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PROCEEDTINGS

DR. SHEWMON: Good morning. This is the second
day of the meeting. So I don't have to tell you to speak
loudly and intc the microphone so the recorder can hear
you.

This morning, we're reviewing primarily the
research and technical assistance programs having to do with
marterials. Basically, this means the waste package, I
believe, but we'll learn more about that today.

I have no other opening remarks, unless somebody
else has something they wish to bring up or gquestion, I'll
call on Frank Costanzi.

MR. COSTANZI: Thank you, Dr, Shewmon.

Let me introduce myself. I'm Frank Costanzi, the
Chief of the Waste Management Branch, Division of Radiation
Programs and Earth Sciences, Office of Nuclear Regulatory
Research

The Commission's Waste Management Research
Program is essentially managed out of the Waste Management
Branch, although there are a number of very significant
portions of the program being administered by the Earth
Sciences Branch in the same division. One of those programs
will be discussed this morning.

That's the program on Rock Mass Ceiling.

I would like to begin with just kind of a
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statement of objectives.

(Slide.)

T'm going to tell you where we are and where
we're trying to go with our waste package program.

Our waste package program is, of course, one part
of our waste management research program. We're going to
hear about high level waste this morning.

There are other portions of the program that deal
with hydrology and geochemistry of waste management, both
high level and low level and another entire section of the
program that deals with questions of performance.

We will talk about those this morning only as
voiced concerns which are addressed in those programs which
cover or affect th2 kinds of experiments and test
considerations that one gets in a waste package.

That is to say, how they determine or influence
the environment in which the waste package is supposed to
work?

The objectives of our waste package research are
four. The first is to identify likely failure mechanisms in
the waste package for each of the repository environments,
the kinds of repositories which DOE is looking at. We wish
to have some idea of what is the likely method by which the
steam will be lost., What is the likely controlling factor

with regard to the release of radionuclides thereafter?

ACE-FEDERAL REPORTERS, INC.
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. DAVbw 1 We looked at the waste package itself. We

2 identified the environmental determinants of the waste

3 package failure. That is to say, what are the conditions on

4 the outside which influence the way waste packages are in

5 the repository. We tried to identify the critical tests and

6 assumptions that are needed to demonstrate the long-term

7 per formance of the waste package. That is what DOE needs to

8 do to demonstrate that they abide by the Part 60 and the 1

9 controlled release requirement.

10 Lastly, we performed selective experiments to

llf test these assumptions, the assumptions being what goes into

12! the demonstration.
. 13‘; (Slide.)

142 Our approach is circumscribed by the

15? circumstances in which we are in. Mainly, that we need to

16: track DOE decisions and not go off investigating materials

174 and such o which DOE is paying no attention, so the

18L materials that we looked at our the materials that DOE is

19 leaning towards for the waste package in each of the

20 repository environments which DOE is considering, which

21 means, of course, that we also try and tailor our

22 investigations to be realistic, in terms of what kinds of

r & waste packages we're going to examine,

24 DR. SHEWMON: Do you think that waste package is
. 25 pretty stable by now?

ACE-FEDERAL REPORTERS, INC.
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MR. COSTANZI: It depends upon which media you
are considering.

The basalt carbon steel seems to be the most
likely candidate right now. The tuff site. DOE is giving
serious consideration to stainless steel. There are
certainly investigations of other materials. DOE has not
made a decision yet, saying that this will be the waste
package material, the overpack material for a particular
site. So we're just following what they're investigating.

DR. SHEWMON: The salt?

MR. COSTANZI: I believe carbon steel is in salt,
is what they're leaning toward right now. They had been, at
one point, leading towards titanium, but some of our
research indicates that there were some serious questions
about titanium in salt.

MR, ETHERINGTON: I'm afraid I haven't followed
the waste disposal problem at all. Materials is one step
down the line from me. I would like to know something about
what the package looks like, what the heat flux is from the
outside and that kind of thing.
Is that possible?

MR. COSTANZI: I do not have that information at

my disposal immediately.
DR. SHEWMON: There is a blackboard. Can

somebody draw?

ACE-FEDERAL REPORTERS, INC.
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MR. COSTANZI: Something on that order, I think.
Maybe 14 feet.

MR. ETHERINGTON: And the diameter?

DR. MC NEIL: The picture that I've seen, they're
rather long and thin.

DR. MOELLER: 1Is Mr. Etherington thinking the
entire rod is put in there? 1Is that why you said 18 feet?
I assume it's all cut up.

DR. MC NEIL: Excuse me., Dr. Parrv?

DR. PARRY: Generally speaking, it's planned that
the fuel elements will be disassembled and that the
individual fuel rods would be close-packed in a container
that would be sealed separately. Now they're talking about
doing that away from the repository.

DR. SHEWMON: Can I change your nomenclature for
a minute and say that the subassembly will be disassembled,
but the rods will not be destroyed or broken up in any way,
if they can avoid it?

MR. PARRY: That's correct. They will take the
cages off, though.

DR. MC NEIL: Good reason for not, at least in
the tuff site, because we know more about the tuff sites
than we know about the other sites. At least at the tuff
site, there's good reason for this, because they are hoping

to claim some credit for the actual zircalloy. I think it

ACE-FEDERAL REPORTERS, INC.
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. DAVbw 1 is on the rods, in terms, not of the containment requirement
2 but the controlled release requirement.
3 DR. SHEWMON: These fuel elements are usually 14
4 feet long, about?
5 MR. COSTANZI: I think so.
6 MR. PARRY: The overall length is about 14 feet.
7 The active length of fuel material in the rods is on the
8 order of 12 feet.
9 DR. SHEWMON: So the 1l4-foot plus ends, I think
10 where Harold was coming from.
11 Okay. Onward.
12 DR. MC NEIL: 1In any event, this package here is

now placed, for salt and basalt is now placed in the carbon

—
w

e
=

steel overpacl. The way in which the carbon steel overpack
15 is fabricated is still somewhat in doubt. We will be
16{ discussing this later, in terms of our container
17[ manufacturing work.
18 It is welded shut. This is then placed in the
19 depository. This so-called "open pack," which is of carbon
20 steel thickness, varies considerably, depending upon whose
21 answers you use.
22 I think DOE hasn't settled on a final answer.
23 MR. ETHERINGTON: These are loaded at the site,
24 then?
. 25 DR. MC NEIL: That is my understanding.
ACE-FEDERAL REPORTERS, INC.
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MR. COSTANZI: It is not clear. There is some
discussion about the overpacks, the entire waste package
being assembled at the MRS and shipped to the repository.

