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PROCEEDTINGS
[8:30 a.m.]

DR. BULLEN: Good morning. Could we all take our
seats, so we can get started on time, please?

Good morning. My name is Dan Bullen, and I'm here
to welcome you to the second day of the board's meeting, and
I wanted to make an anecdotal note this morning that our
chairman is here somewhat happy, so we can at least verify
the outcome of last night's World Series game.

I have the honor to be chairman of this morning's
session on waste package design, and as you know, waste
package design has been an extremely important component,
particularly in the early life of the repository.

Waste package is also an important cost component,
and cost is one of the issues that has be addressed in the
upcoming TSPA-VA and all of the VA analysis.

I think waste package, taken as a whole, will
actually cost more than the repository underground facility.
So, we have to keep the cost in mind as we take a look at
the evaluation.

It's been about five years since the old
thin-walled, low-capacity, bore hole and place waste package
concept was superseded by a robust, high-capacity drift in
place concept. The robust concept brought greater
performance.
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Arguably, it also opened the door to heightened
heat transfer and criticality concerns, both of which will
be addressed in today's session.

First, Tom Doering is going to discuss the current
design. In view of the fact that about 70 percent of the
board is new this year, we've also asked Tom to bring some
history into his presentation.

Tom is a civil and nuclear engineer and manages
waste package design activities. He is with Framatome
Cogema and has been on the project for six years.

Our second speaker will be Hugh Benton, who will
discuss criticality analysis. Hugh has spent almost 30
years in the Navy, mostly in the nuclear propulsion program.
He is the manager of waste package development at Framatome
Cogema. As such, he manages some 30 scientists and
engineers and supervises people including Tom.

Our last speak this session will be Jerry Cogar.
He will discuss progress on how the waste package will be
made, closed, and closed securely after loading spent fuel
into it and how it will be inspected.

Although I understand these topics have come up in
a few previous board meetings, this is the first time a full
presentation has been devoted to them. Also, Jerry has not
made a presentation to the board before. We'd like to
welcome Jerry. He is also a Navy veteran with some 28 years
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experience with Babcock & Wilcox, where his last position
was superintendent of fabrication operations. He is the
manager of engineering development and also reports to Hugh.

Without further ado, I'd like to turn the meeting
over to Tom Doering.

MR. DOERING: Thank you very much, Dan.

As has been noted, we've been working on the
program now for six years as the M& first came on in 1991,
and as has been noted, we'd like to go over a little bit of
the details of what our design is today and go over a little
bit of history and where we came from and how it's
developed.

Again, we will talk a bit about the waste package
and what we call the engineered barriers segments of the EBS
or the engineered barrier system.

This is the engineered part of the activities,
where we're dealing with what can we do in the engineering
world to help isolate and then retain the waste before it
goes to the natural system.

Jack Bailey talked a great deal yesterday about
the different options and everything, so we saw a little
introduction to that.

Dan McKenzie spent a very good time outlining
where the repository is, and now what we want to do is go
into -- the engineered barriers segment is the design side
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of it, and what we talk about first is the current design,
some of the costs, because it really folds right into it,
the history a little bit, where we came from and why we got
there, and then also ending with what has been tried and
where we plan to go, again reflecting a little bit more on
what we heard yesterday from Jack Bailey and some of the
things that we're doing there, and I was also asked to talk
about some thermal and structural evaluation.

Hugh will talk directly toward criticality, but
there's a difference, a little bit. The engineering side
will implement the methodologies that are being developed in
the methodology group that we have, we sort of organize
around that.

So, I will address criticality a little bit but
not in that much detail in how engineering does it.

Just to start off with -- I think we've seen this
before. These are the basic waste forms that we have to
deal with.

I'd like to start here, because this sort of maps
right into the different waste packages that we have, and
so, what we're looking for is pressurized water reactor,
boiling water reactor.

