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PROCEEDINGS

DR. DEERE: Good morning, ladies and gentlemen.

I am Don Deere, Chairman of the U.S. Nuclear Waste
Technical Review Board.

Our board meets four times a year in full session,
but the majority of the work gets done iIn smaller meetings,
in meetings of our panels. There are seven technical panels
within our board, and the meeting you"re attending today 1is
the meeting of one of these panels.

Each panel meets from one to as much as four or
five times a year, and tries to assimilate the material and
the dialogues with DOE and other interested parties, and
then present them to the full board for their consideration
and for inclusion in some form in our reports to Congress
and to the secretary.

I will turn the meeting over now to the Chairman
of the Panel on the Engineered Barrier System, Dr. Ellis
Verink, and he will chair the remainder of the meeting.

Ellis.

CHAIRMAN VERINK: Thank you, Don.

I am Ellis Verink, a member of the Nuclear Waste
Technical Review Board, and Chair of the Panel on the
Engineered Barrier System.

On behalf of my colleagues on the panel and
myself, I certainly wish to welcome you to this meeting and



thank you for taking the time to attend and to participate
in 1t.

The board was created in 1987 by an act of the
U.S. Congress, and the board consists of eleven scientists
and engineers nominated by the National Academy of Sciences
and appointed by the president.

The board®"s function is to evaluate the technical
and scientific validity of DOE"s activities under the
Nuclear Waste Policy Act, as amended, and to advise Congress
and the Secretary of Energy of our findings and
recommendations. In simplest terms, we are an independent
peer review body.

We are required to report to Congress and the
Secretary of Energy at least twice a year. Four of these
reports already have been presented, and we"re now working
on the fTifth report.

For those of you who may not be familiar with the
board, I would like to point out that we have had -- or we
used to have, maybe we still have out there some literature
on the outside table. It was going pretty fast the last
time 1 looked.

Bill Barnard, our Executive Director, and Nancy
Derr back in the back would be the ones to contact if you
would like to discuss the board, or i1ts history, or its
mission, or get some additional information about the



board"s activities.

I do need to repeat that our mission iIs simply one
of technical and scientific evaluation of the DOE"s
activities regarding its program to manage the disposal of
spent fuel from utility nuclear reactors.

Now, because some small portion of the nuclear
waste to be disposed of may consist of defense high-level
waste from reprocessing, a portion of today®s meeting will
deal with this waste form as well, and tomorrow the board
will be touring the Savannah River Plant.

However, let me underscore the fact that the board
has nothing to do with things like the restart of the
Savannah River Plant defense reactor or environmental
operations at Savannah River.

After the formal presentations, time will be
allowed for questions from members of the board and staff,
and they will ask the first questions. |If time permits, the
public will be asked to make any comments or questions that
they may have, and I would ask that any questions or
comments during the public participation period be kept in
line with the board®s mission.

I have a few iIntroductions. You have already met
Dr. Deere.

I would like to introduce Dennis Price who is
right here. He is a distinguished board colleague, and he“s



at Virginia Tech. He"s the Chairman of the Transportation
and Systems Panel, and a member of the Engineered Barriers
Panel.
Several members of the board staff are also here.
Most of them are quite familiar to you. You have no doubt
been talking with a group that are here at the table, Leon
Reiter, Russ McFarland, Bill Barnard and Jack Parry.

We have two new members of the board, however, two
new faces that you may or may not have known. Carl Di Bella
iIs right here, and he has joined the senior professional
staff only three weeks ago. His principal duties will be to
assist the Engineered Barrier Systems Panel.

The other member is Bob Luce who joined us just
last week, and he will be assisting the board®s Panel on
Hydrogeology and Geochemistry.

I am particularly looking forward to today"s
meeting because although the board, its panels and its
members and individuals have participated in many formal and
informal meetings over the last months where engineered
barriers were an important topic, this meeting actually is
the fTirst so-called official meeting of the EBS panel 1In
more than a year.

Today®s meeting will be roughly divided into two
parts. As | mentioned a moment ago, we will be discussing
defense waste. This will be the second part of our program,
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actually, and this morning we will be talking about the EBS
program with the DOE and the M&0O contractor.

Now, for those of you who may be new to the
board®s activities, the term "engineered barrier system"
simply means the waste packages and the underground
facility. That is the radioactive waste materials
themselves, and any encapsulating or stabilizing matrix, any
containers and any shielding or packing, or other absorbent
materials 1mmediately surrounding individual waste
containers.

The term is used to distinguish between the
constructed or engineered barrier to the migration of
radioactive substance as distinguished from the natural or
geological barriers.

Now, the board has made several conclusions and
recommendations regarding engineered barriers, and 1°d like
to recount some of those for you just to kind of set history
before us.

The board believes that the well-engineered
structures are less variable, hence more predictable, than
rock formations. Therefore, i1t should be possible to reduce
overall uncertainty concerning a repository"s long-term
performance by relying on geological barriers in combination
with more robust engineered barrier systems designed to
retain the waste materials for thousands of years. This was



first included in the second board report in November of
1990.

Studies of alternative waste package materials
should be restarted, iIn our opinion. These studies should
include evaluation of container materials and designs,
emplacement designs, and container configurations, including
both internal absorbing materials and external backfill
materials, and this was also in the second report of the
board.

The engineered barrier system development and
testing program should be coordinated and funded at a level
sufficient to produce a statistical basis for assessing its
contribution to the long-term predictions of repository
behavior.

Tests should be long-term, preferably exceeding
five years, and include both laboratory and field testing.
Again reported in the second board report.

Priority should be placed on developing a high-
level waste management system that minimizes the handling of
spent fuel. This recommendation is actually from the
board®s Panel on Transportation and Systems, of which I am a
member, but could or should have some impact of course iIn
the engineered barriers.

High priority should be assigned to developing a
more robust engineered barrier system. This is from the
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third report.

The board strongly believes that the development
of a long-lived engineered barrier system should be made a
more important part of DOE"s program, as indicated in the
fourth report December of 1991.

The board also concludes that no technical
obstacle has yet been i1dentified to the design and
development of an engineered barrier system that can be
shown to have a reasonable assurance of isolating
radioactive waste for thousands of years. This also is In
the fourth report.

A number of concepts exist that could contribute
to a robust long-lived engineered barrier system. These
concepts should be thoroughly investigated in the opinion of
the board.

Studies of the potential contribution of
engineered barriers such as multipurpose canisters should
not be deferred to a later date. EBS development and
testing should be funded continuously at a level sufficient
to evaluate i1ts contribution to long-term predictions of
repository behavior. This too was in the fourth report.

All these findings were agreed to and reached by
the full board after careful deliberation. We will be
keeping these findings In mind as we listen to this
morning"s presentations, and I"m sure this may color
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questions that may come up during the meeting.

The second half of today"s meeting will cover
defense high-level waste, and current plans are that such
waste would be commingled with spent fuel from utility
nuclear power plants in the first geological repository.

We are looking forward to hearing from DOE and
Westinghouse Savannah River Company about their defense
high-level waste activities and plans at the Savannah River
Plant. We expect that what we will learn will be important
to us in Tulfilling our role as a board.

I would like to add that this is the first formal
board activity at or near the Savannah River Plant. Thus,
we are very pleased that the DOE has arranged for us to
visit the plant and tour portions of the facility of highest
interest to us. The visit and tour will not constitute a
board meeting and, hence, will not be open to the public.

We are very pleased the meetings of the board and
the panels are open to the public. This not only provides a
valuable mechanism for the board to receive public iInput to
help carry out i1ts function, but it also gives the public a
window on the board"s activities.

You will note that the meeting iIs being recorded.

Meeting transcripts will be available on a library loan
basis from our Arlington, Virginia office a few weeks after
this meeting.
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A general comment for those of you who may be
interested iIn raising questions or making comments, please
use the microphone -- you"ll notice there"s one iIn the
audience there, and that the board of course have their own

-- and i1dentify yourself for the record, give your name and
association.

IT you have picked up an agenda before the
meeting, you"ll see that we"ve got a full schedule. 1 would
therefore like to remind you that the remarks and questions
should be as short as possible and confined to today"s
subject matter.

Well, it iIs now time to go ahead with the meeting,
and our FTirst speaker is Mr. Steven Gomberg of the
Department of Energy, Office of Civilian Radioactive Waste
Management. Steve.

MR. GOMBERG: Thank you, Dr. Verink.

My name is Steve Gomberg, and I"m with the Office
of Civilian Radioactive Waste Management. 1 am going to be
giving some brief introductory remarks, and then turning It
over for our speakers.

First let me thank the Office of Environmental
Management, Environmental Restoration and Waste Management,
the Savannah River Operations Office and Westinghouse for
putting together presentations on DWPF and the Savannah
River Site.
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I would also like to thank the Technical Review
Board for their interest and allowing us to come down here
and present them this material, and also the public for
attending and showing your interest.

Let me just briefly describe for those of you who
don®"t know what we do at the Office of Civilian Radioactive
Waste Management. Under the Department of Energy we manage
the repository and MRS monitored retrievable storage
transportation projects. We will provide disposal and
transportation services established under the Nuclear Waste
Policy Act, we will develop requirements for waste
acceptance, approve the quality assurance programs of Office
of Environmental Restoration and Waste Management, and we
plan to accept approximately 7,000 metric tons of high-
level waste glass from all the defense and commercial high-
level waste glass facilities by the year 2010. That 1is
roughly 10 percent of the total planned capacity of the
repository.

Now, the Office of Environmental Restoration and
Waste Management, our sister agency within DOE, manages
waste vitrification activities of the Savannah River
Operations Office.