DR., SHEWMON: What's an "MRS"?

MR, COSTANZI: 1I'm sorry. Monitor retrievable
storage. This is the facility which the DOE now proposes to
take spent fuel from power plants, consolidate the fuel
elements and, presumably, at this point, actually assemble
the waste package for assembly and disposal at the waste
site.

Many of these plants, you have to understand, DOE
is still exploring its options. They have not made
decisions on design, to the point where know the ezact
dimensions of a waste .- <age, the exact thermal loading,
the exact materia = sxact manufacturing techniques.

We are tailoring our program to what we believe
is the best information we have on what DOE is actively
pursuing during the following months.

DR. SHEWMON: Pardon my asking. This has changed
some, I know, in the last year. You asked about heat flux.
Harold, maybe you won't get an answer on that today.

MR. ETHERINGTON: I think this is enough.

DR. MC NEIL: There's one interesting point I
would like to, before we leave the thing, point out. The

tuff site, the tuff plant is entirely different. The plan

ACE-FEDERAL REPORTERS, INC.
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for tuff was explained to us at a recent meeting at Lawrence
Livermore. It is entirely different. They're primarily
focusing on spent fuel solutions there, And what they
intend to do in most cases is to use a single, very
carefully prepared container, either of a special stainless
steel chosen for its resistance to various forms of
environmental degradation or perhaps a high nickel alloy.

The advantage of high nickel alloys being that
they're much less vulnerable to transgranular chloride
cracking.

In the case of the tuff site, it is not at all
clear whether the DOE people are going with stainless steel
or nickel alloys. So at present in the tuff site, unlike
the salt and the basalt sites, we are having to consider two
completely different alloys. We're in the salt and basalt
sites at the moment, as of, I say, the last year and a half

or s0.

There were some Armco iron tested, some 1018, I
think some 1605. But basically, they're going at the
iron-rich end of the iron-phased diagram.

They're dealing with plain carbon steels, and
barring some future convulsions out of the DOE side, the
situation there seems to be settling down a bit, but in the
tuff site, there is a fundamental question of container

material selection that has not been resolved.

ACE-FEDERAL REPORTERS, INC.
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Can I offer you more?

MR. ETHERINGTON: That's fine.

MR. COSTANZI: I might remark again that the
materials specification and the design are DOE's choice.

DOE is charged under the Energy Recrganization Act to
develop the repository and deposal for waste. The NRC is
charged with licensing that disposal. Consequently, it's a
DOE responsibility to demonstrate that it has safely
disposed of the waste.

It is not NRC's responsibility to make DOE's
case. So we don't design the repository. We do not select
the materials. We do not design the waste package.

What we do need to do is know what the properties
of the materials and the designs which DOE chooses are. Not
only do we need to know how the waste package, in fact, how
the whole repository works. We also need to understand what
constitutes a demonstration that it works. That is to say,
we not only need to know what the properties of the
materials are -- carbon steel, stainless steel or nickel
alloys. 1In a repository environment, we need to know what
kind of testing program is going to demonstrate that the
waste package in that environment is going to perform as is
required by DOE in containment for a period 300 to 1000
years, and controlled release of radionuclides thereafter.

(Slide.)
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Given that, we talk about the four areas that
we're going to discuss today -- waste form, overpack,
packing backfill materials and seals, and then the waste
package environment, primarily conditions of the
groundwater, which will be attacking the waste package and
the wastes themselves.

The materials we're looking at, in terms of the
waste form are HLW glass and spent fuel. The assumptions
we're making is that idle waste glass, the boron silicate
glass of composition which has been prepared, are the
materials characterization center at PNL. The spent reactor
fuels are PWR and BWR fuel. Overpack materials. What we're
focusing on.

DR. SHEWMON: Stop there for a minute,

Though the system for years has talked about
putting reprocessed fuel in here, you will be limited to
civilian wastes and no civilian fuel has been reproduced.

So is it true that for the foreseeable fuel,
we'll be dealing only with spent reactor fuel?

MR. COSTANZI: Under the current DOE plan, as
provided in the Nuclear Waste Policy Act, it limits the
amount of defense high level waste, which is glass that can
go into the repository. So the bulk of the first load in
the repository will be spent fuel, I think it's something

like 7@ percent or more.

ACE-FEDERAL REPORTERS, INC.
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DR. SHEWMON: I thought it was excluded. 1It's
just limited.

MR. COSTANZI: 1It's just limited.

DR. SHEWMON: Thank you.

DR. MOELLER: Where does the West Valley material
fall?

MR. COSTANZI: I believe the West Valley material
is commercial material, and it will be vitrified according
to current plans. That I believe would fall under the
category of commercial wastes.

DR. SHEWMON: 13 it clear where it will be
vitrified?

MR. COSTANZI: I believe it's in West valley.

DR. CARTER: In West Valley. They are building a
plant.

MR. COSTANZI: That's the current plans.

In overpack materials, low carbon steel,
stainless steel and high purity iron,

DR. STEINDLER: I think part of the DOE program
is also looking at copper. At least at two sites, and there
is a nontrivial amount of dollars that I think are going to
be spent on copper.

Have you excluded copper for some reason of your

own?