We also have -- not classified waste. Somehow
they don't like to have glassified or litrified, and the
spell-checker in the system turned it into classified, but
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that is glassified waste. That's the pour canisters from
Savannah River, from West Valley, and also from Hanford.

Now, Savannah River and West Valley are the same
size. Hanford, similar to South Texas, decided to get
longer, and they are 15 feet long. So, you'll find a waste
package specifically aimed at them, because they came out
with a larger pour canister.

Other DOE waste forms -- we are looking into them
right now. We actually have a program in place that go down
-- marching down the path of looking at three to four this
year and roll into next year also.

Then we also have the Navy fuel on the outside of
that, because it's a unique situation where this is
classified activities, and those will be held out
differently, and the packages are different and larger sizes
for that.

So, those are the waste forms that we have to deal
with. We have no opportunity to say no, we don't want the
waste forms, so we have to deal with them.

So, what we're dealing with -- these are the waste
package designs, the basic waste package designs that we're
dealing with.

We have the uncanistered. That is when there is
uncanistered fuel. There's a sense, when the utilities send
us the fuel in shipping casks, they're unloaded and put into
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a waste package. So, they come uncanistered, they come as
they come out of the reactor itself.

The canistered spent fuel that we're looking at is
what would happen if we would get something like a
multi-purpose canister or a dual purpose canister that we
can take in and dispose of directly, and we're working with
the industry to understand their design styles and having to
work them into us.

We have the defense high-level waste. Again,
that's the Savannah River, the Hanford, and the West Valley
design, the pour canisters. They're around 24 inches in
diameter, 10 feet long.

And then we have a whole host of DOE spent fuels.
Some looks just like H.B. Robinson -- in fact, it is H.B.
Robinson fuel -- and some are as much as the TMI level in
little jars here and there.

So, that's the whole spread of waste forms that we
have to deal with, and that will actually be -- if it's H.B.
Robinson, it will go in one of the regular standard
containers that we have. If it's like TMI, highly-enriched
material, they'll have to go into a special design for that.

Again, the canistered Navy fuel will be coming in,
and the canister has the same concept as the canister of
spent nuclear fuel, essentially that we bring the canister
in, we over-pack it into the barriers that we're dealing
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with.

Now, what were some of the drivers of choosing the
waste packages that we have?

This year, we went through a great deal of effort
looking at all the waste forms there. Until recently, we
did a viability assessment through advanced conceptual
designs, we said we were going to handle 90 percent of the
fuel out there and see if there's a natural break there.

The thing that we were very concerned with, being
good engineers, is that we don't want to over-design the
package, and if we would design to the 1 percentile of the
waste forms -- the worst waste form -- we would over-design
the packages.

They might be a million dollars a copy, but you
don't need that kind of neutron-absorbing materials, that
heat rejection for all the waste forms that we have.

So, what we did this year is take a look at the
criteria that we're looking and what is logical to put into
the design side.

What we have from the Nuclear Regulatory
Commission -- and this set the precedents on the storage and
transportation -- is that the waste forms have to be coupled
to the waste packages.

They will get the requirement that they're coupled
and then you are allowed to load this type of fuel into this
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kind of package. If you go astray from that, you can't load
it.

So, both the size and enrichment -- cool time is
very important to us.

We heard about that yesterday, that the earlier
years, the first 60 years, you get rid of a lot of the
ceisiums, the cobalts, and all that, and that's the heat
generation, and again, this is where some of the activities
we heard yesterday about ventilation -- it's similar to
aging, because it removes some of the heat.

We're also looking bounding. We're not looking to
design individual little packages. We don't want 15, 20
different packages. We'd like to have a main set of
packages and sort of the outlier packages.

So, we are looking at design bases, fuel design
bases components of it, and each waste stream, again what we
talked about earlier, will have its unique licenses, will
have unique characteristics to it.