They will produce a canistered high-level waste
for silicated glass for pickup by our transportation system.

They began cold testing of the glass in 1990, and plan to
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begin hot start-up operations by 1994, and we expect that we
will be receiving approximately 5,750 canisters.

Very quickly 1 just wanted to go over the agenda.

There has been a slight change in the agenda. The board
has asked us to present a discussion on repository thermal
loading that was to take the entire morning session.

One of the presentations on EBS development
through license application was briefed to Dr. Bartlett, the
Director of Civilian Radioactive Waste Management, on
Friday. He felt that we were not ready to present the
material at that time, so he has asked that we drop that
presentation. That will provide more time to talk about the
defense waste processing facility.

We will have a review, a preview of the previous
meetings on thermal loading -- there were three of them that
we presented to the board -- and we"ll also discuss plans
for conducting MRS system studies on thermal loading and
other thermal tailoring issues.

A system study is a study that looks at all the
elements of the nuclear waste management system, both the
repositories and transportation systems.

After that DWPF, the Defense Waste Processing
Facility, will give an overview, discuss their approach to
waste acceptance, product control and quality assurance
programs.
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And then on the second day there will be a closed
tour of the facility.

That"s really all 1 wanted to say. 1 just wanted
to get everything going, so Dick Morrissette from SAIC, the
Yucca Mountain Project Office prime contractor, will be
talking about the previous briefings that were given on the
thermal loading issue.

MR. MORRISSETTE: Good morning. My name is Dick
Morrissette, and 1 work with SAIC.

I have been involved with several of those TRB
meetings, helping DOE put them together. The last one was
the October meeting that we had on thermal loading, so as a
result of that I was asked by Michael Clonninger to help him
put his presentation together for this meeting, so we worked
together for a couple months trying to find a way to say
what we said over three days in less than an hour. We had
thirty talks at that meeting.

Unfortunately, Mike had some surgery and couldn®t
be here, and that"s the reason 1"m here instead of him
today. He would have liked to have been here to present
this, but his doctor would not let him travel for a few more
weeks, so he couldn"t be here, so I will be Mike today.

As 1 said, we had several meetings on thermal
loading, and what I"m going to try to do today is to guide
you through some of the material that we went through.
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There is a lot of material that was presented, and we have
some people here that will assist me i1If you have a lot of
technical questions, et cetera that 1 have a concern about
answering, then we do have some people from Livermore, we
have a representative from the M& who is going to be, or is
involved now with the EBS program, and I was hoping we would
have somebody from Sandia, but I didn®"t confirm that.

Is Eric Leiter in the audience, or anybody else
from Sandia?

We also have some other people from SAIC. 1 think
Mike Voegle i1s supposed to be here, | haven™t see him this
morning. There he i1s. Okay.

So we have several people, and as | go through my
talk 1"m going to like 1 said summarize i1t rather quickly,
but 1f there are specific topics that you want to stop and
dwell on then we can do that. |1 think this meeting will
provide an opportunity for us to revisit some of the areas
that we had covered extensively in October, but albeit it
was -- we had so much material to cover in October i1t went
kind of fast.

Okay. This 1s an outline of the presentation.

We"re going to talk a little bit about the prior
meetings, their topic, and then revisit the thermal goals
that we addressed in October, and after we®ve covered that
we"re going to focus on the thermal analysis that has been
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done to try to look at the various thermal loads, so we"ll
spend a little bit of time on that which will include both
the work by Eric Ryder at Sandia and the work by Tom
Buscheck at Livermore. We didn"t really have a chance to
dwell on that too much in October we had so much material to
present.

Then we"ll end off by talking about the effects of
that thermal loading on the EBS, so we will get into all the
areas where thermal loading may have an impact on the EBS.

We have had really only two meetings that
discussed thermal loading. The first one was in March of
1990, and i1t was really an introductory meeting where there
were two presentations given, one by Tom Blejwas of Sandia,
and another one by Eric Ryder.

The discussions at that meeting were sort of
introductory to what we really got into during the October
meeting. Tom discussed a little bit about the temperature
distributions throughout the repository, and Eric discussed
the approach that he was using to calculate those
temperature distributions.

Both of those topics were discussed extensively
again in October, so I"m not really going to dwell too much
on the March 1990 meeting.

The other meeting that 1 think the board wanted to
discuss somewhat, which I don®"t have on the agenda here, was
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the meeting we had in June which was called the EBS
workshop. 1 really have not spent too much -- I don"t want
to spend too much time at this meeting to get into that. 1
felt that the thermal loading question really wasn"t
addressed much at the EBS workshop. This was a workshop
where we presented -- we asked people from outside the
project to come in with potential concepts, and we presented
a dozen or so new and novel concepts that were proposed by
people not related to the project. There was also a lengthy
presentation by Livermore National Lab where they presented
a systems engineering approach and some of the concepts that
had come out of that workshop.

The results of the workshop were recorded In an
extended summary report which I believe was sent to everyone
that attended that workshop some time in late December.

IT there are questions, however, that someone
wants to address on the workshop, we*d be very willing to
discuss 1t if we have some open time either after my
presentation or later this morning.

The October meeting was the one that we want to
focus on, and these were the major topics that were covered
there. The current reference thermal loading for the
repository iIn Yucca Mountain, this was really the SCP-CDR
concept. It goes back to the late eighties time frame, 88,
89 where we presented a conceptual design of the repository
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in the SCP, as part of the SCP. The rationale for that was,
and the history was discussed at great length.

The board had also invited some participation from
other countries, and we heard from three different
repository development programs from the Swedish, the
Germans and the Canadians, and that was also very
interesting, but 1"m not going to dwell on either of those
two topics today.

The main topic 1 want to focus on is the issues,
considerations and implications of lower and higher thermal
loading as i1t relates to our repository.

Getting right into the crux of the matter, we will
again revisit a set of formal goals that were established
during the SCP time period, and these are the formal goals
that were used for the work that was recently done for the
October meeting.

They gave us some targets that allowed us to look
at different areal higher densities and determine whether we
were still within these guidelines, and they are strictly
guidelines and I believe that as we look at thermal loading
we really have to first look at these thermal goals and
determine whether they are the right goals, and possibly we
may want to adjust these as we move along and get more
information through site characterization.

We have a thermal limit on the container
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centerline because we"re concerned about the cladding, and
111 get into that in a little bit more detail In a minute.

We also have a temperature limit associated with
the cladding that gives us a temperature of around 275
degrees C for the borehole wall.

We have a limit that we have established at one
meter from the borehole wall. Again, 1 should say this
represents the design that we had for the SCP which was a
vertical emplacement within a borehole in the floor of the
drift. So one meter from the wall of the borehole into the
rock we were looking at limiting that temperature to less
than 200 degrees C, and 1°11 talk a little bit about that iIn
a couple of viewgraphs.

We were limiting the drift wall temperature just
for having access to the underground during the post-closure
period, and this has been looked at differently In recent
work .

The iInterface between TSw2 and TSw3 is where the
Calico Hills starts. There are some features about the
Calico Hills part of the formation that we don"t want to
disturb, so we have set a limit there of 115 degrees C, and
that temperature i1s being looked at as we speak.

Also, the surface environment was limited to 6
degrees C. In October we were able to show that we never
even got close to this high of a temperature, and 1t we did
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it may be a problem from a biological standpoint.

It was reported in October that i1If we could stay
within one or two degrees C from the ambient temperature
that we would not have any problems from biological, so
we"re really much closer to the one or two-degree range
there, and that one may come down.

We had a goal to try to maximize the time spent
above boiling, try to have a dry environment within and
around the waste packages.

Let"s leave that one up here, and 11l go ahead
and use this other machine here.

Focusing a little bit more on the 200 degrees one
meter in from the borehole, this was calculation that was
done to determine what the temperature was and to see if
there would be any problems, and the basis was to try to
reduce the potential for borehole collapse. They were more
interested In here in the stability of the rock.

They do feel that they encountered some mineral
phase changes that may occur around 200 or 250 degrees C.
Some of these may actually occur a little earlier than that,
so they felt that they really wanted to get up in this
temperature range.

There was a thermal expansion analysis that was
done to determine how much the rock might move inward if
given a temperature drop from like 275 or so down to 200
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degrees C, and simply looked at containing the rock one
meter in and applying that Delta T across it to determine
what the expansion might be inward into the borehole, and
they found that they were only getting about five
millimeters of movement as predicted by a thermal -- by the
calculations. They felt that that small amount of movement
was insignificant, so they thought at the time that the 200
degrees was quite conservative.

However, there still needs to be a lot of
evaluation as to what that would be and how hot we want the
rock to get around either the borehole or around the drift,
especially from the stability standpoint, and we need to
really try to understand the true magnitude of the space
change because that might affect stability.

The actual stress/strain state at borehole surface
needs to be looked at, and the potential for borehole
failure, or to be more general any failure of surrounding
rock, whether it be a borehole or a drift, because we are
starting to think a little bit more about drift emplacement
these days.

The other goal that we see up there is the 350
degrees C, less than. The main degradation mode that we"re
concerned about here i1s creep rupture, creep stress rupture,
and that is the predominant mode, although there are several
other modes of cladding failure this is the cladding that
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surrounds the fuel pellets.

As you receive the fuel from the reactors they are
fuel assemblies made up of fuel rods, and the fuel rods are
each clad 1n a Zircaloy -- most of them in Zircaloy.

There"s a few rods with stainless steel.

That cladding is there, and for a large percentage
of the fuel, almost 100 percent these days, it"s still a
good structural container.

