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We have a very full agenda today, so I think we
need to get started on time. My name is Dan Bullen, and I'm
a member of the U. S. Nuclear Waste Technical Review Board,
and I will be chairing today's meeting.

It's actually been several years since the Board
paid a visit to Savannah River, so I'd like to take a few
minutes outlining what the Board is, and after that, I'll
make a few introductions and give a little background and the
ground rules for today's meeting.

In 1982, Congress enacted the Nuclear Waste Policy
Act. The law created the Office of Civilian Radioactive
Waste Management, or OCRWM, within the Department of Energy,
and charged OCRWM to develop repositories for final disposal
of the nation's spent nuclear fuel and high-level radioactive
waste.

Five years later, Congress amended the 1982 Act to
limit OCRWM to characterizing a single site for final
disposal, that being the Yucca Mountain site, which is a site
300 meters below Yucca Mountain on the western edge of the
Nevada Test Site.

In the same 1987 amendment, Congress created the U.
S. Nuclear Waste Technical Review Board as an independent
agency to review the technical validity of OCRWM's program,
and to periodically furnish the Board's findings, conclusions

and recommendations to the Secretary of Energy, to Congress,
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and to the public.

The U. S. President appoints our board members from
a list of nominees submitted by the National Academy of
Sciences. Each nominee shall be imminent in his or her field
of science or engineering and shall be selected solely on his
established record of distinguished service. A full board
consists of eleven members.

As you see by the overhead here, our member come
from a wide range of organizations and institutions, and I'll
go through their backgrounds briefly. As I do so, I will ask
the ones present today to either stand up or raise their
hand.

Our Chair is Jared Cohon. He's the President of
Carnegie Mellon University, and holds expertise in
environmental systems analysis and hydrology. He is a
Registered Civil Engineer.

John Arendt--John, would you recognize yourself--
began his career in the Manhattan project in 1945, and works
in nuclear materials transportation and nuclear materials
facilities, their gquality assurance, quality control, and
inspection. He is a chemical engineer, and as I noted, he is
here with us today.

My name is Dan Bullen, and I coordinate the Nuclear
Engineering Program within the Department of Mechanical

Engineering at Iowa State University. My expertise is in
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nuclear waste management, performance assessment modelling,
and material science. I'm a nuclear engineer by training.

Norm Christensen, who is not here today, is the
Dean of the Nicholas School of the Environment at Duke
University, and is an expert in biology and the ecology.

Paul Craig is Professor of Engineering Emeritus at
U.C. Davis, with expertise in energy policy issues associated
with global environmental change.

Debra Knopman, who is not here today, directs the
Center for Innovation in the Environment at the Progressive
Foundation in Washington, D.C., and has expertise in
hydrology, environmental and natural resource policy, and
systems analysis.

Priscilla Nelson, who actually chairs the
Repository Panel which is hosting this panel meeting, is also
not with us today. I'm acting on her behalf as chair of this
meeting. She is the Program Director of the Directorate for
Engineering at the National Science Foundation. Her
expertise is actually in rock engineering and underground
construction.

Dick Parizek is Professor of Geology at Penn State
and specializes in hydrogeology and environmental geology.

Alberto Sagpgs is Professor of Materials

Engineering within the Civil Engineering Department at the

University of South Florida. His expertise lies in corrosion
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and materials engineering, physical metallurgy and scientific

instrumentation.
Jeff Wong is a toxicologist at Cal. EPA,
specializing in risk assessment and scientific team

management.

The Board is supported by ten professional staff
and six clerical staff. Most of the staff are full-time
federal employees, but some are part-time. Except for
Priscilla Nelson, who is a full-time federal employee, Board
members are part-time federal employees.

Also sitting at the front table today is Dr. Carl
Di Bella. Carl, would you acknowledge yourself here? Carl
is a chemical engineer. He is one of the members of the
Board's professional staff, and has done a lot of the behind
the scenes work necessary for today's technical program.

Dr. Dan Metlay also did a great deal of work, and
unfortunately will not be able to join us today. He's
another staff member from our Washington office.

I would like to acknowledge and thank another staff
member who does a Herculean effort, Linda Hiatt in the back
of the room. Would you raise your hand, please, Linda?
She's responsible for putting together the logistics of
today's meeting, and more importantly, she would like
everyone to sign in so she can make you a name tag. Is that

not correct?
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One of the very important ways our Board goes about
obtaining information needed to accomplish our mission is by
holding public information gathering meetings. We hold three
full Board meetings and some five to ten panel meetings
yearly, and this is one of those panel meetings.

The full Board meetings are generally two days
long, covering a variety of issues, and are attended by the
entire board. Panel meetings are shorter, more focused, and
are attended by Board members with specific interests in one
or more of the topics to be covered. As a result of these
meetings and our access to other relevant information, the
Board makes assessments and recommendations about how to
improve the technical and scientific aspects of the Waste
Management Program.

A bit more information about the Board may actually
be found on our web site, and this is a commercial for that
site, the HTML, or the address for our web site 1is
www.nwtrb.gov., and all of our reports are summarized and all
of our calendar is there, so you can actually look at our
calendar to see upcoming Board meetings.

Today's meeting is a meeting of the Board's panel
on the repository. The purview of the panel includes
everything that would be engineered at Yucca Mountain,
including the surface and underground aspects of the

repository, the waste packages that would go into the
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repository, and the waste form that the packages would
contain.

There are a number of wastes at Savannah River that
are destined for disposal at Yucca Mountain should the site
be found suitable for the development as a repository. These
wastes includes spent foreign research reactor fuel and
vitrified high-level waste, among other things. We
understand that the process, development and manufacture of
vitrified surplus weapons plutonium will also be done at
Savannah River. This waste again will be destined for
disposal at the repository.

Now, 1f there's one single triggering reason for
the meeting, it's the aluminum-clad, highly enriched uranium
spent fuel, most if not all of which comes from research
reactors. I'm the facility director for the Iowa State
University research reactor, which has aluminum-clad spent
fuel, and when I first saw the designs that were proposed by
the OCRWM program for the direct disposal of spent fuel, I
had three reactions, which were all caused by a combination
of the material's high enrichment, coupled with its limited
engineering stability of the cladding for long-term disposal.

The first is that the material clearly presents a
heightened long-term criticality control issue within the
repository. The second is that the material probably has a

relatively high monetary value. It wasn't cheap to make
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highly enriched uranium. 2And, finally, both the monetary
value and the potential utility for nuclear explosives of
this material would make it attractive for future generations
to retrieve, with motivations that are not necessarily
coincident with those of the United States. These
essentially could compromise, or these issues could
compromise the performance of the entire repository long-
term.

Now, this morning, we will focus on DOE-owned spent
fuel, with a particular focus on the aluminum-clad, highly
enriched spent fuel. This afternoon, we will move on to some
of the other wastes that will be disposed of in the
repository, specifically vitrified high-level waste from
reprocessing and vitrified surplus weapons plutonium.

Now, just a brief background on the ground rules
for today. I want to alert the speakers that brief gquestions
from the front table, the panel members and staff, will be
allowed during the course of the presentation. This is a
little bit different than we have in our formal board
meetings.

We keep it a little bit more informal to have
interaction between the board or panel and the speakers.
However, there are either 10, 15 or 20 minute time periods at
the end that will be saved for essentially longer questions,

and if time permits and we've exhausted questions from the
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10
front table, we would be happy to take questions from the
audience during that time period. So please identify
yourself and we'll recognize you for questions.

Now, I also want to point out that there is a
public comment period at the end of the day, and Linda Hiatt,
who we introduced in the back, has a special sign-up sheet
for public commenters. Please sign up with her if you wish
to make a statement or ask a question at the end of the day.

We ask that the statements be limited to five minutes or
less, and we will try to take the statements in order of
sign-up on the sheet.

In all cases throughout the day, people asking the
guestions or making statements should use a microphone and
should identify themselves, and that includes Board members.

I also want to say a few words about the Board's
positions and the Board's pronouncement and member
statements. The NWTRB, this Board, has a very important
role. What it says is taken seriously by policy makers and
the members of the public. The Board generally conveys its
findings, conclusions and recommendations in written form in
the form of formal reports, letters to Congress and/or the
Secretary of Energy, or to the Director of OCRWM, and in
written Congressional testimony.

Of course, the Board consists of several

individuals, each of which has his or her own style. Each is
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free to say whatever they choose. But comments by individual
Board members, including me, are just that, Board member
comments.

On occasion, one of us, especially Chairman Cohon,
will make statements on behalf of the Board that that person
explicitly states to be Board positions. Otherwise, when we
make individual comments, they are no more than that.

Whether comments by Board members eventually become Board

position, only time will tell. But, of course, a Board
member's thinking is relevant. In effect, at these meetings
when we make statements and ask questions, we are thinking

out loud as a Board. Our thoughts and comments do not
represent Board positions unless we indicate so, but they may
be on their way to becoming positions. And if they do, we
will convey them in writing.

Now it's time to get on with the meeting. Our
first speaker is Howard Eckert, who is going to introduce the
topic of DOE spent fuel. Before he starts, however, I want
to particularly thank him for his efforts in putting together
the technical program on the meeting today. It's not been a
simple undertaking because the speakers in today's meeting
come from many parts of DOE, and the organization is very
diverse and it's a real difficult task to pull those
together.

So without further ado, I will give you Howard
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Eckert, and he will give us an overview.

ECKERT: Good morning. As Dan said, I'm going to
briefly give you an overview of DOE-owned spent fuel, and
this includes actually commercial fuel, not just the fuel
produced by DOE's production and research reactors.

What I'll cover today is our current inventory, how
much we have, where it is, what fuel will be coming into our
inventory from operating reactors--we're still generating
fuel today--some characteristics of the fuel, how we can
distinguish or describe different types of fuel, the
Department's strategy for dealing with the fuel, storage,
transportation, eventual disposal, and then some ongoing
efforts between the Office of Environmental Management and
the Office of Civilian Radioactive Waste Management,
cooperative efforts to move the fuel along the path toward
disposal.

We use three metrics to quantify our fuel. Metric
tons heavy metal is the traditional metric incorporated in
some of our Congressional legislation. Of more relevance to
storage would be the volume of fuel we have to deal with,
cubic meters. For handling, the number of assemblies, or
piece count terminology, is more relevant.

Most of our fuel, and we have roughly 2,500 metric
tons heavy metal, or 1,200 cubic meters, most of this is

stored at three sites, Hanford, Idaho and Savannah River.
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Depending upon which metric one uses, one could say that
Hanford has most of the fuel if the use the metric tons heavy
metal, at 86 per cent. If you talk about volume, then Idaho
has almost half of it, depending upon which argument you're
trying to make.

This is the current inventory as of this month. It
does not include fuel that we've made a decision to process.

We are processing or reprocessing fuel at Savannah River.

There's some additional fuel at West Valley,
commercial fuel, that's in storage, a small amount at Oak
Ridge in the high flux isotope reactor spent fuel storage
pool, and we've taken ownership of the fuel at the Fort St.
Vrain facility in Colorado.

For planning purposes, we've blocked out a period
of time of roughly 40 years, to the year 2035, which is about
the time, for planning purposes, the repository is going to
stop accepting fuel. During this period of time, we expect
to receive fuel from up to 41 research reactors. Actually,
they'll be fewer, since not all of the original participants
are going to ship us fuel. We have operating reactors, as I
said, at Oak Ridge, the high flux isotope reactor. We have a
reactor, which I believe is not operating at the moment, but
may again, at Brookhaven National Laboratory, the high flux
beam reactor, and we have the advanced test reactor at Idaho.

There are about 30 research reactors at wvarious
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universities around the United States, and the Navy of course
is generating a good deal of our spent fuel, preponderance of
the HEU.

I'm not going to go into all of the numbers, but
for Savannah River, if we just look at the amount of fuel
that we plan to receive at this site, if you look at volume,
it turns out to be approximately a third of the fuel that
will be shipped to one of the two sites. If you look at I
guess the number of assemblies, it's probably more like two-
thirds. These are the only two sites, Savannah River and
Idaho, that we'll be receiving fuel in the future.

