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PROCEEDTINGS
[8:30 a.m.]

DR. CORDING: This morning we are continuing with
our discussion and with the presentations on repository
operations. Our session will continue with a break but will
continue through to approximately 1:00 p.m.

As we normally do, we will have an opportunity for
public comment at the end of the session. We have reserved
time within the program for comment and questions from the
Board, and if time, from others in the audience after each
of the presentations. So we are hoping again to have good
discussions or time for those discussions this morning.

Let's continue with repository operations. We
received a summary yesterday of the overview of the
repository operations which identified a number of issues.
Some of those issues we will be discussing this morning.

The first presentation will be by Jack Bailey, who
was giving the presentation yesterday. The first topic is
on retrievability issues.

Jack Bailey is deputy operations manager for the
engineering and integration for the M&O.

Jack.

DR. BAILEY: Good morning.

[Slide.]

DR. BAILEY: As I showed you yesterday, we had a
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series of key design issues throughout the different stages
of the operations of the repository.

[Slide.]

DR. BAILEY: This morning we are going to talk
about retrievability, which as you can see can take place at
any time in the waste emplacement up until the closure and
decommissioning.

[Slide.]

DR. BAILEY: It is always nice to start with a
definition from Part 60:

"The geologic repository operations area shall be
designed to preserve the option of waste retrieval
throughout the period during which wastes are being emplaced
and, therefore, until the completion of a performance
confirmation program."

[Slide.]

DR. BAILEY: As such, we have what we call our
retrievability issue, which goes on a little while. We look
at the development of the retrieval strategy: How easy do
we want retrieval to be? Because of retrieval we have to
make the emplacement of the waste such that we can get it
back out after we have placed it in. Because of the large
package size we are looking at, clearly we want it to be
reasonably accessible.

We need to look at the credit off-normal scenarios
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for retrieval that are based on the design that we have;
under what conditions do we actually have to get it out.

We need to look at the development of the
equipment and the concept of operation of that equipment to
deal with these off-normal operations.

We have to develop scenarios for retrieval for
reasons of recovery of resources. What if we have to empty
the entire repository out? We have to be able to deal with
that situation.

[Slide.]

DR. BAILEY: On the lower level we have to deal
with the characteristics of the emplaced waste. There is
both heat and radiation. As we said yesterday, the drifts
may be as high as 200 degrees. Clearly we don't want to go
into a 200 degree C environment to recover the waste. We
have to have a means by which to handle that.

Of course there is a radiation environment
associated with the spent fuel. The long duration of the
retrievability period from the beginning of emplacement
until closure of the repository causes a great emphasis to
be placed on the engineering of the structure that houses
the material so that we can get in and get it out in a
reasonable period.

Finally, the weight of the waste package can be up
to 60 metric tons. It's a very large piece of equipment
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that we have to move around.

[Slide.]

DR. BAILEY: What are the impacts?

As I started to allude to, the subsurface layout
is heavy influenced in order to have access to the packages
so we can come back and get them. The whole idea of a
horizontal repository with a large package so we can get
back and forth to the waste package is driven by that.

The emplacement mode so that we can grip them and
remove them should we need to.

It is desirable that the emplacement equipment be
set up so that we can emplace it and remove it utilizing the
same equipment. That would make some sense rather than
having to have a new specialized piece of equipment to get
it out.

The ground support to avoid the problems of
rockfall and the problems of covering the package and
allowing easy access. If we can make a robust ground
support system, that would make retrieval much easier.

Ventilation system, as I alluded to, in order to
cool the drifts down so that we can get at the packages is
desirable.

The retrieval equipment itself for the off-normal
conditions. How do we deal with a package that perhaps is
broached, has radiological problems, heat problems,
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ventilation problems, and have to dig it out. So some of
the equipment is going to be very specialized perhaps based
on what the off-normal conditions say.

Finally, surface facilities in order to store the
waste packages either in small number because of problems
internal to a waste package or specific to a specific waste
package, or perhaps to unload the repository.

So several aspects of the design are impacted by
the retrievability issue.

[Slide.]

DR. BAILEY: What have we done recently? We
talked a about this a little bit yesterday.

The addition of the central exhaust main to the
repository and the ability to operate from either end has
helped us a good deal in this. In other words, because of
the central exhaust main we can now cool half a drift in
either direction so that we can cool the drift down into the
50 degree C range. That was a question from yesterday:
what would we really expect to operate in? More in the 50
degree C is what we would expect the equipment to operate
in.

If we can get into the drift and ventilation is
available, then we can go half a drift, ventilate that. We
also only have to travel a half a drift. The old design
which basically had entry and ventilation from only one end
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prevented us from doing that.

meter drift that we would have

retrieve where now we have cut

maximum in order to get to any
It also will shorten

necessary to cool down a drift
[Slide.]

DR. BAILEY: Another

267
We could have perhaps 1000
to go through in order to
it back to 300 or 400 meters
individual package.
the amount of airflow
in order to get to it.

piece of the design that we

have changed is the gantry/pedestal emplacement method that

we discussed briefly yesterday.

[Slide.]

DR. BAILEY: Here we
of it from the side view which
picking up and dropping off on

have yet a different picture
shows the gantry going in,
small pedestals for the

emplacement where the gantry rides on rails slightly above
the pedestal that it is emplaced on.
Retrieval in this manner is again enhanced because

the gantry can be maintained outside of the drift,
the gantry can be sent in remotely to
pick up the package and bring it out.
the ACD allowed for wheels on railroad cars,

there is no upset,

and if

The old design from
which of course

you couldn't leave for 100 years and guarantee their

operation.

In this manner we feel we have a much better

means of going in and getting the waste out and there are no
moving parts in the emplacement drift environment.
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[Slide.]