I did a calculation recently just to get a feel,
put myself in perspective -- sometimes you need to get
things 1n perspective -- and we have, for 70,000 metric tons
there®s going to be about 30 million fuel rods in the
repository, so It"s quite a few smaller containers of the
fission products and actinides, et cetera, so we are very
interested iIn seeing whether we can use that as one of the
barriers, depending on how well we can predict how It"s
going to perform.

It was designed to perform in the reactor, not
really designed to perform in a repository. At the time |
believe when they were designing reactors they were hoping
to reprocess the fuel, so they were going to just cut up the
cladding.

So the predominant mode iIs creep/stress rupture,
however as you may remember we had a meeting at Livermore in
August of 1990 where we presented quite a bit of information
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on the waste forms, and there was a presentation there given
by Ray Stout and other people on spent fuel, and they did go
through In quite a bit of detail some of the degradation
modes that you see on cladding that included, just to
summarize some of these, the cladding has an oxide layer
that provides a good protection to it, and also iIs under
compressive load which keeps the cladding from creeping.

The oxide protective layer can fail, and that would be one
mode of fairlure.

The other thing we have to concern ourselves about
IS there"s hydrogen that infiltrates the cladding during its
operation, and the hydrogen can precipitate out as hydrides
and depending on when and at what stress state the cladding
is in that precipitation could be either beneficial or
detrimental. |If 1t"s under some sort of a stress state,
then the hydrides might precipitate out radially and
actually cause some cracking to occur, so that®"s another
area that we concern ourselves about.

Thirdly, we could have a Zircaloy fTluoride
reaction i1If we found that we had fluoride iIn the water in
the repository.

And finally, this particular degradation mode here
which we find iIs most dominant during the high thermal
period, so there"s been work done to focus on this mode, and
actually there has been other studies.
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Work on that started in the early eighties, and
the work that 1"ve quoted here i1s not validated but does
represent one approach to the problem, but as early as
September "84 A.J. Rothman presented or had a paper on the
potential corrosion and degradation mechanisms for cladding.

I could get a reference for you on that, i1t was a Livermore
report.

During the period of time when DOE was supporting
some research for commercial spent fuel storage either at
reactors or in an MRS, something like an MRS, they wanted to
know -- because most of these systems were going to be
passive systems and they were going to be cooled by whatever
-- they wanted to store in a dry environment and cooled by
air and other media like that, so they asked PNL who was
responsible for the commercial spent fuel storage studies to
undertake a study to look at what the maximum temperature
that you would want the fuel cladding to be at in a storage
mode In an MRS or a reactor storage, and this work here sort
of formed the basis for setting a temperature of 380 degrees
C as a maximum where you would stay out of the problem of
creep/stress rupture, and this was for a time frame of forty
to fifty years.

Brian Chin at Auburn University was working with
PNL on that and used a technique called the defamation
factor methodology to do that and some analytical approach,
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and from that they derived this temperature. 1 believe
they"re using that in licensing now some of these
facilities.

Later on in 1990 Livermore asked Brian to extend
his work to look at what 1t would be like under repository
conditions where we"re not talking about forty or fifty
years but we"re talking about at least a thousand years, and
using his same methodology he determined that we probably
would want to lower the temperature around to the 300 to
340-degree max range, depending on the burn-up of the fuel
and the pressure within the fuel cladding.

The pressurized water reactors actually pressurize
their fuel rods, so they"re running at pressure. In the
reactor it actually doesn™t see a lot of pressure because
the pressure within the primary system counteracts the
pressure within the fuel rod, but when you take i1t out of
the reactor and you"re storing it under atmospheric
conditions then you have a positive pressure inside of the
fuel rod that"s pushing It up.

That was basically all 1 wanted to say about the
goals at this time. We may want to bring them up and
discuss them later.

I want to move on now to the thermal work that was
done by Eric Ryder and Tom Buscheck.

A couple points I want to make here before we get
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started. 1 was involved with getting the October meeting
going, and one of the things 1 felt that 1 probably could
have done a little better on was we had some presentations
the way the meeting was run where Eric Ryder presented
different results of work he had done at various thermal
loads, and then after we had an idea what the temperatures
were like in the repository he showed us videos and did
quite a marvelous job there. We went on and talked about
the effects of that thermal load.

One of those areas we talked about was the
hydrological area. However, Tom Buscheck had done quite a
bit of thermal work himself independent -- 1 shouldn®t say
independent -- but using different models, et cetera than
Eric had, and his work should have been brought up front and
discussed with Eric"s work, but it was sort of mixed in with
his effects presentation and may have left some people a
little bit confused, because he was trying to cover really
two topics at one time.

Also 1t may have left people with the impression
that we had decided to go to a very high thermal loading
repository, and Mike wanted me to say that DOE is not
advocating at this time either raising or lowering the
thermal loading.

The SCP came out about 57 kilowatts per acre, and
we"re looking at what -- we"re trying to gather information
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at different thermal loadings, either lower or higher to get
a better understanding of all the things that are going on
when you do that, so we"re doing a lot of parametric
studies, and the work that Eric and Tom did should be viewed
that way. They are strictly parametric studies, and it"s
enlightened us quite a bit in some of the areas that we
hadn®"t looked at before because we were strictly focused at
one thermal loading, but now looking a range of thermal
loadings we can see some of the things that are going on.

So these parametric studies are continuing, both
Tom and Eric are doing work on that. Tom again would have
liked to have been here, and from my personal standpoint 1°d
rather have him here to discuss his work than me, but
unfortunately he also had an accident and he"s recovering
from surgery. | have a feeling that the waste package
people have a high level for pain or something like that.

He fell of his bicycle, he"s quite an avid
bicycler. He could not be here himself, but we do have two
people from Livermore who can address his work iIf we get
Into some questions.

Okay. With that we"ll move on.

The SCP-CDR design is shown here. What we"re
doing is comparing different -- 1 call them scenarios
because we haven"t really -- this is the only reference
design we have which was presented in the SCP. We"re
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looking at changes to that. The design has evolved over the
years and we"re even looking at drift emplacement concepts,

so the work that Eric was doing at Sandia as you remember iIn
October modified the SCP design, and he looked a variety of

thermal loadings from 22 kilowatts per acre up to 80, and it
was basically the same basic design, a vertical emplacement,
small waste package concept.

It was the iIntact hybrid that was described iIn the
SCP as an alternate design. It had four intact boiling
water reactor elements and three pressurized water reactor
elements within one canister, basically a thin-wall metal
canister.

We can see the effect of going from consolidated
fuel to the iIntact increases the amount of canisters from
25,000, what we had in the SCP, to about 31,000.

Tom, however, was doing some work looking at not
only drift, but trying to look at the entire repository and
look at some other features of the thermal analysis that
Eric hadn"t looked at, and I"1l get into that in a minute,
but he did do some work using a drift emplacement which was
the first time we had done that, and there were some
interesting results there.

He again really didn"t have the level of detail
that Eric did, but one can infer from his work that we could
have a waste package that could range from five, like 5 PWR,
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pressurized water reactor fuel package, to a 26 PWR. This
would be a much larger package, and i1If you were to build
such a large package you would actually cut the number of
packages down approximately 7,000, and there"s work going on
now with the M&  to look at that, and this number iIs being
looked at. It may be a little different than that, but the
only point we want to make here is you do reduce the number
of packages considerably when you go to a large package.

And Tom pretty much looked at the same. He went a
little further than Eric did, looked at 114 kilowatt per
acre case.

Other areas that the drift spacing was a little
different, Tom®"s was more similar to the SCP and Eric put
moved them in a little closer. That was because we were
looking at older fuel now.

We"ll talk a little bit about the two different
models that they used. Neither of these have been
validated, but they do provide a lot of iInsight in trying to
make decisions, and will be used further and further
developed.

I*"m sorry Eric isn"t here, he may -- I"m not sure
whether he®s planning on getting a paper on his model later
this year, but I know that Tom is, and this will be an
opportunity -- I"m sure all the board members will be going
to the April meeting iIn Las Vegas, International High- Level
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Radioactive Waste Meeting, it"s going to be your third

annual meeting -- and Tom has an extensive presentation
there on his model and will be available to discuss that at
that time.

The Sandia model i1s a conduction model. Eric did
look at the impact of other things and felt they weren®t too
great, so I don"t think i1t"s too far off there, but i1t uses
a three-dimensional linear superposition of heat generators.

These are either point heat sources or cylinder,
cylindrical heat sources.

He has the capability of emplacing the spent fuel
into the repository as we planned to do it In a step-wise
fashion over the 25-or-so-year period. His model does
provide a good replication of what we believe is the
geometry at least for the SCP-CDR design, so he"s really got
a good geometry built in his model.

Scaling of emplacement densities iIs done through
his ED, effective energy deposition concept, and his models
on the conduction.

In Eric"s case -- I mean Tom"s case he"s got a
two-phase hydrothermal model which iIs based on V-TOUGH code,
and he"s capable of looking at a variety of thermal analysis
approaches, including conduction, convection, radiation,
boiling and condensation.

He"s actually got two different approaches that he
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uses. One is a repository scale model where he models the
entire heat source as a solid disk, and depending on which
power density he"s at that size of the diameter of that disk
may vary, but let"s say in the 57 kilowatt case it would be
the entire diameter of the repository, so it"s a large flat
disk and he"s able to look at edge effects there as things
occur.

He also did a drift scale model where using
symmetry he models a typical drift with a waste package
laying on the floor of the drift which is a line axially
with the drift, so i1t"s end to end. It would be like a
shield, a self-shielded waste package which would be laying
end to end along the drift, and he assumes iIn this case that
he®"s got an infinite repository, it"s just he replicates the
symmetry, so he"s not able to look at the edge effect quite
as well and determine really what"s happening in a little
more detail.