Foreign research reactor fuel is and has been
coming to Savannah River. We expect next year, it will be
shipped also to Idaho. Hanford will basically retain or keep
the fuel it has in its possession, possibly shipping some of
the fuel to Idaho for treatment. But all the other sites
where we have fuel, we'll eventually consolidate that at
Hanford, Idaho and Savannah River.

These are the characteristics. The first one is
geometry. Geometry, the fuel meats, or the actual fuel
contained within the cladding, the enrichment, the condition
of the fuel, and what we call special case fuel, something
particularly different about it; these are the general
characteristics that we can use to describe fuel and to group

it or put it into different categories.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

15
For example, we have 250 different types of fuel
within our inventory. To work with that fuel, that is, to
analyze it and decide what to do with the fuel, how to treat
it, how to store it, how it's going to behave in the
repository, we group it into approximately a dozen different
groups or categories so we can handle it more easily.
And what I've done is just given different

representative fuel types that exhibit one or more of the

characteristics I've shown here. For example, the N-Reactor
fuel is the first one on the list. It consists of two
concentric cylinders. It's a zircaloy-clad fuel element. I
think it's roughly two and a half feet long. It has a

uranium metal fuel meat.

This particular fuel, as most all of our production
fuel, was designed and handled to be readily processed to
obtain materials for weapons production. It was not meant to
be stored long-term in our water basins. So this has
experienced significant corrosion. It represents what we
have under here condition, the degraded fuel.

The TRIGA fuel, the nomenclature, something about
test reactor, I forget what the "I" is for--but it's made
by--isotopes--General Atomic. This fuel is used in a number
of our foreign and domestic research reactors. It's a
cylindrical fuel. The cladding can be either zirconium,

aluminum or stainless steel. One of the fuel meats is the
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zirconium hydride, and this is roughly two and a half feet
long, generally in good condition, and the fuel we're taking

back from foreign research reactors.

The Advanced Test Reactor is an aluminum-based
fuel, aluminum clad with an aluminum alloy meat. It has
curved plate elements. Again, I believe this is roughly two

and a half, three feet long. This is from our reactor in
Idaho.

Some of the fuel I'm not going to discuss. It will
be discussed by Mark Barlow later in the morning. But this
is the high flux isotope reactor, an aluminum fuel.

The Fort St. Vrain, I guess has a unique shape,
it's a hexagonal block of graphite with holes drilled to
accept the fuel rods, also to allow the coolant to flow
through it. The fuel is called a fuel compact. It's
actually a solid rod composed of uranium carbide pellets
centered with carbon, and these are inserted into the holes
within the block of graphite. These are in storage both at
Idaho and at a dry storage facility in Colorado that I said
the Department has taken ownership of. We are also now the
licensee of that facility with the Nuclear Regulatory
Commission.

The materials test reactor fuel is another element
that Mark will discuss in greater detail, since these are

coming into the Savannah River plant, and this is the bulk of
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the fuel assemblies we have to deal with at the Savannah
River site.

The experimental breeder reactor is shut down. The
fuel for the most part, or I guess all of the fuel is
actually at Idaho. These are fairly long rods, about five
feet long, about a half inch in diameter, stainless steel
clad. And what's unique about this fuel is it has a sodium
bond. There's sodium contained between the cladding and the
fuel. We have about 60 metric tons, I believe, in total of
sodium bonded fuel, not all EBR-II fuel. The blanket fuel

contains depleted uranium.

Also what I guess I've neglected to mention earlier
was the enrichment of most of this fuel. If we go back, the
N-Reactor fuel has--

BULLEN: Excuse me. Could I interrupt you for just a
second?

ECKERT: Sure.

BULLEN: We have a distinguished visitor in the back,
Secretary Pena.

PENA: I heard you were having a meeting, so I thought
I'd just come on down.
Please sit down. Please relax, Ladies and
Gentlemen. I normally don't barge in on people's meetings.
Let me just say to the Board members how much I appreciate

your very hard work.
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I spent yesterday touring Savannah River and
looking at the tritium facility and waste processing
facility, and drove by the canyons and other things. So as
all of you know, this is a very important group of citizens
who have volunteered their time to give us some guidance in
the Congress on how we can think of complex-wide issues, and
we very much appreciate their recommendations, your ideas on
how we can deal with Yucca Mountain, which we have responded
to, and suggestions of doing an east-west cut, and other
things.

So I just wanted to drop by and say thank you very
much. I happened to be talking to some business people next
door and heard you were here, so I wanted to come by and
thank you for taking the time to be here and to do this kind
of work. So I appreciate it.

Thank you. Happy Holidays to all of you.

BULLEN: Thank you, sir.

ECKERT: What I was going to do is recap the enrichment,
which I had neglected to talk about. The N-Reactor fuel is
very low enriched, on the order of 1 per cent. TRIGA varies
from--we still call low enriched uranium anything up to 20
per cent, and TRIGA starts at about 20 and goes up to 93 per
cent enrichment. The advanced test reactor is 93 per cent.
Fort St. Vrain is 93 per cent, and EBR-II is, I'm not sure, I

believe that's also HEU.
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Well, let me finish up with this one. The EBR-II
fuel, as I said, was sodium bonded, and we're looking at
means for removing the sodium. The one treatment technology
under development at Argonne National Laboratory, both East
and West, is the electrometallurgical processing technology,
and that is actually undergoing a demonstration today and it
shows great promise for processing our more difficult fuel,
such as the EBR-II fuel.

The EBR-II fuel is low enriched. Thank you.

Okay, what else might I have missed. The Three
Mile Island Unit II core debris is in canisters at Idaho.

And I think I've covered the other examples here.

Now, we have roughly 2,500 metric tons of fuel on
site, more coming in. Dealing with this fuel, both the
storage, transportation and ultimate disposal, is the primary
activity of the group that I work for, Office of Spent Fuel
Management, in cooperation with other offices within the
Department.

Several years ago, in '93, the Office of
Environmental Health and Safety at DOE conducted a
vulnerability assessment and published their working group
report, which listed 105 vulnerabilities with the storage of
spent fuel throughout the complex. As part of our effort, we
put together a plan of action to resolve these

vulnerabilities, and particularly those that were of higher
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priority, such as the fuel in storage, the N-Reactor fuel in
storage at the K-Basins. Approximately half of these
vulnerabilities have been completely resolved. The others
are taking much longer, due to the cost and time required to
deal with the fuel.

One of the means for resolving the vulnerabilities,
besides putting it into safer, longer term storage, dry
storage, is to process it, and the production reactor targets
and fuel at Savannah River are being reprocessed. Actually,
the targets have been completed. The step ongoing now with
RW is to understand what will be required to prepare that
fuel for ultimate disposition.

To understand better what's required, we have
decided we were going to work more closely with RW, and we
have. Over the past two years, we've been able to--actually,
the memorandum of agreement, the standard contract that RW
has with the commercial utilities is an agreement we have
about ready to be signed. It's completed. It's just waiting
for some final concurrences. And this describes the
conditions under which RW will accept DOE-owned fuel.

RW and the contractors have actually done some of
the analyses, criticality analyses on DOE-owned fuel. We
felt although we could have done it, it was expedient
initially to have the RW/M&0O contractors do it, since they

know exactly what has to be done, and we work closely with
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them.

The key documents coming up in this year, the
Viability Assessment and the Total System Life Cycle Cost
Evaluation, will explicitly contain information on DOE-owned
fuel. There are a number of requirements documents that go
into greater detail on what DOE has to do with the fuel to
have it accepted by RW.

There is an interface control document now in
review that gives the sort of bounds perhaps on geometry, for
example, that we must meet for the equipment and storage
envisioned by RW in the repository. And to better understand
all of these items, learn where RW is, where EM is, we've
been holding semiannual strategy meetings of several days
where we go into greater detail about what's in the
documents, better understanding of how we're going to meet
those requirements, and planning what we have to do as a
group in the next six months in order to move firmly along
that path toward disposal.

As I say, DOE-owned fuel is primarily owned within
DOE by the Office of Environmental Management. I guess the
Navy owns the next largest chunk. The Office of Nuclear
Energy owns some, particularly that which is being stored at
the operating reactors, HFIR, HFBR. But as the reactors get
shut down, the operating entities within DOE want to put it

into a caretaker mode, and that's where EM is taking more and
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more of the fuel.
That's all I have. Are there questions?

BULLEN: Thank you, Howard. Questions from the Board?
Carl Di Bella?

DI BELLA: You showed on your overhead for the N-Reactor
fuel, that it has zircaloy cladding.

ECKERT: Yes.

DI BELLA: And yet a substantial amount of that fuel is
degraded, I understand.

ECKERT: Yes.

DI BELLA: Zircaloy really shouldn't degrade in the kind
of chemical environment that that fuel has been exposed to.
Do you know what has caused the degradation? 1Is it a
corrosion phenomena of the zircaloy?

ECKERT: It is, but not primarily the zircaloy, but of
the uranium meat within. When they unloaded the N-Reactor
fuel, it was, as I understand it, just basically tumbled down
a chute into bins to be collected, so it wasn't handled
carefully. The cladding was damaged, breached, and where the
uranium metal is exposed to water, it naturally corrodes
rapidly.

You might be able to see some corrosion. This
isn't one of the worst ones, but the cladding would tend to
peel away from the meat as the corrosion products expand. I

guess I didn't bring another one that had a more graphic



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

23
description, but these are the concentric cylinders within a
canister in which it was stored in the N-Reactor spent fuel
storage pool.

BULLEN: Jeff Wong, Board?

WONG: I just have kind of a general question. We've
been waiting to hear about the DOE's waste isolation
strategy. What role does the waste isolation strategy have
in your planning of your management of your fuel forms, or
what input do you have into the waste isolation strategy in
dealing with your fuel forms?

ECKERT: Waste isolation means you're referring to the
ultimate disposal. I guess our input is to work with RW to
make it reasonably cost effective to dispose of our fuel. We
certainly are not going to dictate a disposal criteria.
That's their job. We are almost in the role of a commercial
utility. We have fuel that we need to dispose of, so we have
to live within the RW requirements. But as they evolve, the
documents that are written, we get to review and comment on,
so that we can suggest changes perhaps that would make it
easier and perhaps more economical, safer for us to dispose
of the fuel.

BULLEN: Any other questions from the Board?

(No response.)

BULLEN: Thank you very much, Howard. We're right on

schedule.
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Our next speaker is David Curtis. He is the
Director of the Reactor Materials Division in Naval Reactors.

In that capacity, he is actually responsible for the
program's expended core facility at the INEEL, where Naval
reactor cores are examined and where Naval spent fuel will be
prepared for ultimate disposal. And David will speak to us
about Navy spent fuel.

CURTIS: Thank you. I'm here today to talk about Naval
spent fuel and how it fits into the DOE program. Some of the
introductory material I'm going to talk about is going to be
very similar to the material that Rich Guida from the Naval
Reactors Program presented to a panel of the Board about a
month ago. He focused mostly on transportation. I'm going
to focus mostly on the repository aspects of it.

Details of the Naval spent nuclear fuel are
classified, but the results of the analyses and tests that we
have done on this are unclassified and can be discussed in a
public forum such as this. More detail than I can present in
the 20 minutes that I have today is provided in an
unclassified basis to the appropriate parts of the various
organizations involved, and detailed technical backup
information is presented to people that have clearances, such
as John Arendt from the Board, shortly hopefully Dan Bullen
from the Board, Carl Di Bella of the Board staff, and various

regulatory agencies, such as the Nuclear Regulatory
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Commission.

Let me take a moment to introduce the Naval Nuclear
Propulsion Program. The Naval Nuclear Propulsion Program is
a joint program of the Department of Energy and the Navy. We
are a part of both agenciesg, and the ships that we provide
reactors for are a key part of the Navy's defense mission.

