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PROCEEDINGS

DR. CANTLON: We®"ll convene the second day"s session of
the Nuclear Waste Technical Review Board. My name is John
Cantlon. 1 chair the Board.

This morning®s session will be a continuation of
yesterday®"s session on the source term. The chair for this
morning®s session will be Dr. Domenico, and after lunch,
where we switch to the Ghost Dance Fault, the session will be
chaired by Dr. Clarence Allen.

So, Pat, i1t"s all yours.

DR. DOMENICO: Good morning. I"m Pat Domenico. 1I"m co-
chair of the Hydrogeology and Geochemistry Panel, and 1%ve
first a few announcements. There"s a break scheduled for
eleven-fifteen, which i1s three hours from now. We"re going
to change that. The break will be at 9:55.

The second announcement Is again, today, they are
having a buffet lunch for $5.95 like they did yesterday.

A few years ago, or maybe not so long ago, maybe a
year or so ago, the Performance Assessment Panel heard some
presentations on transport modeling. Imbedded someplace in
those discussions was a source term that we did not hear too
much about at that time. Yesterday, we heard perhaps all we
wanted to know, and perhaps even more about the details of a
source term. Today, we will hear about which of those

details are actually imbedded in the source term that will be
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used In transport modeling.

So for lack of a better title, we might say that
we"re looking at today, in the practical sense, the source
term In transport modeling for performance assessment.

So with that, we"ll get started right away; first,
by hearing from Bill 0"Connell from triple L, dealing with
combining processes, an engineered barrier system source
term. Following Bill"s presentation, we will have four
presentations on the actual use of the source term by
different groups.

Bill?

DR. O"CONNELL: Good morning. 1°m Bill O"Connell from
Lawrence Livermore National Laboratory. This morning we"ll
be looking at the source term from a different perspective,
starting from the use of the source term and working
backwards, or the input information that"s needed for the
source term, and the first three talks this morning are by
DOE contractors, and these talks are correlated with each
other.

Now, the first talk, my talk, will be how we pulled
all these different pieces of iInformation together to make a
source term; the oxidation and dissolution of the spent fuel
as you heard yesterday, and many of the other elements we
heard yesterday; and also, the local hydrology and the

container breach process, and the processes inside the waste
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package, the hydrology and the transport. So pulling these
together into a source term model will be the subject of my
talk, and then the two following talks by DOE contractors
will also talk about the source term model and 1ts use iIn
systems applications.

Now, expanding on the introduction, there have been
two trains of calculations carried out in the Total Systems
Performance Assessment-91 and this was presented to the Board
in April of this year. So today, the source term, rather
than the total system, will be the main focus of those, but
there were two trains of calculations. They were coordinated
so they were working with the same i1nput space, but for
slightly different purposes to cover the whole space or to do
several detailed calculations within that i1nput space.

At Livermore, we developed a simplified source term
model based on our experience with our other source term
models, and transferred the model to Sandia, and they used 1t
in the Total Systems Performance Assessment.

Now, a few view graphs of the general survey of the
field. First, a source term iIntegrates over the performance
of a large number of waste packages spread out over a large
area, which may be a portion of the repository or the whole
repository, so we have to look at the local conditions of all
these different waste packages, what are the responses of the

individual waste packages to those conditions, and then add
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up those responses to get an area-wide release rate, which is
the source term going into a total system transport analysis.

And particularly for Sandia®s total system
analyzer, which samples many times over a broad input space,
we want a source term which i1s simple so that i1t can be
iterated many times, and of course, we want It to have the
major features of the process results, of the processes that
are part of the engineered barrier system, and as a side
feature, we want to avoid the minor features so that we don"t
get bogged down in details, and because of its application it
should be good over a broad range of parameters, and it
should use the total system parameters as inputs where
appropriate; in particular, in the hydrology, the percolation
flux downward through the mountain, and the saturated
hydraulic conductivity of the matrix.

Now, this i1s using a conceptual model of Sinnock
and others. It was published in the site characterization
plan, whereby the downward percolation is carried by the
matrix, and so If there i1s too much percolation, then the
excess goes over iInto fracture flow and seepage flow. That"s
one possible conceptual model, and that®"s the one we"ll be
using i1n this source term.

Still looking at the big picture, the near-field
environment i1s an influence on the engineered barrier system

and on the transport through the near-field zone, and then



© 0 N oo g b~ w N P

N N NN NN P P P B R P P PP
a B W N P O © ©® N O O » W N PP O

276
these different zones are also transport pathways, resistive
transport pathways, and in the first application we didn"t
specifically consider the near field as a transport zone, soO
we sort of avoided the question of where to do the hand-over
of the release rate, you know, from the engineered barrier
system to the far field. It could be here or here, but we
sort of avoided that problem, but we did include the near-
field environment as an influence on the source term.

Now, doing the source term, we have to keep in mind
that we have the full repository as a system, and at the
heart of the repository we have individual waste packages,
and the averaged hydrology goes into the local hydrology at
the different waste packages, and there is a spatial
variability to be expected, and one of the new features of
this source term model i1s an explicit treatment of this
spatial variability and hydrology.

Then we look at the individual waste package
responses. The concepts i1n the individual waste package
model would date back about two years to the Working Group 2
joint effort in 1990, which was presented to a panel of the
Board in 1991, but using those concepts, we get the releases
from the individual waste packages, and then just sum them up
to get the area-wide averaged release rate.

Now, the issues we have to keep in mind are, first,

linking the processes on a broad scale and on an individual
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waste package scale, and including localized variations about
an area-wide average, and one thing we should keep 1n mind
but did not In the first application was the correlations
among the inputs and correlations of the outputs with the
inputs. For example, the release rate might be higher iIn a
local area i1f the hydraulic flow there is higher, and so the
release rate and the transport capability are both correlated
through the hydrology.

Now, looking at the individual waste packages at
the heart of this EBS system, we started from the outputs,
which i1s the release rate as a function of time from the
waste packages, and worked backwards as to what do we have to
know In order to calculate that release rate, and as In the
1990 joint effort with U.C.-Berkeley and Pacific Northwest
Laboratories, we decided to focus on these later processes in
the sequence of events.

So the mobilization of the waste form from a solid
to a soluble form, and the transport from the edge of the
waste form into the host rock, of course, these processes
depend on inputs from numerous fields; for example, the
mobilization depends on waste form properties, the
geochemistry and the hydrology, and the whole thing depends
on having breach of the containers.

Now, these other processes we"re taking as inputs

right now, but in the future evolution of the model, we could
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put process models iInstead of input structures. Now, the
reason why we"re being so simple iIn this approach iIs because
even at the simple level, there are many alternatives which
have to be considered.

The radionuclides, they are high solubility and low
solubility. This affects the mechanism by which they"re
mobilized and released, and there are a few gases, and some
of these are In two or three different locations within the
spent fuel, and particularly Important are the cladding
surface and the fuel cladding gap where soluble elements
could be mobilized quickly, and those iIn the spent fuel
matrix, which can only be mobilized slowly, as the matrix is
altered or dissolved.

In the initial model, we"ll be looking at the high
solubility elements i1in both locations, and the low solubility
elements, which are mainly in the matrix, and the gas i1s not
included in the initial model, but Sandia added a treatment
of the gas before they went into their total system model.

Now, this concept of taking the broad average,
individualizing 1t to the individual waste packages, and then
adding i1t up again is shown in a data flow diagram format
here. So the first sub-model i1s the local environment model,
where we take the broad averages and find out what the local
distribution consistent with those averages is, and then

apply this local distribution to the waste packages, and it
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turns out to be convenient to subdivide these waste packages
into sets according to the type of water contact they have.
Then calculate the release rates and sum them up, and finally
get a release rate time history for any radionuclide over all
the waste packages In an area.

Now, for the next segment 1°11 be talking about the
local environment model that went into this. This 1s
primarily a hydrology model, but 1°1l say a few words about
the geochemistry at the end, In view of all the presentations
that were made yesterday about geochemistry.

So we did treat the local variability of the
hydrology by a few concepts and equations which I will get
to. We treated variability In the rock mechanics iIn the
sense that there i1s initially a gap--at least iIn the
conceptual design--there i1s an air gap, and this gap may get
filled over time through weathering or spalling from the
borehole rock wall, and whether 1t does or not, that is an
input parameter in this model, but at least it i1s considered,
and the container breach times are considered as an input iIn
the model.

Now, within a single waste package as well there is
variability at different locations within the waste package.

Only a fraction of the spent fuel i1s likely to be wet, given
these low water flows and the partially-saturated conditions

and high drainage possibilities.
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The simplified model assumed that a fraction of the
fuel was wet, but this fraction was consistent from one
package to another. We didn"t consider further variability.

Some specific features of the base case hydrology
that were posed for this set of calculations by the total
systems people and hydrologists; first, they had a
distribution of percolation flux. This was based on
alternate possible futures. It"s one flux for the whole
mountain, but 1t could depend on future climate, so there"s a
distribution. The average was about one or two millimeters
per year, which Is somewhat higher than we were considering
as anticipated conditions, and that will have an influence on
the waste package®s response to this much of a groundwater
flux.

Now, as the average flux increases, the local flux
at the different packages will all increase, although there
will still be differences from one package to another. More
packages get wet, and they get more water.

Now, we wanted to have a response which varied
smoothly, actually, as a function of the average infiltration
flux. Different packages may have a sudden large transition
from fairly dry conditions to fairly wet conditions, but
different packages might see this response at different
average infiltration levels, so we didn"t want to treat all

the waste packages the same and have an artificial big jump
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in their response.

Now, how this works out for the local environments,
for the waste package to have any water contact and,
therefore, an aqueous release of radionuclides, i1t has to
have some water contact. Either rubble could provide a
pathway for diffusion, or seeping water could provide a
mechanism for advective transport of radionuclides, and we
assumed these two things were independent, and we assumed
that the local percolation flux was lognormally distributed.

This concept was picked up from Duane Chestnut of
Livermore, who published a paper in the International High-
Level Waste Conference proceedings last April. He looked at
Stripa data and some saturated hydrology conditions data, and
found lognormal distributions of spatial variations iIn the
flow under various conditions, so we picked up that concept
to give some specific way of addressing what the
variabilities are, and we assumed that, as 1 said earlier, iIf
the total flow downward gets too high, then the excess goes
into seepage through fractures, and that these are
independent.

And the diffusion coefficient in the rubble zone
depends on whether 1t"s only moist conditions, or whether
there 1s seepage over the surface of the rubble.

Now, this shows four different possible futures for

the average percolation flux downward through the mountain,
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ranging from small to high, and as you go toward the higher
averages, we"re assuming that the standard deviation is
proportional to the mean, so the distribution gets broader,
as well as going to higher values. We"re talking about
values on the order of 0.5 or 1 mm/yr of Darcy flux downward.

Now, the response at individual waste packages to
such a flux is assumed to be what®"s shown here. As the total
flux gets above this threshold for seepage, then the excess
goes Into seepage. So the seepage flow which can provide
advective transport goes up linearly here, and we"re assuming
that the diffusion coefficient has a step change, just from,
you know, it"s higher when there i1s some seepage flow as
well. This was a step change of one or one and a half orders
of magnitude, actually.

So the output of the local hydrology model, we can
calculate the fraction of waste package boreholes that have
seepage flow as a function of the average flow, and an input
that"s passed through i1s the fraction where the walls have
provided some rubble, and each of the waste packages has one
of these four modes of water contact; either one or the
other, or both.

Now, 1f there are both types of flow, then there
are two parallel pathways away from the waste package, and we
have to take that into account in the transport. Now, as far

as geochemistry in the near field and impinging upon the
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waste packages, we did not treat variability in this, but I
have to say a few words.

Particularly within a waste package, the
geochemistry will be dependent on the hydrology for the
following reasons: Incoming with the groundwater are a
certain amount of groundwater chemicals which control the
chemistry, and then at the same time, part of the uranium
surface 1s wet, and that is producing uranium into a
chemically-reactive system, and i1f the uranium overpowers the
incoming chemicals, then 1t"s a uranium-controlled chemistry
and we just have to keep track of its ratio; take the water
influx per year times the concentration of calcium, and you
take the fraction of surface of spent fuel which is wet, and
an additional factor depending on how many grains down from
the surface are wet, and the surface reaction rate.