About two-thirds 1 believe -- comparing these two
models, this one i1s good for about the center two-thirds of
the repository. When he gets out further than that, then he
really has to rely on this model.

He also applies his heat load instantaneously, he
doesn”"t have the ability in his model yet to do this step
emplacement.

So there are basically two different approaches,
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and the results although in some cases may appear to be
similar because they haven®t been validated and the
approaches are so different that we can"t say that one is a
validation of the other. They are not, they are just two
separate approaches looking at the problem.

An interesting result that came out of Tom"s model
was this simple little table here that is kind of
interesting. It compares different APDs, areal power
densities, to different ages of fuel, and you can see the
reference case that we"re at here with the ten-year-old
fuel, and that"s what we assumed during the SCP days that we
would have ten-year-old fuel. That gives us basically a
normalization 1T we divide the areas by the reference case,
and one can just look at the chart here and see how things
vary as we age the fuel and as we either raise or lower the
APD.

The aging -- looking down this way, the aging of
the repository, or aging of the fuel allows us to actually
increase the tonnage per acre, because by aging the fuel you
get down that temperature curve it you remember, and 1
didn®"t really bring one, but the temperature output or the
heat output goes down quite a bit with time. In the early
years It"s very steep.

As the fuel i1s taken out of the reactor i1t"s
putting out quite a bit of heat, in the first five years it
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drops way down, the next five years it drops quite a bit
more, and it keeps going until you get out iIn the sixty to
hundred-year range, so what"s he®"s taken advantage of is by
not putting ten-year-old fuel but putting thirty-year-old
fuel he"s avoided that peak, he®s down on the flatter part
of the curve, it allows him to move things closer together,
and actually the amount of iIntegrated heat that®"s going into
the repository per unit area Is greater and he"s able to
keep the repository warmer for a longer period of time, and
it requires less area.

I found this one kind of interesting. This would
be a very small repository, almost 10 percent, 15 percent of
our current size.

To focus a little bit on the results that Eric
Ryder had from Sandia -- and let me put this one back up
here so you can see that at the same time -- these are our
goals that Eric used to try to stay below, and this is a
very short summary of what he presented.

As you remember, he presented a lot of
information, sort of voluminous, he even had a video that
showed the temperature growing over the years, but 1"m just
focusing here on the peak temperatures, because these relate
to these over here.

He was looking at 22 kilowatts per acre to 80
kilowatts per acre, and in order to accomplish that here
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he*s -- you know, currently with the delay in the repository
we"re really looking at more like thirty-year-old fuel
rather than ten-year-old fuel, so these are kind of the
reference now.

In order to get down to thirty kilowatts per acre
he had to actually increase the age to sixty, and then at 22
he went to ninety, and the resultant output per container
goes down.

The results here that we"re really iInterested iIn
was these temperatures and determine how they compared with
that over there. We had a borehole wall temperature of 275
here, and currently we"re not even near that temperature.

The other one was 200 degrees C for one meter
radially, and in all cases he"s well below that. The SCP
for this case was actually instead of 275 was closer to 235,
but even now we"re quite a bit lower.

I was looking at the differences here, and as we
get further out the difference between the Delta T across
that one meter is coming down. Here we"re down to about
four degrees Delta T, so there"s quite a bit less difference
in thermal expansion there. Here iIn the reference case
we"re around twelve degrees Delta T.

I thought also that this was kind of interesting.

We"re currently running at 94 degrees Centigrade. This iIs
the distance below the repository, about the point where the
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Calico Hills starts, at one end of the repository, so this
relates to this 115 degrees that we have here. We"re not
anywhere near the 115, but currently at the current
reference we"re more like 94 degrees, but iIf we try as best
we can to make this a cooler repository, and this probably
represents kind of a low point on APD.

We"ve only gained about 20 degrees C at that level
in the repository, we haven "t really changed -- the people
are concerned about what the temperature at Calico Hills is.

We 1l always see some temperature down there, we have to
live with 1t. In this case we"ve seen about 20 degrees, 20
degrees maybe in the uncertainty level.

He"s also shown how fast it takes for the rock to
heat up above boiling over the years, depending on where you
are. Here it takes about 31 years for the rock to heat up
between each drift, and he tells me also that that"s
approximately the same for between waste packages within a
drift.

Looking at Tom"s work in a little bit more detail,
we put this together working with the Livermore people, and
Tom looked at 1t from home recovering, and he agreed with
most of those numbers, but basically we looked at his work
to date and extracted from it some key temperatures and some
key information that we thought you might be interested in,
again we can compare with the temperatures here.
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I didn"t show the 20 kilowatt-per-acre case, |
started with 36 and showed some work up to 114. If you go
down, this is -- I think Tom said ""Gee, 1 wonder what It
would be like 1If 1 just doubled the current levels,” so
that"s why he picked 114, just wanted to see what would
happen, and we can look at the drift -- this is a drift
emplacement case, so he"s calculated some temperatures at
the drift wall and the waste package wall, and sixty meters
below the waste which is close to Eric"s Tifty and seventy
that you saw earlier, and i1t sort of relates to this
temperature here. It"s a little bit lower down, so we"re
well into the Calico Hills here, or ten meters further.

One of the temperatures we see iIs this one here,
277 degrees. If we said, well, this is similar to this
temperature there, 275, so we"re pushing that temperature in
this case.

Another temperature iIs sixty meters, which is
similar to the 115, and we can see that we"re pushing it
over in here in the eighty-kilowatt-per-acre case.

IT you remember, Tom®"s was a little cooler than
this, but I believe some of the effects that -- 1 mean
Eric"s was a little cooler -- some of the effects that Tom
i1s looking at with the condensation and convection and all
those he"s seeing that possibly there is some more of a
heat-up below the repository than what Eric might predict,
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so he"s a little bit higher there.

So if we want to go up in APD we really have to
decide whether we could do something about that limit and,
of course, if we want to go down then this number is very
close to what Eric had, 94 degrees.

Also tried to show what the dry-out might be,
because the code that Tom has the capability of doing that.

What we really mean here iIs reduced saturation, i1t"s dried
out In that the saturation level is lower than what it would
be In an active state which is around 60 to 70 percent
saturation, so in each of these cases we"ve got a situation
where it"s lower than that number.

We"re not saying it"s bone dry. As a matter of
fact, at this level here this is really getting down to the
water table, and he"s saying just above the water table
there 1s -- right above 1t you start seeing some reduced
saturation, so i1t starts impacting the amount of water in
the rock just as you start getting up above the water table
and keeps going up, so for 1,000 years these are above the
waste with quite a large band of reduced saturation. At the
current case we"re like fTifty meters above and below the
waste for 1,000 years, and at 5,000 years we"re still about
in the same situation, It stays dry for a long time
according to Tom"s predictions.

The last thing we showed here is what the
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saturation might actually be looking at right inside the
drift wall at different times, 1,000, 10,000 and 100,000,
and this represents never getting up above boiling, so it
stays pretty much where i1t"s at now, and we can see that iIn
this case we"ll get back to that situation some time between
10,000 years and 100,000 years in this case, so we"ll have a
reduced saturation, quite a bit for quite a long period of
time even at the 57 case.

111 turn these off for a second.

That was all | was going to say today on the
results of the analysis, and what 1°d like to do now IS move
on into the effects of thermal loading on the engineered
barrier system.

At the October meeting we talked about the effects
and uncertainties and concerns, benefits, problems, all of
those things on the entire repository. We looked at both
the engineered barrier system and the natural barrier
system, and for this meeting felt that we should focus on
the engineered barrier system because we want to be able to
understand what might be happening to the engineered
barrier.

A lot of the effects can either by near-field or
far-field, but how those effects might end up affecting the
engineered barrier system, we only have two -- we have a
natural barrier and an engineered barrier system, and the
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thermal loading may affect how the natural barrier behaves,
but way out in the far field there may be things happening
way out in the far field that might come back and bite us on
the engineered barrier system, so that"s what 1"m focusing
on today.

Not that I"m not concerned about the natural
barrier system, but since 1"m with the EBS and I"m an EBS
person my main concern is the EBS.

Now, we have effects on the environment, and we
have effects on components. | have to put things, order
things 1n my mind to understand them, and that"s the way I
like to look at this problem.

When we apply heat, we start out, the mountain is
the way i1t is, and then we excavate the repository, and
we"ve had some effects due to excavation, but at that point
we go in and start loading it up and there are things that
are happening because we"re applying heat that wasn®t there
before, and that heat will affect the geomechanical,
geochemical and hydrological as to how they behave versus
how they would have behaved without that heat.

Also, what happens to the environment will come
back and may affect how the components perform had that heat
not been there, as well as the components themselves are
impacted by the heat, so they have their own effects just
due to the heat, so components are seeing effects that are a
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result of this and also the effects of the heat that they
have to deal with.

The Tirst one of these effects iIs the
geomechanical, and this involves really the stability of the
underground. There are some effects that come back, there®s
a couple of systems that might affect the hydrology or the
geochemistry, but the main thing we"re focused on i1s how the
underground structure will survive the heat that"s being
applied to it.

Now, there"s two areas, you"ve got to deal with
the rock mass itself, and also, what it might be doing to
fractures. They"re sort of related, but I"ve tried to
separate them here so we can talk about them.

We are going to increase stresses due to heat,
just due to thermal expansion, and these can be either
tensional or compressive stresses, but they are going to
change as we apply heat, so we"re saying the rock mass
modulus and stress will change with temperature and time.