DR. BAILEY: Finally, the move to a fully lined
drift should provide us with a much lower likelihood of
having rockfalls or inability to move the packages
throughout the drift. So we feel like we are moving in a
certain direction with the design performance assessment
with regard to cementitious material in particular that will
make the retrievability an inherent part of the design and
it into the design very usefully as opposed to being a
driver that forces us to do specific type actions.

[Slide.]

DR. BAILEY: The actions for the rest of the year
are to do some studies associated with the off-normal
events, looking at the design basis events that can affect
the waste package in a drift, to identify what the credible
events are so that we can design equipment to deal the
credible events. The events will most likely include
rockfalls and failures of packages, which means that
equipment that has to be developed is going to be those
things which can dig out a package, deal with the
radiological conditions, pick up packages and move them out.

Our intent is to do studies which will take those
design basis events, categorize them, and then set up a set
of equipment and/or design basis in addition to what we have
seen here that will allow us to have a better means of
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achieving retrieval. We expect to have that study done in
May of 1997.

DR. CORDING: Thank you very much. It seems that
the opportunity to gain access from both sides of the drift
gives you a lot of flexibility not only in operation but the
possibility of retrieval. So if you are blocked in one
direction, you have the other way to work into the drifts.

DR. BAILEY: Yes. It allows for good construction
method, for emplacement and as well for retrieval. A great
deal of flexibility.

DR. CORDING: Comments?

Clarence Allen?

DR. ALLEN: I hate to sound like a broken record,
but again I would emphasize that both in emplacement and in
retrievability one must face the problem of earthquakes that
will certainly occur over a period of 100 years in the
drifts with accelerations approaching if not exceeding 1 G.
I presume it involves somehow tying these things down and
being able to untie them at such time as we go in for
retrievability. So I just urge that this issue not be put
off until too late in the planning procedure here.

DR. BAILEY: ©No. Your question is well founded.
As we go through our design basis advance we will be looking
at what the maximum seismic event is that the package would
expect to see and whether or not that creates a dislodging
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of the package from the mounts. We will take either a
preventive action to keep it from moving or mitigative
action to be able to recover it. That would be one of the
events that would be considered, and I failed to mention it.

DR. CORDING: Jared Cohon.

DR. COHON: With regard to the design basis
events, could you say more about how you are going to
characterize those, and who is going to be involved in that?

DR. BAILEY: The design basis event program is an
ongoing effort at the project right now. We are looking at
what the design is that we are going to utilize for the
repository since frequently events are tied to the design,
the processes to identify the naturally occurring events,
and then the site occurring events or operationally
occurring events and to make up basically a very large list.
That list then goes through and gets evaluated by the
engineering department, and if necessary, the natural list
with regard to issues like seismic or climatology.

In fact we have a team established that does this
very thing. We walk through each one of the potential
events and make a determination as to whether or not it has
a probability of occurrence that is high enough that it
warrants review.

Of course we take into account the very low
probability and high consequence nature for some events, and
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some events, if there is a very low probability of
occurrence, we don't include it. We basically make up a
list along that line. It is handled within the project.
Once that list is done and approved, then that becomes our
set of design basis events.

Is that responsive to your question?

DR. COHON: Yes. That's a very good response. It
raises another question, though, and that is that
probability which is low enough so that you can safely or
confidently not deal with a design basis event.

DR. BAILEY: You are correct. The choice of a
probability is a tough issue. The Part 50 part of the NRC
regulation generally sets some criteria associated with
classification of events. There in fact is a rulemaking
ongoing with the NRC that discussed what kind of a
probability we should be looking at and what type of events
we should be having. We are trying to stay within those
guides and work in that area to keep ourselves consistent
with regard to the NRC.

As I have said, we have to look at an event both
for its probability of occurrence and for its consequence.
If you have the very low probability with a very high
consequence, then it's an event that we have to consider.

DR. CORDING: John Cantlon.

DR. CANTLON: Sorry to have missed yesterday's



O oOoJO0O U WNE

272
presentation, but earlier the model was to have remote
equipment doing the retrieval. Are you still wedded to
that?

DR. BAILEY: Yes, we are still wedded to the
remote retrieval. In fact there is a discussion on that a
little bit later today.

DR. CANTLON: The question then arises in terms of
the reliability decision in terms of the tradeoff using
remote handling equipment versus somewhat more robust
shielding and somewhat more dependable ventilation, which
would get your temperature and your radiation problems in
control. Is there any thought being given to that because
of the problem of reliability on remote handling stuff?

DR. BAILEY: Yes. The question associated with
the design basis events is what I go back to. In terms of a
straight retrievability, let's take some packages out of an
existing undisturbed drift. Remote retrieval is certainly
appropriate. We can send the gantry in; we can pick it up;
we can look with TV cameras; we can do everything we need
and take it out.

When you get to the off-normal conditions and you
have to go in and you have to potentially move rock, you
have to produce specialized ventilation systems to be able
to do with perhaps a broached waste package, an upset waste
package that may not be in a condition or an orientation
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that you can necessarily deal with remotely. Then we would
have to give consideration to either sending in the TV
cameras and operating hydraulic units remotely. For
example, like the old backhoe with different attachments.
Send it in and put on different attachments to orient and
place it in position.

Our intent at this point is probably to still look
at it from a remote point of view because of the
radiological hazards and the thermal questions. But as we
go through the different design basis events we will make
the determination if perhaps an unseen shielded cubicle is a
better approach.

So it has not been excluded, but our preference is
to lean towards remote at this point in time.

DR. SNELL: If I may add a comment. There is a
tendency, I think, with retrievability to think of it in
terms of a future "maybe" kind of thing. The point I wanted
to make is that retrievability and everything necessary to
accomplish it is really an integral part of the design.