MR, COSTANZI: I don't believe that DOE has

ACE-FEDERAL REPORTERS, INC.
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indicated to us that at the salt, basalt or tuff sites, the
three mediums DOE is presently looking at, that they are
currently, are seriously considering copper.

I think it would be premature for us to look at
that right now.

DR. SHEWMON: He just completed chairing a
committee which reviewed the research which DOE is doing in
this area. So it may be they haven't communicated with you,
but in reflection of what they're spending, I suspect he
knows whereof he speaks.

MR. COSTANZI: It is sometimes difficult to
understand which way to go, because we do get a good deal of

mixed signals from DOE.

ACE-FEDERAL REPORTERS, INC.
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DR. STEINDLER: I am sorry to hear that, but I
think it might be well to find out what DOE might be doing
in copper, not only in the basalt program but tuff and
basalt.

MR. ETHERINGTON: What is meant by high purity
iron?

MR, COSTANZI: Just that, iron which has very few
impurities.

MR. ETHERINGTON: Very low carbon steel, is that
right? An open hearth product?

MR. COSTANZI: I am not sure. An open hearth
product?

DR. MC NEIL: No, this is not the old ingot
iron. It is vacuum arc remelted. What you do is you take
an ordinary steelmaking argon oxygen decontamination system
and just run pure iron through it.

MR. COSTANZI: For the packing materials, the
backfill materials, and the sealing materials, DOE has been
investigating bentonite or a combination of bentonite and
basalt and of course cement and various compositions of
cement, bentonite, cement, basalt, for the sealing
materials.

Lastly, of course, the waste package
environment -- this has primarily to do with the

groundwater, the chemistry of the groundwater, and its
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interaction with the waste package, and with the basalt
groundwaters and tuff groundwaters and the brines of
basalt.

We will begin to start looking at the chemical
compositions of thc groundwaters in granite.

MR, ETHERINGTON: The environmental problems come
from the outside, not from the inside?

MR. COSTANZI: I am not sure I understand the
question.

MR. ETHERINGTON: What is the inside environment,
inside the containment?

MR. COSTANZI: Inside the waste package itself?
We have dcne some research looking at the inside of the
waste package, essentially corrosion of the canister from
the inside out, and we determined that that really isn't
significant compared to what is coming from the outside of
the waste package.

MR. ETHERINGTON: That is based on the
environment being what inside -- just air, oxygen, or what?

MR, COSTANZI: In the case of high level waste
class it would just be a stainless steel can in which the
glass has been solidified, and in the case of spent fuel it
will be again a stainless steel can in which the
concolidated fuel pins are placed. There may be an

encapsulating matrix, there may not.
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bunch of rods in there, attacking density would be
appreciably lower.

Is the design of the can -- or do you call it the
overpack -- usually such that it will withstand and maintain
its shape under the ambient pressure, or do people assume
that it will collapse and fill around?

MR. COSTANZI: As far I am aware, I am not aware
that the design for the overpack is intended to take into
account any stress from the environment.

DR. SHEWMON: The guys we had here were the same
agency but a different branch. They talked about
lithostatic pressures and hydrostatic pressures, and they
calculate the hydrostatic pressure at 3000 feet. I got 1500
psi.

It may be a problem. On the other hand, if you
indeed have 3000 feet of rock sitting on your head, that is
a heck of a lot of pressure.

MR. COSTANZI: Yes.

DR. SHEWMON: And in basalt, that salt is rather
plastic, as you know. So it seems to me there is at least
a question as to whether in several thousand feet of salt
you can get enough relaxation and build up enough pressure
to buckle things or whether that is a "no, never mind."

It seems to me it is a question worth

considering.

ACE-FEDERAL REPORTERS, INC.
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‘ DAVbur 1 MR. COSTANZI: A distinction should be made
2 between what we are following -- that is to say, current DOE
3 designs -- and what sorts of things can happen to the waste
4 package, which is another part of our program,
5 The question to which I have responded, are these
6 waste packages for taking those kinds of pressures? To the
7 best of my understanding, they are not. I don't believe
8 that is a conscious part of the design.
9 Whether or not they will be subjected to those
10 kinds of pressures and, if so, when in the lifetime of the
11 repository is a separate question.
12 The question, for example, of the flow of
. 13 basalt. Basalt is a plastic material. Whether that will
145 exert pressures that the overpack will not be able to
15? withstand, that is a question which DOF needs to address.
16; They need to demonstrate that either the overpack is
17‘ designed to take care of that or that cthat would happen.
18; DR, SHEWMON: And apparently you don't know what
19 their thoughts are on that, and currently the effective
20 plastic stream is not part of your program?
21 MR, COSTANZI: It is not part of our program,
22 Mike, do you know of any design?
23 DR. MC NEIL: T don't know of any conscious
24 effort that has been made on this subject. I would point
. 25 out the fact, as Dr. Etherington has pointed out, we have
ACE-FEDERAL REPORTERS, INC.
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considerable heat flux. 1In fact, the inside of the overpack
is hotter than the outside of the overpack. It means that
the overpack stands to have a tensile heat stress.

Quite frankly, I would think that a certain
amount of hydrostatic pressure would not be a bad thing.
Crushing a steel container several inches thick purely by
hydrostatic compression would take some truly enormous
pressures,

Think about submarines.

MR. ETHERINGTON: What about the collapse of the
surrounding material? It might not be hydrostatic.

DR. MC NEIL: The real problem one has to look
out for, as far as I can see in practical terms -- DOE ought
to look out for -- is a roof collapse in a mine imposing a
sudden severe buckling stress on these. But I believe this
practice that most of the DOE people are talking about, or
were talking about the last time they told us what they were
up to, of basically placing these holes reduces the chance
of a roof fall imposing such a sudden buckling.

MR. ETHERINGTON: Getting back to the heat
generation for a moment, what temperature are we assuming?

DR. MC NEIL: We are assuming surface
temperatures -- depending upon the details and depending
upon the age of the container -- we are assuming that they

will be no higher than about 260 degrees centigrade, That

ACE-FEDERAL REPORTERS, INC.
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of them will be considerably less because a lot of this
spent fuel they are putting in there is pretty old.