Now, it gets rather complicated depending on the
orientation of the excavation, the orientation of the
factors and all of those things whether that change is
beneficial or detrimental. 1In some cases It may be one or
the other.

The stability of the usable area changes due to
those changes i1n modulus and stress, and compressive
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stresses may actually increase and will close fractures, and
that might make the underground more stable, but also i1t
could reduce stability if i1t would actually occur that the
fractures are -- you know, if the alignment of the fractures
and the orientation of the excavation is such that if you
get Into a situation where you actually make the thing less
stable and could get into some joint-slip problems, so we
have to look at everything here. 1t"s just very crucial.

The fractures, they could open. In regions of
increased tensional stresses you could actually open
fractures, and not only tensional stresses but if you were
in fact reducing compressive stresses in that area you would
tend to open fractures, and 1T you iIncreased the compressive
stresses you would tend to close fractures, so we expect
that the fracture permeability will change due to these
changes i1n size, and because of the thermal loading we"ll
see some changes iIn how the fractures are going to behave,
so we have all of these effects and there®s still quite a
bit of work and hopefully we"ll get underground here soon
and we"ll be able to study that in situ, but how we"re going
to resolve the uncertainties of these effects I1%ve
summarized here.

We have the SCP which has laid out some pretty
detailed scientific plans to address all of these
uncertainties, and we"re continuing down that path.
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Possibly as we do some of these parametric studies
at different thermal loading we might adjust these plans and
be able to focus on specific questions that we hadn™t
thought of back when we wrote the SCP, but we are on a path
to try to do quite a bit of work In the mountain. We
realize that the thermal loads must be incorporated iIn the
design, and we feel that the design can incorporate thermal
loading, and up to a certain point we should be able to
accommodate it through either adding some structural
stability to the underground.

The design methodology that®"s being developed to
understand how the thermal load affects the mountain is
really independent of the thermal load, so we"re developing
that methodology now and it should be useful whether we"re
in the high or low thermal load, so that"s going along
pretty well.

We have experience with underground excavations
where there i1s a thermal situation, and we feel that we can
use that experience where this would be comparable to the
stress magnitudes that we might incur.

Now, in talking to Larry Costin who presented this
at the October meeting, he feels that the current level
we"re at, this is a -- you know, we will have experience
available at 57, maybe even 80 kilowatts per acre. If we
start getting into the real high thermal loads, real high
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temperatures, then we might go beyond the available
experience here.

Joint slip or fracture propagation will be
evaluated through analysis and testing, so this will be part
of this testing program.

That"s 1n summary how we plan to resolve the
issues with geomechanical.

Moving to on geochemical, two areas -- there are
three areas actually that we need to focus on, and that"s
dissolution precipitation, cation exchange and radiolysis
effects.

Most of this occurs when we have wet situations.
Depending on what thermal loading we pick it will determine
whether we"re under an aqueous condition or we"re not under
an aqueous condition, but given eventually we will be under
an aqueous condition you will see: increase in fracture
healing with thermal loading iIncreasing, Increases 1iIn
dissolution precipitation and fracture networks; You-"ll
see: changes in silica activities which influence the
development of assemblages of different types of minerals in
the rock, which will have a tendency to form additional
zeolites and clays; will alter the permeability and porosity
of the rock; and we have a potential for oxidation,
depending on how hot we get, of various mineral phases.

In the cation exchange area we"re concerned about
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sorption. It"s not as much of a problem for the EBS as it
is for the NBS but, you know, if there are capabilities
within the rock to sorb radionuclides even in the near field
we would like to capitalize on that, so by raising the
temperature we will affect that. However, 1t"s not clear
how much and how bad these effects are.

IT you remember, that was discussed in October by
both Livermore and Los Alamos, Dave Bish, and 1 believe he
made a statement that he thought it would take greater than
100 degrees C for very long periods of time before we got
into actually affecting the sorption capability.

Finally, the radiolysis effects will be different
in a higher temperature, a different temperature environment
as the radiation gets through i1t we have a thin wall package
and the radiation penetrates that package, and whatever the
environment is around the package, If 1t"s vapor or water
vapor, the results of that radiolysis, the compounds that
you get out of that might be different depending on the
temperature that we"re at. We have to concern ourselves
with that.

How we"re going to resolve these uncertainties due
to those effects i1s laid out here. Again, we have quite a
series of plans in the SCP to deal with these things, and
these may be modified as necessary as we go along.

One 1mportant thing is making sure that we"re
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integrating between the geochemistry and the hydrology, and
there is a working group that is doing that right now. My
first viewgraph said "must be integrated,”™ but 1 was told by
one of the members of that group that we are in fact doing
that now, so there i1s a working group between Livermore and
Sandia and Los Alamos and possibly even the G.S. that"s
working to try to integrate those two things.

The elements of the program that need to be
resolved as we go through this testing and analysis iIs the
model, how we apply the model, the experiments, rock-water
interaction, the kinetic thermodynamic behavior and
acquiring data to understand that behavior 1t"s Important to
use ET36 code and other codes, geochemistry codes. Model
development i1s continuing, and we"re also looking at natural
analogs. These are all areas that hopefully will reduce
those uncertainties.

Lastly for the engineered barrier system is the
hydrogeologic, and probably the one that"s last but not
least.

IT we look -- now, this is an area that Tom
Buscheck has been doing quite a bit of work in, he"s looked
at trying to predict the existing situation in the mountain,
and basically we"re looking at fracture flow and dry-out as
we raise the thermal loading, but the current situation is
that we do have water moving, we have water vapor moving up
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in the mountain and 1t"s going up to a certain point and
condensing and moving down as liquid. It goes down a little
ways, and then gets imbibed within the matrix, and that"s
going on all the time iIn the mountain.

As we increase the temperature, that process gets
greater. It doesn™t increase dramatically, but i1t does go
up with temperature until we get to the boiling point, and
then 1t goes through that phase of boiling, and after it
gets beyond the boiling 1t seems like this process here
greatly iIncreases and you get a lot more matrix inhibition
that"s going on during that phase, and that tends to dry
things out a little faster.

We"re also going to alter the flow and transport
properties of an attenuate factor flow to promote rapid
condensate drainage around and below the waste. These here
are really -- as we get into the higher thermal loading
you"ll see those have a greater impact on how the mountain
behaves.

We do dry out the rock as we get up iIn
temperature, increase the boiling water transport away from
the EBS. As you remember, Tom described that with a lot of
viewgraphs and colored slides.

We"re increasing the extent of the rock dry-out,
and we saw that on the table that I showed you of his
results, and we"re producing a dry steam environment where
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we"re replacing a wet vapor or maybe even liquid environment
for a dry steam environment, and 1f you look at the
temperatures that we"re at in that environment we"re
actually in the super-heat range for an atmospheric pressure
and that temperature, so it"s truly a dry steam which 1is
described to me as H20 vapor, or gas really.

A lot of the work that Tom has done has been
through modeling using computer programs, et cetera, and we
do have to try to validate that work and resolve -- 1t"s
left us with a lot of uncertainties, and we have to -- It"s
very important that we resolve these uncertainties because
it might lead to some of the strategies as to how we"re
going to go ahead, move ahead on this program.

So we do have the site characterization program as
mentioned earlier, and that program may be modified as we
look at these different thermal loadings and maybe some
different testing that we imagined a few years ago to try to
look at this process on a wider scale.

But we do have to couple the models, the thermal
models to address the thermal load. We do have to look at
the hydrologic uncertainties, and the general feeling is
that those uncertainties are reduced i1f you"re up above the
boiling point because i1t"s the more kinetic activities that
are easier to test and demonstrate that they"re happening
rather than being at a lower temperature, so we felt these
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uncertainties would be reduced at the higher loading.

Testing at higher temperatures. Conditions
provide better experimental basis for model validation.
That kind of goes along with that.

Okay. 1711 stop here a second and just go back.
We"ve talked about the EBS now, the EBS environment, and
basically we"ve got geomechanical, geochemical and
hydrological.

Geomechanical, how is that going to affect the
EBS? Well, the stability of the rock is important. If we
have either a borehole or drift package, we want to make
sure that things don*t fall on it, et cetera like that.

The geochemistry is important to the EBS, what
happens in the near-field and far-field because when water
does come back the composition of that water will depend on
the geochemistry, and the temperature will affect that
geochemistry, so that"s important to the EBS.

And finally the hydrological effects are
important, very important to the waste package because
that"s going to determine really whether the waste package,
iT 1t needs to be designed for a completely dry environment
or it needs to look at periods of dry and then wet, whether
it"s hot and cold, et cetera, things like that.

Focusing now on the package or the EBS itself, and
iT you remember my introductory slides | had the EBS



50

components as the containers, the waste form, and any other
components. We haven®"t gone far enough on looking at
alternatives to talk a whole lot about other components, but
we will be looking at other things like Dr. Verink stated
earlier, the packing material, the backfill materials and
how those might help the EBS perform, but today we"re
focusing more on containers and waste form.

This is a slide that was given at the October
meeting by Greg Gdowski of Livermore, and he was trying to
show that as the temperature goes up here you have different
effects and different degradation loads that you need to
concern yourself with, so if we"re below boiling we have to
concern ourselves with localized corrosion microbio-
corrosion, environmental accelerated cracking, aqueous
corrosion, hydrogen effects, mineral deposition and
radiolysis.

IT you can get above the boiling point then you“re
not in the liquid phase, so your corrosion behaves more as
general corrosion, more uniform corrosion, you"re not so
worried about the localized corrosion where you have several
mechanisms here. If you remember some of the prior meetings
we had of the board we described all the different types of
localized corrosion which we"re not having to deal with so
much here.