When we think about what we are going to do, we
have to treat retrievability as almost a normal operational
circumstance. Therefore, all the designs that we do and all
the analyses that we make are made with the thought that
this is something we have to do. We have to think of all
the things that you are mentioning.
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Seismic is a consideration; the reliability, the
availability, maintainability of the equipment; readiness to
use it when we have to; upsets that we may have to deal with
and odd conditions that we know may exist at the time.

So it is something that will get and is getting
full attention and a full treatment, if you will, from an
engineering standpoint.

DR. BAILEY: I would expect that the
retrievability equipment would be built, placed and

maintained on site at the time of license. It is a
necessary part. It isn't something that we go build when we
find we need it. Some of the aspects of the off-normal will

have to be placed in service at the time of the license.

DR. CANTLON: A follow-up question. Are you
wedded to the retrievability gantry being a rail-based one
as opposed to a tire-based one?

DR. BAILEY: For the reference design for
viability assessment we are moving ahead with the railed
approach. It doesn't mean that we won't reconsider it in
the future, but currently we are going to move ahead for the
next couple of years with a railed approach.

DR. CANTLON: The rail approach presumes that an
event isn't going to occur to disrupt the rails.

DR. BAILEY: The rail will make us consider an
upset event with the rails and make a determination on how
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to recover from a railed event. We recognize that the
railed event is one that we have to consider.

DR. CORDING: Thank you very much.

Our next presentation is on the waste package
physical characteristics and the presenter of that is Hugh
Benton, who is manager of waste package development for the
M&O.

DR. BENTON: Good morning. Thank you.

[Slide.]

DR. BENTON: There are four principal
characteristics of the waste package which have primary
effect on repository design. Those are the size, the
weight, the output in terms of heat, and the output in terms
of radiation. Jack Bailey has referred to the waste package
as large and heavy, and so for a few minutes I would like to
explain how large, how heavy, and why.

[Slide.]

DR. BENTON: I will mention the types of waste for
which we are designing waste packages, the disposal
container dimensions and its loaded weight, its weight with
fuel inside.

I will talk a little bit about the shielding
considerations, whether it is more efficient and better to
have shielding on each individual waste package or whether
it is better to have shielding on the transporter and not
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have enough shielding on the waste package to provide
suitable personnel protection.

I will show you what the current designs are and
what the changes are from the advanced conceptual design
that have occurred over the last six months.

Finally, just a few items concerning future
considerations, possible additions to the reference design
that we may consider over this coming year.

[Slide.]

DR. BENTON: Of course we are mindful of the
legislative limit of 70,000 metric tons. However, the waste
package must be designed to accommodate all 84,000 metric
tons of commercial spent nuclear fuel since there is no way
for us to know which 63,000 of commercial spent nuclear fuel
or which 7,000 of defense high-level waste may come to the
first repository. So our designs are intended to
accommodate all of the commercial spent nuclear fuel that
exists in the 84,000 metric tons.

That commercial spent nuclear fuel exists in
293,000 assemblies of which 126,000 will be PWR and 167,000
will be BWR.

If we were to put all 84,000 metric tons into
waste packages with 21 PWRs and 44 BWRs per package, that
would take about 10,000 waste packages, 6,000 for PWRs,
4,000 for BWRs.



O oOoJO0O U WNE

277

I mentioned the waste packages for canistered
commercial spent nuclear fuel. We also have as a third type
of waste canisters for the vitrified defense high-level
waste.

The Navy spent fuel we are calling out as a
separate category because it is unique. It is exceptionally
robust; it is fairly small in terms of weight. There are
only 65 metric tons of uranium in the Navy inventory. But
it occupies a large volume, 888 cubic meters, which is over
twice the volume of the next largest category of DOE-owned
spent fuel. So we are thinking of Navy spent fuel as a
separate category.

Then, finally, we have the rest of the DOE-owned
spent fuel which we are expecting will arrive in sealed
canisters. There are 2,670 metric tons of other DOE-owned
spent fuel of which about 2,100 metric tons is N-reactor
fuel.

We are doing some testing on N-reactor fuel to
determine its pyrophoricity or whether it is a pyrophoric
problem. The N-reactor fuel is low enriched and there is
essentially no criticality problem.

The remaining 570 metric tons of DOE-owned spent
fuel is in a large variety of types and categories, as many
as 150 or 200 individual types which will eventually have to
be individually analyzed. However, we have divided these
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into nine general categories for the current state of our
analysis.

[Slide.]

DR. BENTON: Let me show you a little bit about
what the current designs are. This is the design for PWR
uncanistered fuel. It has an outer barrier and an inner
barrier. The outer barrier is 100 millimeters thick of
carbon steel AS516, a corrosion-resistant inner barrier of
high nickel alloy, alloy 625, and I will explain in a few
minutes why we have gone to that.

Both the bottom and the upper covers are of the
same two materials, a corrosion-allowance material and a
corrosion-resistant material.

The outer barrier and the inner barrier are
fabricated together by a shrink fit method in which the
outer barrier is heated, the inner barrier is pushed into
the expanded outer barrier, the outer barrier is allowed to
cool and shrink around the inner barrier.

We have a robust design of basket consisting of
interlocking plates of stainless steel boron. The boron, of
course, for criticality control. And individual tubes of
carbon steel for each assembly.

There are also structural members around the side
to keep the basket structure in place.

That is the general shape of our current 21 PWR
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waste package.

[Slide.]

DR. BENTON: We have a companion one which holds
44 BWRs. This size was selected because the diameter is
approximately the same as the 21 PWR and we would like to
keep all of the sizes as consistent as we can. This has the
same corrosion-allowance outer barrier and corrosion-
resistance inner barrier as for the PWRs. It has the same
basic design basket with support structure and interlocking
plates of stainless steel boron.

[Slide.]

DR. BENTON: For canistered spent fuel we have
somewhat of a generic design design because we are not sure
at this point what exactly the canister will look like. It
has the same outer and inner barriers, and we are presuming
that the canister would hold a 21-PWR and 40-BWR. If those
particular capacities don't turn out to be exactly those
numbers, it will be no problem to analyze for the
disposability of some different canister.