Now, this particular interest in calcium arises
from a calculation of Bruton and Shaw in 1987 that showed
that for low amounts of uranium, the solubility is controlled
by the solid phase of a calcium-uranium silicate, which
precipitates out, and the recent work by Gray yesterday, the
surface reaction rate of uranium in a flow-through system
that separates this reaction rate from other things that
could be going on in a low-flow system, so now we have at
least some access to all the needed information and we can

calculate this ratio.
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And it does appear that the uranium does control
the chemistry within the waste packages, so we have a low
flow system in most of the waste packages; you know, low
water to uranium ratio.

Now, getting back to the higher level of
calculating the release rate from the various waste packages,
we"ve organized the release rate according to the type of
radionuclides and their locations, and then by these water
contact modes. So there are many different cases, each of
which has to be considered.

Now, for one radionuclide type and location, this
data flow diagram shows the little expansion. The several
arrows indicate the different water contact modes, and the
release rate and time history i1s calculated for each water
contact mode, and then the sum over a group of waste packages
with similar properties is done in this part of the
calculation, and the total sum is done here.

Now, expanding on this release rate calculation at
the waste packages for a group of waste packages, the data
flow diagram looks like this. Now we"re getting down to a
single waste package, or to a group of waste packages
concerning breaches at different times, and we have to look
at the waste form alteration. If a waste gets wet, then i1ts
alteration is spread out over considerable time, and 1f some

waste 1s mobilized in a soluble form and i1t"s release from a
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single waste package i1s spread out over time, and these
various time processes are coupled by a convolution over
time, and the net result is a time history of the output.

Now we decided to treat this by looking at the
parameters of a time history in a schematic way, and earlier
work from 1990 and "91 show, that for the high solubility
radionuclides, the release rate curves looked generally like
this. They went up and they went down within a predictable
time; sometimes in less than 10,000 years, or in the case
where there®s diffusion through a rubble zone with a large
retardation, then this could last considerably over 10,000
years. But at least we could see the end; we knew when it
was going down.

Now, the low solubility radionuclides rise and
reach a steady plateau, with a constant diffusion conditions
or with a constant advective flow, then this release rate
would be constant over a very long time period. So these are
the characteristic curves. | showed two examples that are 1iIn
the handouts from previous work which was presented iIn 1991
to the panel on performance assessment.

Now here®s releases from the highly soluble
radionuclide, and for different water transport mechanisms,
you still see releases go up and they go down, so we"ve
decided to Tit all of those shapes with this single

standardized release rate shape that has a rise time and a



© 0 N oo g b~ w N P

N N NN NN P P P B R P P PP
a B W N P O © ©® N O O » W N PP O

286
decline time, as well as a delay In starting.

Now, the most important parameter is the decline
time, which is the longest time constant in the curve, and
which pretty much determines what the peak release rate is.
And iIn case you"re interested in the breakthrough in the
early parts of the curve, then the rise time and delay time
are secondary parameters of this curve, and we did a similar
standardized shape for the solubility limited radionuclides.

But getting back to the high solubility
radionuclides, and the three processes that were involved in
time, there was the container breaches, which depend on the
time spread in re-wetting of the containers after a hot
period, and the time spread In breaches after becoming wet,
and we used the one parameter model for the breach rate of
the waste packages given that they had become wet.

In the waste form alteration, we assumed that the
alteration was proportional to the amount remaining. In
previous work, we assumed a constant value until 1t was all
gone, but with the first order, any shape is about equivalent
as long as i1t has the right properties over a reasonable
period of time.

And transport. In the flow-through case, the
transport goes rather quickly, and in diffusion i1t would be a
much longer spread over time. And we can calculate these

curves by taking the longest time constant in each and doing
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a square root of the sum of the squares to get a time
constant of the output. So that"s an approximate treatment,
but i1t does capture the primary features.

Now, the main parameters which are important--and,
of course, all of them are uncertain at this time, but the
important uncertain parameters, 1 just listed a large number
of them iIn the--and look at the handout for the details, but
in total system hydrology, there are several parameters. In
the waste package hydrology, there"s the fraction of the
local flux which actually gets iInto the waste package, and
the fraction of the fuel surface wetted.

In rock mechanics, the influence i1s the fraction of
boreholes with rubble and how much of the waste package is
contacted by that rubble, and there are some parameters for
diffusion.

And in geochemistry, waste form interaction,
that"s, of course, very important and we only handled that by
input parameters, but the fuel matrix alteration rate, we
were taking a maximum rate over a range of temperatures and
conditions, and element solubilities, a maximum over a range
of conditions. So this really sums up the things which were
presented yesterday. We were taking maximum values, and this
does not work very well. We will have to have a reiteration
and get more detail Into the model, because by taking

maximums and simple bounding values on the chemistry and on
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the hydrology, this is over-predicting the releases; and the
container parameters as well are important.

Now, looking ahead to the interplay of the source
term model with the total system model, for the next
iteration, we would want to consider whether there are trends
in these downward percolation fluxes across the repository,
or trends in the chemistry, because there i1s a correlation of
the water flux on an area-wide basis, and the source term on
that same area-wide basis, and because the repository is fit
into one bed of tuff--which 1s at about a 10 degree slope--
there are differences in the distance to the water table and
in the number of rock layers, so, therefore, in the transport
time. So there®s some correlation through the hydrology in
both source term and total system performance.

But summarizing what we learned from the first
simplified model, with the assumptions that 1 described
before and the results that are at low, say at a low
distribution of downward percolation flux, you might have
just a few per cent of the waste packages with a seepage
flux, but those few per cent will contribute most of the
source term because of the higher diffusion when there's
seepage present, and because of the advective flux with the
seepage. So a few per cent can contribute most of the source
term.

However, i1n the total system problem that was posed
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in the last exercise, the average percolation flux was fairly
high, so I think more than 50 per cent of the waste packages
had percolation flux, and there was a fairly high release
rate calculated because of those assumptions.

We can see qualitatively that there are
correlations induced by the hydrology among the container
performance, the release rate, and the total system transport
performance; and similarly, 1If we go to a fracture-flow model
such as Buscheck and Nitao"s, temporally transient and
spatially distributed flux down through fractures, non-
equilibrium flow, then we could have a set of flows iIn
fractures and this would again be distributed over space, and
most of the fractures would not be carrying any flow, because
you are limited by the total influx constraint, and would
have similar results as we found even iIn the matrix fracture
interplay model, that a few waste packages would have a
substantially high release. So a small fraction of the waste
packages would control the whole release.

So in summary, this model does consider the spatial
distribution in an explicit form, and it"s based on concrete
ideas backed up by data which was published within the last
year, and as far as chemistry, we would like to include that
in the next i1teration and we"re looking, at least, for some
handle, some concrete ideas to make 1t more than just a "what

1" approach. So as i1deas come above the threshold level
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from these various detailed studies, we can iIncorporate them
into the total system model.

Thank you.

DR. DOMENICO: Thank you, Bill.

Any questions from the Panel; Warner?

DR. NORTH: Warner North.

Could you describe to us the state to which this
has been implemented; in other words, how far have you gone
from essentially a conceptual description of this, to
implementing it with numbers and carrying out sensitivity
analysis? You gave us a set of qualitative insights, and I™m
not really sure what backs those up. And then, what"s the
state of the documentation of I1t?

DR. O"CONNELL: Well, this model, you know, 1 was saying
this year we did this and we did not do this, and within
those limitations, that conceptual model and specification
were transferred to Sandia. They did implement it In their
total system analyzer code, so it has been used. You"ll see
some results when Mike Wilson makes his presentation.

DR. NORTH: Okay.

DR. O"CONNELL: We did not do any sensitivity study
using the full computer code. The sensitivity considerations
I alluded to were just derived from the equations, or looking
at the conceptual model, but It"s easy to do a sensitivity

analysis on part of the problem. When adding up all the
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different components of the problem, then we really would
need to use the computer code and do a formal sensitivity
analysis that has not been done yet.

This model is documented in Sandia®s report on
their total system calculation. 1 have the report which
documents the rationale for i1t that"s in progress. It"s
limited by budget and priorities.

DR. NORTH: So the short summary is the documentation
that exists is In the Sandia report?

DR. O"CONNELL: Yes. It does describe the equations and
assumptions.

DR. NORTH: What strikes me as interesting is | don"t
recall quite as much focus on the spatial variability issues
in that report as iIn what you"ve presented, and 1 would be

interested iIn seeing a little bit more in that area.

DR. DOMENICO: Any other questions from the Panel
members?
DR. LANGMUIR: Don Langmuir.
Overhead 17, 1 was encouraged by the wording at the
top, which said, "Geochemistry variation is a fertile field."”

What I was iInterested iIn, in particular, was your finding
that calcium-uranium silicates, where the basis for selecting
a source term for uranium was to use that mineral set as the
source term rather than the oxide field i1tself, and it

occurred to me--pardon me?
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DR. O"CONNELL: No, the oxide field was used as the
basis for the source term. The calcium-uranium silicate
would be used as the basis for determining the solubility of
the uranium only, but the--in principle, the source term
could be--1 mean, the matrix could be altering and then re-
precipitating in this other form, so you have a churning
going on, which gives you a non-uniform release of some other
elements.

DR. LANGMUIR: Yeah. The only point 1 wanted to make
was that this 1s a very tricky business In the sense that
whether those solids are there at all will be a function of
the water content that you assume present at the time of a
breach. So at very low water contents, you"re going to get
highly-soluble phases produced, which then could be secondary
source terms. At very high water contents, you"re going to
have less soluble phases perhaps controlling the releases,
and so you have to be flexible on what you pick for your
phases that control the releases away from the waste and make
it a function of the water content you assume. It"s a very
tricky moving target.

DR. O"CONNELL: You mean, as a function of the water
chemistry or of the--

DR. LANGMUIR: Well, the water content itself will
define whether a highly soluble phase even exists.

DR. O"CONNELL: Yeah. I agree it"s a--there i1s a lot of
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details that have to be pinned down before you really know
the geochemistry. The calculation 1 referred to was a
scoping calculation, using J-13 water, or concentrated J-13
in water as the assumed incoming water, and then gradually
titrating more uranium into 1t over time, and the time axis
was reaction progress rather than actual calendar time. And
now with the surface reaction rate, we can convert that into
a calendar time. But there are many factors that would have
to be checked.

DR. DOMENICO: Any more questions?

DR. APTED: Bill, we"ve seen yesterday some, oh, some
proposed alternate designs. 1 don"t how the terminology goes
within the project. 1 don"t want to misname them, but
obviously there is some consideration of different
emplacements from the SCP-type emplacement.

Could you comment on the applicability of these
models--and maybe the subsequent speakers can address the
same issue--to handle these, you know, 1f an alternate design
i1s proposed for the tunnel emplacement, are we still In good
shape with applying these same models?

DR. O"CONNELL: Yes. We have a suite of models, and
recently we have been doing some work in collaboration with
Babcock and Wilcox on looking at the performance
considerations for alternate designs, such as some of these

in drift designs. So we have been doing sensitivity analysis
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there iIn relation to design rather than total systems, and we
have a diffusion model which can handle the emplacements with
a backfill rather than an air gap, and we have an advective
model which can handle the seepage flow, and whether the air
gap i1s an effective barrier. So we have a suite of models
and we hope to combine them into one grand model in the
future.

DR. DOMENICO: Any other questions from the Board?

I have one easy one, 1| think. The advective fTlux
is merely a carrier here. What controls, In your source
term, what controls the rate at which these materials enter
into that carrier? 1Is it strictly solubility controlled, or
what are the details?

DR. O"CONNELL: For low solubility elements, i1t iIs their
solubility which controls their rate of entering this
advective flux. For high solubility elements, it i1s the
matrix alteration rate, the uranium oxide fuel pellet matrix
which controls. Now, we"re assuming that this matrix alters
and part of 1t can re-precipitate either as a secondary phase
with calcium, or a secondary phase with a different oxidation
state of uranium, so that there i1s a forward progress of the
uranium oxide surface alteration even under these low flow
conditions.

Now, there may be some limiting factors which would

bring this progress to a halt, but we are not including that
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in the model. 1 think that"s an interpretive approach.

DR. DOMENICO: So this i1s merely--it"s rate controlled.

It"s reaction to actual surface. Where did that information
come from on that?