You have some stress-relieving, some long-term
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aging effects and mineral deposition and radiolysis also is
a problem here.

IT you were to raise the temperature even further
and get up into this range, you might get into some
accelerated oxidation which 1s a real concern of
microstructural changes, so 1t"s not recommended that we get
up Into this range for the temperature of the package
itself.

I will talk a little bit about the waste form, and
then we" 1l look at some of the resolutions for both the
waste form and the container.

Let"s talk about this a little bit more.

Waste form is close to my heart, 1°ve worked with
waste form for most of my career. We didn"t call them waste
forms, we called them fuel, designing fuel for reactors. At
the time we weren"t designing them to put in a repository,
but there are some interesting things we need to look at.

Looking at the glass -- 1 don"t know if this will
come up again today, but if we have some questions 1 think
we have probably several experts in the audience that can
talk about glass today, but devitrification Is a concern.
It"s a vitrified waste form so we don"t want to have to
devitrify, so if you keep below 450 degrees C you won"t get
into that problem, and so i1t might be well below that.

Under wet conditions, the case where if we were
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later in time or if we were at low thermal loadings where we
went above the boiling point where we would have to deal
with water, and 1T for some reason the waste package would
fail and you would get into -- iIn this case it would take
the waste package container to fail and also the canister
that the glass i1s poured, so the pour canister would fail
and then you"d see water directly on the glass.

They have run tests simulating that condition, and
they find that the vapor hydration rate does increase with
temperature, so preferably the glass would like to stay cool
ifT 1t can If iIt"s going to be exposed to wet conditions.

The same with the spent fuel. [If the situation 1is
like I described here with the spent fuel where you fail a
container, or 1T 1t"s a multiple container, and we"re
looking at robust containers that might include multiple
barriers -- 1Tt we fail all those and we were to get into the
container, and we also started failing the cladding, then
the spent fuel pellets would be exposed to a wet condition,
and the dissolution of both the pellet and the glass
Increases with temperature, so again it likes 1t cool.

Ray Stout at Livermore who is working in this area
says 1T we keep it below 200 degrees C you wouldn®t be so
concerned with this feature, but this is only on the
situation that we fail canisters, so what we"re kind of --
what this is telling us is that if we"re going to be raising
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temperatures then we have to make sure we have a canister
that will survive, be very robust, because we don®"t want to
fail any of them during that high temperature period, we
would rather see them 1Tt they are going to fail to be way
out there iIn the thousand to ten-thousand-year time frame
where the temperatures are much lower and we don®"t run iInto
this problem.

The same with the spent fuel oxidation rate.

There i1t doesn™t mean wet condition, If It"s just exposed to
oxygen 1t will iIncrease with temperature, so this Is a case
where even 1If we were at a high thermal loading and for some
reason the package would fail, get all the way through the
cladding and finally to the pellet, which i1t would take a
major failure -- a pinhole probably wouldn®"t be a problem,
but 1T we had a major failure of the cladding and the
package then the pellet would be exposed to oxygen and that
would tend to oxidize the fuel.

They"re doing some work at Livermore, some real
good work on that looking at UO2, and also at PNL. That
will be -- they"re looking at spent fuel there -- the found
that 1t oxidizes to U409, and when it takes that phase
change i1t really doesn”"t change the dissolution rate too
much, you know that oxidation change is not a big problem,
but 1T you"re oxidized even further to U308 there the pellet
sort of turns more Into a powder-type form and iIt"s no
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longer the ceramic robust formula i1t was in, and 1If we get
into that situation then you would have -- if it would
oxidize to that level and then water gets to it you would
get quite a bit of dissolution, so we"re really concerned
about getting up to that point, but again when the
temperatures are down that won®"t be a problem.

The dissolution rate we"re talking about here 1is
depending on the environmental history of the waste form, so
these are -- again 1| always need to put myself iIn
perspective, you know, we"re not talking about reactors or
MRSs and things like that where we have time frames that are
closer to our lifetimes, here we"re looking at things
happening iIn phases that are hundreds of years long, so if
for several hundred years we would have a fTailed package
then whatever environment that waste form is in, pellets or
glass, it will be undergoing some changes, and when liquid
contacts it later on, that is 5,000 years down the road, how
it"s going to behave at that point in time will depend on
the environment it"s been in all of those years prior to
that point in time.

Finally in the Zircaloy fuel rod cladding, we
talked about that earlier, we"re saying that the degradation
iIs reduced i1f you can keep i1t within that range, and the 300
degree C, now you know why that"s there because we don"t
want to get into stress/rupture, that sets a higher
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temperature range.

The 100 degree C is still kind of iffy. This is
when we get into the hydride precipitation problem, and it
could occur iIn the 150 degrees temperature range. When you
lower the temperature, these hydrides tend to precipitate
out, so right now we"re saying we"d like to avoid having
that happen during the thermal period and try to -- we"re
looking for a medium-type level there.

Okay. How are we going to resolve these
uncertainties?

I think this one -- personally I feel this is
probably easier to resolve these uncertainties because we"re
able to deal with engineered systems that we can take iIn the
lab and test.

I*m covering both the waste form and the container
materials here, but we"re planning to do some long-term
materials testing for the container materials and any other
materials that we add to the EBS, and the five-year number
that Dr. Verink mentioned earlier is also our goal. We
insist that we"re going to have to have a minimum of five
years of testing on any material, and so we have to get
right on this. If we want to maintain schedules, it"s quite
important that we get that started.

Characterization of post-emplacement waste form
behavior will continue. That"s been going on for several
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years both at Argonne and PNL and Livermore, and as you“re
well aware and 1"m well aware since 1°ve been working this
part of the program for a number of years we"ve struggled
with budgets and things like that, but we"ve always tried to
maintain the ongoing work, so we"ve got some samples that
have been in testing for several years.

We may not be doing a lot of active work, but at
least they"re still there under those environments and we
can pull them out and check them every so often, so that"s
continuing, and certainly we"ll want to accelerate that work
as budgets are available.

Studies will be performed that will consider waste
form behavior and containment design in the range of
anticipated environment. These studies as we start
expanding -- and this i1s one thing that the workshop did for
us In June i1s we sort of took a broader view of different
ways of attacking this problem -- but as we look at
different containment designs we might see that we"ve got
some potential out there for some very robust container
design. As we look at that, then our reliance on the waste
form would not be as heavy.

The SCP describes a performance allocation
process, and with the SCP design thin-wall metal container
we had to take credit for everything we had to meet the
regulations, and even with that we have trouble with Carbon-
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14, but everything else we were able to handle pretty well,
but that meant taking credit for certain features of the
waste form.

Personally I don"t think we want to do anything to
the waste form to lose any of those features, but It"s
different to have it there than to try to take credit for it
in the licensing arena, so as we look at more robust designs
we might be able to have a little easier job of trying to
convince the licensing people and the public that we"ve got
a conservative situation here, because these things will
always be there to help us even if we"re not -- you know,
depending on how much credit we take for them.

Finally, you know, we still have some
uncertainties going on here, but we"re planning a
performance and confirmation testing program through
retrievability to reduce any remaining uncertainties. Right
now that program -- it"s called a preclosure program, or
load the repository because the repository takes some
twenty-plus years to load, so from the time we load the
first waste package we"ll be watching that waste package and
pulling some out, doing some testing all the way through
that twenty-plus-year period, and then after that we have to
actually go out fifty years from the time we loaded the
first waste package, so iIt"s another twenty-five or so years
beyond that, so they"re looking at fifty years of
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confirmation testing, and this is when we"re going to apply
to the NRC to close the repository, and 1"m sure a that
point in time, well beyond my time period, they will say
"Well, we feel that either you have reduced these remaining
uncertainties to our satisfaction™ or you haven t, and if we
haven®t we may have to continue doing performance
confirmation testing for a longer period.

So we"re not putting ourselves In a situation
that"s irreversible in any case. 1 would not stand for it,
even If I"m not going to be around.

In summary, DOE continues to analyze the range of
thermal loadings and is developing thermal management
scenarios. These scenarios are going to be used in a study
that is going to be described by Peter Gottlieb after 1|
finish here, and they want to look at the impacts on the
total waste management system.

In other words, if we were to look at different
thermal management, either a cooler or hotter repository,
how does that affect the rest of the system, and are these
scenarios really doable, because if we want it cooler then
we have to either spread things out or age them, so it
impacts the entire system, so that study is to address those
issues.

And the M&0O is responsible for that study, it"s
being done out of their -- i1t used to be called Fairfax, 1™m
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not sure if 1t"s still called Fairfax office -- but it"s
being managed out of the headquarters M&0 and will involve a
lot of people on the program.

And with that 1°d like -- well, we can entertain
questions, but Peter will come up and describe that study iIn
more detail.

CHAIRMAN VERINK: We would have time for maybe
five minutes®™ worth of questions If there are some from the
board.

MR. McFARLAND: Russ McFarland, a point of
clarification.

In the October meeting we had a very interesting
history provided on how the thinking of the repositories
evolved, and the goals, and it my memory is correct the SCP-
CDR 1n the goals that you listed on Page 3 had as to limit
corrosiveness of the canister environment, and the CDR and 1
believe the SCP state no less than 300 years we would like
to see the temperature stay above boiling for no less than
300 years.

MR. MORRISSETTE: Uh-huh.

MR. McFARLAND: The base line configuration, the
borehole emplacement tends to reflect that thinking in that
aging was not an issue, aging was not required when trying
to work with those goals.