In the absence of a specific design for a canister
we are using as surrogates the MPC conceptual design of a
couple of years ago and the current Westinghouse design.

[Slide.]

DR. BENTON: For defense high-level waste we have
a design which is again selected to be approximately the
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same diameter as for commercial spent nuclear fuel. It
holds four of the Savannah River style pour canisters of
vitrified borosilicate glass. It has a guide to facility
the insertion of the canisters. It will probably have a
separator plate at the top to keep the canisters in place.

[Slide.]

DR. BENTON: The final basic type of design is a
proposal for the co-disposal of DOE-owned spent nuclear fuel
with defense high-level waste. This adds one additional
Savannah River sized pour canister to the waste package so
that there is a ring of five. That leaves room in the
center for a canister 43 millimeters in diameter for DOE-
owned spent fuel.

This particular design of basket would accommodate
27 research reactor assemblies in three stacks of nine each.
However, this basic canister in the center would accommodate
a fairly wide range of the DOE-owned spent fuel. We might
have depleted uranium inside this central canister to help
with our criticality control problem for some of the highly
enriched DOE-owned spent fuel. We could also have depleted
uranium outside of the central canister in among the five
pour canisters for the same purpose.

The co-disposal has the advantage that in the
degraded mode as the waste package proceeds from its intact
configuration toward the eventual ruble pile in the bottom



O oOoJO0O U WNE

281
of the drift the presence of the corrosion products from the
pour canisters helps to dilute the effects of the highly
enriched DOE-owned spent fuel.

[Slide.]

DR. BENTON: As to sizes, dimensions, these are
essentially the dimensions of the five different types of
waste packages that I have shown. The dimension which would
control the design of the repository in both diameter and
length is currently the canistered 21-PWR for commercial
spent nuclear fuel.

As I mentioned, we are not absolutely sure of
these dimensions because we are having to use a surrogate
for what the eventual canisters will look like.

If we should decide to proceed with this proposed
waste package for the co-disposal of DOE-owned spent fuel
with defense high-level waste, that is slightly larger.

That would increase the diameter to two meters, and that
would then become controlling. As you will note, the
defense high-level waste canisters are much shorter, so the
length is not a problem, and they are also much lighter, as
we will see shortly.

[Slide.]

DR. BENTON: These are the weights in metric tons
for disposal containers loaded with their appropriate fuel
but without any filler material.
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Again we see that the heaviest weight by far is
the canistered 21 PWR container for commercial spent nuclear

fuel. It is much heavier than the heaviest of the
uncanistered designs.
[Slide.]

DR. BENTON: Let me mention some of the changes
that have occurred in the waste package design since the
March 1996 advanced conceptual design report.

First of all, I mentioned the fabrication method
of heating the outer shell and pushing the inner shell into
it and then allowing the outer shell to cool.

The alternative was to clad the inner shall
material, the corrosion-resistant material, onto the inner
surface of the corrosion-allowance material.

We believe both of these methods would give us the
appropriate level of galvanic protection, galvanic
protection being necessary to ensure that until the outer
shell is nearly totally corroded away we do not have
galvanic corrosion occurring on the inner shell.

The primary difficulty with the cladding method is
cost and the cost difference is about $56,000 per waste
container. We believe this method would not only save the
$56,000 but also will give us an appropriate level, a very
good level of galvanic protection.

However, it hasn't been tested. We must assure
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that we can do this. This has been done commercially. A
company in Cleveland called the American Tank and
Fabricators has performed this operation in sizes that are
consistent with what our waste package will be. One other
company has done it in pump casings, which is a little
different, but is confident that it can be done. However,
nobody has done it on a production scale, and we have to do
this thousands and thousands of times with an extremely low
defect rate and the ability to determine where the defects
are so that they can be corrected.

The second one is the change of the inner barrier
material from alloy 825 to alloy 625. We are quite
convinced that alloy 825 would satisfactorily meet our
requirements. However, alloy 625, both of these being high
nickel, highly corrosion-resistant alloys, and the
difference being that alloy 625 has a higher molybdenum
content, alloy 625 is more corrosion-resistant in severe
environments, particularly very low pH environments such as
we might encounter with microbiologically influenced
corrosion.

However, the alloy 625 is a little more expensive.
It has increased the cost of the total waste package in the
21 PWR size by $31,000. We judged that the improved
performance is worth that additional cost.

We have changed the basket support and tubes from
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stainless steel to carbon steel. The advanced conceptual
design had stainless steel. This was one of our earliest
changes after the ACD report came out. We were fairly sure
before then that we wanted to do that, but we had not had
time to do the analytical work of the thermal considerations
and the structural considerations to show that going to
carbon steel was the right thing to do.

The carbon steel gives us better strength; it
gives us thermal conductivity which is improved; and there
is a reduction in cost of about $35,000 per container.

A fairly significant change was to move from
copper nickel to carbon steel for the outer barrier of the
defense high-level waste containers. Our advanced
conceptual design had copper nickel for the outer barrier
because of concern that the iron from the steel would have a
deleterious effect on the dissolution rate of the glass.

There is no question that it does have some effect
on the dissolution rate. However, our analysis and our
computations have now shown that because there is a fair
amount of iron around anyway from adjacent waste packages
and these are intended to be emplaced between commercial
spent nuclear fuel waste packages that we are able to go to
the carbon steel without any significant increase in the
overall dissolution rate of the glass.

This not only gives us a performance assessment
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advantage because we don't have an entirely different system
to analyze for performance, but it also has a significant
cost saving of about $67,000 per container.

Finally, we are evaluating DOE-owned spent fuel
containers. I have shown you a picture of one. We also
have conceptual designs for the emplacement of DOE-owned
spent fuel in their own independent, individual and small
waste packages which likely would include depleted uranium
as a diluent.