CNN regularly tells the story of these ships. As
we're sitting here today, the Nimitz and the George
Washington, two nuclear powered aircraft carriers, are in the
Persian Gulf. Both of them sprinted to the Persian Gulf
recently to provide a military presence. The Nimitz came
from Hong Kong. The George Washington was in Haifa. And
being able to make the high speed transits and arrive at
station ready for the mission is a key part of the Navy's
story.

The submarines that we have don't get the CNN
coverage, but submarines are in most of the world's trouble
spots also.

The Naval Nuclear Propulsion Program is about 40
per cent of the Navy's principal combatants. We have about
the same number of total reactors as the civilian commercial
nuclear power industry. We have between 110 and 120 now. I
think the commercial nuclear industry has a little fewer than
110.

We have 4,800 reactor years of safe operation
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without a reactor accident. That's about twice the--actually
more than twice the accumulated experience of the civilian
nuclear industry. I think the civilian nuclear industry now
is between 2,000 and 2,500. The fact that ours is without a
reactor accident is really one of the keys as to why we can
take our ships with these nuclear powered reactors into over

150 ports in over 50 countries worldwide.

This slide, which is in the pass-out, gives a few
more statistics. I'm not going to spend time dwelling on it.
You can review the statistics later; just a few more
statistics about the program.

I would like to get on to talking about what Naval
spent nuclear fuel is. Naval spent nuclear fuel is solid.
It's metallic. It's not flammable. It's not hazardous. We
have done a TCLP test and gotten EPA agreement that it is not
hazardous. We have that certification.

Naval spent nuclear fuel is--or Naval fuel is built
and designed to be operated on war ships, and as such, it
needs to be very rugged. The design requirements for the
fuel are well in excess of 50 g's, which is considerably more
than the other types of spent nuclear fuel that you're
talking about here. The Naval fuel fully contains all of the
fission products and the long-lived radioactivity, and it
operates for very long periods of time.

Most of the ships that we have now have cores that
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are operating for about 20 years between refuelings, some
longer. I'll get to that in a minute. But they operate at
power for long periods of time and they operate in very close
proximity to the crew. Sailors live, eat, sleep literally
within feet of these operating reactors. The reactors have
to be designed to be able to take rapid power trangents. The
commanding officer of the ship may decide he wants to stop,
sprint, et cetera, so the power trangents that they're
designed for are much, much faster than commercial power
trangent. So the whole design philosophy of the Naval fuel

drives us to come up with very, very rugged reactor cores.

We periodically take ships and do shock tests of
the ships. Let me move this up on the screen a little bit.
This is a picture of a shock test of the Theodore Roosevelt,

one of our carriers. What this represents is tens of
thousands of pounds of high explosive being detonated about a
ship length away from the ship. That rocks the ship pretty
well. The reactor cores come through this kind of an
experience very straightforwardly, very easily.

Key to what we say about the behavior of fuel in a
repository is our knowledge of the fuel. We have very
detailed knowledge of the fuel through the manufacturing
process. After the cores are made, they go through a design
and a manufacturing certification. Then they go through

detailed acceptance testing. The testing is followed in
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detail, and the operation through core lifetime is followed
in a great deal of detail, so that we know very well what
each and every reactor core is, how it was made, how it was
designed, how it's operating, how it's behaving.

After we're done with the cores, after they get
removed from the plants, from the ships or the prototype
reactors, we then take them all to the expended core facility
that Dr. Bullen mentioned at the Idaho National Engineering
and Environmental Lab, INEEL, where we examine each of the
cores to basically confirm that the performance of the core
was in fact what we expected. On some limited number of
cores, we do destructive, more detailed examinations to
understand more.

In addition to that, we have an extensive radiation
test program, and have had for many years. We've used MTR,
ETR. We're currently using ATR, where we thoroughly explore
the failure modes of our fuel. We think we know pretty well
what causes them to fail, where the limits of mother nature
are, what doesn't cause them to fail, et cetera.

The key to much of what we know and think about the
behavior of our cores is based on the examinations that we do
in Idaho of the spent cores.

There's a very powerful economic and a very
powerful operational incentive to have long lifetime cores,

but we couldn't do it unless we were confident technically
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that the cores could last. Our first core, which was put
into the Nautilus in the early Fifties operated for two
years. Our newest ship, the Seawolf, which was commissioned
in July of this year, has a core in it that we expect to last
the 30 year life of the ship, will never be refueled, will
have only one core, will be the core load for that ship.
That's a big improvement, both in terms of just the
availability on line, the cost and economicsg in terms of
buying the cores and maintaining the cores, and also in
having the reduced number of cores to worry about for
reprocessing.

Before 1992, after we had examined the cores at the
expended core facility, they were sent to the Idaho Chemical

Processing plant, where the unused uranium 235 was recovered.

In 1992, reprocessing of our cores at ICPP was stopped, or
the decision was made. Since then, we're in kind of a
transition phase. We've been preparing our fuel for

repository disposal. We've got some construction projects
underway to facilitate that in Idaho.

What we intend to be doing is we intend to
basically canisterize the fuel. 1In '96, we had an EIS that
was published where we looked at various kinds of container
systems. We had a Record of Decision in December of 1996.

We selected a Dual Purpose Canister. What we intend to do is

to put the fuel in canisters in Idaho. We will be storing it
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temporarily in Idaho until either an interim storage site or
a repository is open for it. Then we will be responsible for
transporting it to either the repository or an interim

storage site when one is open.

The DPC system is currently in a design stage, and
we're working on that. 1It's our goal, it's our intention
that once these canisters arrive at a repository, only the

canister needs to be handled. The fuel won't need to be
handled. We can't really make that claim on the record until
the acceptance criteria for the repository get established,
but we expect and it's our intent to try to make the DPC
sufficient for emplacement in the repository.

Let me talk some about the amount of Naval spent
fuel that we're talking about here. As Howard mentioned,
there are a variety of different metrics. There are a
variety of different coins of the realm. The one most
frequently used is the metric tons of heavy metal.

We currently have 14 metric tons of heavy metal of
Naval spent fuel. By 2035, we are projecting 65 metric tons
of heavy metal. I have on this slide also the DOE non-naval
fuel now and in 2035, and an estimate of the commercial spent
nuclear fuel now and in 2035. The small amount of Naval fuel
is really largely because we have fairly small reactors, and
very infrequent refuelings.

So ultimately, by the coin of the realm, we'll have



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

31
about a tenth of a per cent of the spent nuclear fuel in the
country, about a tenth of a per cent of the amount of spent
nuclear fuel that is intended for the first repository.

Other possible metrics are total weight or volume
or piece count, as Howard mentioned. The 65 metric tons
represents volume of canisters, or weight of canisters.

These number over here are volume and weight of the waste
form within the canisters. We'll have about 300 canisters of
Naval spent fuel, which is I think about 3 per cent of the
number of canisters, the piece count of canisters for the
repository. Each canister will be about 66 inches in
diameter, some slight variation in lengths, but the longest
ones will be 212 inches.

We've at this point calculated several aspects of
the performance of Naval fuel in a repository. The next
several slides summarize some of the key results that we've
come up with.

Because the design and manufacturing of the fuel
drives us to build very, very rugged fuel, we calculate on a
best estimate basis that the fuel will remain substantially
intact in a repository environment for in excess of a million
years. In that million year period of time, the
radioactivity in the fuel has decayed by more than four
orders of magnitude.

Specifically, the best estimate prediction is that
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the cladding will not be penetrated by corrosion on any of
the elements; that the best estimate prediction is there will
be zero corrosion through the cladding in a million years in
any of the elements. Now, this doesn't assume that the
canister provides a whole lot of protection. We're assuming
that 10 per cent of the canisters are degraded and
ineffective at about 3,000 years, and the rest of them are
degraded and ineffective at 10,000 years.

We further conclude that the basic fuel assembly
geometry is maintained intact for in excess of a million
years.

As a result of this, the only radioisotopes that we
expect to be released to the drift are from the crud layer
that's on the fuel elements, and small amounts of impurities
and activated elements in the cladding that corrode, and as
soon as the cladding does corrode, to the extent that it does

corrode, we assume that all of that material is released to

the drift.

The peak release rate is much less than a curie per
year. It is carbon-14 and it occurs relatively early in the
repository life.

Now, although we don't anticipate it, we have
calculated so far two cases that are hypothetical cases where
if there is something that happens to expose the fuel

material itself, what would the consequences be. In one
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case, what we calculated was a mechanical damage, such as
from a rock fall, that physically breaks the canister, or
what's left of the canister, breaks any of the internal
support structure, and shears through our fuel.

The other case, what we assumed is if we had enough
corrosion so that it corrodes through the fuel by whatever
reason, and that's, you know, beyond the 99.98 percentile on
this, in this case, we would be exposing 1,000 elements, in
this case, we'd be exposing a couple hundred elements. In
neither case are we contributing significant uranium, or for
that matter, significant fission products to the drift.

We've also done nuclear criticality calculations
for a number of cases. We do use highly enriched uranium in
our Naval reactor cores. The fact that we use highly
enriched uranium is not a show stopper, we think. It turns
out the amount of U-235 per container is about the same
amount as the amount of U-235 per container of commercial
spent nuclear fuel. So we're not putting a lot more U-235 in
there.

As a matter of fact, the fact that we don't have
all the 238 at the beginning of life of our reactor cores
means that to a substantial extent, we don't need to worry
about plutonium. So we do have what we think is a tractable
amount of uranium-235.

In addition, though, we are fixing with each of our
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fuel assemblies hafnium control rods that are permanently
attached to the assembly that will provide a nuclear poison
for a long time. Hafnium corrodes even less than zircaloy.
We think the hafnium control rods are going to be a nuclear
shut-down presence for far in excess of the million years.

We've analyzed a number of cases with intact
containers, degraded containers, degraded structural supports
within the containers, damaged containers, a variety of
assumptions on flooding, partially flooded, fully flooded,
preferentially flooded, et cetera, et cetera, and in all of
these cases, we think we can show that as long as we maintain
the basic geometry of our fuel assemblies, that we have
adequate nuclear shut-down from a criticality point of view.

And we think that the basic geometry of the assemblies will
be maintained for in excess of the one million year time that
we're calculating here.

DI BELLA: A quick question, please, Carl Di Bella here,
on the hafnium control rods. Are they the control rods that
are actually part of the core, or are these new hafnium
control rods that you put in?

CURTIS: The answer is some of both, probably, a
mixture. We will use hafnium control rods where we have
hafnium control rods. We will put some new hafnium in where
we don't.

DI BELLA: How much does hafnium cost?
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CURTIS: 1I'd hesitate to answer that off the top of my
head. I can get you an answer. I guess I would say that
this whole adventure is not cheap, but it's part of the price
of doing business.

Finally, let me talk about decay heat. Decay heat
is just not a problem. The decay heat per container for us
is about half of the decay heat of the spent fuel of a
typical commercial spent fuel container.

The peak repository heat load in any year from all
of the Naval containers is about 700 kilowatts. That's about

500 to 600 of those hair dryers that are in the hotel rooms

up here. So it's not a tremendous decay heat load.
For about three years now, we've been interacting
very closely with RW. It kicked off in November of '94.

Some of us had a meeting with Dan Dreyfus and Lake Barrett,
and since then, we've had a very close relationship with RW
and with EM in terms of making sure that the things that the
DOE is doing for the repository are in fact compatible with
incorporating Naval spent nuclear fuel.

I'd like to highlight just a couple of things on
this slide. The previous four slides, I gave some summary
results of corrosion and degraded conditions and nuclear
criticality and decay heat. All of that, and more, was
provided in a document about an inch thick in July to the

Yucca Mountain Site Characterization Office with detailed
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calculations for use in their EIS. So that information has
been presented. It's unclassified. Copies of that were made
available to the Board and the Board staff.