Since that period the thinking has changed
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somewhat, we now and as presented iIn October the most recent
SCP thermal goals are to maximize the time spent above
boiling.
Now, if that"s the case then aging of fuel becomes

a critical consideration. [Is the thinking for the design
of the MRS, the receiving facility or other pieces of the
waste handling system, are they being designed with that
thought 1n mind that aging may be shown to be a very
valuable factor in our long-term waste management, and we-re

addressing i1t perhaps in the repository, | think --
MR. MORRISSETTE: Right.
MR. McFARLAND: -- but I have yet to hear anybody

talk about aging of fuel in terms of MRS or other portions
of the system.

MR. MORRISSETTE: Well, that"s really the point 1
was making here, and Peter will be discussing that some, but
we need to understand what the impacts are of both high and
low thermal loading where aging is required, so in fact,
yes, they will be addressing the MRS and its effect.

Matter of fact, they want to get this study done
before they go too far down the road on the MRS in case this
might affect some of the decisions that they“re making on
the MRS. Peter will get into that a little bit more.

CHAIRMAN VERINK: Why don"t we then start ahead.
Peter, would you --
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MS. HARRISON-GEISLER: I would like to make just a
brief comment.

This i1s Diane Harrison-Geisler, DOE Echo Mountain
Project Office.

I guess 1 would like to address Russ® comment and
restate that we have not changed the SCP approach. We are
in the process of evaluating various alternatives, so we are
still maintaining the SCP goals.

I think you made a comment that maybe we have
changed the reference, and we really have not. We"re
sticking with the SCP at this time, and have not made any
decisions to change any of those numbers.

MR. GOTTLIEB: 1"m going to talk to you this
morning about a study that has been planned now for several
months, and has been coordinated with all of the major
participants in the various components of the system,
particularly those in the repository, and I will be
explaining the organization contacts and the plans for the
investigations such as those that were brought up in the
earlier question.

I would like to state that this presentation is
the work of myself with the considerable support of Bonnie
Packer and Bill Bailey who is our supervisor in the systems
analysis group at the M&) iIn northern Virginia.

And just to set the record straight, we did occupy
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an office building iIn the city of Fairfax. We"re still iIn
Fairfax County, but depending on whether you®re talking to
the metropolitan area, or the post office or the telephone
company we"re in Vienna or Falls Church or Dunn Loring.
We"re right across from the Dunn Loring Metro if anyone
would care to come and visit us and take the Metro and not
have to bother driving.

Now, the reasons for doing this study are several.

In the first place, as you heard in the previous talk there
have been a range of thermal management targets proposed for
the repository ranging all the way from 114 kilowatts per
acre, which could possibly achieve a dry repository for
10,000 years down to 20 kilowatts per acre which would leave
the repository below the boiling point of water for the
entire time.

These strategies have implications on the rest of
the system -- how the fuel will be collected to support the
thermal target, how it will be stored, how it will possibly
be blended into waste packages, et cetera, and so the
selection of the thermal management strategy must reflect
this interdependence and an understanding of all these
impacts.

Now, to set the context of the study 1°d like to
show this chart which has the system, the Civilian
Radioactive Waste Management System running across the
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middle of the chart here, with the functions of the system
or the components of the system ranging from accept waste,
transportation, MRS, and ultimately the repository, and just
for completeness we have put in the individual functions or
analyses that go on under the repository and repository
design.

Now, to fully set the study context we"ve also
included the important external issues -- health and safety,
public acceptance, schedule and cost, and we have focused
the MGDS or repository part in terms of thermal management
strategy which Dick discussed -- the broad range of these
strategies were discussed by Dick In his previous talk.

111 leave this slide up as | go through the summary of the
objectives and outline of the study.

Now, the study will proceed in a systematic
manner, and will start off with identify feasible system
scenarios. We have already done a good bit of this work in
connection with our throughput study for the entire system,
and we will now be focusing on scenarios which achieve
certain thermal management targets, and 1711 be listing what
some of those targets will likely be in a few moments.

Then we will analyze the system level -- The
second objective, to analyze the system level impacts of
these strategies, and then to identify program-critical
milestones, particularly those related to system design,



64

specifications for design, conceptual designs and so on and
so forth, and we have done a certain amount of this already
which 1711 be describing later.

And then for those program-critical milestones we
will be providing input, design basis information and so
forth, and we"re already in the process of doing that.

Now, the study will be conducted in two phases.
Phase 1, which is the scenario feasibility phase, will be
conducted during the rest of this fiscal year, and we"ll be
also delivering some preliminary results in support of the
design milestones for those components which are already
underway, particularly the MRS.

Now, I°11 briefly summarize the approach to Phase
I and then I"11 describe that in a little more detail in a
few moments.

First of all, of course, a review, a thorough
review of prior work. There has been much literature. In
addition to the recent studies which Dick covered in his
talk there has been considerable literature over the past
ten years on thermal management, thermal effects in the
repository and so forth.

And then i1dentification of the impacted program
decisions, the design milestones and so forth.

Then we will establish the thermal management
strategies. These have already been principally identified,



65

and 1711 be talking about them in a few minutes.

Define an analysis methodology and the screening
criteria to determine whether the scenarios are feasible,
and as was alluded before some of these scenarios could
entail considerable length of time for storage before
placement In a repository. Some others could be very
expensive and have other severe system impacts. Those are
the things that we"ll be addressing in the study.

Then we will be generating the candidate system
scenarios, and these system scenarios in addition to talking
about the flow of waste through the external or above-ground
plumbing system will also relate to the emplacement of waste
in the repository, and we"ll address the issue of
emplacement, disbursed emplacement or selecting emplacement
within infilling and the possibility of relocation as well.

These more exotic or sophisticated emplacement
schemes would be intended to eliminate the requirement, or
reduce the requirement for above-ground storage for the
long-term hot scenarios, but 1711 talk about that in a few
minutes.

Then we will be evaluating individual scenario
Teasibilities, and most importantly of all presenting
options to decision-makers.

This 1s one of the crucial elements In our
approach to both Phase 1 and Phase 1l i1s to try to obtain
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some sort of closure and try to present the results of these
various activities iIn a manner that is useful to the
decision-makers.

Now, the Phase 11 study approach will be more
specifically concerned with impact analysis, and will also
incorporate the latest efforts which will be expected in
performance assessments to refine the thermal management
strategies.

As Dick mentioned in his previous talk, there is
considerable effort going on now to refine these analyses of
the thermal effect, and of course these will also be
impacted by the information developed with the site
investigations under the site characterization program.

Then we will use this information to refine system
scenarios and establish measures of effectiveness, further
evaluation criteria so that by late FY "93 we can make more
definitive proposals for the decision-makers.

Now, 1 will speak in more detail on the Phase I
study approach, and to set that in the proper context I will
also put up a flow chart and 1 will mention the items on the
flow chart, 1 will explain the flow chart as 1 go through
the text here.

First of all, we establish four thermal management
strategies. Now, these were selected to represent the range
of the suggestions that have been made by the study so far.
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There will be some possible variations as we go along, but
that will probably not occur until Phase I1.
First of all is the long-term hot scenario, and

it"s only -- these are not listed in any particular order of
preference, but this is sort of a sequence with decreasing
temperatures.

The long-term hot temperature, the long-term hot
scenario is proposed to keep the repository above the
boiling point for 10,000 years. This is as Dick pointed out
in his talk approximately equivalent to the peak heating
scenario from the Livermore analysis, and corresponds to 114
kilowatts per acre, which just represents the highest figure
that has been analyzed so far, and does not represent a
refinement of this particular target, which we expect as |
said to be refined during the coming year, and we will at
that time iIncorporate whatever that refinement is.

Then we have two intermediate scenarios which are
really quite similar. The SCP scenario specifies 57
kilowatts per acre, and there was a target -- there was no
specific thermal target, but the conclusion was that the
repository would be above the boiling point for something
between 300 and 1,000 years.

The SCP analysis was done with ten-year-old fuel,
and an average fuel age of thirty years seems more realistic
at the present time, and so we split this into two pieces,
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one which would simply follow out the SCP emplacement
strategy, and the other which would have a thermal target
and have a somewhat higher APD loading in order to achieve
that thermal target.

And then the scenario which Is characterized as
cold, which of course as Dick has pointed out is not cold
because nothing can be cold if we"re putting waste iIn the
ground, but does keep the repository below boiling.

Now, these thermal management strategies are then
used to drive the system scenario generation, and iIn order
to support that we will have a methodology for organizing
the parameters of those scenarios which will principally be
the emplacement parameters like the area power density and
the potential for changing operations, moving the waste
around and so forth, and then waste acceptance consistent
with available spent fuel, so when we generate the scenarios
we know that there is the waste available to support them.

And then following from that we will generate the
candidate system scenarios which will include these
elements, and just to point out there is the emplacement
methodology which deals with the repository underground, the
waste acceptance strategy, the possible MRS modes of
operation, and the question of blending which could take
place at the MRS or the repository, and the problem of
extended storage which could also take place at the MRS or
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the repository or somewhere else.

Then we will evaluate these system scenarios, and
the evaluation is illustrated on this flow chart by these
vertical lines which indicate the assessment of the
parameters resulting from the simulation or modeling of
these waste movements.

As part of our system throughput study, we have
put together a number of existing computer programs to track
the waste movement from initial acceptance at the reactor
through placement in a repository, and we can then see what
the statistics and impacts are on the individual components
here, particularly the MRS and transportation through these
programs and take this information, digest it into a set of
parameters to characterize the system behavior, and then to
evaluate the scenario feasibility.

And of course the last i1tem, as | mentioned
previously to organize the analyses into a format that can
be presented to the decision-makers. First of all, we will
have inputs to Phase Il of the study, then to the CRWMS
management, and to program requirements and design, and 1711
discuss some of those In a minute, and then to other program
areas.