DR. O"CONNELL: We took our rate from Chuck Wilson"s
experiments, where he was looking at the release of cesium,
1odine, and so forth as an indicator of the overall reaction
progress. Now, this may combine grain boundary release as
well as matrix release, but we took that as a bulk indicator
of what fraction of the uranium oxide fuel pellet mass in its
cracked and fragmented form could be released per year when
it"s contacted; in fact, when 1t"s immersed in water.

Now, the other experiments--for instance, by Walt
Gray--on flow-through tests would give other surface reaction
rates, and 1 think he said they may be a factor of ten lower,
and 1f you consider a low flow system with solubility or
secondary precipitants, you know, you may go up or down on
the order of magnitude, so that becomes more complicated.

DR. DOMENICO: Are those complications imbedded in your
term?

DR. O"CONNELL: No. We took our results from, as 1
said, this one series of experiments, sort of a static
reaction progress experiments dissolving various elements,
and those static tests do Incorporate a number of processes

going on, but other conditions could give you other processes
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and other net rates.

DR. DOMENICO: And then the last thing, do I understand
that this i1s the source term used in the Sandia model? This
is what you developed here?

DR. O"CONNELL: Yes.

DR. DOMENICO: Any questions from the staff?

(No audible response.)

DR. DOMENICO: Perhaps we have time for one from you
people out there.

MR. McGUIRE: Robin McGuire with Risk Engineering.

In this uncertainty characterization of the
infiltration rate which i1s, as you say, a lognormal
distribution assumed, are you assuming, effectively, that
that distribution represents the range of flows, of
continuous flows from just under the subsurface to the
saturated zone?

DR. O"CONNELL: We"re considering the percolation flux
which gets, say, below the root zone and percolates all the
way down toward the water table, and we"re assuming that iIn
the repository horizon, in that type of rock, that the
spatial distribution is as | have described. Now, 1t"s

lognormal. We have no i1dea what the variance should be, so

that"s an open information issue. It could be different at
different horizons, but i1t"s the same total flux. 1t could
be a different variability.
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MR. McGUIRE: But you"re assuming that i1f at some point

in the repository it is at the mean +2 B level, youT"re

assuming that that mean +2 E flux is continuous down to the

saturated zone; is that right?

DR. O"CONNELL: No, there could be mixing, say, if you
have more concentrated flows in certain local areas, these
could mix together at the next layer below the repository
horizon. So we"re not making any assumptions on whether that
happens or not.

MR. McGUIRE: You®re not making any assumptions? Okay.

All right.

DR. DOMENICO: We"re going to have to go forward now.
Thank you, Bill.

We"re now going to hear about the Sandia model
source term. Actually, we have two presenters here and the
first one will be Mike Wilson, giving us some information on
the source term for SNL total performance assessment.

DR. WILSON: All right. 1I1"m going to follow up Bill~"s
discussion with some of the application of the source model
in our total system performance assessment, and discuss the
results a little bit and some of the things that we want to
do in the next iteration of the total system performance
assessment, and then Rallie is going to follow--Rallie
Barnard is going to follow with some other aspects of the

source term.
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One thing I want to emphasize i1s that we"re talking
about a source term for total system performance assessment,
which has rather different needs than the source term that
would be used for the more specific EBS performance
assessment, and Bill has already alluded to some of this; the
fact that we need to couple the source term into flow and
transport calculation going onto the accessible environment,
and the fact that the EPA requirements force us to do
probabilistic calculations, whereby we need to calculate a
lot of realizations, make us want to keep our source term
relatively simple compared to the kinds of source terms that
they used in the EBS performance assessment.

So the trick there i1s to make 1t simple so that i1t
doesn"t take too much computer time and that we can still
understand i1t, and yet, somehow retain what"s important.

I"m going to just talk about the areas where we
expanded or added a little bit to what Bill has already
talked about. First of all, let me mention that we didn"t
include all the possible radionuclides in our calculations.
There i1s a set of ten that we used In the calculations where
the source term was coupled to transport calculations. In
some of the other calculations, the human intrusion and
volcanism calculations, where the releases were direct to the
surface without any transport calculation, then we included a

much larger group of nuclides.
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But for the transport calculations, we included the
ones that are highly mobile that we expect most of the
releases to be from and, in addition, we included a few of
the high i1nventory actinides, so we think we have a
representative set of nuclides that should encompass most of
what we expect to be released.

As Bill talked about just a minute ago, the basic
releases i1In the source model are divided into two classes;
the alteration-limited and the solubility-limited, and they
have different shapes for the release rate curves, and we
picked five of each for our calculations, and the model is
strictly for spent fuel at this point. We didn"t do any
modeling of glass waste, and In coming up with the inventory
for 1t, we simply took a mix of 60 per cent PWR and 40 per
cent BWR fuel, with some specified typical burnup.

Now, as you may recall from the presentations we
made to the Board last April on our total system performance
assessment, we included two different models of how the water
flow takes place In Yucca Mountain iIn the unsaturated zones;
one, the composite porosity model assumes kind of a
widespread flow pattern with the matrix and fracture flows
tightly coupled, and that i1s the model that Bill was assuming
when he developed his source term. And so the source term
applied to the composite porosity flow calculations is

exactly what Bill already described.
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The other water flow model was what we call the
Weeps model, which i1s an episodic fracture flow dominated
model, and we had to make a few alterations to the source
model to fit 1t into this framework. First of all, Bill
talked about how he calculated the number of wet containers
and the number of containers that were only moist based on
the hydrology inputs. Now, the whole basis of the Weeps
model 1s a calculation of how many of the waste containers
are contacted by water from flowing fractures, so we replaced
that part of the source model with a different algorithm for
calculating how many are wet.

And then these other two are simple approximations
that we thought kind of fitted into the philosophy of our
Weeps model. We only had releases from the wet containers,
so that the moist ones were not contacted by any dripping
water, and so the assumption was that they simply did not
fail, at least within 10,000 years. And we included only
advective releases from the flowing water in the fractures,
and not diffusive releases for this. These two would be easy
to modify, but I don"t think they would affect the results
significantly. This change in the algorithm for calculating
how many are moist and wet does make a big difference.

We also wanted to calculate gaseous release and
transport, and the source model that Bill developed was

intended for aqueous releases, so we had to kind of make do
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with 1t as best we could given the amount of time that was
available.

First of all, this I don"t think is really an
approximation. Carbon-14 is the only nuclide that we think
IS going to have significant gaseous transport. |1 don"t know
that anyone®s done an exhaustive study on that, but that
seems to be a fairly general consensus, and the primary form
of 1t should be i1n carbon dioxide.

Now, the source model that we used didn®t have any
provision for cladding failure or anything like that. The
interior of the containers is basically just one black box,
and so the quick release part of the Carbon-14 from the
surface of the cladding was lumped together with the quick
release part from within the fuel rods, the gap and grain
boundary parts, as one prompt release fraction, and that"s a
pretty typical thing for people to do anyway.

The releases, or possible releases from fuel
assembly hardware and from the inside of the cladding--1
mean, the matrix or the cladding, if you will--was not
included In the source model. My feeling is that the
releases from the fuel assembly hardware might be
significant, but I don"t know. So that"s one place where
we"re not really completely conservative, and the 40 per cent
there i1s the--what we included was the Carbon-14 in the fuel

pellets and in the little layer that"s on the outside of the
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cladding, and that amounts to a little over .6 of a Curie per
metric ton, and that i1s 40 per cent of the old Carbon-14
inventory of one and a half Curies per metric ton.

Now, as Rich Van Konynenburg talked about
yesterday, he®"s done some work on revising the estimates of
the Carbon-14 inventory, and he revised i1t downward to one
Curie per metric ton, and 1f you go by that, then we are
including 60 per cent of the iInventory.

We didn"t do any kind of calculation of how the
Carbon-14 gets out of the waste container. We assumed that
as soon as it"s mobilized, that i1t"s released.

Okay, so let me talk about the results a little
bit, and this i1s going to take a little bit of explaining.
This bottom one is something that 1 think people are used to
seeing. This shows our final results of the CCDF of the
releases to the--cumulative releases to the accessible
environment over 10,000 years compared to the EPA limits, and
the two curves here are for the two different water flow
models.

The top one is something that is probably a little
foreign to people. It is a probability distribution of the
peak release rate from the EBS compared to the NRC release
rate criterion of 10™° per year, and what this is showing us,
then, i1s that for the Weeps calculation, something like 7 or

8 per cent of the time, the NRC criterion was exceeded, and
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for the composite porosity calculation, 100 per cent of the
time 1t was exceeded.

Now, I"m not presenting this to tell you that 1
think that the release rates from the EBS are high or
anything like that. This i1s intended to put our source model
into perspective and show you that the releases from the
source model, as we applied 1t, and with the input parameters
that we used, are very high. And so that"s something
important to keep in mind.

However, it turned out that the travel times to the
accessible environment were long enough that it compensated
for those high release rates, and the final values are still
well below the EPA limits.

In the gaseous releases, the story is similar, 1is
very similar for the release rates compared to the NRC limit.
These curves look pretty much just like the curves you saw,

and that"s because we didn"t have, as 1 already said, we
didn"t have a lot of special things in the source model for
handling Carbon-14. The source model for Carbon-14 is just
about the same as the source model for technetium, with the
different inventory and different prompt fraction, but the
story iIs pretty much the same.

Now, the story for the releases to the accessible
environment is rather different because, In this case, the

gaseous travel times are not long enough to compensate for
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the high release rates, and so there"s two things to keep iIn
mind about this:

Number one, I strongly believe that this iIs a very
conservative source model, and 1f we--as we hope to do--go
into some of the parts of the model that are the most
conservative and try to come up with more realistic versions
of them, to move these curves over, then i1t"s going to move
these curves over as well; and secondly, the way we did the
Carbon-14 transport calculation i1s also probably pretty
conservative, and we"re going to try to refine that somewhat,
also.

All right. Now let me go on to some of the things
that we hope to do In our next performance assessment
iteration. As you know, we"ve been committed to iterating
these total system performance assessments every one and a
half to two years, and so these are some of the ideas we have
for directions we want to go for the next iteration, and
chances are, we"re not going to be able to do all the things
on this list. 1It"s going to depend on how many people are
available and how much time is available and how much money
is available and all those kinds of things, but these are
some of the things that we know are important and need to be
looked at, 1f not In this iteration, then In the next one.

The first two are things that seem to be on

everybody®s mind these days. We really want to look at the
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performance of some of the new container and emplacement
designs and thermal loadings that everyone is interested in
right now. We think that people are really, really
interested in seeing how these things stack up as far as
their total system performance.

We want to look at, take another look at the
radionuclides that we included in the calculations and see if
we can think of other ones that may be Important and need to
be included, and that"s something that is somewhat scenario-
dependent, you know. Depending on the kinds of processes and
events that you have going on In any given calculation, you
may need to revise the list of nuclides you include iIn the
calculation.

We need to include models for releases of Carbon-14
from the cladding and from the fuel assembly hardware, or
else show that they"re not significant.

We need to come up with a model for releases from
the waste glass. We would like to look at the performance
implications of colloid formation and transport. One really
key aspect of the source model we have is the matrix
alteration assumption or hypothesis, whatever you want to
call 1t, and based on the kinds of things that Bob Einziger
and Walter Gray presented yesterday, one thing that"s likely
iIs that that matrix alteration is highly temperature-

dependent, and so this fits in with what | said before about
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looking at the variations in thermal loading, and in order to
be able to look at variations in thermal loading, we"re going
to have to put iIn some of these temperature dependencies like
that, and 1 probably should have listed this one next. Other
temperature dependencies may be important as well. We may
need to put in something about how the solubility varies with
temperature and how container failure varies with
temperature, for example, but we"re limited in how much
information we have on some of those things.

Another thing that is important is the coupling
between the source term and what"s going on in the far field.
In the current source model, there are three of the source

model parameters that are coupled with the far-field
hydrology, and that"s the number of containers that are in
wet conditions, and the amount of flux that those containers
see, and the affected diffusion coefficient depending on
whether 1t"s moist or wet. We would like to include
additional variables, you know, strengthen the coupling.

One obvious example i1s container failure. You
would expect that containers In wet conditions probably fail
quite a bit quicker than containers that are in only moist
conditions.

IT possible, 1 would like to see us iInclude the
container and cladding as barriers to the transport out of

the waste package. That"s a difficult thing to do and hard
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to justify, and so I don"t know 1T we will get very far with
that.