The second thing, as Howard mentioned for EM, we
are also working on a memorandum of understanding with RW.
What that will do is that will nail down the details of the
interfaces between us and RW to make sure that all aspects of
controlling Naval spent nuclear fuel are adequately
controlled as we go to the repository.

The third thing I would mention is that our
principal prime contractor that supports us on this, the
Bettis Atomic Power Laboratory, has opened a field office in
the Yucca Mountain Site Characterization Office/M&0 facility,
so that we have an on-site presence in Las Vegas working
closely with the M&0O to make sure that we have coordination,
cooperation, communication, et cetera, et cetera.

We also, it was on that slide and I glossed over
it, but we will provide the detailed analyses of Naval spent
fuel to the DOE so that DOE can use those in the license
applications to the Nuclear Regulatory Commission for the
repository licensing process.

In summary, I guess my points are that the same
attributes that drive us to design and build reactors that
are rugged for operation in extreme conditions, maneuvering,

battle shock, et cetera, et cetera, that are suitable for
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long-term operation in an enclosed environment like a
submarine, with the crew in very close proximity, living in
close proximity for months at a time, those same
characteristics of the fuel, although it wasn't our
motivation in designing it this way, turns out make the fuel
almost uniquely--maybe I shouldn't say uniquely, but at least
very suitable for repository emplacement.

Furthermore, our knowledge of the design of the
reactor, the manufacturing of the reactor, the operation of
the reactor, the post-irradiation examination of the reactor,
and our knowledge of the behavior of the fuel system from our
radiation test data lead us to believe that we have a solid
basis for predicting the performance of our fuel in a long-
term environment.

As I mentioned, we've got the detailed design of a
number of things going in progress. We've got tests and
analyses that are in progress right now. But we're confident
at this point that the defense in depth that we have in our
fuel and in our understanding of the fuel will basically
confirm the situation that we think we have now where the
strength and the integrity of the fuel will be maintained in
excess of a million years. We believe we will show that.

The hafnium will remain in excess of a million years and
will in fact provide adequate nuclear shut-down, and that the

total releases of fission products and U-235 from Naval fuel
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will present a very insignificant contribution to the total
dose rate coming from the repository.

That's all I have. Are there any questions?

BULLEN: Thank you, David. Questions from the Board?
John Arendt?

ARENDT: David, I think you showed the corrosion--or you
didn't show the corrosion rate of zircaloy, but I believe you
have corrosion data for some 30 or 40 years that you're
basing your conclusions on, aren't you?

CURTIS: Yes. And as a matter of fact, yesterday and
the day before, one of our materials scientists from the
Bettis Atomic Power Laboratory was presenting a paper on
zircaloy corrosion--I'm not sure which of those days, he
didn't do it both days--but on one of those days, there's an
expert elicitation panel this week somewhere on the West
Coast, and we're presenting a paper on zircaloy corrosion at
that meeting.

Basically, what we have is a lot of experience out
of in pile irradiated corrosion. We have tens of thousands
of samples that we have irradiated, most of them in the
advanced test reactor, for periods of time up to--well, ATR
is now almost 30 years old, it's about 30 years old. There
are some of those specimens that have been in almost from the
inception. We have specimens that have been in for about 30

years in autoclaves at the Bettis Atomic Power Laboratory,
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and we have some--I mentioned the expended core facility--
some of our earliest cores we've been keeping around as
library samples just because there are unique sorts of
things. A few years ago, we took out a core that had been
sitting in the water pits at ECF for 28 years with no
appreciable degradation of that.

But we have what I would characterize as good
reliable engineering data at about the 30 year point, both in
pile and out of pile. What we believe is that for the

repository situation, the out of pile is probably more

pertinent.
SAGy[S: Sagpgs, Board. On the corrosion matter again,
the kind of environment that you would expect in the

repository would be significantly different perhaps from some
of the environments for which you have long-term experience.
The accumulation or potential accumulation of chloride ions,
for example, in the water, the concentrations that may exceed
by several orders of magnitude where you may have experience
would be an example of that.

Indeed, in a number of highly corrosion resistant
materials, including super alloys and so on, have been looked
at for the outer waste package, and for those materials,
estimates of penetration after a million years would be
considered very optimistic.

I just wanted to know a little bit more about how
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they arrive at those estimates of, for example, one million
years of penetration time. And you mentioned some
percentages when you showed the transparency, the one on
calculation results. Maybe you want to put it up again.

That was the million years, like 1 per cent or 10 per cent.
CURTIS: This one?

SAGy[S: Yes.

CURTIS: I think perhaps what I mentioned was on this
one, I mentioned the 99.98 percentile there, in the case of
the accelerated corrosion. Let me address first your point
on the fact that the environment in the repository is not
likely to be the environment that we have our long-term data
on. You're absolutely correct on that. We've looked very
carefully at the environment that may be there.

We just recently started some tests at Livermore in
the J-13 water. We're doing some tests in concentrated J-13
water, but those have literally just started. So we don't
have any real data on those.

We've looked at the types of chemical species that
can be there. We've looked at the way that that could
impinge on our waste form, and we think, and this gets into a
little bit of the classified aspects of it, so I can't
discuss this in great detail here, but we think that the
bottom line is still going to be true. Even if there is some

local penetration because of a persistent drip or something
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like that, we think that is going to be very well bounded by
the types of analyses that we've done that assume much more
than very localized penetration in one spot.

SAGy[S: And that is estimated at 99.98 percentile for

how many years?

CURTIS: This is for a million years. This is projected
out to a million years.

SAGyIS: That's for a million years.

CURTIS: And the first penetration of that at that rate
comes through at about 300,000 years, and so there is
corrosion from the 300,000 year point to the million year
point in this. There is exposure of the fuel material to the
drift environment for 700,000 years there.

SAGy[S: And that is ascribed primarily to the corrosion

resistance of the zircaloy that would be surrounding the

elements?

CURTIS: Substantially, yes.

SAGy]S: Substantially. And what kind of thickness is
that?

CURTIS: That's a classified number I'm afraid I can't
discuss. I would say that we have provided that information
to John Arendt and Carl Di Bella.

BULLEN: Paul Craig?

CRAIG: Craig, Board. Yes, I'm struck by the difference
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between your million year time frame and the 10,000 year type
of time frame from the DOE designs for the external
canisters. This has to do with the materials that you're
using. Can you tell us something about the nature of the
materials that gives this two order of magnitude longer time
frame for corrosion?

CURTIS: Well, zircaloy, which is the cladding that we
use and is heavily used in the structural material of our
reactors, was designed specifically as a non-neutron
absorbing, corrosion resistant material. As a matter of
fact, zircaloy was invented at Bettis Atomic Power Laboratory
back in the late Forties or early Fifties at the start of the
Naval Nuclear Propulsion Program, and it was designed and
it's been tweaked through the years to make it more and more
corrosion resistant.

Zircaloy 4 is what's used today in industry
substantially, and zircaloy 4 is better than the earlier
versions of zircaloy.

One of the characteristics of zircaloy corrosion is
that the corrosion film tends to be very tightly adherent to
the base metal, and tends to form a protective oxide film on
the base metal. So that actually for a substantial period of
time, the zircaloy corrosion protects the underlying base
metal.

After a while, zircaloy goes through transition,
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and then you get a steady state linear corrosion rate with
time that's very well characterized. We've done a thorough
analyses, electron microscopy, ta-da, ta-da, ta-da, to study
just how that layer builds up, how it's structured, why it
behaves as it does. The details of that really are
substantially in this paper that I mentioned as being
presented yesterday or the day before out on the West Coast.

That paper, I haven't seen a final published copy
of that paper. Once there is a final published copy of that
paper, I have already told Carl Di Bella I would make copies
available to the Board.

BULLEN: Di Bella, Board?

DI BELLA: Switching subjects a little bit, you
mentioned you used to, until 1992, reprocess spent Naval
fuel. Where did the uranium go that was recovered from that
reprocessing operation? Do you know? And were any of the
other actinides recovered for any purpose, as far as you
know?

CURTIS: I don't know the answer to that directly
because Naval Reactors wasn't responsible for operation of
ICPP, so I don't know the answer about the actinides
specifically. I could try to find out the answer.

Before 1992, I was in a different job than the one
I'm in now, and so I didn't even have the contact with ICPP

that I have now.
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In terms of the ultimate use of the U-235 that was
recovered, my understanding was that was provided to the DOE
for the weapons production reactors, I believe principally
Savannah River, but some may have also been provided to other
DOE reactors. But the ICPP is run by a different part of DOE
than Naval Reactors.

Before 1992 when we gave them our fuel, we thought
we were done with it. Now, it turns out there is some
inventory of Naval fuel at ICPP, and on one of the slides I
showed, it talks about a second Record of Decision in April
of 1997. We have decided and have DOE concurrence that we
will bring that Naval fuel back to the expended core facility
and we will canisterize it and prepare it for repository
disposal. So we are retaking possession of that fuel that

was in the back log when the decision to stop reprocessing

was made.
BULLEN: Bullen, Board. One last quick gquestion. You
talk about the 300 canisters and their size and their

dimensions. Do you have any data or calculations on the
surface radiation dose rate that you expect those canisters
to have?

CURTIS: For transportation, there is a transportation
overpack, and I don't have that number off the top of my
head. If I can ask for a voice from the audience, is there a

number?
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Less than 10 milligrams per hour at 2 meters with a
transportation overpack.

BULLEN: That's the transportation. Now, what you're
assuming is that these containers would then be overpacked
again at the repository?

CURTIS: We're assuming that there will be some sort of
repository overpack or something for handling at the surface
facility and to transport them into the drift. And in the
October Board meeting, there was a discussion of how they
would then get unpacked from the overpacks once they're down
into the drift, so that as they sit in the drift, they

wouldn't have that repository overpack there, is my

understanding.
BULLEN: Well, that's the follow-on question, is do you
know the radiation dose in repository? Has that been

calculated?

CURTIS: It has been calculated. It will be high around
the sides of the container. It won't be high on the ends of
the container. The ends of the container will be shielded.

They'll be welded. And so there's enough shielding built
into the conceptual container design so that we can go do the
welding. So it won't be high at the ends, but it will be
high at the sgide, and I can't off the top of my head give you
a number. I can get that number and give it to you later,

but I don't have it off the top of my head.
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BULLEN: I guess the key to the calculation would be the
spectra that you'd expect to see. Primarily the cesium and
strontium are the dominant gamuts, but after a few half

lives, they're gone and you end up with the neutron spectra,
which is going to be significantly different than the neutron
spectra you'll get from commercial fuel. And so I'm
interested in the concept of self-shielded packages, which
means that you could have worker access in drift, and so
that's why I'm asking the question.

A follow-on question essentially would be in dry
storage, have you also done the calculation on the radiation
associated with the near-field and any potential radiolysis
effects and degradation products that may end up accelerating
the degradation of the clad if you're making nitric acid at
the surface?

CURTIS: 1In dry storage, we expect them to be dry. So

we don't expect to be making nitric acid at the surface.

BULLEN: Zero per cent relative humidity dry storage; is
that--

CURTIS: We are going to back fill them with inert gas,
yes.

BULLEN: Okay.

CURTIS: We will dry them and back fill them with inert
gas.

BULLEN: I guess in the long-term analysis then, if your
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package does breach and you have moist air in there, do you
still expect the million year performance of the clad, is
kind of the bottom line question?

CURTIS: Yes, the bottom line question is yes, we assume
that the package will breach. We assume that the package
will breach in the repository. We assume that the package
will breach. We assume that when the package breaches, we
are putting stuff, which is other than nice pure water, into
the proximity with the fuel assemblies, and we expect that we
will have the million year performance under those
conditions.

BULLEN: I look forward to seeing those analyses if I

ever get cleared.

CURTIS: Yes, sir. We look forward to presenting it to
you.

BULLEN: In an effort to keep us on schedule today, I
think what we'll do is move right on to our next speaker.

Our next speaker is Mark Barlow from the
Westinghouse Savannah River Corporation, and Mark will speak
to us about the aluminum clad, highly-enriched spent fuel.