MR. ETHERINGTON: Thermal stress will be very
small, then?

DR. MC NEIL: No, that is not true actually.

If you do the calculations, you will find you
will get some quite severe heat stresses.

MR, ETHERINGTON: What temperature differences do
you have then?

DR. MC NEIL: As I recall, this temperature

difference from the center -- I am having to reconstruct a

calculation done by someone else from memory, but as I
recall, the temperature difference from the center of the
load to the outside of the overpack could be in excess of
100 degrees centigrade.

MR. ETHERINGTON: That is only about 20,000 psi
maximum?

DR. MC NEIL: Only about 20,000 psi, but by the
standards of hydrostatic pressure, that is a lot of
pressure,

DR. SHEWMON: I don't remember what the
mechanical engineers call these things, but the temperature
gradient, if you get a little bit of creep you can relieve

the stress; whereas, if you have got a hydrostatic pressure
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a little bit of deformation doesn't relieve the stress at
all.

So the strain potential is a good deal greater in
the hydrostatic stress case than it is in the thermal stress
case.

I think secondary and primary is what the
mechanical engineers call it.

DR. MC NEIL: I don't know.

DR. STEINDLER: 1Isn't the issue in part what the
temperature gradient is across the thickness of the
container rather than from the center of the waste to the
outside?

DR. MC NEIL: But I happen to remember the figure
from the center of the waste to the outside,

DR. STEINDLER: That is what I am saying. The
gradient across the thickness of the overpack is fairly
modest.

DR. MC NEJL: Well, we had some discussions of
the question of the stresses at the time. One of the
consultants to Battelle Columbus did a back-of-the-envelope
calculation, and the heat stresses do come out in thousands
of psi as opposed to hundreda., 1T don't remember the exact
figure, It is not as high as 20,000.

MR, ETHERINGTON: It is typically 100 or 200

degrees for each degree of temperature,

ACE-FEDERAL REPORTERS, INC.
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DR. MC NEIL: T don't know.

DR. PARRY: With respect to the design of the
canisters -- and I am sure Marty will clarify if I go
astray -- as far as BWIP is concerned, they do plan on
hydrostatic pressures that will v existent on reflooding of
the mine.

As far as tuff is concerned, there is no
expectation of any load at all, since it is in a dry
environment and there is only water barely passing through
it.

Salt is another matter, though.

The structural integrity of the canister -- of
the overpack is considered a major design factor, and heavy
hydrostatic pressures are planned on, and the canisters or
the overpack is now being designed to allow for erosion of
the canister down to a certain final critical diameter of
wall thicknegs, which collapse is assumed to occur
instantaneously, assuming uniform corrosion of the whole
sur face of the pack, which is a question I won't go into.

So there is heavy design effort on providing for
sufficient metal to withstand the lithostatic pressure in
that one project,

DR. STEINDLER: Let me just add one other thing,
and that is neither glass nor spent fuel will completely

cover the inside of the waste. 1In fact, in the case of
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glass there is a significant amount of freeboard which would
be within simply the overpack. It is that significant
freeboard and the lack of sensible density in the case of
spent fuel, even if backfilled with sand, that causes the
need to pay some attention to the effect of stress.

MR. ETHERINGTON: Well, what is the glass?

DR. STEINDLER: What is the glass? It is boron
silicate glass. It is a boron silicate glass.

DR. SHEWMON: Please proceed again.

MR, COSTANZI: I would like to just mention
briefly the particular phenomena which this research program
is focusing upon.

(Slide.)

The waste form devitrification, glass of course,
leaching glass, and spent fuel, overpack materials. We get
pitting corrosion, stress corrosion, hydrogen embrittlement,
and the concerns which arise from the variability of
manufacturing techniques.

We have also done a little bit of work on general
corrosion, enough to convince ourselves that we don't
believe at this point that we need to do any more work in
that area; that is to say, we feel we can review any
demonstration concerning general corrosion you would care to

make.

With regard to the packing backfill and seal
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materials, we are looking at diffusion, hydrothermal
alteration of those materials, and the parameters which
determine the effectiveness of the shaft and fracture
ceiling of the rock.

With regard to the waste package environment
itself, we are looking at the chemistry of the groundwater,
and we have a project which gives the short end cf coupled
processes. It is looking at what chemical, thermal, and
hydrological interactions take place within a repository to
report the performance of the repository, and we will talk
about that program today insofar as that applies to the
waste package environment.

DR. SHEWMON: Let me ask one question on that,
assume we will go over all of these again today.

Is somebody measuring what the oxygen content is
of this water down there -- X thousand feet or so in the
basalt site, for example?

MR. COSTANZI: We are doing experiments on using
water which was prepared by recipe, the recipe coming from
DOE. DOE has made measurements on the chemical composition
of the groundwater.,

The question of the uxygen content of
groundwater, however, is a very difficult one to settle,

DR. SHEWMON: But very important?

MR. COSTANZI: Extremely important. The reason
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it is so difficult:

One, it is difficult to measure when you take
water samples if the water is anoxic and there is a great
likelihood of them being expcsed to the air, and of course
if you change the oxygen content, and moreover the question
of the nature of what happens when you excavate the basalt,
what the oxygen content of the groundwater becomes after you
have opened up the mine and exposed it to air, also the
nature of the fractures that produce fresh fractures in
basalt.

We have some experiments which indicate that the
groundwater, as measured, as determined as best we can in
the DOE measurements, and the current composition of the
groundwater do not relieve equilibrium,

So we realize the importance of the question, and
we don't know,

DR. SHEWMON: One other point that was brought up
again recently -- I had always thought that somehow the
water must have got down a thousand feet or so and just
didn't communicate with the atmosphere at all. Dr. Kassner
pointed out to me last night that some very good
organizations have been trying to put out underground fires
in Pennsylvania -~ coal this is -- for a good many years,
and they have come back with what they have termed a bent

lance. They simply can't close off all the air that gets
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down there.