Many of the source parameters in our calculation
for this TSPA were just taken as constants for convenience,
and we need to develop distributions for them. One simple
example 1s the fraction of the containers that have rubble
infill 1n their boreholes. We just said that to be 50 per
cent for these calculations, but it would be a simple matter
to use a distribution. It"s not as simple a matter to come
up with some sort of justification for the distribution that
you use, which 1s why we didn"t do it the first time, and
there®s many other kinds of cross-correlations that you can
imagine that could be important, and we would like to look
into that.

To sum up, the source model that we used for these
calculations, 1 think, 1s a real good start, but it"s
probably too conservative, and in the future calculations
we"d like to work on relaxing some of the conservatism, and
also, to look at some of the new design options that people
are interested iIn these days.

DR. DOMENICO: Thank you much, Mike.
Any questions from the Panel; Don?
DR. LANGMUIR: Don Langmuir; Board.
Mike, 1n light of the new energy bill, C-14 may be

a moot point, but does your model consider retardation or
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retention of C-14 as CO; in the carbonate systems? It should
do that.

DR. WILSON: Yes.

DR. LANGMUIR: As it goes up through the far field, that
is part of your model?

DR. WILSON: Yes.

DR. LANGMUIR: How have you quantified 1t?

DR. WILSON: Whether we"ve included as much retardation
as there should be i1s uncertain. We have a coupling between
the carbon dioxide and the carbonate, or bicarbonate iIn the
water. We don"t have any coupling with the solid, and that"s
something that could increase that retardation that we have
not included yet, and 1t"s also something that"s temperature-
dependent, and we haven"t got the full temperature-dependence
in the transport calculation, either.

DR. DOMENICO: Yes, John?

DR. CANTLON: Cantlon; Board.

You indicate that In your next--some of your future
iterations you"re going to look at the glass wastes, and also
look at colloid formation in transport. Are there any data
that would suggest colloid from the glass wastes might

enhance mobility of the spent fuel?

DR. WILSON: I don®"t know enough about it to be able to
answer that. |1 think that there certainly is evidence that
the glass forms colloids as it breaks down, but I don"t know
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enough to really address the subject.
DR. DOMENICO: Any other questions from--yes, Nava?
DR. GARISTO: Nava Garisto.

I didn"t understand your boundary conditions. For
example, at the source, you were saying that the
radionuclides--the technetium, selenium and others--were
released based only--limited by alteration of the matrix?

DR. WILSON: Um-hum.

DR. GARISTO: I don"t understand why this should be
valid.

DR. WILSON: Well, I should probably let Bill answer
that since 1t"s his source model, but I*11 try. The idea is,

as | understand i1t, iIs that as the UO, oxidizes to the Us0Og
state, that the technetium and i1odine and carbon and those
things are freed up for transport.

DR. GARISTO: This seems to be inconsistent with the
presentations yesterday that showed that these kinds of
radionuclides are released from gap and grain boundary and
their releases are not really dependent on the dissolution of
the matrix.

DR. WILSON: We"re including the gap and grain boundary
part as a separate thing, but the question is whether the
releases from the fuel matrix are important. |If we only have
releases from the gap and grain boundaries, then the releases

are comfortably low and we"re safe, but we feel like, to be
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conservative, we need to consider the case of what if there
iIs a significant amount of release from the matrix or the
fuel pellets. Without that, we have very little trouble iIn
meeting the standards.

DR. GARISTO: And what boundary condition did you use at
the exit?

DR. WILSON: For the advective ones, there i1s no really
boundary condition. You just have some amount of water
flowing through and i1t is saturated with the nuclides--or
it"s probably not saturated in the case of the technetium
because 1t"s rate-limited, and then i1t carries i1t out.

For the diffusion calculation, they set the
concentration to zero right at the borehole walls, and
calculated the diffusion across a 3 cm gap.-

DR. DOMENICO: We"re going to hold further questions and
let the other part of the Sandia team speak, and then maybe
we can open it up to the first three presenters.

Rallie Barnard?

DR. BARNARD: 1"m going to talk about an aspect of the
total system performance assessment analysis that was not
discussed at all in the April meeting for the Board, nor is
it contained in very much detail In the TSPA document.

And what that i1s, i1s to look at one sensitivity
study done on the source term; and specifically, i1t was done

on the human intrusion analysis which used both the standard
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source term, as you"ve heard about previously, and what I
call a detailed one, which contains more information. All
the remaining analyses of the TSPA-91 use a standard source
term.

Well, what i1s the detailed source term? 1 think we
can all agree that there are a great number of uncertainties
about the source term, but one of them that we can look at
fairly easily is to ask whether the standard source term
glosses over some of the differences in the radionuclide
inventory which could arise because of a difference in the
reactor types of the fuel that we"re looking at, the degree
of burnup of the fuel, and the decay of the fuel since i1ts
discharge from the reactor.

Well, the standard source term that was used was
taken from the SCP, but abstracted--to use our favorite word
for TSPA-91--to make i1t more computationally easy to use, I
guess. The detailed source term was taken from the
characteristics data base. That"s a document and a project
done primarily by the folks at Oak Ridge, which i1s to
characterize the exact nature of all the spent fuel being
discharged from commercial reactors since the start of time.

The standard source term, as we used 1t--and as you
have heard before--is 60 per cent spent PWR fuel, 40 per cent
BWR, where the burnups used for the PWR and BWR are as

follows here. Furthermore, ten years was used as the decay
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time for the fuel. If you stop and think about that, based
on the current schedule of the repository, that"s a fairly
short amount of decay which has occurred.

Now for the detailed source term, what 1 did was to
look specifically at both PWR and BWR spent fuel inventories
as a function of burnup and decay, and develop the detailed
source term. You"ve seen this picture before in a number of
incarnations, but this i1s my 3-D color version of i1t, and
what 1t shows 1t the discharge year starting in 1970--this is
for PWR. This 1s the fTirst date for which there are data iIn
the characteristics data base--going out to the year 2040,
which i1s the projected end of the data base. There are no
further projections for discharges of fuel.

It plots, also, the burnup given here iIn megawatt
days per metric ton of uranium, and so you can see that there
IS a great range of burnups and decays, peaking at roughly

40,000 megawatt days In about 1990-some odd.

The detailed source term was not a general purpose
source term. It was somewhat specific in i1ts application,
because 1t was designed to only be used for looking at the

consequence of disruptive events; and specifically, 1 used it
for the human intrusion drilling scenario. Some of the

assumptions that | made were that the repository was going to
be active until roughly 2040, which happened to coincide with

the end date of the characteristics data base, and that the
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repository would be loaded with the oldest fuel first, and
the reason that this i1s for disruptive events only iIs because
it was assumed that the repository would be closed and
everybody would have gone home before the disruptive events
would start. 1It"s quite unlikely that people would be on top
of the mountain drilling while other folks were down inside
working on the mountain.

So the point of this i1s that the most sensitive
measure of the source term would be to actually look at
differences in inventory, and a disruptive event such as
human intrusion drilling which directly brings material to
the surface without any filtering process in the way of
aqueous or other transport will be a sensitive measure of the

differences in the two inventories.

So in order to be able to make this computationally
usable, I grouped the iInventories as shown on the previous
slides for the PWR iInventory as a function of burnup and

decay Into ten-year iIncrements, and then I calculated the
weighted average burnup for each of these decay groups, and
figured out 1T people started loading the repository from
oldest fuel to newest fuel, what proportion of 1t would be
PWR and what proportion would be BWR, what would be the
burnups for those, and what would be the proportion of the
entire repository for those groups.

Well, the results are that there i1s very little
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difference between the base case, which i1s the blue line
here. This 1s the CCDF showing the cumulative release to the
accessible environment, similar to what Mike showed
previously. There i1s very little difference between the
results for the base case In blue and the detailed source
term iIn green.

The reason for this is that the repository
inventory for the detailed source term breaks down into
roughly 25 per cent apiece for fuel which i1s 30-years-old,
40-years-old, and 50-years-old, and with burnups of about
somewhat higher than any value in the standard source term,
but In order to get a significant difference--which i1s the
most significant Is seen down at the lowest probability--you
have to have a confluence of unlikely events, such as hitting
a very low or a very high burnup source term--or inventory--
and doing i1t early iIn the game or late in the drilling--in
the repository life cycle, and those are unlikely occurring
events. Otherwise, It appears that the results are
substantially the same.

Well, that"s for the overall picture for all the
releases. If we look at the three or four radionuclides
which contribute the most to direct releases, we see
plutonium, americium--?*°Pu and %*°Pu, and ?*Am roughly
contributing in the 30 per cent range, and cesium next.

IT we look at some of those individually, here®s
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what you see 1f you look at the actual iInventory of
Plutonium-239 as a function of burnup and decay. Here I show
a log, on the log scale, the decay years, and you can see
from two years all the way out until you get very close to
10,000 years, which i1s pointed out here, the inventory is
roughly level. This 1s not a surprise, based on the half
life of plutonium.

Furthermore, 1T you pick any single year and go
across the burnup, you find that there i1s roughly a
difference of a factor of three.

Well, the implication there is that i1f you randomly
picked a time--as we do in our simulation--and then you look
at the variation In burnup which you could get, there would
only be roughly a factor of three for this component of the
release occurring. Well, a factor of three i1s not very much
in the scale and the precision to which the initial TSPA has
been done, and so this i1s a contributor to the lack of
difference in the overall.

Americium-241"s kind of a pretty picture. It
starts low, builds up, but its short half life means that by
10,000 years, it dies off. However, you can see that there
IS a much greater variation in both time and burnup, and so
you would expect to get greater variation from the releases
of that, and Plutonium-240 is quite similar.

Well, 1 don"t think that for the initial TSPA"s
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that we"re doing 1t would be necessary to vary from the
standard source term that we"re using. It does not appear to
contribute any more to the precision of the CCDF"s than--
there 1sn”"t any greater precision by using the detailed
source term than the standard source term. However, It is
clear that for individual radionuclides you can get a wide
variation in the releases, and so i1f those radionuclides
turned out to be the significant ones for releases such as
due to aqueous transport or something, It might be necessary
to be a little more specific about the nature of what the
source term looks like.

For the TSPA-93, we may decide to include the
inventories of individual radioisotopes for the aqueous
releases from a detailed source term, and the last thing I
want to point out is that what we used was the
characteristics data base, based on the ORIGEN program from
Oak Ridge, and this is what I"1l1 call the old characteristics
data base. It has a discontinuity iIn it based on the fact
that this segment of the curve, the burnups calculated were
done with a single enrichment for one of the points along
here, and on this segment of the curve another enrichment was
used. And as you can see, iIs produces a discontinuity In the
inventory.

The new characteristics data base, which is

literally being published as I talk, takes care of this and
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uses the proper enrichment for each one of the burnup values,
and so in the future, any detailed data base, and for that
matter, the standard data inventory that we use, any detailed
inventory or the standard one, we"ll use the new quantities
data base, which will eliminate this.

I should also point out that in your handout, the
scale on that is correct, and on my beautiful color view
graph, i1t"s wrong. | picked up the wrong data.

Are there any questions that 1 can answer?

DR. DOMENICO: Well, thank you; thank you, Rallie.

Any questions from Board members? Any questions
for any of the first three people? Yes, go ahead, Mike.

DR. APTED: Rallie, take this the right way, but it
seems what you"ve--on the first day Dave Stahl defined source
term as release from the EBS into the host rock. It seems to
me what you"ve shown us, albeit important, has nothing to do
with source term, and to keep calling it source term does a
disservice, 1 think, both to the importance of your work and
to the quite separate sort of work that other people are
doing on the true source term. |1 mean, the definition Dave
put up on the first day really i1s, 1 think, the one
internationally people operate to. Human iIntrusion has
nothing to do with source term, just as It has nothing to do
with far-field modeling. 1It"s something quite different.

DR. BARNARD: 1 agree completely, and in the paper that
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I"m writing, 1 make a specific point in the second paragraph
of saying: "Any further reference to source term which I use
in this paper i1s my poetic license for talking about strictly
the i1nventory,”™ and | recognize that, and i1t"s--maybe i1t"s a
shorthand that 1 shouldn®"t be using, but I do it anyway, so
there.

DR. DOMENICO: Any other questions from Board members?

DR. APTED: I have one more for Mike.