BARLOW: Good morning. I'm the manager of the Alternate
Technology Program for Westinghouse and DOE Savannah River.
My job involves the ongoing activities in performing tests,
analyses and engineering studies for preparing the spent

fuel, specifically the aluminum clad spent fuel, for interim
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dry storage at Savannah River and ultimate disposal in a
geologic repository.

There are two other speakers who will be speaking
after me this morning on topics related to the engineering
and the science behind alternate technology. My objective
with my presentation is to introduce in a little bit more
detail than Howard did a description of the aluminum clad
fuel, its corrosion characteristics. I'll also describe to
you the quantities and locations of the spent fuel today, and
the projections for the future, and I'll also address the
management strategy that we have developed for, again, the
interim storage and ultimate disposal of this fuel.

The diagram to your left are two examples of
typical configurations of the majority of the spent fuel that
we refer to as research reactor spent nuclear fuel. 80 per
cent of the fuel assemblies that we will be dispositioning
are constructed of flat or curved or involute plates, as
shown in that diagram. The box type shown on the left side
of that diagram is the most common configuration. We refer
to it as the material and test reactor, or MTR assembly.

Typically, the majority of them are a little over a
meter in length, about 8 centimeters in width, and consist of
somewhere in the neighborhood of 25 flat or curved plates.
The typical loading of uranium in assembly as shown there is

about kilograms. The enrichment can vary anywhere from low
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enrich, below 20 per cent, but more commonly for the majority
of that fuel type, they are highly enriched, in many cases,
above 90 per cent enrichment U-235.

The involute type that's shown to the right, the
majority of that type is what Howard referred to earlier as
the high flux isotope reactor, or HFIR cores that have come
from the Oak Ridge HFIR reactor.

The length of that element is a little bit less
than a meter in length, a diameter of about 43 centimeters,
and it is a much heavier element with about 10 kilograms of
uranium in the uranium oxide core.

The spent fuel core material for the aluminum fuel
is a two-phased alloy comprised of a dispersement of uranium
aluminide, oxide or silicide and uranium pure aluminum
matrix.

Typically the core plate thickness is about a half
of a millimeter and is enclosed in cladding that's about
three-eighths of a millimeter thick. Generally the fuel that
we receive from the various research reactors is in very good
condition, and in Dr. Iyer's talk, he will show some pictures
of the condition the fuel is in.

There are instances of aluminum fuel having
corrosion difficulty. Howard referred to those earlier.
Those in our basins generally are the production fuel related

targets or fuel assemblies that came out of our production
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reactors at Savannah River site, and those are being
dispositioned, as Howard said, through the canyon
reprocessing process.

I've already mentioned that the enrichments for
most of those fuel types are highly enriched, and in many
cases, more than 90 per cent.

The time in the reactor varies greatly. Some of
the fuels, essentially fresh fuel, there are some instances
of fuel failure and removal of the fuel and put into
temporary storage, but typical burn-up is in the range of
about 30 per cent.

The thermal out put for the fuel assemblies also
covers a fairly broad range, but in general, it's very low,
and a typical number you can put it on a hook is about 10
watts per assembly.

Because it is a two-phased aluminum alloy, the
corrosion behavior is very similar to standard aluminum. The
onset of corrosion is very much a function of the environment
of which it is stored, and aluminum by nature is very
susceptible to humidity and the temperature of the storage
environment. However, we have found by experience that after
the onset of corrosion, there's a formation of a thin oxide
layer of the order of 10 to 50 microns in thickness, and that
essentially provides a protective coating, that as long as it

is maintained, it significantly reduces ongoing corrosion
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rate.

When the cladding is breached and the fuel material
is exposed, the release rate of the fission products is, as
compared to commercial fuel, a much lower rate, and that has
to do with the fact that the fission products are bound in
solution with the aluminum matrix as opposed to commercial
fuel where it may be more in a gas state.

In my talk in just a few moments, and then later in
Dr. Iyer's talk, I will describe for you the program that we
have going on at the Savannah River site that includes
material testing and analysis, and is built upon the
operational experience that we have here at Savannah River.
I'll next describe our current program and the future program
for managing this fuel.

With this diagram, what I'm intending to describe
is how we will be managing the fuel at the Savannah River
site and its final end state disposition. On the left-hand
side, we have grouped the fuel by its either location or its
relative stability with regards to environmental, safety,
health implications.

The disposition path is shown from left to right.
The boxes that are--it may be difficult to see, the shading
is a little bit light--but the shaded boxes pertain to the
disposition path of the research reactor spent fuel, and I'll

walk through that in a moment. The solid boxes here
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represent either existing facilities or activities within the
Savannah River site. Those that are in a dashed box are
planned future facilities. And over here, of course is the
ultimate end state for disposal of the material.

Down here in the legend, and it's hopefully more
legible in your hand-out, although it's a small copy, are a
list of the wvarious NEPA actions that pertain to
dispositioning the materials here that I'll be describing.
And I will not, for the sake of time, describe each of those
in detail.

Across the top line, these are the materials that,
as I mentioned, have come from our production reactors. They
do include some research reactor material. For example, the
Taiwanese Research Reactor was deemed to be an at risk
material that should be dispositioned through the F&H canyons
at the Savannah River site, so they are being reprocessed and
they will be disposed of through the vitrified waste form
from DWPF.

Generally, the topic for this morning pertains to
the materials here in the category referred to as the stable
aluminum fuels and targets, and there are some stainless and
zirconium clad fuel which are in our receiving basis for off-
site facility, off-site fuels facility. The stainless and
zirconium fuels are destined to be shipped at sometime,

probably in the 2010 time frame, to INEEL, and I do not plan
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in my presentation this morning to be discussing the
disposition of those fuels any further.

Future receipts of domestic and foreign research
reactor fuel will be received into our receiving basin for
off-site fuels, and I believe that on the tour tomorrow,
you'll be visiting that facility. We also, because of space
limitations, we are also storing fuel in the basin, the wet
storage basin that's in proximity to our L-reactor.

Our plan, as Howard alluded to a few moments ago,
is for those fuels that are not deemed to be at risk and
would, therefore, be stabilized in the canyons. Otherwise,
they will be transitioned out of wet storage into a new yet
to be constructed dry storage facility at the Savannah River

site, and then prepared for shipping to a geologic

repository.
BULLEN: This is Bullen, Board, just a gquick question.
That's predicated on the fact that the repository will accept

the fuel in that form? If it doesn't accept it in that form,
then it goes back for some other stabilization?

BARLOW: Well, the objective of this facility is to have
a road ready waste form, that we can demonstrate that it will
meet the repository waste acceptance criteria.

BULLEN: So you'd really like to have Number 7 come
before that box where you've got the repository, EIS that

says yes, we'll take this waste form before you put it in
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treatment and interim storage? I'm just trying to figure out
your sequence.

BARLOW: Yeah, relative to the timing. Well, the reason
it's reflected that way is based on the current schedule of
activities.

BULLEN: Right, I understand that.

BARLOW: It's hard to predict. We would like to get out
of wet storage into dry storage. If as a result of the EIS
and the licensing process for the repository additional
treatment is required, then yeah, we'd have to cycle back
through this treatment.

BULLEN: Okay.

BARLOW: On the left-hand side, I've just presented a
graphic of our plan for transitioning from wet storage into
dry storage. Our current anticipated start-up for this new
facility is in the year 2005. And as you'll see, these
inventories here to the far left represent materials that are
being stabilized through the canyons, and those basins were
projected to be the inventory around the year 2000.

L-Basin and RBOF would be de-inventoried in about
2009 or 2011. So, again, to answer your question, Dan, our
intention is to get out of these basins, reduce the operating
costs associated with maintaining those basins.

For this graphic, I'm just attempting to describe

by three different measures what the current and future or
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projected inventory of spent fuel will be. This does not
necessarily represent the total inventory that will be in dry
storage, depending upon the availability of the repository.
But at least it's the throughput for this new facility that's
destined for the repository.

The guantities that are shown here either in terms
of the number of assemblies or cubic meters, volume or mass,
in terms of metric tons of heavy metal, these quantifies do
include the 7,000 assemblies of INEEL fuel just for
completeness. It also includes some material which are
deemed to be potentially, but has not been decided through
NEPA action, potential candidates for reprocessing. And they
constitute a big percentage of the total mass, such that if
they are reprocessed, ultimately what would be sent to the
repository would be about 20 metric tons below the quantity
that's shown here.

These materials, the reason they're considered
candidates for reprocessing is that they include the EBR-II
material, which at Savannah River has been de-clad, and
because of it's uranium metal condition is deemed potentially
not a good candidate for direct disposal at the repository.

Likewise, there are some particulate target
residues from medical isotope production which are now in
about 900 cans and don't constitute a very large mass.

As I mentioned, assuming that these candidates are
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reprocessed, then in the end, there will be about 300 cubic
meters of material that would be prepared for disposal in the
repository. That is about 24 metric tons, as I said, lower
than what's shown here, about 70 per cent of which, unless
it's treated and diluted, would be highly enriched uranium.

A guestion had come up in an earlier talk about the
number of canisters. We have not made the final selection of
the technology for preparing for disposition of this
material, and I'll discuss that in a moment, but depending
upon the technology, the number of canisters that would be in
this facility containing fuel in a dry storage environment
range--our best estimates at this point range from somewhere
between 400 to over 1,000, maybe 1,400 canisters. Those
canisters would be then shipped to the repository and loaded
in a waste package at the repository. By volume, this
material represents less than 1 per cent of the total
inventory that's projected to be placed in the repository.

SAGy[S: Excuse me. Sagpgs, Board. Again, the ordinate
in that graph--

BARLOW: Oh, I'm sorry, it's the number of assemblies.

SAGy]S: Number of assemblies?

BARLOW: Number of assemblies.

SAGﬂS; Thank you.

BARLOW: As I mentioned with do have a program for

making determination of the best technology for
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dispositioning and preparing this material, and that's what
I'll be describing next.

In late 1995, DOE assembled a team of experts from
within the DOE complex for people who have had working
experience with these materials, and gave them the mandate to
come up with a strategy for safe interim storage and disposal
in a geological repository. This task team conducted its
review over a several month time frame, and included a number
of interactions with what's referred to as our technology
champions, folks who thought that they had the best
technology to disposition this material and prepare it for
storage and disposal.

This charter came as a result of decisions and
announcements that had been made by the Secretary of Energy
to discontinue operation of the reprocessing alternative.

And so this task team's job, by its terminology, was to come
up with alternatives to the reprocessing technology.

In the task team report, they do show, for
comparison purposes, costs and schedules associated with the
reprocessing option, and as I indicated earlier, it is
currently the Department's policy that those materials that
are a potential health and safety risk would be reprocessed
if there is an imminent concern.

In your hand-out, the following two slides contain

a list of the alternate technologies that the task team spent
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a number of hours and days and weeks evaluating and
deliberating between themselves. Again, in the interest of
time, my intention is not to present all of those, but rather
describe their conclusions and the recommendations, and then
in a little bit more specificity, the two technologies that
we're pursuing today.

In evaluating the alternative technologies that are
listed in your package, the task team used a multi-attribute
analysis, and came up with a consensus among the team as to
what were the conclusions of evaluating against the criteria
that are listed here.

The first criteria was a judgment on their part of
what they thought the confidence or the likelihood of success
of being able to implement the technology, and within the
established cost and schedule and the technical performance
parameters as best they were understood at the time. This
particular criteria was given a weight of 30 per cent.

Second criteria was cost, a comparison both of ten
year cost and life cycle cost, and that cost was to include
competing technology development, design, construction,
start-up, operations of the new facility that I just
mentioned a moment ago, as well as projection of the waste
disposal costs which obviously are related to the number of
canisters and the volume of material to be disposed of. This

was also given a weight of 30 per cent.
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Third criteria were the technical merits. Each
technology was judged with respect to its conformance with
environmental safety and health standards, waste form
compatibility with repository requirements, again, as well as
they were defined almost two years ago, and some
consideration of potential proliferation issues. And that
was given a weight of 20 per cent.