So there may be appreciably more avenues for
communication of air down through the earth than you know.
As you probably kr.w, there is some interesting scientific
work -- well, more practical -- on how much radon comes up
through the earth and what this reflects of either ore
bodies or changes that go on in the earth down *o0 an
appreciable depth.

So the permeability of the earth down to these
depths seems to me a legitimate question. If there is some
way to get at, indeed, what the active oxygen potential is
down there, it would be of interest for several reasons.

MR. COSTANZI: Yes. DOE, of course -- again, it
is their responsibility to characterize the site, to
determine, among other things, what the oxygen content of
the groundwater is. That is something of which they are
aware and something we are pursuing.

We are pursuing the question of what happens with
varying contents of oxygen in groundwater., Part of the work
we will discuss is going on at Battelle Columbus, looking at
the chemistry of the groundwater and how changes in that
groundwater chemistry affect the performance of the overpack
and in fact how the overpack affects the chemistry of the
groundwater.,

DR. BIRCHARD: George Birchard, NRC staff,
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research geochemist.

I would like to just give you a little bit more
detail on that. That is that BWIP -- the oxygen contents
have been measured in grcundwater but they are below the
measurable limits,

The argument and the question is just how low
below that measurable limit is the oxygen content.

DR. SHEWMON: Even though what the measurable
limit is, juzt so somebody who knows what measurable limits
mean agrees with it,

DR. BIRCHARD: It would below the part per
million level, a tenth of a ppm.

DR. KASSNER: They can go down to at least parts
per billion.

DR. BIRCHARD: Yes, but the theoretical levels
that the BWIP people are talking about are way below that.
1 mean, you are talking about, I think, like 10 to the minus
20 or some extremely low theoretical amount of oxygen.

S0 that is what the argument is. They can't
measure the theoretical level, and they never will be able
to measure the levels that they theorize.

So obviously at NTS there is no problem because
you have unsaturated stone.,

MR, ETHERINGTON: This would have been on the

location where there might have bee' . any organic material
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DR. BIRCHARD: At the basalt site there i=s

reduced iron that would react with the oxygen., 8o at salt

sites organic material may be important.
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MR. ETHERINGTON: What about C0-2? I suppose
that is present.

DR. BIRCHARD: There is a large amount of
bicarbonate in most of these waters. So it is dissolved.
There is also methane at the BWIP site,

DR. KASSNER: Yesterday and today we have
identified a number of failure modes for the canister. I
wonder, associated with any or each of those failure modes,
if you decided on what a reasonable failure criterion is;
for example, in the case of a stress corrosion cracking.

1f you had a throughwall stress corrosion crack a
couple of inches long in a two-inch thick canister, if that
were considered to be a failure criterion, it wouldn't seem
to me to be very drastic because if you got water ingress
through that then the corrosion product would probably plug
the crack and it would sit there for some very long period
of time.

S0 what I was wondering is if today and in your
program you consider what the failure criteria are
associated maybe with each of those failure modes,

The same thing could be said about a pit., You
had a small pit through the containment wall. How much
transporter leaching could you ever get through, let's say,
one pit in a very large container?

MR, COSTANZI: VYour point is extremely
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well-taken. Unfortunately, I have to respond by saying that
we do not have a failure criterion.

The reason for that is that we are not really
sure at this point what the consequences of failure are.

We are not sure what the differences in terms of the
consequence of the overall repository behavior of a small
crack or a slightly larger crack or perhaps several cracks
are, one pit penetrating the overpack or two pits or 100
pits.

The consequence of failure would depend on a
number of things. It would depend on the design of the
repository itself., It would depend on the local hydrology,
the hydrology inside the underground facility itself, and it
would depend on the chemistry of the groundwater,

There needs to be consideration of things like ii
you have a premature failure, However you define that, does
it have an effect on the "downstream" waste packages that
will apread like a cancer?

These are all questions which we are trying to
grapple with, We do not have definitive answers. So we do
not have clearly defined criteria which say that, for
example, 5 percent of the surface area of the overpack
penetrated through by pits constitutes a failure., We don't
have anything like that yet,

DR, KASSNER: That would seem to be a major
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factor in calculating the release by other mechanisms --
transport, let's say, off the site?

MR. COSTANZI: Absolutely.

Now, there are programs going on. I believe one
of the programs we will discuss this afternoon deals with
models of waste package performance., There is a waste
management technical assistance contract where they are
addressing this.

Our research program is primarily addressing
mechanisms at this point. We obviously have something
worthwhile to say to the Division of Waste Management
contractors about the importance of various failure
mechanisms.

DR. SHEWMON: It is mechanisms, yes. Whether
they are failure mechanisms or not, it seems to me you have
said now they were, But two minutes ago you said you
weren't, or at least that you hadn't defined anything yet.

Is that what you said?

MR, COSTANZT: Okay. What we are talking about,
we talk about failure mechanisms. What we mean is if we are
looking at the question of how will the overpack be
breached, at this point we are talking about a true pit or a
crack in the overpack. We are not really talking about how
many pits can you tolerate before you now say this waste

package has "failed," We are just talking about the
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mechanisms of failure -- pitting corrosion, stress corrosion
cracking.

DR. SHEWMON: Deep pit penetration, then?

MR. COSTANZI: Yes.

MR. ETHERINGTON: But if you had a through crack
in a fuel cask, would you have a criticality problem?

MR. COSTANZI: No. I don't believe so, no.

DR. SHEWMON: One assumes not, but that is not
this group's effort.

MR. ETHERINGTON: It might depend on whether a
through crack was important or not.

DR. KASSNEK: Wouldn't this also have some
implications as to the choice of materials?

For example, I would be happier to see stress
corrosion cracks in a canister that wouldn't dissolve
forever rather than take a relatively slowly dissolving
canister that will essentially expose the whole waste form
in some intermediate period of time,.