And the requirements we do have to address. The
TMI fuel that we get in is different form, they have
different requirements, different needs than the regular

pressurized water reactor fuel. The Navy fuel has different
requirements. So, those things we have to be sensitive to,
also.

So, that's where this comes up, the waste form and
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how it behaves.

Now, to do this, we went off and did an evaluation
of the waste stream, and there's a lot of different
scenarios that you can go through.

In fact, we looked at 12 different waste stream
evaluations that we worked with the M&0O back in the east who
is responsible for doing this, and so, what we did was look
at the different nomographs that we can pull off of that and
see where a decent break point was, and what we looked for
is the package that we would like to design to capture
thermally 90 percent of all the fuel, also criticality about
90 percent, also.

There's a clear economic break. At that point in
time, it sort of gets more splintered.

[Slide.]

In fact, a slide that's not in your handout shows
the scatter that we have. There is a lot of scatter on just
the light water reactor fuel in here.

So, what we try to do is kind of cordon off a
corner of this and say that will simply go into the waste
packages without any todo, without any separation, and the
outliers will be handled separately, and actually, the line
that you see here is actually a K-effective line. Before,
we always showed K-infinity line.

This is our waste package, our 21-PWR. It will
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capture 96 percent of the fuel for pressurized water reactor
out there, and this is using what Hugh will describe more in
detail, our burnup credit methodology. So, there's a lot
that we benefit from that.

If we didn't have burnup credit, by the way, that
line would go straight up, so it buys a lot.

Anyway -- so, those are the considerations we're
dealing with. So, what we're dealing with the 90
percentile, so it goes in nicely.

The word "nominal" can't describe the average,
because it is a distribution, and so, we look at the -- what
is the design bases, and from there, we go down.

So, it's hard to design to an average design. If
you design to the average, that means half of the waste form
can't go into the package.

What we're dealing here is why did we choose
certain sizes that we chose? Why didn't we chose a
three-pack or a four-pack?

Well, back in '93, when we first started off doing
the parametric evaluations, we said what is the logical size
of the packages that we'd like to deal with? There are some
natural packing densities that you can deal with.

Lo and behold, the 12, 21, 24 is not bad either,
but now you jump up all the way up to like 32, are the
natural packing densities that you get the most fuel in the
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package with the least amount of wasted space.

The least amount of wasted space is very important
to us. It does a couple of things.

The package is smaller. It doesn't carry as much
weight to it for that.

Also, if we're looking at disposal criticality
issues, now there's less cavities, open space inside of it,
so you don't have as much water holding capability of it,
and again, being good engineers, we look for the dollars/KG
disposed, and so, those numbers give you good dollar per KG
disposed.

So, those are the numbers we landed on. We felt
that 12 is a good size. We also felt that 21 is a good size
due to the thermal reasonings.

[Slide.]

Now, the next slide shows you the whole set of
packages that we're dealing with, and what we'd like to do
is walk through a little bit. We can actually spend a lot
of time on this one. We can go visit this one a little bit
again.

What we'd like to do is show -- is that the
evaluation that we did this year was very comprehensive.

We looked at not only the cost of the individual
packages, but what is the total cost to the system, and then
what can we gain out of the system by doing this, and one
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big thing that we are bringing into the system is that we're
looking at thermal credits.

We're taking credit for the two intrinsic
characteristics of spent nuclear fuel: it comes with
radiation, it comes with heat, and from that radiation,
that's where burnup credit comes from. That's the whole key
into it.

So, those are the two things we have to deal with,
and through the whole process, what you saw yesterday and
also today, we're taking pretty good -- I think -- pretty
good benefit of that.

We're trying to bound it thermally with the heat,
and then, from the radiation, we're having to deal with it,
but we're also looking at burnup credit.

The first three designs are all identical designs.
All they are is different makes of it, different options of
it.

But have no absorber. The real interesting thing
ig, 1f we take burnup credit, when we get that put in place,
there's over a third of the fuel out there that simply
cannot go critical again. There is no additional neutron
absorbers needed for that package.