In addition to the research reactor fuel designs
we are working on a conceptual design for the Shippingport
PWR fuel and for Fort St. Vrain fuel.

[Slide.]

DR. BENTON: If I could turn now to the shielding
situation. The waste packages will have a fair amount of
shielding. They will have 120 millimeters of steel of one
sort or another shielding around the fuel, which does cut
the radiation dose significantly.

However, even with that the design basis waste
package with 21 PWRs will have these types of radiation dose
in rem per hour. On the surface 30 rem per hour, 2 meters
from the surface, 5. The defense high-level waste package
have even a higher dose rate of 65 rem per hour at the
surface and 20 rem per hour 2 meters from the surface. This
compares with a normal administrative limit of 5 rem per
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hour per year for a radiation worker.

So without some additional shielding a person in
the emplacement drift would essentially receive four times
his annual dose in the first hour, clearly not desirable.

[Slide.]

DR. BENTON: The question is whether shielding
should be provided on the individual waste packages or
whether we should provide shielding only on the transporter
and essentially restrict personnel from loaded drifts.

Clearly the advantage of shielding the individual
packages would be that once the drift was cooled, either
naturally or artificially, down to a temperature where
somebody could work, such as 50 degrees centigrade, after
that you could have limited personnel access if the
individual waste packages were shielded.

There are clearly many advantages to being able to
allow personnel to go into the drifts, either for drift
maintenance, to take care of some off-normal event, to
performance confirm that what was happening in there was
what was expected, and for a good many other reasons.

The disadvantages of putting the shielding on the
individual packages are, first of all, since in general
particularly neutron shielding tends to be light it
decreases the thermal conductivity markedly. This would
increase the fuel temperature. We could exceed our 350
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degree centigrade limit on centerline fuel temperature,
which would reduce cladding performance and probably
eliminate any possibility of being able to use cladding as a
viable barrier.

The increased size of the shielding on the waste
package would probably require that the drifts be increased.

It's a fairly significant increase in weight,
which would make handling difficult.

The shielding would perform a function during the
preclosure period but no function post-closure since the
rock is an excellent shielding once the repository is
closed.

And shielding adds to waste package cost
significantly.

[Slide.]

DR. BENTON: Let me put a few numbers on that.
This is the 21 PWR design with two types of shielding.

Probably the most practical shielding would be
concrete sheathed in stainless steel which would go on all
sides of the waste package.

A shielding which would reduce the radiation dose
from what I previously showed down to 20 millirem per hour,
which would allow a radiation worker to be in the drift
about one hour per day without exceeding his annual dose,
would have these characteristics. It would increase the
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diameter by .4 of a meter.

It would increase the weight by 68 metric tons.
That is considerable more than a doubling of the weight of
the waste package.

And it would be expensive. One reason is we are
assuming that we would have to x-ray the shielding to
determine that there are no voids anywhere.

There is also some difficulty with neutron
shielding. The best neutron shield material can tend to be
pyrophoric.

If instead we use carbon steel -- although carbon
steel is a poor neutron shield, if you make it thick enough
you will shield against anything -- it would take 18 inches
of additional thickness of shield in order to reduce the
radiation dose rate down to the 20 MR per hour. We don't
really believe this is practical, but I will just mention it
anyway. This would increase the diameter by nearly a meter;
it would increase the weight by over 100 metric tons; and it
would be extremely costly.

[Slide.]

DR. BENTON: Let me mention a few future
considerations.

From the standpoint of the waste package alone
without considering the rest of the system bigger is better
until we reach some limit. We are currently designing using
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a design basis fuel which will accommodate more than 90
percent of all of the commercial fuel that exists or will
exist.

Because of that, our design basis fuel has a
fairly high thermal output. Therefore, much of the fuel is
much cooler than that. So for fuel which was not as hot as
the design basis fuel we could increase the capacity of the
waste package from 21 PWR/44 BWR to 24 PWR/52 BWR, which
turn out to be the next larger size with a very efficient
packing arrangement. This would therefore reduce the number
of waste packages and reduce the cost of the waste package
itself. We would have to evaluate the effect of that on the
rest of the system, on the repository design to determine
whether this was the right way to go or not.

A fairly minor change that we will probably make
is for those waste packages which will have a high thermal
output we will probably be adding aluminum shunts in the
basket.

For DOE-owned spent fuel we are trying to reduce
the cost by looking at reduction, maybe even elimination of
the baskets inside those 43 millimeter containers.

We have done a great deal of analysis yet on BWRs.
That is scheduled for this fiscal year. We are looking at
the minimum practical thickness of the stainless steel boron
plates for BWRs that will meet both our criticality control
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requirements and our structural requirements.

Finally, we are considering methods of providing
an additional outer barrier for those repository conditions
of high humidity which might occur through a decision to go
to a low thermal load or perhaps a high percolation flux.

This has been variously termed "drip shields."
Rather than some tent that goes over the waste package and
which would then probably be destroyed with the first
rockfall or something that would be carried down to the
repository separately and set over an emplaced waste
package, we are looking at just a continuous outer barrier
that goes all the way around. That could either be a fairly
thin layer of titanium or a sprayed-on ceramic. In FY97 we
will be considering which of these is most practical and we
hope to advance our knowledge of the possibility of the use
of sprayed-on ceramic.

Subject to your questions, that is what I have on
physical characteristics of the waste package.

DR. CORDING: Thank you very much.

John Cantlon.

DR. CANTLON: As you think about these future
possible increases in the size, are there any manufacturing
limits as you have talked to the people that manufacture the
thing? In other words, how big can they make them
efficiently?
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DR. BENTON: No, sir, we really have not come
across any manufacturing limitation at all. Of course when
we ask the vendors, they are delighted to make it bigger.
The bigger the better. Our own staff analysis indicates
that certainly we could make them as big as reactor vessels
if we had to. There may be a practical limit of the shrink
fit design in which the available equipment in the industry
could handle it. But so far no limit.