Now, just to illustrate or to explain all the
participants in the study, we have prepared this chart
showing what the communication links are, and we have of
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course OCRWM which has been supporting and sponsoring this
study and directly managing it through the M&0 in northern
Virginia.

The parts of the system which are most strongly
represented here are of course systems analysis which is
managing the study, and waste acceptance and transportation.

Now, M&0O in Charlotte is responsible for the MRS
design; M&0 1n Las Vegas the subsurface design, weight
package, performance assessment, site characterization and
system integration.

Now, we are also iIn contact with the groups that
have been doing the extensive repository thermal analysis at
Livermore and at Sandia, and both these groups have reviewed
all of the preliminary documentation and technical
information that we have been generating so far in this
study, and so we can say that i1t is a fairly coordinated
effort at the present time.

Now, to give you some flavor of the program and
design impact that we are expecting to address, we have here
a list of the potential major system issues organized by the
system component.

First of all, for waste acceptance we will be
looking at the potential for fuel selection according to
Tfuel characteristics rather than allocation rights.

Now, we are certainly aware that the existing
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contract specifies only allocation rights and the utilities
have the option, or there is some fTlexibility as to the
actual age of the fuel that will be picked up, allocation
rights being specified now as oldest fuel fTirst.

So it 1s likely that some of the first few
reactors to be picked up will be oldest fuel, and then it is
possible that others will be younger fuel. We will be
looking at benefits to be derived from some selection, fuel
selection strategies which are aimed at specific ages of
fuel, recognizing of course that that"s not supported by the
present contract or laws, but also recognizing that if the
potential benefits are significant then incentives could be
arranged and there could be other things done to develop a
selection policy.

So this i1s expected to be some kind of -- this is
expected to be useful for any exercises or any decisions
that might be made to try to change those policies.

Then of course there i1s a host of MGDS
requirements that we need to consider. First of all i1s fuel
blending. The simplest MRS design will not support a
significant amount of fuel blending, but there are possible
extensions to the MRS design which are under some degree of
consideration, and we will be addressing those.

Further to support fuel blending is the question
of selective withdrawal from long or short-term inventory.
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There is also still the question of consolidation.

Extended storage duration certainly would be
required for the cold strategy, and possibly for the long-
term hot strategy.

And then there is the question of storage capacity
which i1s presently limited to 15,000 tons by the current
law, but could conceivably be changed.

Now, there is an even longer list here of MGDS
requirements which are involved. Now, the principal
activities of our study are going to be focused on design
concerns for the nonrepository portion of the system. The
repository exercises are ongoing independently of this
study, but all of these issues need to be addressed and
understood within the context of our study, and that will be
the principal role that we will be playing in the MGDS
analysis and design process.

As you can see, we have listed here the crucial
question that i1s now being examined of emplacement, sequence
and relocation, but also the possibility of a significant
lag storage, spacing between packages, climate control, roof
stability, retrievability -- these are all things which are
significantly impacted by the temperature in the repository
which i1s an important part of the thermal management
strategy.

And then there will be other potential system
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impact issues such as the disposition of retrieved waste and
the use of dual-purpose or universal casks.

Now, these last issues have been studied before 1iIn
the past and found to be much more expensive than the base-
line or SCP design at present. However, with many of the
siting concerns that have are now being, or siting
alternatives that are now being considered for the MRS the
minimization of handling of fuel assemblies may become an
important parameter which will give some additional benefit
to concepts such as these, and of course this kind of
concept 1s already being considered for some of the MRS
proposed sites.

Now, to give you some of the flavor and the
conditions of the study, we have here the assumptions for
generating our initial set of scenarios which we"ll start
off with, and then 1 will show slides showing some of the
variations that we expect to do on this initial set of
scenarios.

First of all, the assumptions that will be used
for all the scenarios, a single repository which will store
63,000 MTU of spent fuel and the equivalent of 7,000 MTU of
high level waste which is loosely called a 70,000-MTU
repository, although this 7,000 equivalent is not 7,000 tons
of material.

Then we will follow the present guidelines and
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regulations on the MRS with a 10,000-ton limit before
repositories start up, and a 15,000-ton limit thereafter,
and a forty-year license period.

Now, 1 should state that the nominal scenarios
now, the nominal system scenarios now which take the waste
through this chain generally have MRS activities which are
much less than forty years.

Obviously 1If we wanted to store some fuel iIn the
MRS for more extended periods of time we would bump into
this licensing period requirement which could be increased
perhaps i1f necessary.

Now, the next set of assumptions will be the most
frequently used prior assumptions which correspond roughly
to the SCP that all waste packaging will be done at the MGDS
and a thin-walled waste package with a vertical borehole
emplacement and first emplacement in 2010. Now, most of the
scenarios we consider will relax these constraints, and 1711
show those now.

In order to look at more robust waste packages and
varying emplacement sequence or relocation we will be
seriously considering drift emplacement, and there has been
considerable work investigating these alternatives thus far
principally at the M& office In Las Vegas, and Hugh Benton
1S here, he has been responsible -- Hugh Benton who has been
responsible for the studies over the past several months is
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here and will be able to answer questions about this if
necessary.

Then as 1 mentioned before we will relax some of
the MRS constraints, expanded inventory, extended period of
operation and selected withdrawal of spent fuel, and then we
will look at alternatives for waste acceptance which will
range from a fairly old type of fuel which would be
priorities for reactors requiring no dry storage, requiring
new dry storage so that we could minimize the capital
investment required at the reactors for new dry storage
ranging to the other extreme selecting youngest fuel over
some number of years of age where that number would have to
be greater than or equal to five.

Now, the Phase 1 study output follows directly
from what I have already spoken about in terms of the
approach, but just to list it here for you we will have a
set of system scenarios which will be feasible according to
our fTeasibility criteria and will support the thermal
management strategies.

Now, if 1t turns out that the initially proposed
system scenarios when we run them through our computer
programs and do the analysis of the emplacement that
results, i1t"s conceivable that these scenarios may turn out
to be unfeasible by our criteria, in which case some of
their parameters may be adjusted, or we may try some new
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scenarios, so there is a potential feedback from here to
here, but 1 didn"t want to put that on the chart because
this is not really an iterative study to come up with some
optimum at this point in time. We might at some future date
do that, but now we hope and expect that most of the
scenarios we generate initially will be found to be feasible
and be able to be reported for these purposes.

We will also provide the impact data, although
this impact data will be refined in Phase 11, and
information to support program requirements as | said,
particularly the MRS system specification which is coming up
in July or perhaps a few months following, and
transportation cask procurements which are coming up shortly
also.

And then we also will have as a steady output the
plans for Phase Il of the study, and of course that will be
reviewed by all the program participants and scheduled again
to meet specific program milestones.

Now, the Phase Il study approach is not as
detailed because part of the Phase | study output is a plan
for Phase 11, but we have a flow chart similar in nature to

the flow chart for Phase 1 but conveying a little different
message, so I will go through these two in parallel.

First of all, as 1 said we will use the refined or
additional performance assessment and licensability studies
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to refine the relation between emplacement parameters and
the behavior of the repository, the hydrology, the thermal
behavior and the mechanical behavior, which are critical
elements i1n this overall MGDS analysis.

So we will take the scenarios, the system
scenarios that we have from Phase I and utilize the refined
capabilities of the MGDS analysis to come up with refined
thermal scenarios, and possibly refine the system scenarios
In response to the refined thermal scenarios so that the
system or the thermal management strategy -- so that the
system scenarios will be sure to support the thermal
management strategies so that the waste acceptance, storage
and emplacement will meet the thermal targets that are
established, and so those refinements are listed here.

The other thing 1 want to point out about this
chart i1s that these two lines of activity proceed somewhat
in parallel, this being principally the repository analysis
which will be ongoing at M& Las Vegas, at LLL, and in
Sandia as well, this being one chain of activity, and then
the evaluation of the system scenarios and the analysis of
tradeoffs which will be ongoing and refined to reflect these
results.

And this just continues the explanation of the
remaining i1tems on this chart. First of all, the evaluation
criteria which we"ll consider in addition to cost,
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operational complexity and schedule, and then incorporate
measures of external impact which are the health and safety
and public acceptance, so that when this process here 1is
fully defined we should be incorporating to the maximum
extent feasible and appropriate all of the relevant
considerations and questions, iIssues, et cetera, which
people are concerned about for this system.

And then finally we will propose alternative
options for the decision-makers and provide further input to
the design activities.

And the preliminary plans for the final output of
this study are fTirst of all a preferred implementation
scenario for each thermal management strategy, so that of
the several scenarios that we will start with to support
each strategy we will have one preferred implementation
scenario.

For example, for the long-term hot scenario we
will have something that will specify the length of time to
be stored above ground, the possible sequential emplacement
and possible relocation in order to avoid lengthy above-
ground storage and so forth, but that will be -- whatever
that turns out to be that will be a preferred implementation
strategy.

Then based on all of these criteria for this
implementation scenario we will be able to compare the
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thermal management strategy. In other words, at this point
we will have arrived at a preferred scenario, preferred
system scenario to support each of the thermal management
strategies, and then we will be able to compare the thermal
management strategies on the basis of the impact of each of
those particular system scenarios with respect to all of
these critical issues from health and safety to site
suitability.

And then the use we expect to make of these
results with respect to parameters that will be useful for
determining program requirements and for Inputs iInto design
activities will be throughput rates, receipt rates at the
MRS, shipping rates from the MRS, and receipt rates at the
repository, and then of course the proposing of alternatives
to the decision-makers, but with the alternatives having
considerable analysis and i