Neutron absorbers cost on the order of $100,000
per package. So, if we can save $100,000 per package, we
will have this option available to the management to
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implement.

Now we had some that need absorber plates, and so
we have a design of the absorber plates and we have the
neutron absorbers.

Also, there are some that have more criticality
potential than the plates can handle, so we've gone to
putting rods in some of them. There are very few of them,
as you can see.

Now, again, the cost -- on this one, unit costs
might be similar, but when you multiply it by the number of
packages that are anticipated, there is a significant
savings.

So, that's the key. 1It's the combination of the
number of packages and the unit cost will give us the
savings.

But as we walk down here, we see that we also have
number two with the no absorber for the pressurized water
reactors that are thermally too hot, and by the way, these
will take the South Texas.

That's essentially the South Texas design. They
wanted a higher linear heat rate, and so, that's where you
see this one, and this is actually the one with the plates
in there, will be ones that, again, were rejected early, the
assemblies, for some criticality issues.

So, similar with the boiling water reactors, we
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have a similar A and a B there. We also have a smaller
package, a 24 boiling water reactor design to handle, again,
the outliers, and you can see there are not that many of
those, but we do have to handle those.

We looked at -- instead of having a different
package to it, we also said what would happen if we would
de-rate the package that we have? Well, if you look at the
cost breakouts, we would have to have a separate argument to
the NRC for that cost breakout.

If we start blocking off regions inside the
package, then it would cost actually a little bit more from
our cost evaluation than making the package that fits the
size that we want, because again, you can't load fuel just
haphazardly. You have to have a license, you will load this
fuel into this package and nowhere -- and no other wvariation
of that.

CHATRMAN COHON: Cohon, Board. I'm sorry to
interrupt. I have a specific question to help me understand
this table. Are concepts one, two, and three different ways
to dispose of the same amount of waste, or is concept two
completely different for a different waste stream than
concept one?

MR. DOERING: Ninety percent of the fuel will fall
into concept one. Ten percent is required to handle the
pressurized water reactors.
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CHAIRMAN COHON: Different pressurized water
reactors than the ones for concept one.

MR. DOERING: Right. They might have the same
geometry, but they have different burnup and different
enrichment characteristics. So, what we did, again, is try
to minimize the number of options that we're dealing with.

So, we actually do have only right now 10 options,
and you'll see that the commercial spent fuel goes down to
six. As we go into VA and to LA, essentially we will also
take a look at the different waste streams again to show
that this is the right way to go.

We do have the number six down here, the
commercial canister fuel, the Westinghouse design, the 44
BWR, that is that we took a look at it wvery quickly, and it
sort of represents what size packages that we're dealing
with, and you can see, we don't have the number of packages
nor the cost of those, because that is still outside of our
realm because that hasn't been given to us yet, because
that's the commercially developed device and we're still
working with the commercial vendors on those.

We have the defense high-level waste, again
Hanford having to be different, we have the longer packages,
and then we have the Navy fuel -- we have also two styles of
the Navy fuel, where we have the standard or the short and
also have the long, and then we also have the DOE spent
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nuclear fuel, the low-enriched, and there we don't actually
-- we just started to work on the designs of those.

Now, that sort of briefly outlines where we are
today in a sense that why did we come up with it?

Well, we came up with these designs because the
waste stream is such that it breaks it down very nicely into
these categories and also because it's cost-effective from a
just fabrication point of view, also from a licensing and
engineering point of view.

This is a variation of the theme. We can do a
very economical design of that and just give options and put
that into the SAR.

Now, I think we've seen this before, but I want to
go visit this a little bit. There's a transitioning now
into how do the packages look today, and we go into the
history a little bit at the same time, and so what this is a
representation of is engineered barrier segments.