On your slides where you were sort of normalizing
to the NRC release rate for release from the near field, 1
didn"t quite understand. The NRC release rate is on a
nuclide-by-nuclide basis, so how can one--and normalized to
the thousand-year inventory, so how can Carbon-14 have a
normalized NRC release rate greater than one ever?

DR. WILSON: Mike Wilson.

I"m not sure 1 understand your question. Carbon-14
has a limit which is something like 107 per year, and if its
release rate is higher than that, then i1t exceeds i1t. 1
calculated--for doing those, i1t was calculated for each--

DR. APTED: How can you reach more than 100 per cent?
DR. WILSON: 1t was calculated for each nuclide

individually. Well, that just means that the release rate is

great than 10 per year. How--1 don"t see how that"s
difficult.
DR. APTED: Oh, okay. AIll right. 1 see, so a given
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waste package--

DR. WILSON: Wwell, it"s for all the waste packages
together, not for a single waste package.

DR. APTED: Okay. We"ll talk about i1t later, then.

DR. WILSON: Maybe the normalization is confusing you.
1"ve divided by the 107 in doing that.

DR. APTED: Okay.

DR. WILSON: When i1t said, "normalized release rate from
EBS,"™ 1 had divided by the 10™° per year to make a dimension-
less quantity.

DR. APTED: All right.
DR. DOMENICO: Any questions from staff?
DR. REITER: Leon Reiter of the staff.

Mike, 1 wanted to ask a question about the EBS, the
release rate, and I"m not sure iIf i1It"s to you or to somebody
in DOE. Is this the first quantitative calculation of a
release rate? | think 1°ve seen some qualitative estimates.

Is this the first time i1t"s been done quantitatively?
DR. WILSON: 1I"m not sure i1f | understand the question.
There have been many quantitative calculations of source
terms In the past.
DR. REITER: No, of the release rate.
DR. WILSON: Of release rates, certainly. 1 mean, for
example, in the PACE-90, they had a whole report on

calculations of release rates.
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DR. REITER: And did they show, also, this exceedence
(sic), as you indicate?

DR. WILSON: I can"t remember if they did or not. One
of the things that goes into that is differences in what you
use for parameter values, and we used a much higher water
flux than they used in PACE-90. 1 think Bill wanted to say
something about that.

DR. O"CONNELL: Yeah. The PACE-90 calculations were
published In a Lawrence-Berkeley lab report, as well as iIn a
conference paper, and the release rates did appear to be
higher than the NRC limits, and the report was qualified by
the statement that these are hypothetical i1nput values and
bounding assumptions that were being used for the
calculation, so the fact that the answer comes out higher
does not indicate that the real case would be higher than the
NRC"s limit.

In other words, we started with a simplified model
and bounding values for the input parameters, and the results
appeared to be quite high. Now, that Is just a starting
point of an i1terative number of calculations to refine the
assumptions and data values.

DR. REITER: I understand. So you"re saying the
bounding case could be high. 1Is there any basis for DOE to
assume that once they have a realistic estimate, it will be

less than, and what"s the basis for that?
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DR. O"CONNELL: Yes. Now, taking this second generation
simplified source term model as an example, we assumed that
20 per cent of the fuel rods would be wet in a flow-through
case, but yet with a influx of one liter per year, that"s one
drop of water every 30 minutes, and it most likely would just
wet the pathway of one drop of water trickling down through a
bundle of fuel rods. So perhaps one fuel rod or one-tenth of
1 per cent, rather than 20 per cent. So there"s a factor of
a hundred or so that we were giving away by assumption
because we did not have any real calculations of this
internal hydrology yet.

And similarly, in the geochemistry, we were taking
bounding values which may be a factor of ten or more too
high, and In the diffusion release, we were just considering
diffusion across a rock/rubble zone. We were not taking into
account the resistance to diffusion of the materials iInside
the waste package.

So there are many areas where, with more data and
more models, we could do much better, but we have just
assumed that those good features are not present to make a
simplified analysis as a first cut.

DR. DOMENICO: We"re going to have to move along.
Thanks, Bill, Mike, and Rollie.
We*" 1l now hear from the PNL representatives. Dave

Engel will give us some information on the source term views
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in their performance assessment.

MR. ENGEL: Just to follow up a little on the question
over here, the analysis that 1 will present is very similar
to what we did in the PACE-90 work a year before, and so the
results are very similar. And so, that"ll be the same
results pretty much that 1 show here, and so we can look at
that, too.

Similar to what Sandia did, at PNL we did a
parallel analysis on the total systems, and in particular, 1
did the source term analysis starting from the same, pretty
much, scenarios and data base as what Sandia did, and so
that"s what 1 want to describe today.

What 1 want to talk about is briefly describe what
we did 1n our total systems performance assessment, just
briefly, also, describe the models, and look at some results
of the analysis. And then we were asked, what happens to our
release rates 1Tt we look at different thermal effects, and so
we did a simple analysis to see what would happen if we
changed the thermal loading on the analysis, and then just
some little conclusions at the end.

For the TSPA, we looked at several different
scenarios. In particular, we looked at the base case or the
nominal cases of the repository. We looked at the effects of
tectonics and the volcanic activity, and we also looked at

human intrusion scenarios. Source terms were specifically
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calculated for the base case and the human Intrusion
analysis, and that"s what 111 describe.

At PNL, for doing this TSPA, the source term was
calculated using the AREST code, which is a code that we
developed at PNL. The transport was then calculated either
using SUMO or using MSTS, and MSTS was used for the
transported Carbon-14 in the gaseous phase, and then we
calculated doses using either GENIl or SUMO.

Specifically, again, the source terms were for the
human intrusion scenario--and 1711 briefly describe that in a
few slides. The base case scenario or analysis was done on
spent fuel and glass. We looked at different infiltration
rates on the system; .01, .05, and .5 mm/yr, and then we also
looked at diffusion-controlled releases. And again, we
looked at gaseous releases where, one scenario, we looked at
no infiltration and just the release of the gas. We looked
at analysis where we had a low or .01 mm infiltration, and we
also looked at the effects of container failures, where we
looked at early failures whether we assumed that they failed
as a uniform distribution between 300 and 2,000 years where
the containment is all gone; and late failures, where we
looked at 2,000 to 5,000 years.

For the human intrusion analysis, what we did was
we assumed that someone drilled through the container and

displaced a container down to a lower aquifer, either the
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tuff aquifer or the carbonate, the Paleozoic aquifer, and
then we used either an advective flow-through model, or we
assumed a diffusive wet-continuous release model to transport
to the host rock.

Uncertainties iIn this analysis were the different
drilling times at which they would drill through the
repository, and we also simulated the groundwater velocity iIn
the aquifer.

And this 1s just a little picture to show the
scenarios that we did look at and the source terms for the
human intrusion scenarios where, again, we drilled through
the repository and In one case, we would pull the entire
container up to the surface and calculate exposure, looking
at the entire contaminant. And In another analysis, we would
drill through the repository, miss a container, and exhume
the rock and the soil which is contaminated by the release;
or we would drill through the container and displace a waste
package down to the lower aquifers, and then transport it
away -

I apologize for my cold, so--good timing. The base
case analysis, again we used gaseous release of Carbon-14,
where we looked at as soon as a container has failed, we
would have an instant release of the gaseous parts of Carbon-
14 where we"d assume it"s all gone iIn a single year out of

the EBS, and we coupled that with a slower release when
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there"s a water environment, and we coupled those together
and in MSTS we calculated the gaseous release.

And then we looked at the waterborne releases, when
there"s water after container failure, looking at our flow-
through release models and what continuous release models,
and 1n this analysis, since 1t was for this total systems
analysis, we kept 1t quite simple, and we assumed that the
cladding was no barrier to the transport. We simulated
containment failure and we assumed once the container was
failed, that we lost the entire containment, and release for
the waterborne release then would start releasing as soon as
there"s water iIn the environment, as soon as the temperatures
dropped below some re-saturation level or re-wetting level.

And in this analysis we looked at the uncertainties
included; the simulation of a containment failure as a
uniform between 2,000 and 5,000 years for the waste packages.

We simulate temperature for each single waste package, and
then we looked at temperature-dependent boundary conditions
at the waste form surface, where we did calculations using EQ
3/6, which was described in i1ts entirety yesterday--well, not
entirety--but we calculated solubilities as a function of
temperature and used those values in our analysis, or when we
used glass, we developed a glass-reactive controlled model,
which calculates a concentration of the glass at the waste-

borne surface as a function of temperature and such, and 1711
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describe the briefly.

This picture shows basically the design that we
used, and the same design that was used earlier in the Sandia
analysis, where again, we place a container in this borehole
where there®s a 3 cm air gap to the host rock, and In this
analysis, we"re looking at a wet drip water environment,
where we assumed that there®s water going to be dripping onto
the container at some infiltration, and we assume that the
water can drip onto the container, flow through the
container, and drip out the bottom after i1t has dissolved the
fuel.

In our wet-continuous or moist-continuous
environment, we assume that there®s a rubble-filled zone
surrounding the waste container, allowing a diffusive pathway
of water to flow Into the waste container, and then also flow
out of the waste container, and use diffusive release models
in this analysis.

In the AREST code, we"ve developed--or Pete McGrail
at PNL has developed a glass dissolution model, similar to
what Bill Bourcier talked about yesterday. We used EQ 3/6 to
estimate concentrations of different elements as a function
of reaction progress. From that analysis, using EQ 3/6 as a
function of temperature, in the AREST code we use a math
balance analysis to estimate or calculate reaction progress

as a function of the glass dissolving, and also transport
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away of the waste as i1t dissolves. And so we calculate a
reaction progress and we go to the analysis using EQ 3/6, and
at a given reaction progress, we can estimate a concentration
at the waste form surface for each element, and use that--or
each nuclide, and use that concentration to transport to the
host rock and out of the EBS.

Next 1*d like to show some specific cases, just
some examples of typical analysis or results that we got for
this TSPA. Here®s a human intrusion analysis where we
displaced a container down to the tuff aquifer, and then used
our release models for transport into a host rock, which was
one meter away from the waste container. And in this
analysis, we see that the nuclides that are controlled again
by the alteration rate of the waste form, the fission
products, are the higher released nuclides, where again, we
have the--as shown earlier--the slower releases of the
solubility-limited models that dissolve--or are limited by
the solubility. So that®"s just a typical result from the
human intrusion, and that"s about all 1 want to say about the
human intrusion, just to show a little results, and so I°11
skip the next slide.

The base case analysis, where we look at--in this
case, we"re looking at an infiltration rate of .5 mm/yr.
These results are very similar to what we would get with the

different infiltration rates. Again, we used .01 mm/yr and
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.1 mm/yr, and in our models, in our analytical models, the
flow rate is a scaler on the equation. That"s 1f we have
lower infiltration rates, the release rates will be lower,
and such 1f 1t"s higher. And so again, we see that our
alteration, dissolution-controlled nuclides are the release
rates that are much higher.

And we see the effect here of the simulation of the
different waste containers, where we assumed that they failed
between 2,000 and 5,000 years. But again, we don"t get any
releases until we have water actually in the system, and iIn
our analysis, it was somewhere around 1500 years or so 1In
most waste packages until the temperatures actually dropped
below some saturation value. And these results are similar
to what we got in the PACE-90 work earlier analysis.

And here I"m just showing the fractional release
rates, where we just normalize the release rates by the
thousand-year inventories of each of the nuclides, and we see
that the highly-soluble nuclides are up above 10™* parts per
year in this analysis, where here we see the solubility-
limited models are much lower in release rates.

Then we looked at glass as a waste form, and used
our glass dissolution or our coupled reactive model for
calculating the concentrations at the waste-borne surface and
the transport, and in this analysis, the alteration-limited

nuclides have a much lower release rate due to the
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dissolution of the glass and such. And so we see that the
alteration-limited nuclides are not mainly the dominant ones
in all cases. Here we see that uranium is much higher iIn
this analysis with the glass. That"s due to a couple things,
the dissolution and the kinetics of the waste of the glass,
and also due to shared solubilities with Uranium-235 and 238,
and there®s more 234 iIn the glass analysis In the waste form
than for the spent fuel. Thus, the shared solubility is
going to be higher for the 234.

Just looking at the same analysis, normalized by
the thousand-year inventory, the fraction of release rates iIn
this analysis, we see that the release rates are much lower
than earlier. In fact, none of them exceed 107> parts per
year .