MR. COSTANZI: Remember again that it is DOE's
responsibility to make the demonstration that the waste
package will fail, containment will be lost by a particular
mechanism, establish why they have concluded that or when it
will be lost -~ perhaps is a better word -- how they have
come to that conclusion, how they are substantiating that

conclusion, and what are the consequences of it in terms of
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package performance demonstration are with the methods of
failure that we are dealing with now.

We don't feel we know enough to say, no, this
won't fail by this method or, yes, there is going to be a
failure.

DR. SHEWMON: Tom, those are good questions. We
have got side-stepped this morning, perhaps quite
legitimately. It seems to me that whoever is constructing
models which they would like to sell to the NRC on contract,
or are selling on contract, would be a good person to bring
it up with again.

DR. MC NEIL: Could I say one word to Dr. Kassner
with regard to what one might term corrosion allowance
materials, particularly the irons and the carbon steels?

Even if they corrode severely, neither magnetite
nor hematite is particularly soluble, particularly not in a
basalt groundwater. Even if you assume extremely rapid
general corrosion, you are dealing with a sample that is
several inches thick. A several inch thick piece of
hematite by itself is a significant barrier to the motion of
groundwater.,

I am not saying this == I am not pointing this
out. I realize this is not entirely relevant to the
discussion. I was offering it as sort of a bit of comfort

to your concern,
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5 DR. KASSNER: With regard to the comfort, I

2 looked at some of the work that was done in that area, and
3 over a period of, let's say, 8000 years they essentially

4 fitted an equation to it which came out parabolic, and if

5 you guys can find a material that exhibits parabolic

6 corrosion out through those times, you ought to patent it.
7 DR. MC NEIL: I am assuming linear.

8 DR. KASSNER: You get breakaway corrosion after
9 some period of time, and I think it is very optimistic to
10 use parabolic.

11i DR. MC NEIL: We are not using parabolic

12i fittings. We are using linear fittings. And here is an
13} example of 1800 years old from Scotland. This is a nail,
14; and you notice it is still there, and this was not put in a
15) carefully prepared repository. This is something that some
16% Roman just dropped in the ground in the lowlands and stayed
17; there till the people at the University of Manchester came
18} around and dug it up.

19! DR. KASSNER: I would like to show you my '69
29i Chevrolet,

(Laughter.)

22 DR, MC NEIL: Maybe the Romans made their nails

better than General Motors makes their cars.
I would just comment between you

24 DR. SHEWMON:

scientists that both of these oxides occupy appreciably
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more volume than the iron they replace, is that correct?

DR. KASSNER: Yes.

DR. SHEWMON: So that, too, will tend to restrain
flow very substantially, it would seem to me.

DR. KASSNER: The only thing you do consider, if
yoa do get a perforation in, let's say, an iron canister and
you get ingress of water to the inside, you get oxidation
and corrosion and you get the swelling of the film. You get
what happens to my car. The thing essentially falls apart
due to the oxide stresses, and the canister then can rupture
and the corrosion process is off and running at a very
accelerated rate.

DR. MC NEIL: We assume spallation, which is
basically in our linear extrapolation scheme.

MR. COSTANZI: Now, I have given you a picture
of the sorts of things we are doing in a very general way

and why we are doing them.

Turning now to the individual programs --

DR. STEINDLER: Excuse me., Before we do that, I
guess you rang a bell, largely because of some of the past
sessions that at least Dade's subcommittee has had, when you
said you had some difficulty in communicating with the
Department of Energy and trying to find out where it is that
their program is going, and so on, and so forth.

what mechanism do you currently use to track DOE
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plans, not the results of their work, which presumably come
out in some kind of a periodic reporting system, but the
planning for the direction of the various programs?

MR, COSTANZI: The mechanism which we are finding
the most effective for the purposes of our program is our
active participation in the NRC/DOE interface meetings which
are going on as part of the licensing process.

Whenever possible, members of the Research staff
attend those meetings. We think it is to the advantage of
the staff. It has been a very effective mechanism of
keeping us up to date and keeping our program as focused as
it is.

DR. STEINDLER: I would assume there is a
significant delay line between the time you find out there
is a program delay and a change in program emphasis and the
time you are able to implement a sensible research effort on
some portions of this new direction.

What would you estimate the length of time is
that you folks have to have notice for in order to be able
to move in that area? Does it take you a year to react to
changes to DOE emphasis on the program, six months?

MR. COSTANZI: It really depends on the magnitude
of the change. 1If we are talking about making small changes
in the composition of materials, changing the carbon content

of the steel or to a high nickel allow from stainless steel,
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that kind of change probably could be accomplished within a
quarter or two quarters, provided that the mechanisms you
are talking about, the phenomena, are transferable.

I1f we are talking about going to a material
change in which the entire mechanisms are different, where
we don't know anything about the effect of the environment,
we are not building on past understandings, that could take
as long as a year.

Essentially, you would be running a new research
program for that portion of the work. You would have to
consider what are the problems, how do you identify what the
problems are, what kind of experiments do you want to do to
pin that down and what do you want to do after you have done
those. It could be a major perturbation.

DR. SHEWMON: A related question: do you work
primarily -- or do all your projects have to be approved by
a user need letter from over what would be the NRR side of
the reactor?

MR, COSTANZI: There is a user need letter which
outlines the areas in which John Davis believes that
research is needed for his waste management program. Within
those areas, individual projects are coordinated with the
Division of Waste Management.

Let me take a few moments to describe the

coordination process.

ACE-FEDERAL REPORTERS, INC.
202-347-3700 Nationwide Coverage 800-336-6646




8520 03 11

‘." DAVbur

[—

10

11

12

-
LV

Pt
N

20

21

22

23

24

25

286

The members of the Research staff and the
Division of Waste Management staff fortunately reside in the
same building. That facilitates a lot of interaction. They
see each other and talk to each other every day.

