.

[Recoverable Resources]

If we merely assume that price is inversely proportional to ore grade because if you
mine twice as much ore, then the cost of mining would double; we can use this
relationship also to estimate the amount of uranium that might be ultimately
extractable at a higher price.

The Gen-1V working group used a similar method to estimate uranium resources at
various prices based on various US mining techniques. And you see the results here. If
in each case we assume that there is two million tons available at less than $40 a
kilogram. The red book lists 16 million tons available at less than $130 a kilogram. But

using these extrapolations, we see resources of 35 to 40 million tons or higher.
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[ITASA/WEC Global Energy Perspectives Nuclear Electricity Production Scenarios]

How long will these relatively low cost uranium resources last? To gain insight into this
question, we used several scenarios of future global energy production developed by the
International Institute of Applied Systems Analysis (I1ASA) and the World Energy
Council (WEC). Some of these scenarios included policies to mitigate carbon dioxide

emissions that made these policies made nuclear electricity significantly more attractive.

[Cumulative Uranium Consumption LWRs with Direct Disposal (19 tU/TWh)]

So we took these scenarios of nuclear electricity production and asked what would
cumulative uranium consumption be if all of this nuclear electricity were supplied with
a once-through fuel cycle?

And you can see that in the highest consumption scenarios we reached the red book
level of 16 million tons of uranium, it is actually 17 million tons if you include the
already mined uranium. We reach the red book level in about 75 years

If, however, as we believe it is more reasonable to assume, that there is at least 35 to
40 million tons available at a cost less than a $130 a kilogram, then even in the highest
nuclear energy scenarios, there would be no danger of running out of uranium in the
next 100 years.

And of course in the lower growth scenarios there is no danger of running out of

uranium even at the lower OECD estimates of total resources.

[Other Considerations]

As | mentioned earlier, there are other considerations, other non-economic
considerations. | will just mention these briefly. In the United States a key factor that
has led to the recent re-examination of reprocessing is the desire to maximize the use of
space in geologic repositories.

There are also concerns about energy security, concerns about the impact of fuel cycle
choice on non-proliferation and concerns about the public and environmental health

impacts of fuel cycle choices.

[Repository Space]
The Advanced Fuel-cycle Initiative in the United States was started primarily as a way

of investigating whether the capacity of the Yucca Mountain geologic repository could be
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expanded through the use of reprocessing and the disposal just of high-level waste.

There is much confusion about this in the United States. Probably, the most important
thing to note is that recycle... reprocessing and recycle in light-water reactors will have
no effect, no beneficial effect on the capacity of repositories because of the buildup of
minor actinides particularly, americium 241, which actually increase the decay heat of
the waste per kilowatt hour of electricity produced.

The capacity of a geologic repository can be increased substantially only if the minor
actinides are recycled and that is possible only if fast reactors are used which can
consume the minor actinides.

And the important thing to note about this option is that in this case reprocessing and
the fabrication of core fuel would be even more expensive than in the base cases
described earlier for a fast reactor.

For example the Gen-1V group estimated that both reprocessing and core fuel
fabrication would about double with full recycle of minor actinides.

In this case, even if uranium is very expensive and even if fast reactors cost no more
than light-water reactors, there would still be a substantial cost premium for fast

reactors with full recycle of minor actinides.

[Energy Security]

An argument that | understand has been important in Japan historically is the desire
to make efficient use of uranium resources and the worry that uranium might not be
available at low prices to Japan on the open market. But in the intervening decades the
uranium market has changed quite dramatically not only have prices fallen, but there
are now a much larger number of suppliers, major suppliers. These are just the major
suppliers for the United States include Canada, Australia, Russia, Kazakhstan,
Uzbekistan, South Africa and now Brazil are all major suppliers of uranium and so |
expect that for a long time to come uranium will be available at reasonable prices on the
world market.

But if there is concern about the security of uranium supply, Japan could establish a
strategic uranium reserve much as the United States has established a strategic
petroleum reserve. And the cost of establishing such a reserve would be substantially
cheaper than reprocessing as a way of securing uranium supply. For example, a charge

of one mil per kilowatt hour of nuclear electricity would be sufficient to fund a 20-year
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supply of uranium. | should have said 20 years at current rates of use.

[Nonproliferation]

As my final point, I would mention the non-proliferation considerations, which for
many Americans have been perhaps the most important consideration in the choice of
fuel cycle.

As you know, the United States adopted a policy of once-through fuel cycle in 1975
primarily for this reason to discourage reprocessing worldwide.

There are several concerns here. Concerns related to the growing stockpiles of
plutonium from reprocessing in.

Concerns about the ability to safeguard plants, to meet IAEA safeguard standards. It is
my own view, that it is impossible to meet the IAEA standards of timely detection of a
significant quantity of plutonium at large reprocessing facilities.

And it is inevitable that even in a modern facility such as Rokkasho equipped with the
very best safeguards technology that there will be significant inventory differences.

And finally and maybe most importantly, there is the difficulty of maintaining a
discriminatory policy that certain countries, responsible countries like Japan are
allowed to reprocess while other countries, more questionable countries, like South
Korea are not allowed to reprocess. This will be a constant source of discomfort and

tension for other countries.

That concludes my remarks very... thank you for your attention and I look forward to

your questions.
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