This is the pressurized water one, this is the
defense high-level waste, and you see sort of a brown in
here, that would be co-disposed DOE waste, and what we have
planned right now is to try to do it that way for the
majority of the DOE spent fuel, and then we have to take a
look at how that falls. It's unique fuel. We don't know if
it will fit inside there. There might be another package
for that. And then we have the boiling water reactor style.
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As you see, they're very similar in design,
they're very similar in diameter, so the cost of
manufacturing is kept minimal, but they are designed such
that they have independent failure mechanisms, and also, we
do see those little supports right now, which is a very
interesting design that keeps the pod package off the drift
and keeps it away from the concrete for a while, so we don't
have the hot spot in the package, also not the hot spot in
the inverted concrete, that we start burning the concrete
out early. So, that does it for those reasons.

Also, when you transport this package in, it's
very heavy, and we don't want to damage the package, nor do
we want to damage the liner inside the invert.

We use a design such that these are the failing
points, where these can be replaced really easily, they're
modular, just pick one up and throw it away if you need to.

So, if anything goes wrong, any off-normal event,
those will take up the load, and so, we can put those back
in, they're modular, because the support -- the pier and the
support are separate, you just put them together, it's very
straightforward, and they're all designed to -- right now,
those piers and supports are designed to handle two to three
hundred years, that's the design life right now, and that's
for viability assessment. As we go into license
application, we will look in more detail at what that design
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should be.

Now a little bit on the design of the waste
package itself, I will show you the pressurized water and
also the boiling water reactor. They're going to be very
similar in design concept. There was no reason not to
continue the design concept.

First, let's take a look at the environment. What
are we having to deal with? This is what's in the
requirements documents and in our assumptions document that
we're dealing with.

We're dealing with 80 to 100 MTU per acre. So,
what we're going to do is keep the container above boiling
as long as we can to stop the corrosion activities for as
long as we can, relatively low humidity in that timeframe,
but we understand -- we also looked at the curves that we
have there, we have to deal with that.

We do have water that can come in later in life,
and we understand that the edges and faults we have to deal
with a little bit separately and mode differently, and we
understand that.

Water in the vicinity has been given to us as a
designer. They're looking at -- all outside that boundary.
From a designer point of view, this is what has been given
to us to at least work within that boundary condition.

Now, the materials a little bit, and we'll go into
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just a little bit of that. I think David Stahl will go into
more detail of that later on.

What we're doing with the design right now is a
defense-in-depth design, where have the A516 on the outside.
It's 10 centimeters of that material, and then we have a
corrosion-resistant material, a high-nickel material that's
now listed as 625, and a further evaluation is going on with
that, and this is our baseline design.

We heard yesterday a little bit that we're looking
at different concepts also, and we'll talk a little bit
about that a little bit later. But the design is such that
you have a defense-in-depth. Those two materials have
different failure mechanisms.

And also, the carbon steel can be predicted very
nicely, the general corrosion rate, and it can help us in
the performance assessment.

The corrosion-resistant material has a different
failure mechanism with less pitting and stress corrosion
cracking, those natures, and it's more probabilistic, and
so, we have two barriers that fail differently from
different causes.

Now, as we go into the baskets, the basket looks
very common for me -- I don't know if we can spend a lot of
time here either, but it's a very simple straightforward
design where you have an egg-crate material that simply
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slides together, and that's a stainless steel boron if we
need the neutron-absorbing material or it's just simply
stainless steel.

That simply slides together, forms an egg-crate,
it's not welded, and what we do then to gain the strength
for the surface and the handling facility -- we slide tubes
-- and right now, they are carbon-steel tubes -- in between
that.

That provides us our strength for the surface, and
also, it provides us good thermal characteristics, and also
there are some thermal shunts in here that remove the heat
that's in between the stainless steel egg-crate, so we glide
some thermal shunts inside there.

It's a very simple design, very little welding
required inside the baskets, but significantly stronger than
other baskets that we see, and also is very thermally
competent, essentially, removes the heat very nicely,
doesn't provide any kind of insulation, it really moves it
away very quickly in that area.