The cooperation and the closeness of the work I
think is remarkable. So we know what they are worried
about; they know what we are doing.

When there is an indication that some work needs
to be done, that is usually brought to the attention of
management, either Research management or the Division of
Waste Management management. There is management discussien
as to what kinds of things ought to be done, both ad hoc and
on a periodic basic.

So there is not only planning that takes place
where I sit down reqularly with Hub Miller from High Level
waste and Leon Higginbotham and talk about the sorts of
things that we ought to be doing, but also when things are
generated spontaneously by the staff. We talk about should
we do this, what sort of resources should we expend.

Wwhen something looks like it is a good idea and
ought to be added to our program or our program ought to be
modified, then a statement of work is generated. It is
reviewed internally within the Office of Research, or at
least within the branch. Then  t is sent down for formal

review by the Division of Waste Management.
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2 discussions on the Waste Management staff and people on the
3 Research staff have been ongoing, so there are no surprises,
4 or at least few surprises.
5 There is one more point I would like to mention.
6 After that is dong, there is a second level of review called
7 the Waste Management Review Group. That group is

8 specifically charged by the EEO with the responsibility of

9 assuring program continuity and all Division of Waste
10 Management technical assistance programs, all Office of
11; Research waste managcment programs are reviewed by that
12} group. It is an interoffice group, remember. It is not
. 13j only Office of Nuclear Materials Safety and Safeguards
14% Research, but also NRR, I&E, and Division of Contracts.
15% To assure consistency of the program, all
161 programs, both Division of Waste Management and Technical
175 Assistance programs and Office of Waste Management programs
18 in the Office of Waste Management must have Waste Management
19 Review Group approval to be funded.
20 So besides the interdivisional coordination,
21 there is also an interoffice coordination and program
22 coordination.
23 Now, the question is now how to proceed with
24 these individual projects. I could give a brief
‘ 25 introduction to all of them and then come back to the
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questions. I could introduce them project by project, and
if you have questions we will dispose of questions on that
one and then move on to the next one.

How would you like to proceed?

DR. SHEWMON: I don't understand the procedure.
We would like to go over each project and get some idea of
what you are doing and how you think you have reached the
results which you do.

MR. COSTANZI: I will just give you an overview
of each program. Then you can ask questions.

MR. ETHERINGTON: May I ask just one general
question?

DOE has good documentation of their reasons for
selecting these materials, don't they?

MR. COSTANZI: When they select those materials,
material selection will have to be documented in the license
application.

MR. ETHERINGTON: You mean they haven't made any
tentative selections yet?

MR. COSTANZI: They have made a number of
tentative selections, but they have not made any definite
selection.

MR. ETHERINGTON: So you are looking at materials
independently. You are not just looking at DOE's planning?

MR. COSTANZI: No. We are looking at the same
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materials which DOE is considering, and we are following
DOE's lead.

DR. SHEWMON: Rut learning which way they are

leading is sometimes not as easy as one might expect.
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MR. COSTANZI: Precisely because they have not
made definitive statements.

(Slide.)

The first project I'd like to speak about is the
project entitled Container Manufacturing Parameters and the
contractor is the Manufacturing Sciences Corporation. The
objective of this project --

DR. SHEWMON: 1Is that in Colorado?

MR. COSTANZI: This is in Colorado.
Manufacturing Sciences Corporation is an adjunct of the
Cecloradc School of Minds. 1It's my understanding now that
almost all the work is actually being done at the Colorado
School of Mines.

DR. SHEWMON: Who are tlie principal
investigators?

DR. MCNE(L: The principsl investigator for
Manufacturing Sciences Corporation is a Dr. Alan Liby.
However, the Manufacturing Sciencas Corporation has in fact
peen acquired by enother firm and their headguarters has
been moved. Almost all the experimental work is in fact
taking place at the Colorado Scnool of Mines under the
guidance of Professo: Robert Frost.

He was one of Fiemming's people.

DR. SHEWMCN: Thank wvou.

MR. COSTANZI: The objective of this project is
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to assess the effect of variabilities in the manufacturing
techniques of the performance of the waste package.

Particularly what they're doing is they are
producing samples of overpacked material which are then
analyzed at Battelle Columbus.

MR. ETHERINGTON: What is overpack?

MR. COSTANZI: Overpack is the material that
essentially gives the corrosion barrier to the groundwater.
It protects and contains the waste form, the glass and spent
fuel during the containment period.

DR. SHEWMON: Why do they feel they have to
manufacture it instead of buying it to the specifications
used commonly?

MR. COSTANZI: The question we're investigating
here is how close do those specifications have to be. DOE
will have a specification on material which will -- that
specification will determine both its composition and the
variability of its composition, and the way it's
manufactured, its history.

The question we're investigating here is how good
does that control have to be in order to have confidence
that the waste packages will perform as designed?

If the specifications are extremely loose on the
quality control program, or the quality control program is

not well-defined and not well-managed, that will diminish
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the confidence that we would have that the waste packages
has performed as designed.

But, in order to make any sort of judgment as to
how much that would diminish our confidence, we would need
to understand how sensitive the performance of the waste
package is to those variabilities.

DR. SHEWMON: We're talking about cast steel.
The containers you're talking about are cast steel? These
would be centrifugally cast probably or sand-cast? What's
your assumption?

DR. MCNEIL: Let me answer that. The DOE
documents that we have do not specify at present whether
they need to be centrifugally cast or not. 1In fact, we,
that is, the people at the Colorado School of Mines, are of
the opinion that ultimately, if they use a cast structure,
which they're still talking about but it's not unequivocally
clear that that's the best way to go, that if they use a
cast structure, they will in fact probably want to
centrifugally cast. But, certainly, a lot of sand castings
and static chill castings are being used now as samples.

MR. ETHERINGTON: You would have a centrifugally
cast cylinder and welded on heads?