Looking at an analysis on Carbon-14, where we"re
looking at .05 mm/yr and the release of Carbon-14, where this
early release of Carbon-14 i1s entirely due to the gaseous
release. We assumed here that the containers failed between
300 and 2,000 years, and there®s no water in the environment
at that time due to the higher temperatures, and we assumed a
uniform failure of the containers and the instant release of
the Carbon-14, so we have a uniform release of the Carbon-14
in gaseous phase. And then the later release is when the
water reenters the system and transports the Carbon-14 away.

And then just the same analysis again, normalized
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by the thousand-year inventory, and just looking at the
magnitude of around 107, due, again, to some assumptions
about how we failed the container, how fast the release rate,
and also, the alteration of the waste form producing--in this
analysis, we used for the waterborne releases, we used an
alteration rate of 103 parts per year, so then we assumed
that the waste i1s going to be all dissolved after a thousand
years, and this gives us high release rates. So that was
basically the analysis that we did a year ago for the TSPA,
the parallel analysis to Sandia®s results and such.

And then we were asked to look, you know, at the
new thermal scenarios and the new waste package and such, so
what we did was a simple analysis here and to see what higher
thermal loadings. | didn"t do a--we didn"t do a full thermal
analysis on this. What we simply did, we"d just see what
higher temperatures and see how they"re going to affect
release rates.

We know looking at our release models, that the
release i1s going to affect the re-saturation times, time at
which releases are going to be able to start due to the later
times at which 1t"s going to drop below the re-saturation
time. In our analysis, we used temperature-dependent
solubility, so that will affect our release rates, and we
also have our glass dissolution model, which Is temperature-

dependent.
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So what we did, we just simply increased the
temperature profiles in our analysis. We looked at spent
fuel, the same nuclides that we"re looking at, the
solubility-limited and the alteration rate-limited models,
and then we also looked at the effect on glass with a
groundwater-coupled reactive model to see how it would affect
the release rates.

And this just simply shows a very simple analysis
that 1 did. We just iIncreased the thermal temperatures, and
just to get a brief i1dea of how i1t"s going to affect the
release rates, iInstead of doing a full, detailed analysis.

Looking at some of our solubility-limited nuclides,
we see here that our delay due to the re-saturation because
of higher temperatures, we see this in all of our release
profiles here, that i1it"s going to be released at a later
time. And we also see here, due to the effect of the
solubility in our calculated--or temperature-dependent
solubilities as we calculated with EQ 3/6, that the
solubility 1s lower In the higher temperatures, because we
estimated the solubilities, using EQ 3/6, and we got lower
solubilities with the higher temperatures and thus, iIn this
model, the release rates are lower.

With our alteration rate-limited nuclides, which
are entirely limited by the dissolution of the waste form,

temperature does not affect that analysis since we assume
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that 1t"s a constant release iInto the water, and so It has no
effect on the magnitudes. It does delay i1t, but no affect on
the magnitudes.

Then with our glass dissolution or coupled reactive
model, we see that there are different effects. For uranium,
the concentrations at the waste form surface are the same
with higher temperatures and lower temperatures. It didn"t
change it at all. For neptunium, It actually increased at
higher temperatures the concentrations, and then for
plutonium, it lowered the concentrations at the waste form
surface for higher temperatures.

And for a couple other nuclides, we see that it
actually i1ncreased the concentrations at the waste form
surface, using our glass model. So that just briefly
describes just a simple analysis that--just a look at how it

would affect our release calculations.

The last slide is just some conclusions from the
analysis that I just presented. In the TSPA source term
analysis, we had some of the nuclides that did exceed the NRC

regulatory criteria, same as what Sandia had. Several
different assumptions could explain this; the dissolution
rate of the waste form, because we saw that the alteration
rate limited nuclides were the ones that exceeded the
regulatory criteria, and we used a constant dissolution rate

for all of the simulated waste packages and such.
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What this does mean to our modeling Is that we do
need some more detailed modeling; In particular, the more
coupled reactive transport models, similar to our glass
dissolution model that we have iIn the AREST code. We want to
develop a spent fuel dissolution model using the analysis by
Walt Gray and Bob Einziger. We need to develop a model that
will incorporate their work, similar to our glass modeling.
And then, just briefly, we looked at the effects of
higher thermal loading, and we saw that in all of our
analyses, it delayed the transport due to the re-saturation
in the higher temperatures, but we also saw that In some
cases 1t lowered release rates, some cases i1t had no effect,
and in some cases i1t actually increased the release rates.
And so this points to--there needs to be more modeling iIn
this looking at the thermal effects and the new designs,
which we haven®t looked at, and a lot more analysis.
DR. DOMENICO: Thank you, Dave.
Are there any questions from the Board?
DR. GARISTO: Dave, how did you calculate the re-
saturation time as a function of temperature?
MR. ENGEL: The saturation as a--
DR. GARISTO: Re-saturation time as a function of
temperature.
MR. ENGEL: All we did was we simulate temperature

profiles, and we just pick a temperature at which we assume
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that 1t"s going to be below that temperature, it"s going to
start re-wetting. And then looking at our temperature
profiles, we just pick that value off. | mean, we simulate
temperature distribution for each waste package, and we just
have a constant value for at this re-saturation temperature,
and at that rate--at that temperature and below, there's
going to be re-saturation.

DR. DOMENICO: 1 have a few questions, Dave. When you
say coupled, do you mean that the advection may impede the
kinetics like might be expressed by a DOM (phonetic) colon
number? What do you mean by your coupled reactive model?
What i1s coupled there?

MR. ENGEL: Well, okay, 1 just want to paraphrase. This
isn"t my expertise, but I can talk a little about it.

It was developed by Pete McGrail. He"s a
geochemist at PNL, and I know Bill Bourcier talked about it
yesterday, but what we do is we couple the dissolution of the
waste form with the groundwater, and in our model, we also
look at the effects of a backfill region. We can couple iIn
the backfill region, and also, iron content, if the iron
corrosion of, say, the waste container is corroding away. In
EQ 3/6 they have the capability of modeling at the waste form
or the concentration.

DR. DOMENICO: Also, have you modified the AREST code to

take 1nto account temperature dependence? Is that what we
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were seeing here?

MR. ENGEL: Right.

DR. DOMENICO: What--just basically, quickly--what are
the physics imbedded in that AREST code? 1 mean, 1t sounds
like you have a robust source term model. It appears that
way anyway. What"s involved in there?

MR. ENGEL: Well, our models, our analytical models in
the AREST code were developed mainly by Tom Pigford®s group
at University of California-Berkeley.

DR. DOMENICO: Okay.

MR. ENGEL: And for instance, most of the models that
they developed were a constant concentration at the waste
form surface.

DR. DOMENICO: Yeah. They"re pretty heavy iInto
diffusion control, also.

MR. ENGEL: Correct, but they do have models, later
models for advection for the Yucca Mountain site, and we"ve
discussed with them, and such that varying, say,
concentrations at the waste form surface, and i1f that would
affect the models and such, and i1t possibly could. And
that"s why we feel that maybe the analytical solutions that
we have i1n the AREST code currently are limiting iIn that
sense, because the models were developed for constant
boundary conditions, and we"ve basically stretched that a

little.
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DR. DOMENICO: Any further questions? Don?
DR. LANGMUIR: Langmuir; Board.

I"ve got a more general question, Dave, which maybe
someone else needs to answer, but I guess since you happen to
be here, 1711 start with you.

On your plots, you showed obviously different
radionuclides coming off, depending on the scenarios you
chose, and that piqued my question, my general question,
which has to do with the relative release rates from glass,
defense waste glass versus spent fuel.

Presumably, the glass will comprise 10 per cent or
so of the total inventory in the repository, but something we
haven®t--1 haven"t learned about or haven®t assimilated here
is the relative rates of release of radionuclides from glass
or fuel, and 1If the rates are much higher from fuel, its
impact, i1f there"s a breach, could be much greater than the
10 per cent.

So I guess 1T someone could address for me the
relative rates of release--and that"s going to affect the
individual radionuclides that get out there as well, since
they differ in the fuel from the glass. | guess that"s my
question for anybody who feels they could comment on that,
1"d be interested; relative release rates and that impact on
which radionuclides are the issue.

DR. BATES: John Bates. |1 made a presentation on glass
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yesterday.

In my presentation, | described that, you tell me
the conditions, and I can tell you the release. Some of the
release rates for glass are, as | showed In the final
release, quite rapid. In addition, 1f the glass i1s aged and
it contacts water, then that would also be quite a rapid--
it"ll be a pulse and 1t"1l affect the radionuclide
distribution and release, and i1t"1l affect the subsequent
reaction of the glass.

So depending upon what the scenario Is, you have
wide range of release for glass, and | suspect that iIn some
of those cases i1t could be greater than i1t would be for spent
fuel.

DR. LANGMUIR: Sounds like something someone ought to
worry about.
DR. DOMENICO: Any further questions from Board members?

(No audible response.)

DR. DOMENICO: Staff questions? We have a few minutes.
We can entertain a few questions.

MR. CURTIS: 1 have a question about--oh, Dave Curtis
from Los Alamos.

I have a question about your slides, | guess, 22
when you show the relative release rates of cesium and
technetium. |1 wondered why those are different. Is the

assumption that those are both infinitely soluble? Shouldn®t
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they have the same form?
MR. ENGEL: Which?
MR. CURTIS: Well, 22 is--there"s a couple of them,

but--

MR. ENGEL: These ones?

MR. CURTIS: Yeah.

MR. ENGEL: That"s due to the retardation in the
transport.

MR. CURTIS: Oh, so this has transport built into 1t?

MR. ENGEL: Right. And the cesium has a much higher
retardation.

DR. DOMENICO: Transport where; within the barrier?
MR. ENGEL: Just the transport to the host rock, across

either the rubble that--

DR. DOMENICO: Okay. Anything further from the
audience?
(No audible response.)
DR. DOMENICO: Well, we"re right on--
DR. REITER: 1 have a question. You indicated early on,
and we know that PNL did individual dose estimates along with

cumulative release. |If the regulations are, indeed, changed
from cumulative release to individual dose, can you give us
any insight as to how one might look at the source term
differently and how this might affect investigations?

MR. ENGEL: That"s a good question, and I"m not an
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expert to answer i1t, but obviously, if we"re just looking at
mainly doses and we don"t need to look at the NRC criteria as
such, as long as we can meet the dose criteria with a source
term, then maybe we don"t need as detailed an analysis. But
we need to look and make sure that the repository--there are
releases from the source term, and we need to know what they
are.

Anyone can jump in and help on that one.

(Laughter.)

DR. O"CONNELL: Bill O0"Connell from Livermore.

When you take transport and host into account, then
different radionuclides would have a different weighting
factor than they have in either the NRC"s release rate limit
now, or in the EPA"s cumulative release rate, where there are
weighting factors. So perhaps some other radionuclides would
rise to larger relative importance because of their
environmental transport and uptake, but that would just

change the mix of radionuclides which are at the top of the

list. It wouldn"t be a major change as far as the source
term goes.

DR. DOMENICO: Well, we"re right on schedule. Why don"t
we take that fifteen-minute break that we moved up, and then

we" 1l hear from EPRI.
(Whereupon, a brief recess was taken.)

DR. DOMENICO: Our next presenter, Bob Shaw from EPRI,
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will give us some information on the source term used in
their performance assessment.

Bob?

MR. SHAW: Thank you, Pat; appreciate the opportunity
and the invitation from TRB to come and talk a bit about the
work that we"ve done in performance assessment, focusing on
the source term.

Our performance assessment model does calculate
radionuclide releases to the accessible environment. It uses
a probabilistic-based approach, using logic diagrams to
calculate CCDF"s, even though CCDF"s may soon be outmoded if
the President does, i1n fact, sign the National Energy
Strategy Bill and we change to a dose-based environment. It
uses individual experts to develop the nodes on the logic
tree, and that"s a very important and vital part of the
analysis that we do, so we have individual experts, not group
expert judgment at this stage, but each one going out and
looking and assessing the current state of the technology
and, through that, developing the logic tree node that"s the
responsibility of that particular individual.

Let me also state that the approach is meant to be

a realistic, not a conservative kind of a calculation, but a
realistic calculation of what we expect the release to the
accessible environment would be under what we presently

understand to be the best possible estimate of what will
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actually occur at Yucca Mountain.