And last, but certainly not least, in DOE's
priority was timeliness of implementation of the operation
and the beginning of transitioning out of wet storage into
dry storage. That was also given a weight of 20 per cent.

The next slide in your hand-out is a table that
shows the results of their evaluations and the scoring that
they came up with, and that's been about two years. Since
that time, some of the input and some of the information they
had available has evolved. We have a better understanding of
the costs than we then had, a better understanding of some of
the performance requirements. And so today, I don't imagine
the scoring would come out the same exactly, but they did
perform and we have looked back at their criteria, and in the
end, we think that their conclusions still stand relative
among the technologies.

BULLEN: Bullen, Board, with a quick question. Are you
going to put up the table?

BARLOW: I can if you'd like to talk about it.
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BULLEN: Actually, just a quick question to ask about
that. I notice that in picking your weighing, and everyone
is always going to criticize how you pick your numbers, and

this is not a criticism, this is just a comment, that if
costs weren't weighted so highly, if you switched cost and
technical suitability as 30 per cent, 20 per cent, the other
way around, would you expect a significant change? I mean,
the cost heavily weights toward direct co-disposal, according
to your inventory there. If it were only 20 per cent and the
technical suitability of melt/dilute or press/dilute or
whatever, which has a higher technical--and obviously we're
the technical review board, which is why we look at those
things--do you think it would change? And particularly in
your second choice, because if you look at the overall score,
the difference between 66, 63, 62 and 60 isn't very big.

BARLOW: That's right.

BULLEN: And so were costs not so heavily weighted and
technical suitability given a little bit more weight, would
that skew the results a little bit differently?

BARLOW: Well, as I said, they did do a sensitivity
analysis, and I didn't prepare that graph. The way they did
the sensitivity analysis was to take out, or zero out one
category, and then determine the ranking. I don't recall
exactly how the sensitivity result came out when the cost was

zeroed out. But I think I would agree with your perception
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that most likely, at least between these two highest scores,
they would come much closer, if not switch. And, you're
right, because of cost and timeliness, the direct co-disposal

and direct disposal came out a little bit higher than the

others.
BULLEN: I think from my personal perspective, I'd like
to see technical suitability be more heavily emphasized as

opposed to cost, because I'm not sure we have as firm a
handle on cost right now as we're going to have in the time
frame for disposal. And so cost usually is one of those
things that drives things early on, and maybe falsely so, and
so you really worry about giving a lot of emphasis to cost.

I mean, fully 30 per cent to cost is a strong emphasis there,
whereas I think from a technical perspective, we'd like to
see more weighing in that area.

BARILOW: An evaluation similar to this, but our
intention is to conduct it a little bit differently, an
evaluation similar to this will need to be done to narrow
down between those that we are now implementing or
developing, which are the direct co-disposal and melt and
dilute. That evaluation may or may not have the same kind of
weighing.

I would also mention that most recent cost
estimates, in fact there was one just published last Friday

and, among other groups who were interested, the National
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Academy of Science was provided a copy, show that the
difference in cost between direct co-disposal and melt and
dilute is essentially zero, at least within the range of

accuracy. So even with that weight, the scoring would

change.
DI BELLA: While you've got the table up there, this is
Carl Di Bella, I'd like to make--I'm not sure if this is

going to come out as a comment or a question--the ultimate
objection here is to get rid of this stuff, to dispose of it
permanently, and it would seem to me that your criteria ought
to include some sort of performance metric so that decision
makers could look at the trade-offs between the wvarious
factors and performance. It appears right now all you have
is like meets a minimum performance standard. I'm talking
about performance in a repository meaning something like the
dose or something of that sort. Am I correct in interpreting
your table that you really don't have a performance goodness
metric there?

BARLOW: Again, what I'm referring to here is an
evaluation that was done a couple of years ago. And in the
category called technical suitability, there was an attempt
to evaluate the performance against waste acceptance criteria
as it was understood. And since I was not directly involved
in it, there may be someone who would correct me in the

audience, but my understanding of it is that there wasn't
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much of an attempt to give too much weight to going beyond
acceptable. In other words, there wasn't a good, better,
best grading that played very heavily into that evaluation.
That, of course, is very subjective and it's somewhat
difficult to quantify, but our intention in the evaluation
that I'm going to describe in a few moments that will be
happening here in about six months would be to give a little
bit broader look to that consideration. And your input and
the National Academy's input would be certainly valuable to
that, among other stakeholders.

As the table showing the scores indicated, the
simpler or less complex options generally came out ahead of
the more complex technologies. And those that came out near
the top, as we just mentioned, were direct co-disposal and
melt or press and dilute. We talked about because of cost
and timeliness, that direct co-disposal tended to be a little
bit higher, but taking that out of consideration and looking
at how you would rate melt and dilute, its advantages and
technical suitability, it came out higher in that particular
category.

Electrometallurgical treatment was acknowledged by
the task team as an ongoing development activity that had its
own funding, and ought to be kept in the wings, as it were,
as a diverse, more advanced technical backup. And, in fact,

part of the assessment or presentation and deliberations that
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we had with the National Academy of Sciences two weeks ago
included the description of ongoing effort related to
aluminum fuel and electrometallurgical treatment.

However, within the Savannah River site and the
program that I'm managing, we are not actively involved in
that particular technology, but we are with direct co-
disposal and melt and dilute. We have not continued the
development of press and dilute primarily because, again as
was pointed out on that graphic, press and dilute
accomplishes some but not all of the, if you will, technical
advantages of melt and dilute, and in our evaluation, the
melt and dilute does not pose that much additional cost or
technical complexity as compared to melt and dilute. So we
are not pursuing that option at this time.

Subsequent to the Research Reactor Task Team
completing its work and publishing its report, which is
documented in two volumes, the first of which is a volume
that describes just what I did in much more detail, and a
second volume of appendices that provides primarily cost, but
also some critical analysis and some other data that backs up
this report. And if the Board does not have it, certainly we
can provide a copy.

Shortly after this report was published, the
Department of Energy directed Westinghouse Savannah River

Company to implement the recommendations that are contained
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within that program, and that's why I'm here. For about a
year and a half now, we've been conducting the evaluations
both on the technology side, and we've begun the engineering
and project work for the facility. And though describing
that project activity is not part of my discussion this
morning, I'm available to answer questions about where we are
with that.

But what we will spend some time on, and I'll
describe here briefly, is the technology program, and later I
guess the next speaker, Dr. Iyer, will go into more depth
than I will here. Generally, I would describe the goals of
our program to be three-fold; first, to conduct and
ultimately complete waste form qualification studies on both
the direct co-disposal form as well as a melt and dilute
product form. Those studies are being done for the
environment, both for dry storage in an interim basis at
Savannah River, and for repository disposal, such that,
again, we're looking at those environments and the variations
associated with those.

These studies and the technical basis, which I'l1l
mention in a moment, will become the input to a technology
decision which we are now scheduled to make in the fall of
next year. In the summer of next year, Dr. Iyer and our team
will be preparing a report that will be an assessment of

these technologies, these two alternatives, and provide a
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recommendation to the Department as to which one, or perhaps

even a combination of the two, we would recommend for

implementation.
The technical data package of course is the
necessary documentation that needs to be provided, both as a

basis for design and construction of a facility at Savannah
River, but likewise for the design, the environment impact
study and the licensing of the repository.

Discussions have been going on and have increased
in frequency, and sometimes intensity, between ourselves and
DOE RW in sharing documentation and in face to face meetings
on what this data package needs to consist of. And in fact,
yesterday all day, and I think all day today, we have
engineering and technical folks meeting with DOE RW
discussing what the data needs are and how that data is going
to be used so that we can be sure that the information that
we're generating is compatible with their needs.

And thirdly, as I mentioned a moment ago, we are
defining those functional requirements necessary to build the
facility that may or may not include treatment, but certainly
would include certain conditioning steps to prepare the fuel
not only for dry storage, but ultimately for disposal.

In this past little over twelve months, we have
made excellent progress, we think, and as I mentioned, not to

steal Dr. Iyer's thunder too much, let me just hit some of
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the highlights of what we have accomplished in the technology
side of our program.

Within the direct co-disposal arena, we have
documented a set of specifications for drying of the aluminum
fuel, and this is based upon vacuum drying tests that we've
conducted at the site. We have also, both within the site
organization and in conjunction with other DOE laboratories,
and DOE RW's M&O, have conducted a number of performance
studies that include thermal analysis, air and vapor
corrosion testing and criticality analysis, which will be
part of the topic following Dr. Iyer.

We've also installed, or are in the process of
installing a test canister to be used out in the facility
with real irradiated spent fuel for the purposes of
monitoring and validating its performance against the models
that we have been creating and are refining as we go through
our qualification studies. That test canister should be in
place by March of this coming year and be ready to have fuel
installed into it.

Within the melt and dilute area, most of the focus
has been in the process development side of things. That
includes looking at the various crucible materials and the
performance of those materials during the melting process.

We have been looking at furnace design, and one of the

primary concerns or considerations for moving forward with
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this technology is how to deal with the by products that come
as a result of melting these spent fuel elements in a
furnace. And so the off gas system is an important component
of that process that we are spending a lot of effort
addressing.

All of this work has been documented in reports,
many of which have been provided to the National Academy of
Science and to the U. S. Nuclear Regulatory Commission for
their information, as well as the Department of Energy, and
they're available to the Board at your request.

Looking ahead at least for the next six to twelve
months as we anticipate this technology decision, our focus
on direct disposal is really to do more expanded and detailed
analyses than those that we've been able to accomplish in the
past several months. And likewise, within the melt and
dilute process, we envision, or we have committed to and have
schedules for starting up prototype facilities and apparatus
within the laboratory to demonstrate the process works, and
we will do that to form various compositions of alloys. And,
again, Dr. Iyer will discuss that for you in a little bit
more detail in a few minutes.

I'd like to switch gears now at the Board's request
and take just a few minutes and describe the activities and
the dialogue that are taking place now with the U. S. Nuclear

Regulatory Commission.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

69

A few months ago, the Department of Energy and the
USNRC agreed to an exchange of technical information
regarding this program, and specifically what DOE has
requested is that the NRC staff, technical staff, provide
comments regarding the suitability of the various
technologies as it pertains to repository acceptance, and
some of the issues that may relate or pertain to that.

Since this memorandum was signed, we have provided,
as I mentioned a moment ago, to the NRC the documents, some
of the primary documents that describe the work that's been
completed and the work that's planned. Tomorrow, we will be
having really the first working meeting that we've had with
the NRC to make plans for activities between now and at least
six, twelve months from now. So we do not yet have feedback
from the NRC that I can relate to you today.

In fact, if they haven't introduced themselves, I
think that at least two of the folks that we'll be meeting
with from the NRC are here this morning.

Finally, as I mentioned, and that you're aware, the
National Academy of Sciences has been asked to assist DOE by
conducting a review of this program, and that has begun.
Specifically within the National Research Council's Board on
Radioactive Waste Management, a principal investigator has
been assigned, and a panel of experts has been assembled to

conduct a review in anticipation of this upcoming decision
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that needs to be made.

The National Academy of Sciences has met with us
twice. First, just a small group with the principal
investigator, Milt Levenson, and their study director, Kevin

Crowley, for the purpose really of kind of scoping out the
effort, understanding what information is available.

Then the second meeting took place two weeks ago in
this building down the hall, and it was a day and a half of--
really a full day of presentations made by myself and my
staff, as well as individuals from DOE RW's M&O conducted a
number of analyses and studies that we are using and will be
described for you a little bit later. Their schedule is to
provide DOE with a report in March. It's a very compressed
time frame by their standards, and they've expressed that a
number of times, that concern, but they have asked their
panel of experts to provide their written input by Christmas,
and presuming that they're all going to do that, they are
committed to providing the Department with a report. That
report and its recommendations, its comments and observations
will certainly be factored into our assessment and ultimately
the Department's decision.