DR. MCNEIL: VYes, precisely. There are
centrifugally cast parts. Professor Frost, in fact, when he

was in Massachusetts, worked at Watertown arsonel where they
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have considerable experience at centrifugally casting large
gun t.»es, which are not all that different in fact from
some of these overpacks.

DR. SHEWMON: Are you working primarily with
chemistry or microstructure?

DR. MCNEIL: PRoth. But, of course, they
combine. One of the important things is the way in which
the steel is handled and killed before. We take basically
an AISI spec, or they take an AISI spec that DOE is using
and examine the question of how the addition of various
components in the casting process controls the structure,
not only the microstructure but also what I might term the
gross structure, as in a sample which I will pass around.

This sample, incidentally, was part of a blank.
We took the basalt site specs and we told the people at the
Colorado School of Mines pretend the lowest cost foundry
you're going to make something that will technically satisfy
the DOE specifications. But you will in fact take no
special precautions, just as they were trying to minimize
cost.

Here is a cross-section of the appropriate thing;
the sides that don't have any holes in them are the ones
that are exposed to the air that you would see on visual
examination.

DR. SHEWMON: Well, it will pass for a piece of
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Swiss cheese in case anybody wants to know, except it
doesn't seem to be made out of goat's milk and cow's milk.

Let me come back. What you are using is entirely
then a chemistry spec. Sorry --

DR. MCNEIL: A chemistry plus casting technique.

DR. SHEWMON: The question is what is the spec
you gave them? 1Is it a process spec A chemistry spec?

DR. MCNEIL: We gave them what we got out of the
basalt document. It's purely a chemistry spec. It was to
be statically cast out of such and such steel.

DR. SHZWMON: There's nothing about porocity in
it, obviously.

DR. MCNEIL: There was nothing in the spec as we
had it. I was talking yesterday to someone from the BWIP
site, who informs us that now they are in fact imposing some
specs on their materials.

I sent them another cutting of that
incidentally. 1I sent one out. They are now imposing some
quality assurance specs on their materials, which will
prevent this sort of thing from happening, they say.

But since we haven't had a joint NRC-DOE review
of the waste package work in the basalt site for more than
two years now, the details of precisely what they're doing
are wrapped in mystery.

DR. SHEWMON: I can't imagine that the people who
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use cast steel in commerce don't have a specification which
avoids disasters like you're passing around,

DR. MCNEIL: Of course. The next thing we told
them, you know, when you're making samples for Battelle, use
normal casting practice and produce sound castings.

DR, SHEWMON: That wasn't my question. The
question was, is there a specification which what you now
call normal castings are made to.

DR. MCNEIL: I do not know of a specific
appropriate specification in the sense of an ASTM spec for
casting procedures for low carbon steel.

DR. SHEWMON: But since a fair amount of tonnage
is used successful, I have difficulty believing it's made
without specifications. But that's your professional
opinion from your work in the subject. 1Is that right?

DR. MCNEIL: My background is not in
solidification. I have been told that there is no ASTM
specification.

DR. SHEWMON: I don't give a damn whether it's
ASTM or not.

DR. MCNEIL: There is a general knowledge
according to my understanding among foundarymen of how you
produce sound casting, and it involves various precautions
that everyone in the sense of people in the business take to

make sound castings, but which were not included in the DOE
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documents we received on the subject.

DR, SHEWMON: 1I'm sure you're right, but I would
also ask you for all the money you are spending at Colorado
School of Mines if they would also see what specifications
are used by the military, for example, or are used by the
railroad industry or put out by the Foundarymen's Society,
or Lord knows what. People closer to foundary practice than
ASTM is, to see what can be found other places.

DR. MCNEIL: I will ask that.

MR. ETHERINGTON: Sand castings are typically 35
carbon. Are you trying to get much lower carbon?

DR. MCNEIL: That is either 10-18 or 10-25. It
is in fact what DOE are using.

DR. STEINDLER: Let me make one other comment or
question. If my understanding is correct, you're looking at
the details of the manufacturing process for alloys that DOE
has not yet specified. And the manufacturing processes are
still up for grabs. 1In some cases, you probably don't even
know the environment very well in which the corrosion action
is going to take place.

poesn't it seem like maybe this program is a tad
premature?

MR. COSTANZI: I think the picture that you paint
is a little bit bleaker than it actually is. While it's

true that DOE hasn't made any decisions in terms of saying
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that this is our design for this repository, we do follow
the materials on which they are leaning and on which they
are doing research.

We do, for example, understand that the overpacks
will be welded. It is part of this program we are producing
welded samples. We do have some understanding of the
general conditions, for example, of the salt repository.
Much of our program is to determine how sensitive the
per formance of the waste package designs would be to changes
in those assumptions, changes into the casting techniques or
the weiding techniques, or changes into how the program
changes in the chemistry of well water.

DR. STEINDLER: I guess the problem that I have
is T think perhaps it's unreaszonable but it seems to me, for
a lot of reasons, DOE has not made a firm decision on its
alloys because it's their testing program. 1It's not
complete. And, presumably, DOE is not totally satisfied
that the alloys that currently represent the reterence on
which they're doing most of their testing will in fact be
qualified as suitable to meet the standards of both NRC and
EPA.

If, in fact, it turns out that a year from now
that turns out to be a real problem, surely, DOE will then
pick another alloy backup, or what have you, and effectively

a fair fraction of the work that you're doing might very
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well be interesting but not particularly germane.

MR. COSTANZI: In terms of the fact that DOE
might take a backup material, which, incidentally, to the
extent that we know what they are considering as backup
materials, they aren't even investigating. But the primary
material might be abandoned, or the primary design might be
abandoned in favor of something else.

What you say is absolutely correct but let me
remind you that we are under a legislative mandate to be
ready to review and to review for a three-year period DOE's
license application. We cannot afford to start our research
and develop an independent technical base for that review
until after DOE has made all its decisions.

We feel that we have no choice but to track,
albeit with some delay, track what DOE is doing.
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