So, it's a simple design, but each component has a
lot of requirements that they have to meet, and that goes to
the defense-in-depth slide.

So, each one of them -- each component actually
serves more than one function.
The basket itself, the carbon steel -- when we
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first proposed carbon steel, we all looked at each other and
the purist people said no, you don't want to do carbon
steel, it doesn't last. We said that's the point. We want
it to corrode, we want it to grow in volume.

As it grows in volume, it can sort of help
displace or preclude any moisture from getting in, helping
us with criticality.

Also, we've also learned through some performance
assessment activities that the carbon steel, the iron, likes
to hold on to some of the heavy metals, the neptunium, likes
to combine with this at a later time. So, we've solved a
lot of issues or helped a lot of issues in that same sense.

So, there's a lot of defense-in-depth in this
area, a lot of components that do the same thing, and the
stainless steel boron, which is a neutron-absorbing material
-- the stainless-steel boron was chosen because it doesn't
fail through general corrosion.

It fails through cracking, through pitting and
things of that nature.

So, as the material breaks and sort of shards come
off, it still has the boron embedded in it, and we over-bore
the panels right now at 20 percent because we understand, as
the material breaks, you do get some boron on the shards,
and that could be dissolved, but still, it's carrying the
neutron-absorbing material where you want it.
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So, combining the neutron-absorbing material with
the burnup credit, with the geometries, again it's building
in -- you know, it's defense-in-depth in the design, and we
understand what a safety margin is.

The thing that we've also done -- we'll talk a
little bit later -- the development of burnup credit,
there's effective thermal conductivity, and also a less
placid design, so we can go to the regulator and say we know
what a nominal case is as engineers, we know where the
nominal is, now let's put the factor of safety on, instead
of building the factors of uncertainty into the design and
then not knowing where we are in the safety margin.

It's very important to us in the design group that
we know where we are in the safety margin, and from there,
we can make a logical decision.

The boiling water is a very similar design. You
have interlocking plates and similar other support structure
guide right now. The support structure guide is there
simply because we have square things going in round holes,
and we've got to make up the difference.

Now, that's the design as we stand today. We
believe it's a very simple design. The design processes are
underway right now. We've done a lot of evaluation
thermally, structurally, and also criticality-wise, and
we've done a lot in that area.
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So, what we'd like to do now is talk a little bit
about the history. This is the one slide on the history
that I have. There's a lot more that we can talk about in
this area. I think just with the time that we have --

In 1988, when we first got started in this area,
there was pre-conceptual design concept, what might it look
like, there was bore-hole design, thin material, less than
one centimeter, actually one centimeter of material that was
stainless steel.

That was later changed to an Inclenal-825 that had
absolutely no criticality control material in it.

They had talked about consolidating rods, which
would help you during the early timeframes for criticality,
but again, if you put more material in there, it precludes
any kind of moderator to get in, but the problem was with
long-term.

These materials will break down, bore-hole design,
everything will settle to the bottom, and the probability of
showing that we won't have a criticality is going to be more
difficult.

So, what we've done there is moved away from a
design that we know we have a criticality issue, we have a
performance problem, also a heat problem, very interesting.

The bore-hole design had much fewer assemblies in
there, had three PWRs and four BWRs, was the maximum design
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they had, and it was actually -- it got hotter inside the
bore-hole than the 21 pressurized water reactor in the
drift.

Again, we talked a little bit about that
yesterday. That's because the radiant heat -- it can reject
the heat into the drift very nicely, and I'll show you
pictures later on of how that really helps us.

So, that was a big step from when we went to the
'88 design to the '92 design that we actually defined the
advanced conceptual design.

This is where the larger packages that came in.
1991 was the first time we proposed the larger packages and
started to look at them, and again, the dollar per KG
disposed was very favorable in this area, also, and also,
this design provided us -- the robust multi-barrier design
provided us a longer-life package early on, where the
natural system was thought of as being the complete carrier
of the performance. That's where this design came from.