It relies very heavily on more detailed models and
analysis. It Is meant to be a top overview kind of analysis,
so we look at that for the controlling mechanisms and the
parametric values. We do not attempt to include each and
every aspect of what might happen under every possible
scenario, but rather, to filter through and get the most
important aspects to include in our model and, as such, we
rely very heavily on the work of others that you®"ve heard
here today.

The overview of my presentation is 1t will be iIn
two portions. The first portion will be to review with you
the source term results from our previously published work.
This 1s our most recent report issued in May of 1992, which
was the Phase 2 demonstration of risk-based approach. Those
of you who remember Phase 1, 1t was meant to be illustrative,
show how the method would work. Phase 2 i1s, as | mentioned
before, meant to present a realistic estimate of what is
actually the release of these radioisotopes to the
environment.

Subsequent, and actually, somewhat previous to
this, we began some iInitiative that says how can we refine
the results that we have, and a lot of the refinement that we
have been doing over the last six months or so has focused on

the source term, so I will review in the second portion of
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the presentation some recent refinement that we have In the
source term analysis. The refinement will describe,
actually, input because we do not have results yet from that
refinement as i1t"s taking place.

To take you from the end results of the fTirst phase
of this, the Phase 2 reports, the results are displayed iIn
the following form. This i1s a CCDF, with the EPA"s current
limits expressed as the staircase on the upper right. You
can see the various radioisotopes and the relative
contributions that they make to the total CCDF. If you were
actually to sum these together--1 don"t have a summed curve
on here because it further complicates things, but because
it"s a long scale, the sum scale i1s not much different than
the outside envelope that you would construct by going
through the outside here. There are some additions, some
places where they are fairly close, and there are some
additions. Because 1t"s a log scale, though, you don"t see
too much of that.

An 1mportant feature of this 1s that you do see an
order of magnitude difference between the limits and the
calculations that we come up with.

Considering the source term i1tself, and adhering as
best I can to Mick Apted®s rules about what the source terms
are, this iIs meant to be the release of radionuclides from

the near field, and as such, we have seen this has three
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aspects. The first iIs the waste package degradation; the
second i1s the dissolution of the waste once that degradation
has taken place; and the third is the transport of the
released radionuclides. That transport, In this case, is
meant to be over a very limited basis, but 1t"s the transport
that takes the radioisotopes from the spent fuel to the point
where the hydrology is considered far field, so that"s what
we consider the transport processes to be taking place here.

Reviewing the logic tree that we have that makes up
the core of our calculational procedure, i1t Is one which i1s
an ordered calculation, starting with infiltration, a change
in water table from that infiltration, earthquake occurrence,
the change i1n water table from earthquakes, volcanic dikes,
the repository temperature, borehole fractures, the
engineered barrier system, solubility and dissolution,
diversion of infiltration, fracture and matrix coupling,
matrix sorption, saturated flow velocities, and finally,
human intrusion.

The ones that 1"ve circled in blue i1s the
particular area that 1 consider source term. It Is somewhat,
but rather mildly affected by the ones that are in front of
it, and 1"m not going to consider the influence that they
have on 1t. In addition, the borehole fractures, although an
important part of this, will not be a prime consideration.

So 111 be talking about repository temperature, EBS, and
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solubility and dissolution as the primary ingredients of the
source term here.

So starting off with waste package degradation, as
many of you are aware, we use Weibull statistical
distributions to describe the degradation and the loss of
integrity of the various features. We do include both
container and cladding failures. Our experience iIn the
utility industry these days i1s that zircaloy, after i1t comes
out of the rather aggressive environment within the reactor,
is found to be on the order of one/hundredth of one per cent
of the fuel rods that actually failed. That"s a remarkable
figure, 1 think, under those particular considerations, and
it"s quite a statement to the fact that fuel vendors have
done a lot to understand what causes those kinds of fairlures.

So we do include the zircaloy In addition to the
outer container, two different Weibull distributions, and iIn
each case we will define--we do define threshold failure
times, mean lifetimes, and failure rate at mean lifetimes.
In other words, we use the three-parameter, Weibull-type
distribution.

Some have asked why we use Weibull; because it
seems to express In the best fashion that we can see the
statistical distribution of failures that come from
manufacturing-type of processes.

In order to determine in some reasonable fashion
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the values for these three lifetimes, we use the degradation
modes and failure mechanisms. Now, that means the
environment, the materials, the closure, and the thermo-
mechanical history. Here, in particular, this makes
reference to the container. The environment, of course, 1s
the chemical environment that one will experience at the
outer surface of these containers, the particular material
that has been chosen for that closure because, In many cases,
we expected that this will be a welded system and, as a
result of that, heat-affected zones may be the primary area
in which you do eventually get failure; and then the thermo-
mechanical history, meaning the manufacturing history of the
particular system.

We use these, then, to deterministically come to
the Weibull parameters that are used iIn our particular
distributions. 1In a similar fashion for the cladding, as you
heard yesterday, the primary sources of loss of integrity
will undoubtedly be creep rupture and hydride reorientation,
SO we use those again to estimate what we think are
reasonable failure times, mean lifetimes, and failure rate at
the mean lifetime.

Considering the temperature profiles that one might
anticipate within the system, we have selected three. The
particular order may be awkward, not going alpha, beta,

gamma, but three temperature profiles have been considered.
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One, of course, is the hot profile that says we get
significant temperatures increase and, In this case, over a

period of about a thousand years, In which the temperature of
the system is above 100= C; a second profile, gamma, iIn

which we consider that heat pipes and other effects take

place that allow the system to go to 100, but not above
100=, so that the boiling point is retained; and thirdly, a

cold system, where decay has taken place because we"ve stored
the fuel for a longer time or spread it out within our
repository, meaning that we have a temperature pattern that
i1s always below 100= C.

When we look at the entire repository, however, we
come to the conclusion that there will be a fraction of the
fuel that will have different curves representing that. For
example, 1T we start out with what we term the hot
repository, and we consider there®"s a 60 per cent probability
at this stage that we will end up with a hot repository.
That, in our estimation, would have 90 per cent of the
containers represented by Curve A, and 10 per cent

represented by the curve gamma. So we will have 90 per cent
of those being hot, above 100= C, and 10 per cent being

represented as going to the boiling point, but not above.
And then, similarly, you can see the 30 per cent

for the warm, and 10 per cent for the cold. In the cold
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system, we consider that everything, all the containers would

be following a pattern described by beta. That"s the curve
that"s always below 100= C.

In addition, when we look at the engineered barrier
system and decide what it"s going to look like, we first of
all decided there could be three different types of
containers. Type 1 we determined would be 304L stainless
steel; secondly is an alloy 825; and the third is a multi-
barrier, and you can see that what we"ve decided is that
depending on whether you have a hot, warm, or cold
repository, the design decisions would be altered, depending
on which of these you were going to have.

So that we expect that if you have a hot
repository, there"s a 70 per cent chance that Alloy 825 will
be chosen, 10 per cent it would be multi-barrier, and so on
and so forth. So this means that when you begin to talk
about thermal effects, it"s wrapped up, in our model at
least, with a design decision as well. So it"s not
completely independent in that sense, but we think that does
represent the process that would take place in the design
decisions.

When we look at the sensitivity of our results to
the selection of the engineered barrier system, it looks
somewhat like this. Let me go back just a second here and

describe to you what I mean by what we do here for
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sensitivities.

When we make our calculation here, every one of
these scenarios is included in our calculation, and they“re
weighted according to the probability, and of course,
there"re probabilities associated with each of these as well,
as | showed you in the previous diagram. So when you make a
calculation, you include all of these.

When we want to look at the sensitivity to a
particular parameter, we then choose that parameter and
change the probabilities; for example, looking at an
engineered barrier system, and we want to know, what i1s the
sensitivity to this selection process. We will, in turn, say
100 per cent, or 1.0 1s stainless steel In all these cases.
So we put zero to the others, et cetera, and we go through
that process for each of the three, and that®"s the way that
we Investigate the sensitivity of the selection of the
engineered barrier system to our particular calculation of
the CCDF.

And you can see the results here, which show that
the integrated case, which appropriately weights all of
these, i1s very similar to the Alloy 825. Stainless steel is
slightly less effective, giving a slightly higher
concentration of radioisotopes, and the multi-barrier system
gives you a significant additional protection, on the order

of one and a half orders of magnitude better as you go
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through the multi-barrier system.

When we look at the influence or sensitivity
regarding the choice of whether i1t 1s a hot, a cool, or a
warm repository, we see less sensitivity. We do see some
benefits to going to cool, but you must again remember that
wrapped up in this choice is the decision that"s made, the
design decision with regard to the material.

Considering, then, the next step, which says once
you"ve lost the integrity of the container and the zircaloy,
what happens, then, to the radioisotopes? So the dissolution
and the transport, then, first of all encompasses the release
modes, and the first i1s, of course, dry, In which case we
have no release pathway other than the gaseous transport.
Second is the wet drip. The container fTills to the
penetration. We do not consider that there is a hole iIn the
top and also a hole In the bottom. We consider that
somewhere on the system there®s a hole, and the water goes In
and 1t fills until 1t gets that hole, and then release takes
place of those radioisotopes that are contained within that
water. And then, third, i1s the moist, where you have a
diffusive and advective pathways as a result of moisture
carrying over the surface and holes being through the
container.

We have also have chemical constraints on release

that are similar to those that have already been discussed



© 0 N oo g b~ w N P

N N NN NN P P P B R P P PP
a B W N P O © ©® N O O » W N PP O

350
here. First is dissolution, which, of course, will be
affected by the alteration rate for certailn isotopes, or the
reaction rates for certain other i1sotopes, or it may be the
solubility limit that limits the transport of the
radioisotopes themselves. So we do that isotope-by-isotope
to determine which 1s the appropriate constraining factor
there.

The picture that we use does take into account that
the various radioisotopes are contained in different
locations, and starting at the outside with the cladding, you
do have Carbon-14 on the cladding. Actually, further outside
than that you have a crud layer which has Carbon-14 within
it. Then there i1s a gap that contains this inventory of
radioisotopes, the grain boundaries which we consider to have
this Inventory of i1sotopes, and then the UO; matrix itself,
with the actinides and about 98 per cent of the fission
products. And so we do relegate the inventory of
radioisotopes into these various categories, and on the next
table 1t gives you in a little more detail, In numerical
detail, just where we consider these various radioisotopes to
be.

And you can see that you have the outer surface
layer and the gap that has about 2 per cent of the Carbon-14,
and the other 98 i1s contained within materials which is much

more slow to release. Most of the other radioisotopes are
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contained within the UO, matrix, with some small amount or
small fraction being contained in the gap and the grain
boundary. So this i1s our current model for, numerically, the
distribution of those radioisotopes.

The other feature that®"s important here is the one
of solubility, and one of the questions we looked as we went
to a temperature-dependent system was, what is the effect of
temperature on solubility? But to start off there, we looked
at what"s the range of solubilities for these various
radioisotopes, and if you look a little closely at these,
these ranges are atrocious.

To take an example, neptunium goes from 10™ to
10*?, Americium, 10”7 to 10!, and you wonder how anyone can
possibly come up with a range that"s quite so widespread.

The manner in which we did this was to go back and look at
the data that"s available on these various radioisotopes.

The first crucial question, of course, i1s, what is
the chemistry that they are experiencing? What i1s the pH, et
cetera? The other, what is the temperature, pH, and oxygen
concentrations? Well, those are very big unknowns, and as we
look at the range of chemistries than can be present iIn the
aqueous conditions and we look at the solubilities, that
leads us to these kinds of ranges. So this is a result of
the uncertainty of the chemistry that leads us to such a wide

range In the solubility estimates that we have for some of
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these radioisotopes.

As a result of that, we say, putting temperature
effects In here is nonsense. The temperature effects are
significantly less than the ranges that you see here, so we
don"t bother with them at this stage. We feel that"s not a
sensitive factor, considering the unknown of the chemical
condition itself that would exist at the point of
dissolution.

I should make one other point here. What we"ve
called the moderate iIs meant to be our best estimate of what
we think would be In there. 1t"s In no way some statistical
difference between these two. It"s meant to be our expert®s
best judgment of what we think the chemistry and the
resulting solubility most likely will be in that particular
environment, and then we use each of these three cases iIn our
logic diagram when we consider solubility, and we do consider
that there"s a 90 per cent chance that the moderate
solubilities on that table will be appropriate, and 5 per
cent chance that the high and the low will be the actual
solubilities that will exist at the time that the dissolution
takes place.