That concludes my presentation, and I thank you for
the opportunity to present it.

BULLEN: Thank you, Mark. This is Bullen, Board.

As a followup to your last viewgraph, I've been in
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contact with Dr. Levenson, and have agreed to provide him
everything that we learn in this meeting to further augment
his studies, and he has also agreed to provide us with his
input, actually his drafts as they come out. So we are very
interested and are very aware of this study and look forward
to seeing it.

Any questions for Mark from the panel?

(No response.)

BULLEN: Okay, I'm going to defer questions from the
audience in light of keeping us on schedule. We will take a
break for how about 13 minutes, and reconvene at 10:45.

(Whereupon, a brief recess was taken.)

BULLEN: Could we reconvene, please, have at least the
Board members come back and have their seat at the table?
And could everyone grab their coffee and pull up a chair?

Our next speaker is Dr. Natraj Iyer. He manages
the technical activities at the Savannah River Site Spent
Nuclear Facility Technology Development Program, which
includes aluminum spent nuclear fuel, alternative treatment
technology. He also manages the Materials Application and
Corrosion Technology group at the Savannah River Technology
Center. And Dr. Iyer will speak to us about the treatment
options for aluminum clad, highly enriched uranium spent
nuclear fuel disposal.

IYER: Good morning. I want to thank the Board for this
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opportunity to talk about the alternate treatment technology
program that's currently underway at SRS. As Dr. Bullen
mentioned, my name is Natraj Iyer and I'm from the Technology
Center at SRS, and I'm going to be talking to the activities
that are currently underway in the context of the alternate
technology program.

What I'm going to do is give kind of a background.

I know Mark has covered some of the aspects of aluminum fuel
and its characteristics, and what I'm going to try to do is
try to go into some more detail and give some background on
aluminum fuel, show you a little bit about its corrosion
performance in basin storage or wet storage, which could be
one of the conditions the fuel is in before it's put into a
road ready package either for direct disposal or melt/dilute,
also show what the corrosion performance is in dry storage.
Again, those are kind of the starting conditions. And then
really share with you the road map we have for the technical
activities related to the options that we are currently
pursuing.

I should point out that the charter that was given
to us as part of this program was to look at both these
options. As the task team looked at all the different
options, we were not necessarily champions or defectors for
any of the options. So what we hope to do and attempt to do

is look at both these options objectively in the context of
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the decision drivers that our leaders have laid out, and see
how things play out.

As most of you know, there are really three
different kinds of aluminum fuel that are being considered as
part of the MTR aluminum, the foreign research and domestic
research reactor. Primarily, the UAlx type and what that
consists of, the UAlx phase, the aluminite phase and aluminum
matrix, and it's primarily made--some are made by casting
extrusion technology, but most of it's made by primarily the
rolling or casting technology.

Another kind of fuel is the U308 element of fuel,
where again you have a U308 phase and an element of matrix.
And then the low end rich fuel, a lot of it is the silicite
fuel, which is kind of the more recent fuel that came out of
the RRTR program, the Reduced Research and Test Reactor
Program, and what this consists of is primarily the silicite
phase, again in an aluminum matrix. As I said, typically
most of these fuels are made by power metallurgy followed by
some kind of metal working, be it rolling or extrusion. Some
of it is made by casting, but that's a fairly small fraction.

Obviously what we are more interested in is what do
these fuel microstructures look like after irradiation. And
what you see for all the three types of fuel, obviously
you're going to see the fission cavities or the fission

porosities in these fuels, and both in the UAlx fuel and the
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U308 fuel, a lot of it is converted to the UAlx phase. So
what you see in the oxide fuel, for example, is, depending on
the burn-up, a lot of UAlx phase, a little bit of oxide, and
then primarily a aluminum matrix. And, again, with the
silicite fuel, it's primarily silicite and aluminum.

So if you're talking either dry storage, direct
disposal, this is kind of the condition of the fuel that
we're looking at as we get it ready to be packaged.

I just wanted to share with you a little bit about
corrosion performance. There has been a lot of discussion,
both in the technical community and in the operations area in
terms of performance of aluminum fuel. The fact is aluminum
is reactive, but what's unique about aluminum is it's
reactive, so it forms the initial oxide layer very quickly.
And once it forms that oxide layer, it passivates very
readily. So in a sense, as long as the integrity of the
oxide layer is maintained and the environment is maintained,
aluminum fuel is very corrosion resistant, and that's been
borne out again and again in a lot of our field experiences,
both in wet storage and dry storage.

Typically, what happens with most of these fuels is
in reactor service, you very rapidly for a typical
irradiation, anywhere from 50 to 70 per cent burn-up, you
build up a bromide layers of about 50 microns, and as long as

the handling is typical, that is, you don't initiate
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scratches on the fuel, the bromide layer is very resistant to
any kind of corrosion. And so when we take this into the
basins, and we looked at both basinsg, and by basins of
origin, I mean basins across the world in a lot of foreign
countries which are not necessarily either technically or
economically built up to the extent the U. S. is, so we
looked at the fuel in the basins of origin and then of course
the basins at SRS.

What you find is typically unless you breach the
oxide surface somehow, you see very good corrosion
performance for long periods of time. Over the last three
years, we have had an extensive foreign research reactor off-
site inspection program, where our folks have gone and
actually visually looked at fuel and fuel plates in a lot of
these foreign countries, Brazil, Venezuela, Uruguay, and a
lot of those other countries, and what we have found is what
you see on the right is kind of typical of over 95 per cent
of the fuel that we see as what is categorized as FRR fuel,
and that we expect back at SRS. That is, it's in near
pristine condition. Between 2 to 5 per cent of the fuel has
some degree of corrosion, and what I've shown on the left-
hand side there is the absolute worst fuel that we've seen so
far in our inspection of a lot of different foreign basins.
And even that particular fuel where you see these oxide

build-up, or the corrosion product build-up, that particular
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fuel, if you stick it in the basin water by itself and do a
leach test, or what we call a SIP test, which is one of the
accepted tests, the leaching of cesium 137 is almost non-
detectable. It's less than about 8 or 9 nanocuries per hour,
but it kind of gets into the range of sensitive--and things
like that. But it's almost non-detectable. And as I said,
that is the absolute worst case fuel that we've seen.

A big difference between the leaching
characteristics in aqueous environment, and I'm talking about
a typical basin aqueous environment as opposed to the
repository environment. What happens is even though you
initiate a pit, which is a primary form of degradation, it
passivates very quickly and you form an oxide layer over the
pit. So typically unlike commercial fuel, where if you have
a breach, it pretty much releases all the fission products
because of the interconnected porosity, in this case, the
release is really driven by diffusional processes, which are
time, temperature, diffusion coefficient driven, because all
the fission products are really attached in the core.

So that's the big difference between alloy fuels
and what we see in commercial fuels, and because of that, in
typical basin aqueous environments, we don't really see--or I
would say see insignificant leaching, where we get into the
so-called non-detectable or near non-detectable uncertainty

range. But that again only goes to the 5 per cent of the
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total inventory or typical FRR fuel that we'd be receiving
back is more what you see on the right side.

That particular fuel, for example, was stored in
wet storage for 25 years in Brazil, and a wide range of
chemistries over its life storage history, and that's typical
of a lot of the foreign research reactor basins.

At SRS, most of our basins are maintained to 1 to 2
micromole semens per centimeter, if that's the right unit.

So most of our basins maintain very pure conditions, and
again, unless you see a breach of the oxide layer itself, we
haven't seen any corrosion.

We have an extensive corrosion surveillance coupon
program where we periodically remove corrosion samples and
actually also look at our fuels visually to see if corrosion
has been initiated, and if it has proceeded.

I didn't bring the slide on dry storage, but then
talked a little bit about dry storage. We've done extensive
work, which could be another adversive condition for some of
these fuels. What we've seen also in our foreign inspection
is that dry storage under a wide range of conditions, from
fairly humid conditions in Brazil where they actually had
some water leak on some of these fuels, to controlled
conditions, I would say more controlled conditions, again the
condition of the fuel that we've seen in dry storage under

wide ranging conditions has been fairly pristine, as long as
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the oxide layer hasn't been breached.

Now, within SRS, we have done extensive work on dry
storage to basically develop the storage criteria. But what
I was trying to point out was really the range of experience
that we observed in receiving these fuels from the different
basins across the world.

I'm going to switch gears now, having described the
condition of the fuel that we're going to be receiving for
some kind of alternative treatment, I'm going to talk a
little bit about the program that Mark alluded to. It's
referred to as the alternate technology program, and it was
initiated in FY97, so we are a little over a year underway.
And the purpose of this program, our charter was really
implement the recommendations of the Research Reactor Task
Team that DOE headquarters had instituted, and the primary
recommendation was to pursue direct co-disposal and as a
backup, melt/dilute.

As the program got started, our approach has been
we are pursuing direct co-disposal and melt/dilute on equal
par in terms of the way we are approaching the issues, and as
I said, we're looking at it in the context of the number of
decision drivers, and just a year from now, we're going to
see how things play out.

What direct or co-disposal is is primarily putting

a spent fuel canister in a waste package which consists of
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DWPF glass canisters. And the melt/dilute option is taking
the fuel, melting it, adding depleted uranium to dilute the
enrichment, solidifying the fuel directly in a canister, and
thus flexibility in terms of what that canister material
could be. For example, it could be in a canister, or we
could remove it from the canister and put it in the spent
fuel canister. But one option is, for example, if titanium
alloy or some other hastelloy is a good engineered barrier,
then the option does exist to cast it in a crucible of that
material, seal it, and then put it in the spent fuel
canister. So it does provide a lot of flexibility in terms
of how we would process it.

The primary drivers for direct disposal, as you saw
from the report, was both the cost and the timeliness, and of
course the issues and challenges are to demonstrate
criticality control and demonstrate that to the satisfaction
of all the stakeholders. That was one of the primary
challenges. The other big challenge is the characterization
requirements.

I failed to mention that as these fuels come from
across the world, they have different pedigrees in terms of
the way they've been characterized or the way the
characterization data has been assimilated in all these
different countries. And so the question is how do you

reconcile that versus what the RW requirements may be for
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characterizations. So the characterization requirements
could be quite significant for direct disposal. That's still
something, you know, will evolve through discussions, but it
could be significant given that they all have different
pedigrees as they come from across the world.

The dilution option has the benefit that we
basically erase the bulk of the history of the fuel, so the
characterization requirements are fairly limited in context
of direct disposal. You do have the benefit of the dilution,
which helps with the criticality control.

And, finally, as we have done the work, and you'll
see later, it does have a significant volume reduction
potential, up to 70 per cent, and I'm going to get into that
a little later.

So the way the program was laid out is our primary
decision drivers were the spent fuel performance, and by that
we mean both performance preclosure and postclosure in the
repository, the characterization requirements, costs,
schedule, licensability, stakeholder acceptance. And when
you look at those decision drivers in terms of what needs to
be done technically, we basically can categorize in three
boxes. One is the spent fuel form development, and I'll get
into what that means a little later. The other one is
performance, and then another issue unique to alloy fuels is

the fact that you need to be very careful how you interpret
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the performance results. And so you need test protocols.
For glass, there's an ASTM standard, which is commonly used
for commercial fuels. Again, there are standard techniques
that have been used. ©No such technique exists for aluminum
alloy fuel. And so that particular activity is just as
important if you're going to get good scientific data which
can be input into the PA, and other data needs requirements.

So the way the program was organized for both these
options was to look at these three major issues so that we
could provide the information both to our management and all
the stakeholders in terms of all the decision attributes.

Just getting into it in a little more detail, what
we mean by spent fuel form development is for direct
disposal, it's really coming up with the road ready storage
criteria in the context, that is, what is the--we already had
a dry storage criteria for aluminum fuel established here at
SRS, and what we are doing there is building that and taking
it to the next step in the context of what we know currently
is the waste acceptance criteria, and to come up with what we
call the road ready package criteria for aluminum fuel. So
that's really what it means in the context of direct and co-
disposal.