Now, as we understood the system a little bit more
and understood that we are bringing in a defense-in-depth
philosophy, we looked at what we can do in the engineered
barrier segment.

Multi-purpose canister was a large influence on
us. The utilities, again, are looking for packages that
they can put on the site and can ship to us and then becomes
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MPCs and we simply over-pack.

They're not looking for smaller packages, the
onesie, twosie kind of thing. They would like to have the
larger package they can simply put on the pad and have a few
of them. So, that was a large influence on us.

We did complete an advanced conceptual design, and
that design was reported back in 1996. It had, I think,
about 1,000 pages of design description in there and
detailed calculations evaluations that we did, and it
actually -- it looks very similar to the design we have
today.

We have changed a few materials, we have learned a
lot from the evaluations we've done, and so, we saw some
material change in the slight internal basket modification.

We now work on the viability assessment design.
That's what I showed you today. That's where we are today.

This is what remains to be tried. This is
something that Jack Bailey has talked to. You can see that
the management and also engineering is sort of working in
tandem.

We are looking at drip shields and ceramic
coatings on the package. We have done some calculations on
those.

Structurally, we still have to take a look at what
kind of material will last and survive, but we had good
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positive statements on some of the materials that we're
looking at, the ceramics, that will take rock drops and not
chip.

We do have to have a definition of what porosity
we're still looking for. We're looking at applying a
technology that exists, and the technology that exists is
not looking for high-density materials and also high
thermally-conducted materials.

They're looking for more abrasion and also heat
buffering. So, they actually put it in diesels, and so,
they want to make sure that you're actually insulating the
diesel engine from the ignition.

So, we're applying technologies to our needs.
We're not trying to invent new technologies.

The interesting thing is that, from an engineering
point of view, we've also realized that, as you load a
canister -- and this has been shown at some of the spent
fuel pools -- they become more barrel-shaped.

So, finding a material that actually can expand
and contract with the package is very important to us.

We don't need the China kind of syndrome where we,
you know, kind of grow and it all pops off. That would not
be a decent material for a drip shield, because the drip
shield is really there to last to 10,000 years.

That is why we're looking at ceramics. We're
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looking at a 10,000-year kind of coating.

So, we're looking at that.

We're also looking at the backfill closure time.
This does bring out an engineering requirement, because you
do -- once you put the backfill on there, you do heat things
up.

Even with the cool-down time we have in there,
we're going to blast cool some activity and try to draw that
temperature down so it starts at a lower temperature and
then starts to rise, but we're still looking at blending and
lag storage and ventilation to make that backfill happen for
us in the 50-year, even at the 100-year timeframe.

Again, we're trying to deal with the cladding,
where we're saying, to make it happen, we're trying to
protect the cladding temperature at 350 degrees.

Again, there's a lot of reasons for that 350
degrees. We don't want the cladding to rupture for more
than one case, not only for just simply containing the
material in there but also from a criticality point of view.

If I can go to the regulator and say, gentlemen, I
know what the configuration of the spent nuclear fuel looks
like from now to 10,000 years, I have a better chance of
making that argument, but if I go into there and say,
gentlemen, I'm going to blow the cladding away, they say,
well, where is the material going, I say, well, someplace
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inside the package, the argument becomes weaker now.

So, if I can work a design such that I know the
configurations, I have a better argument with the Nuclear
Regulatory Commission, and that's what you see also in the
engineered barrier segment, where we have different
components doing different things for us in the criticality.

As it goes, as it starts degrading, the system
degrades, and also we have as the invert media down here --
what we'd like to do is also capture the media like a civil
engineering filter so we know exactly where it is and we can
make a nice argument, it will be a slab kind of
configuration, I can do a calculation, and it makes a strong
argument.

Again, if we can design in the configurations, it
will be an easier argument.