DR. CORDING: Don Langmuir.

DR. LANGMUIR: We understand there has possibly
been some internal confusion in the program insofar as
Livermore was setting up to study corrosion of the 825 and
all of a sudden discovered that it was now 625 they should
be concerned about. I wondered how that is playing in. I
gather they have shifted gears rapidly to put the 625 in
their corrosion tests, but were they part of the process of
deciding which alloy would be considered? I gather they
weren't.

DR. BENTON: Yes, sir, they certainly were at each
step in the process, and they had both alloys in their plans
for long-term corrosion tests. The Livermore long-term
corrosion tests includes a test of a very broad range of
materials, including materials that have higher molybdenum
content than we are now talking about, such as Hastelloy C-
22. If later we should decide to go yet the next step, that
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material would already be in the test vats.

Those material testing tests are getting started
right now. We certainly do not expect to select any
material which doesn't have samples in those test vats. We
are closely linked with Livermore on material selection and
material testing.

DR. LANGMUIR: How flexible are you at changing
the alloy you might use? You are going through all these
calculations now with 625. If they come up with a different
alloy -- How many different alloys are they considering?

The other side of that thing, not exactly related,
is the pH environment. You talked about it being acid. It
might well be extremely alkaline given all the concrete
surrounding the site and likely to collapse on the packages
through time.

DR. BENTON: We believe that either alloy 825 or
625 would perform about equally in the high pH range.

We are certainly flexible and could change. We
will probably by the end of this year decide that whatever
material we have is the material for VA, because we want to
make sure that all of our analyses are consistent with our
design. TIf later on there should be a need to change, we
could do it.

What we are talking about is a fairly minor change
in alloy content. We expect the basic design of the
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corrosion-allowance outer barrier, the corrosion-resistant
inner barrier, which has been our basic design for some four
year, very unlikely to change.

DR. LANGMUIR: You talked about a whole series of
reductions and increases because of the changes in materials
in the inner and outer barrier. Where are you in terms of
net cost with the current proposed design? Are you $31,000
more expensive if you use 625 instead of 825, $35,000 less
expensive because you are using the 516 on the exterior? I
got lost in which direction were finally headed, at least at
the moment.

DR. BENTON: We are headed toward lesser cost.

DR. LANGMUIR: You think you will be at less cost
with the current design?

DR. BENTON: Yes, absolutely.

DR. LANGMUIR: What does that look like for total
cost in the repository now?

DR. BENTON: About $350,000 per waste package for
the large size, 21 PWR.

DR. LANGMUIR: What does that make the total cost
in the repository?

DR. BENTON: If there were 10,000 of them, that
would be $3.5 billion. That is the procurement cost. That
is not total life cycle cost.

DR. CORDING: Ellis Verink.
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DR. VERINK: We were looking over the test setup
out a Lawrence Livermore. We found that 625 wasn't in the
program yet. Is it planned to be in?

DR. BENTON: Yes, sir. As you know from being out
there, they are just setting up those test wvats now. In the
original vats, the first vats they did not have 625. 625 is
in the program and has been in the program. Samples are
coming for that and they will be starting. This is a five-
year test. So whether it starts a few weeks after the very
first samples will not make any difference in the total
test.

DR. CORDING: John Arendt.

DR. ARENDT: Is there a limit on the weight of the
package? Have you placed a limit on it? If there is a
limit on it, how did you arrive at that?

DR. BENTON: We have not placed a finite limit.
Any increase in the waste package is being analyzed on a
system-wide basis to see what the effect is on the rest of
the repository and whether it is appropriate to make that
adjustment upward or not.

Clearly anything like adding metallic shielding
down to personnel limits would require a massive redesign of
everything and is not currently being considered. The
repository is being designed for the current maximum size
waste package with a reasonable safety factor. We don't
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have a hard limit imposed.

DR. ARENDT: Have you optimized the size of the
package?

DR. BENTON: We are certainly fairly close to
optimizing the size. We are now considering such things as,
do we achieve overall system cost savings by having a family
of waste packages so that up to some maximum size we could
put cooler fuel into larger packages and hotter fuel in
smaller packages? Or does that create so many complications
for surface facilities that that is not the right way to go?

We are down to the point of optimizing the total
system through things such as that.

The 21 PWR/44 BWR is clearly about the right size.
As I mentioned, we might be able to go just a shade bigger.

DR. ARENDT: Are you considering fillers at all?
For example, depleted uranium. Are you doing any studies or
do you plan on doing anything?

DR. BENTON: Yes, sir, we are looking at depleted
uranium particularly for the highly enriched DOE-owned spent
fuel. For the size waste packages that we are talking about
for commercial spent fuel we do not need depleted uranium or
any other filler for the design basis fuel.

Our design basis fuel is intended to take care of
more than 90 percent of the fuel. So that leaves 10 percent
which we can handle either by leaving the center assembly
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out and putting in a blank or by having a slightly smaller
waste package or by using filler material or some other ways
to control a criticality.

We haven't decided yet which is the most optimal.
Depleted uranium is therefore a possibility, but filling up
all of the spaces in a 21 PWR waste package with depleted
uranium pellets adds a tremendous amount of weight.

DR. ARENDT: The last guestion may not be
appropriate to you but I'm not sure at what point I can ask
it today, so I'm going to ask it now.

I am very concerned, as I said yesterday, about
the fact that there are no standards of specifications for
the transport of packages to an interim storage area or to
Yucca Mountain. What interaction is there between the
design people in Las Vegas and the people in Vienna? How
are you interacting with the transportation people to make
sure that you are going to have the design information so
that you can design the receiving equipment properly? Are
you interacting with them? Is there a time limit as to when
that information must be available to you can factor it into
the design?