On the other hand, in the context of melt/dilute
process, it means what's the right composition of your

melt/dilute form. What is the dilution level, what's the
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uranium aluminum ratio, and what is the result in
microstructure and what are the characteristics. So it's
really the bench scale process development leading to some
kind of what we call the optimum microstructure to drive the
performance.

The performance in both cases, in direct disposal,
it's really performance of the fuel microstructure. I showed
you earlier the irradiated microstructure. In the context of
melt/dilute, it's really performance where you don't really
have those fission pores. 1It's a fairly homogeneous
microstructure with uranium-aluminum ratios. So it's really
looking at performance of those kind of microstructures.

And the reason we are doing this is really to feed
two critical data needs. One is to feed the process
requirements so that the SRS site can start developing
functional requirements and start planning towards the
feasibility, and the other one is to address the data needs
that RW has as they get into PAs. Right now, most of the
information, for example, that's being used in the
preliminary performance assessments are assumptions of
aluminum dissolution rates and pure uranium dissolution
rates. And as this program evolves and as we start
generating dissolution rates for the exact microstructures,
those will be fed into RW.

And then the last block at the bottom, the test
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protocols, is the activity I mentioned earlier, is to make
sure that the way we measure the performance characteristics
and the way we interpret it is consistent and has consensus
to ASTM or some other national consensus board.

What I'm going to do next is kind of show you a
road map of the technical program for both of these options,
and then just highlight some of the accomplishments. My
intent here is to just give you an idea of the kind of
activities, and then as I said earlier, tomorrow as we go
through the tour, if you'd like more details on any one
specific activity or all of them, we'd be glad to provide it
as we walk through the tour, since I can't condense
everything in a half an hour.

But the direct disposal area, as I said, there are
several activities, and those are these major blocks leading
to basically what we call the technical basis for direct
disposal. That is how that body of information that would
help the decision makers make the right technical decision.
The first block is the spent fuel form definition, the first
two blocks, and the form development and development of the
storage criteria. What that is is basically building on the
dry storage criteria, looking at the environmental conditions
that are required in the road ready package canister so that
you basically don't have degradation preclosure or very

limited degradation within acceptable limits up to the
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preclosure stage. And that has been defined and we have
documented that, at least the preliminary road ready storage
criteria.

The next block is basically a better definition of
the road ready package. In this context, we are primarily
working with the national program as it defines the various
canister configurations.

The performance analysis, a big aspect of direct
and co-disposal, is obviously the criticality analysis, since
we are dealing with high enriched uranium, and the next
speaker is going to talk to that, but we're working with RW
M&Os as they perform the early criticality analysis for some
of these fuel types to see where we stand, just so that again
we get the body of information that we need to make a wise
and right decision.

One major aspect of criticality performance
obviously with high enriched uranium is the response and the
reconfiguration of materials. That's just as important as
just normal degradation. How do they reconfigure and
reconstitute through the geological time. So that is a major
activity.

Obviously, a lot of the criticality analysis is
already underway, and what we hope to do with the information
we generate is go back and either validate the assumptions or

fine tune the assumptions, and that's the intent.
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And at the end, what we expect to have is for each
of the attributes in the waste acceptance criteria, basically
have a technical basis, for example, for reactivity,
pyrophoricity, compatibility, the dissolution rates, and have
that package of information for both these options, in this
case, I'm showing it for direct disposal, so that come next
fall, we would have the same set of information for both
these options in the context of repository performance, and
at the same time, also have the functional requirements for
both these options so that we can make the decision.

What I have in these blocks on the side are
primarily some of the specific activities that have been
going on in fiscal '97 and what's currently underway in
fiscal '98. A lot of the activities in fiscal '97 focused on
the definition of the road ready storage criteria, and what
we have currently underway, as Mark said, is basically a lead
surveillance program that we're trying to go validate the
corrosion models that were developed for the road ready
package.

The focus of the '98 activities is really to look
at the materials response reconfiguration issue, and also
start generating the information in the repository
environment, and those tests are underway so that we can get
some realistic dissolution rates. And I'm going to get to

that a little later.
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The next slide I'm just going to highlight. This
by no means is a summary of all the activities. But I'm just
going to highlight some of the activities that had been
underway. The first block on the left is the road ready
package. As I said, we have established the drying criteria
and the backfill criteria, and we're actually conducting
field vacuum drying tests for these MTR assemblies in the
canister to make sure we have enough information to issue the
drying specs so that we would have reasonable functional
requirements for the storage facility.

At the same time, we also have what we call--where
we initiate the lead surveillance canister, and the purpose
of that is really to validate our storage criteria and our
corrosion models, our degradation models. And what we are
doing in there is we have a highly instrumented canister,
which is shown in the photograph on the second block on the
right. We have a highly instrumented canister which has all
the bells and whistles in terms of temperature measurement,
gas pressure measurement, everything else, so that we can
validate both our thermal models and our degradation models
as we take a canister to the extremes of the safety and
operating envelope.

We have developed degradation models, and these
have been done parametrically initially using typical cold

samples, including gamma radiolysis effect, and then the
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models are being validated actually using hot samples. So
that's the approach we've taken, is we have done a very
extensive parametric analysis using cold samples in gamma
radiation with radiolysis effect, and then we go and pick key
spots and then do a validation using hot samples. That's the
approach we've been using, and found it to be very cost
effective.

And the last block on criticality analysis, the
next speaker is going to talk to that, so I'm not going to
say anything at this time.

I'm going to switch gears and talk a little bit
about the melt/dilution process. And as I said, you'll see a
lot more detail tomorrow as you walk through the lab
specifically on this process, because we will show you our
apparatus and what we've been doing. But the key blocks
again are development of the melt/dilute form, and by that,
what I mean is to make sure, number one, we know we can cast
these alloys because that's how we made the fuel at SRS for a
number of years, but make sure that we can get the right kind
of microstructures to make sure we understand what those
microstructures mean in terms of performance, and also make
sure some of the process issues in terms of crucible mold
interactions and the various options we have, for example, do
we pour it, do we cast in crucible. If you cast in crucible,

does it make sense to cast in a carbon steel crucible, or is
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there something to be gained casting it in an engineered
barrier kind of material and sealing it. So those are the
kinds of issues we are looking at.

The other major issue is the fission product
release, and this is in the context of the functional
requirements for a feasibility at SRS. So we have done
extensive analysis of what the total fission inventory is for
all the 20,000 elements coming back, what would be the
inventory, how would we process it through a melt/dilute
furnace, and what the primary actors are and what kind of off
gas system do we need to treat those.

Then the next block is small scale validation. A
lot of the up-front work was doing bench scale. And by bench
scale, I mean hockey puck kind of samples. And what the
small scale validation is aiming to do is primarily taking
full-scale MTRs and taking it through a melt/dilute process
to show and convince ourselves that we are making a
homogeneous product. And where that stands is during FY98--
well, during FY97, we actually did a full-scale MTR
melt/dilute experiments, and during FY98, we actually are
developing a facility which would be more prototypic, that
is, switching from a resistance furnace to an induction
furnace with induction storing so that we have a more
homogeneous microstructure. And the plan is then to take

that to FY99, actually do a--
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And then the last block is the form assessment,
which is looking at the waste acceptance criteria attributes,
such as reactivity, pyrophoricity, corrosion resistance, gas
generation, et cetera, and make sure we have a technical
basis for those, and develop that. And that obviously, a lot
of it is common to direct disposal, except for the
microstructure dependents.

BULLEN: Bullen, Board with a quick question before you
leave this. As you've done the melt/dilute, then you don't
have to worry about the criticality analysis or the
criticality--

IYER: No, one of the activities, and I don't know if
it's in that block, but one of the activities we have
underway in FY98 is the criticality analysis.

BULLEN: Okay. It's in the far right block way at the
bottom, yeah. I see it now.

IYER: Okay. And that's currently underway, at least
the scoping analysis is currently underway in-house, and then
taking it to the next step through the RW/M&0O, we haven't
resorted to that extent yet.

BULLEN: So it's sort of dependent upon the geometry of
the package as you put it in, and then how it reconstitutes
again from the waste form as it dissolves?

IYER: Right.

BULLEN: And I guess that's the follow-on question which
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you're trying to address.

IYER: Yes. This viewgraph just highlights again some
of the accomplishments in melt/dilute. I've kind of spoken
to a lot of that. The extreme left block, again just shows
you the kind of variables we looked at in our bench scale
work, and most of them are process issues as opposed to
waste--well, we have looked at waste form microstructure
dependency on those process issue.

What the right block shows is basically the volume
reduction potential. The typical nominal numbers that we've
been using for all our analysis is about 1,400 canisters for
direct co-disposal. And in that context, if you go to 20 per
cent dilute, depending on the alloy composition, you
typically get in the 400 ballpark range, 400 canisters
ballpark range for the melt/dilute process.

The block at the left bottom kind of shows just a
schematic of the off gas system. And I'm going to get to the
radionuclide inventory in a bit, but just shows that you have
to worry about the cesium, iodine and krypton, they are major
players, and we currently have detailed work going on both
bench scale and then taking it to full scale in terms of what
that off gas system would look like.

And the extreme right block at the bottom is just a
view of the furnace that we have, which you'll see tomorrow

when we do the melt demonstration, melt/dilute demonstration
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of a full scale MTR.

I'll talk a little bit about form testing because
as I said earlier, this is just as critical for these alloy
forms as the rest of the work. And the main reason is for
the glass waste form, as I said, there's been a lot of work
done in the aqueous environment, and also for commercial
waste form.

SAGy[S: Excuse me. Sagpgs, Board.

Are we now back into the initial form, or--

IYER: This is common--
SAGy[S: Not the melt/dilute form any more?

IYER: Okay, in terms of this particular activity, what
we are trying to do is make sure we understand as a function
of the aluminum uranium ratio, for example, in the
microstructure, how that affects performance. So this
particular activity is common to both forms, and one
particular point, for example, the typical nominal 19 per
cent uranium alloy, which is a standard MTR, that would be
the point which applies to direct co-disposal. Some of the

other compositions would apply to the melt/dilute. So it's

common .
SAGy[S: Thank you.
IYER: And this particular activity is more
understanding dissolution performance of such alloy waste

forms because after all, they are heterogeneous dissolution,
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unlike the typical UO2 or glass. What we have here, and I'm
going to get to that at the bottom, but what we see is
heterogeneous dissolution. So as we do dissolution tests and
get data, it's very important that we understand its
dependence to microstructure as we interpret the results. So
that's really what we're trying to do here.

And the approach we've taken is we are developing
what we said is a test protocol, and what that is is just an
assembly of tests, the kinds of tests you need to do to
define degradation performance, and we are working through

the ASTMC 26 committee to get a consensus on that

methodology.
The tests we are looking at are the--and we are
working with BNNL and INEEL in this activity.

DI BELLA: Excuse me. Di Bella. Are you testing the
feed to the melt/dilute process, or the product, or both?

IYER: 1In this case, it will be the products.

DI BELLA: Thank you.

IYER: 1In this activity, we are primarily focused on the
performance in the repository environment. So this is in the
J-13 and the modified J-13 environments. And the kind of
tests we are looking at are the flow test, drip test. Being
an alloy form, it does offer--we have the flexibility of
doing also chemical tests, especially for long-term

predictability, and also vapor phase test.
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But what I wanted to show here was the
microstructure dependence of these on dissolution. That is,
you take a typical MTR element, and what you see is aluminite
particles, UAl4 typically, and what you see here is aluminum
matrix with a eutectic microstructure. So what you are
looking at here is kind of an off eutectic microstructure in
the uranium aluminum phase diagram.

What happens in dissolution is people tend to
relate dissolution of these fuels to aluminum dissolution
rates, and that's debatable at this point be