Okay.

Also, we're doing -- is totally shield -- I think
we talked about that, totally shielded. We did take a hard
look at that in the sense that we used a higher shielding
dose. Again, we don't want to come and start breaking down
and having different licenses for it.

So, we did take the worst shielding configuration
that we had, and it came up very large.

Extending the life -- there's different mechanisms
-- barrier materials, cladding failure -- we're looking at
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that. Again, the neutron-absorbing material, also looking
at different neutron-absorbing materials.

Now, I want to talk a little bit about the thermal
regions. We've done some interesting things in this.

We've done criticality. We've actually extended
the technology a bit in this, and we're going to go through
this relatively quickly in the sense that we've developed
the four-model process by which we get the boundary
conditions for each lower model.

Here we have to look at the larger repository, how
it's behaving. We get the end effects and how it behaves in
the center. With that, we do more of a slice-out.

Our models now are four to five packages long. We
get a boundary condition for the package itself, so we can
look at the cladding temperature.

And the interesting thing that we've done now is
that we've looked and do have the methodology by which we
can calculate the cladding temperatures within plus or minus
four or five degrees, and this has been benchmarked against
the TN calculations.

This is the model that actually look at the drift,
and this is what I said -- this is sometimes known as a
champagne bottle, because it does look like a little bit of
champagne, but what we did is we took a 21 pressurized water
reactor design which has the design basis fuel in it, we
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took a defense high-level waste, we looked at -- there's one
right here that actually has lower thermal load that's just
not ejecting them on the sheet, and also we have a boiling
water reactor here.

You see, with the drift emplacement, it's very
nice. We showed it at 10 years, because it's interesting.
At 50 years, this is all orange all the way across, so it
becomes very uniform. That's what we want.

If you look at a bore-hole design, the bore holes
would become somewhat uniform here, but it would be a lot
higher stresses to the rock. Here it distributes the heat
very nicely to the rock mass, lowering the stresses to the
rocks.

Also, you notice that the lower package also has
some benefit from the higher package's thermal umbrella.

So, what we're doing is we're bounding the design --
bounding the lower thermal one.

Now stepping through a bit, this is our waste
package model. We do half symmetry on it. This is an ANSYS
model. What we have done also, instead of trying to develop
our own finite element methodology, we have used a nuclear
standards technology of dealing with ANSYS.

As you can see, this is the 21 pressurized water
reactor design, and we can see again where the hot assembly
ig, which is no surprise it's the center assembly, and how
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it also leaks the heat away.

Again, the basket design is such that it works
very nicely, is one of the more efficient designs we've come
up with.

Now, the effective thermal conductivity evaluation
-- now we go down to -- we take one of these locations right
here and we actually have a report out on this one. It was
1996, it was issued, and the NRC has seen it, and actually,
the industry is picking up this methodology now.

This is effective thermal conductivity
methodology, remodeled each rod to the point where we have
-this is the fuel, this is the cladding, we even put the
clad gap in there, and we also put an oxide layer on it.

So, we made sure we covered all the bases on it.

And we have developed a matrix of temperatures and
effective thermal conductivities, and we can predict and
have benchmarked against experiments down to plus or minus
five degrees, and again, that gives us a nominal design, we
know exactly where we are, and now, as engineers, we can
decide where the effective safety -- what kind of margin we
might put onto the system.

Again, this is a methodology that's been adopted
by the industry and is being moved out into it.

Structural evaluation: Again, the requirements --
all these things come with requirements and we have based on
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requirements. As engineers, that's where the basis is. And
some of the evaluations that we've done is for handling,
design basis events, and then post-closure.

We've come up with a requirement of a 2-meter
handling height that they can deal with, and with that, we
have to look at different geometries, similar to
transportation casks, and so, this is the beginning model
set-up of that one, and that's our 2-meter start point.

We're pushing it on a non-yield surface, and as
you can see, the handling s