DR. BENTON: We are closely interacting with the
M&O in Vienna on all of these questions. So we are closely
integrated there.

The integration between either us or Vienna and
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the individual vendors who are trying to design canisters
which they hope to be able to license for disposal is not as
far advanced because the vendors haven't yet really decided
what their design is going to look like. There are at least
four vendors that have said that they hope to have a
canister for disposal as well as for transportation and
storage.

What we have seen of those designs so far, we
don't feel that they are very far advanced as far as
disposal, particularly things like criticality control.

They do not have long-term criticality control mechanisms in
their designs.

The information from the vendors as it becomes
available will be available to both us and Vienna and we are
working together to know as much as we can about what those
designs will look 1like.

DR. SNELL: A little addition, if I may. We have
a regular interface or coordination activity, integration
activity as part of our normal scope of work, if you will.
Included in that is a regular interface with the folks that
have been working in Vienna. The level of effort in that
activity has increased substantially over the last year, but
there is a regular interface between our folks in Las Vegas
and Vienna.

Heretofore that interface tended to focus on the
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MPC while it was a wviable option. Currently the RSA concept
which is being promulgated by DOE is now coming into the
picture. That isn't fully fleshed out but a good deal of
work is being done on that regional services agent concept.
There will be, we expect, specifications produced that will
eventually end up in the procurement cycle for the RSA
implementation. So on a regular basis, and I'm talking
about weekly or biweekly interactions with east and west, we
are exchanging information on what they expect to use in the
RSA concept and what that means to us from a repository
standpoint. It isn't finished yet, but the conversations
are active and we recognize the implications for us are
substantial.

The other general comment I would like to make on
the waste package. I know we have presented a lot of
information here on the size, cost, and so forth. The waste
package, of course, is central to the waste isolation
performance of the facility. So I might comment that any
decisions that we make with regard to the waste package
designs are, first of all, focused on what is the impact on
performance on the repository.

We are doing some study work now to help us in
establishing the priorities in design so as to understand
which design options give us the most effective performance
or the best performance improvements on the wvarious
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elements, particularly the waste package.

We will make decisions first with a full knowledge
of what the performance aspects are. If the waste package
doesn't satisfy performance, then nothing else matters. We
need to satisfy performance and then we can optimize on cost
and other aspects.

The other comment I might make too in talking
about package size and so forth, the repository itself tends
to impose limitations on us in some respects. Size, for
example. If we look at situations where we want to 1lift one
package over another within an emplacement drift, clearly
the size of the drift becomes an issue, and if we talk about
increasing diameters, we want to do so with full knowledge
that we might be having implications for how big the drift
has to be and what kind of equipment there has to be.

Likewise in handling. We are talking about heavy
packages, as Hugh has pointed out, and heavy packages, while
they are within the range of handling capabilities that we
are familiar with, are indeed in the high end of the range
for handling equipment. So I think we want to look at
weights on packages in that light.

Where we can, I would like to see us stay within
the range of equipment capabilities that are currently in
use, currently known, and that will help us in terms of cost
and other considerations as well from the standpoint of what
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kind of equipment systems vendors can supply without plowing
new ground.

DR. CORDING: John Cantlon.

DR. CANTLON: Hugh, I would like to pursue a
little bit the basket element of the design. First of all,
taking your future consideration, your last overhead, you
are talking about the possibility of eliminating the basket.

DR. BENTON: For certain types of DOE-owned spent
fuel. Definitely not for commercial fuel. We need the
basket to keep the assemblies in place, heavy assemblies.

DR. CANTLON: The loading of those things is going
to take place at the utilities.

DR. BENTON: The loading of the DOE-owned spent
fuel will presumably take place at INEL and Hanford.

DR. CANTLON: I understand, but the utility spent
fuel.

DR. BENTON: Yes, sir.

DR. CANTLON: One of the questions would be, how
much are you working with the utilities in terms of that
process?

DR. BENTON: Our current reference assumes that
the majority of the fuel will come there in transportation
casks and will be unloaded from the transportation cask into
a waste package at the repository.

DR. CANTLON: But canisterized.
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DR. BENTON: Where is a canister design which is
submitted to the NRC or licensed by the NRC for disposal, we
will certainly be closely plugged in with the utilities that
are going to load that to ensure that it is loaded in such a
way that it meets the NRC requirements for disposal and
doesn't have to be opened.

DR. CANTLON: You are assuming in the early runs
out to the storage area that you are going to have to do hot
transfers then?

DR. BENTON: Yes, sir.

DR. CORDING: Ellis Verink.

DR. VERINK: I'm not certain what the heritage of
the 2 centimeter thickness on 625 was, but would there be
any advantage to increasing the thickness of the basket
elements and steel to add additional support to the 625 and
also to provide heat transfer?

DR. BENTON: And a concurrent reduction in the
thickness of the 6257

DR. VERINK: Yes.

DR. BENTON: We have looked at that. We haven't
done a full analysis of that, but we will be looking at the
optimization of that 625 layer. The 20 millimeters was
selected. Our analysis so far indicates that that thickness
is about right. It gives us the structural strength we are
looking for particularly in those conditions where it is
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well past post-closure; it's thousands of years. We have
corrosion of the carbon steel, which is a robust outer
barrier, and then you have rockfall. We want to prolong the
life of the waste package by making the inner barrier
sufficiently strong that it will withstanding reasonable
rockfalls.

We believe that the 20 millimeter is about right,
although we will be doing some further analysis this year
and certainly before license application we will have more
analysis.

DR. CORDING: Russ McFarland has a question.

DR. McFARLAND: In increasing the package size,
not only do you increase weight but you are considerably
increasing the thermal output. The MPCs had a thermal limit
of about 14.5 kw. Wouldn't you now with a 24 PWR be up
around 20 kw?

DR. BENTON: No. We would not. We would not
expect to increase from 21 to 24 for that commercial spent
fuel which had a high thermal output. For much of the fuel
14.4 kw per package was the design basis. The average waste
package will have a thermal output of about 9. That means
that half of them will have something less than 9. So for
the cool fuel it's possible that we could increase,
depending of course on its effect on performance and on
repository design, as Dick Snell has mentioned. But not for
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the hot ones.

DR. McFARLAND: There is no particular concern
about in the point thermal loading of having, say, a 1 kw
package in line with several that could be well into the
teens where your temperature variation along your drift
would be rather large?

DR. BENTON: We want to ensure that we keep to our
limits, 200 C for rock wall, 350 C for centerline
temperature. So as we develop the waste package and we
develop repository loading schemes we would stay to those
limits. In the long run the temperatures tend to level out.
Depending on the overall thermal loading, the point loading
concept and having a cold package next to a hot package will
be considered to make that that doesn't have any deleterious
effect.

Dick Snell is going to discuss that when he talks
about thermal loading.

DR. CORDING: Carl Di Bella.

DR. DI BELLA: I have a gquestion about your
concrete shield, Hugh. You show it with a stainless steel
sheathing. Is that to keep the moisture in? What is the
purpose of the sheathing?

DR. BENTON: Mostly the purpose of the sheathing
is to provide some reasonable handling capability. Since
this is a heavy package, 1f it was just concrete on the
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outside, we believe there would be a good deal of difficulty
in handling it.

DR. DI BELLA: Another question having to do with
the highly enriched uranium, that 5-package of defense waste
with the HEU in the middle. How much HEU would there
actually be in that middle container? Has anyone in OCRWM
given consideration to the nonproliferation or diversion
aspects of putting that kind of material into the
repository?

DR. BENTON: To the second question first. 1In the
overall analysis of the potential disposal of DOE-owned
spent fuel the proliferation aspects are being considered.
We are contributing to that but we are not central to that.
It is being considered.

As far as the amount of HEU that we can put in
there, that obviously depends on whether we are going to add
depleted uranium or not. If we don't add depleted uranium,
we can conservatively put in about 14 kilograms or a little
more. After we refine the analysis that can probably be
increased some.

DR. CORDING: Jared Cohon.

DR. COHON: I would like to go back to this
colloquy that you and Dick Snell and John Arendt had which
confused me somewhat. Dick, you said the first
consideration is performance. What do you mean by that?
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How do you measure performance for this purpose?

DR. SNELL: What I am referring to is performance
in the context of TSPA. When I talk about the performance
of the waste package, the package itself is simply one
element in that whole array of TSPA elements on which we

will base the performance for the repository overall. 1In
other words, its ability to satisfy the regulatory
requirements. So I was simply referring to the fact that

the package being one of those key elements we need to focus
on that first.

DR. COHON: Mr. Benton, response to Mr. Arendt's
guestions you said you were seeking the optimum for the
system. How do you define system here and what criterion or
criteria are you using to find that out?

DR. BENTON: As has been pointed out, the first
element of the system would be the overall performance of
the waste package to carry out its intended purpose of
containment of the waste, minimization of the probability of
criticality, and proper performance in the repository.

A second major consideration is the impact of
waste package design on the design of the rest of the
repository.

A third consideration for canistered fuel is the
potential impact on the rest of the system of canistered
fuel coming in and becoming a part of the waste package.
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DR. COHON: The system there includes
transportation and handling?

DR. BENTON: Yes, it would include transportation
and handling.

DR. COHON: But for the first two the system was
the repository.

DR. BENTON: The overall repository system,
including its performance preclosure, post-closure, and the
design of surface and subsurface facilities. We are
concerned about the potential impact of waste package
characteristics on that system.

DR. CORDING: Woody Chu.

DR. CHU: I have a question that I think is sort
of related to the one that Jared just asked and related to
one that John Cantlon asked earlier. On the waste package,
if you put on the concrete shielding it would buy you a
worker's access one hour a day per worker at a cost of $1.6
billion. 1In the broad sense of the word, in system terms,
what does that buy you in terms of operational benefits?

DR. BENTON: This would be a personal opinion, but
I believe since the current design appears to be adequate
using remotely operated equipment --

DR. CHU: I meant in the sense does that allow you
to deviate from the current design of having forbidden
worker entry, total remote? Would that allow you to ease up
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on that? That's what I meant by "in broad terms."

DR. BENTON: Yes. I would think that if you had a
radiation environment which only allowed a worker to be in
there one hour a day that it would be reserved for unusual
reasons for entry. You would probably not want that to be
the norm that you expose your workers to that amount of
radiation.

DR. CHU: It might give him some benefits to
recover from off-normal, though.

DR. BENTON: For off-normal events it would
certainly allow access to assess the degree of off-normality
and perhaps to plan better how to recover from it. The
waste packages are being designed with attachment points at
both ends, which are extensions of the outer shell, so that
if the waste package is in an off-normal position, we
believe that remote equipment can latch on to it and
physically drag it out. Clearly if you were able to go in
there, that might facilitate that operation.

We can always go in with shatter shielding. We
could go in behind temporary shielding that we put in in
front of us so that you can at least get to the first waste
package with safety.

DR. CORDING: Bill Barnard.

DR. BARNARD: Hugh, I have two questions about
heat shrinking shells together. When you begin that
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operation of inserting your inner shell into the outer
shell, how much distance do you have between the two shells?

DR. BENTON: After heating?

DR. BARNARD: After you have heated them and you
begin inserting one into the other.

DR. BENTON: I am afraid I can't give you an exact
answer, but I will get it for you. I would say probably on
the order of a quarter of an inch.

DR. BARNARD: That is close enough.

How much time do you have to complete the
operation before the two shells begin to bond to o