When you look at the sensitivity of the results to
the solubility, you find that it"s a bit more dramatic than
the other sensitivities, and as a matter of fact, | believe

this i1s the largest sensitivity we have of all of those that
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we investigated as we went through our nodal analysis. So
you can see that in going from the integrated--of course, the
moderate and the iIntegrated are about the same since this is
90 per cent of the iIntegrated case, but you can if you go to
very low, it"s a very significant decline, and i1f you go to
high, you get to some points where it"s pretty close to the
limit that the EPA has established.

Now 1 want to go into the second portion of this
presentation, which talks a little bit about the refinements
that we have been undergoing recently. We had some meetings
with Lawrence-Berkeley Lab, U.C.-Berkeley, Lawrence Livermore
Nuclear Lab, and Sandia National Lab in the early parts of
last summer to discuss with them what are the particular
items in our performance assessment that would benefit from
some upgrading, and four items are listed here that were the
prominent outputs of that.

Thermal loadings and the waste containers. There
are some changes. We had these In there before, but there
are some changes that 1°11 show you In just a moment. These,
of course, are design parameters, and 1It"s important that as
we think through some of these models, we recognize that
things like solubility are uncertainties iIn the physics, but
designs are just as much uncertainties, but they“re, of
course, of a very different nature. Three heat-transfer

mechanisms: conduction, convection, and heat pipe, and four
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time-temperature curves.

And just to further confuse those of you who know
Greek, we have placed now another curve out of order with
regard to the Greek alphabet, but what you see is the alpha,
gamma, and the beta are the same curves as 1"ve put up
before, but we now have a delta, which says we have high
temperature for a very much longer period of time; that over
a period of 10,000 years, we are keeping the waste canisters
above the boiling point. So that®"s the addition to our time-
temperature curves, which gives us the refinement.

Now, the manner in which we have handled the
variety of aspects we were considering here is illustrated in
this particular chart. To start off with, this is the
fractions of the repository iIn different environments for the
average power distribution of 57 kW/acre. This 1is
illustrative in the sense that there are others which have
different heat loadings, so this is for the iIntermediate heat
loading.

Taking that, then we can say, well, we think
there"s a 50 per cent chance In this case that we"ll have
conduction-dominated heat transfer; 20 per cent that we-"d
have high permeability; and 30 per cent that water would be
mobile in the fractures. And then you can see that for each
of these cases, we have said, "what"s the probability that

you would have dry?" and "if you have dry, what are the
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temperature curves that would represent what fraction of the
packages, of the waste containers that are there?"

So this i1s the whole matrix, then, adding up to
one, that says what fraction of the waste packages are likely
to be at that particular, either temperature or water,
condition for each of these cases. And so this i1s the manner
in which we have developed the probability matrix that"s
associated with each of these conditions as you pass on
through that.

Now, we"re at the stage now of having completed the
collection of relevant data from the experts that can be used
in our performance assessment. We have not changed our
performance assessment code yet, and as a result, we don"t
have any results to display what®"s the effect of these
refinements, but I wanted you to be aware of the refinements
that have taken place.

Now, pulling all this together, I want to talk
about what 1 think are some of the key issues that we really
need to deal with, and the first and very highest on my list
i1s the EPA High-Level Waste Criteria, the fact that i1t has
very, very strong regulatory and licensing implications that
are associated with the legislation which i1s yet to be signed
by the President, if I"m up to date. It has a lot of
implications, and I think it"s very iImportant for those of us

who are i1nvolved in the process to be involved iIn the



© 0 N oo g b~ w N P

N N NN NN P P P B R P P PP
a B W N P O © ©® N O O » W N PP O

356
process.

IT the National Academy is given the responsibility
to carry out some dose-based recommendations to the EPA, 1
think 1t will be vitally important for us to be supplying
appropriate technical i1nput that says what implications does
this have.

One of the steps we will be proceeding, then, on is
to take this release of radioisotopes to the accessible
environment and say, how do you now translate that into some
dose calculations?

The second key i1ssue here i1s the engineered barrier
system design; borehole or drift emplacement. | think almost
all of us continue to do modeling based on borehole. We will
be changing that in the next few months to do drift
emplacement kinds of calculations, since they seem to be the
implied, although not the official design that"s currently
within DOE.

The questions of thermal load continue to be vital
ones that everyone i1s considering. 1°m not as convinced that
it has a very strong implication with regard to performance
assessment, but it does have a fairly strong implication with
regard to unknowns.

The selection of a particular waste container--and
I"ve put here with question marks, UCS, representing the

universal container system--that, | think, has very important
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implications for how the waste container might be put
together. The universal container, for those of you who are
not aware, iIs something that has been pushed rather strongly
by the utilities as a thin-walled container that might
contain up to 24 PWR fuel elements, which could be sealed by
welding at the plant location at the time i1t is loaded, never
to be unloaded again. So i1t would give you a one shot, let"s
put the stuff in and then let"s keep i1t there forever. It
has some strong economic and radiological dose implications
with regard to operations that are very positive, as well as
developing some sort of a standard.

It 1s recognized by the utilities there iIs not a
single universal container that would suffice for this,
because of various differences In sometimes size, but most
often crane capacities. It"s clear that not just one
universal container system would suffice for all utilities.
Nonetheless, the i1dea of standardization is important, and
we"ve had some very significant early discussions with DOE
which seem to be going very well regarding some
standardization.

IT one put the universal container system in there,
that gives an additional barrier. One concept could be that
what, of course, you have on the inside i1s the zircaloy
barrier. Now you have a thin-walled universal container

system, and presumably, you"d have an overpack which, for the
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example of a corrosion-resistant or a corrosion-barrier type
one, maybe of ductile cast iron, you"d now have a heavy
material on the outside. So It gives you actually a triple
layer of protection involved at the waste containers.

The concept of backfill materials iIs one that we
have not included yet In our concepts. That design aspect is
one that is being considered by the M& , and it Is one more
modification that we will want to consider in our performance
assessment.

Moving down one layer, some key source term issues,
as | see them: The first and obvious one at the top of my
list is solubility data. Actually, In many cases, the data
is there, but the particular conditions under which i1t would
take place, the solubilization would take place, is not very
well known. That means that the water conditions that could
exist at the time that solubilization takes place i1s probably
a very important feature.

The spent fuel iInventories, especially Carbon-14,
continue to nag us, and 1 think when we ask detailed
questions about especially Carbon-14 and how we know where it
i1Is, we find there"s extremely limited data, and sometimes
even extrapolations that have taken place iIn order to get us
to the point where we seem to consider that 2 per cent is on
the outside of the fuel, et cetera, et cetera. 1"m not very

confident that that particular set of data is a remarkably
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good one.

I had alteration rates on this list. 1 think we
heard some significant input of data yesterday regarding both
alteration rates and solubilization. They also give me some
pause, and a lot of the pause has to do with the effective
way in which we integrate these results. On the one hand, 1
heard Bob Einziger talk about the alteration rates that take
place in spent fuel and how important it is to look at actual
spent fuel, not just uranium dioxide. And then we heard
Walter Gray talk about the release that comes from his
solubilization tests.

Now 1, as a modelist, have a lot of difficulty
taking the weight per unit area per unit time and somehow--
for solubilization--and somehow translating that into a
solubility term, because it was clear from yesterday”"s
presentation that the unit area i1s how much grain boundaries
there are, and yet, from the previous presentation, the grain
boundaries are a function of time, and 1 don"t know how to go
over the whole repository and make some estimate as to how
much grain boundary | have there, and whether it"s a function
of burnup, thermal history, et cetera.

So translating that basic data--which 1 consider to
be valuable--into a meaningful source term for these overview
models is still very much a challenge. 1t"s not clear i1n my

head how those steps are going to take place.
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Retardation i1s certainly a very significant
question here, and when people talk about colloidal aspects,
the only difference 1 see i1s that you have a significant
change in retardation if you have colloids. And so iIt°s a
simple change in our model to account for colloids. Just
tell me which isotope you want to make as a colloid, and 1711
change the retardation of i1t and that, in effect, takes care
of it. Of course, the difficulty is i1dentifying which
material could be in colloidal, and that goes back to the
first question here, which is not solubility data, but which
Is water chemistry, since the water chemistry will control
the extent to which we have colloids that might be formed and
that, of course, iIs the last i1tem here, which 1Is not meant to
be last 1In i1mportance.

There are a number of site uncertainties.
Infiltration, what is it at the repository elevation? We
have various estimates, but we do not find in our model that
it"s an extremely sensitive area. The degree of fracturing,
spacing, sizes, and | think we"ll probably hear more about
that as the Ghost Dance Fault gets described, although not
maybe in the detail that 1°m talking about, but also the
degree of fracturing i1s a function of temperature, and if we
change the repository temperature here, that can influence
the time dependency of spacing and sizes of fractures.

The coupling between the fracture and the matrix
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flow 1s a very vital part of the site uncertainties;
permeability of fractures and the extent to which they"re
connected; lateral flow distribution, the extent to which we
have 1mpermeable layers, which seems to be one of the
positions that"s being taken recently, that there are some
significant impermeable layers which will influence
significantly the amount of water that actually gets to the
site elevation.

Continuing on performance assessment modeling
issues, how can performance assessment models be validated?
We can look at subsections with some models, and we can look
at integrated systems. And to a very great extent, the best
technique we have right now for validating these overview
models i1s simply to compare one with another and see i1f there
are inconsistencies. But | think that there would need to be
stronger techniques that we develop for model validation as
we proceed towards the licensing application.

Bounding or conservative calculations versus
realistic or best measure calculations, 1"ve already stated
my preference, which is the latter, but we certainly do have
bounding or conservative calculations. 1°"m always troubled
by the fact that sometimes these bounding or conservative
calculations can almost, in a multiplicative effect, have an
undesired effect on the results.

There needs to be self-consistency. We need to
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continually go back and look and make sure that we haven"t
violated any of the basic heat, mass, and water transport
balances that need to be present in the system, and that they
need to be appropriately coupled. 1It"s very easy to couple
things together and lose sense of, In a chemical engineering
sense, the fact that there has to be a balance on each of
these features.

Cell versus homogeneous modeling is a question at
this stage. We are moving more and more, 1 think, towards
homogeneous modeling.

The use of expert judgment is, In my mind,
absolutely vital, and as a result of that, we have to explore
the various ways In which expert judgment can be used
effectively and defensively, so that we can use it
effectively iIn getting the right results, but also use it iIn
a defensible fashion so that when you come to licensing, you
can show that expert judgment was used In an appropriate
fashion for that particular purpose.

The i1ssue of how you go from detailed models to
overview performance assessment models i1s continually an
important consideration. We"ve talked about transfer
functions or, In some cases, just data tables that enable you
to take detailed calculations, compress them down, and make
use of those then in the overview performance assessment

model . The level of details In the overview models is one
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that we try and restrict as much as we can. The more detail,
the less opportunity you have to really look at these
sensitivities. So I"m in favor of less detail at this level.

Incorporating probabilistic and deterministic
aspects 1s an Important consideration, and these things have
cost and schedule implications. Further, they can be used as
a tool to look at cost and schedule implications that have to
do with various sensitivities, and that"s another area that
we will be exploring in the near future.

So that completes the presentation 1 wanted to give
to you, and I"m open for any questions.

DR. DOMENICO: Thank you very much, Bob.

Any questions from the Board or the consultants?

DR. GARISTO: Nava Garisto.

I wonder what your opinion is about the current
limitations of analytical models in these kind of
calculations now that computer resources become more
available and much cheaper. Do you think that numerical
calculations will provide more flexibility, especially if the
design of the repository keeps changing?

MR. SHAW: |1 see numerical calculations as simply a way
of doing the calculations that our theories say will be the
important mechanisms and processes. | don"t presently see
that we"re going to be moving, especially In overview

performance assessments, to much in the way of numerical
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calculations. In the more detailed calculations, I can see
that that can be very useful.

DR. DOMENICO: Any other questions? Yes, John.

DR. CANTLON: Bob, your comment about looking at the
universal cask concept and having the utilities seal i1t at
the point of entry, iIn a sense, that would preclude looking
more seriously at some of the buffer-filler options that
might cut down oxidation on cladding and speeding up of
solubility of the waste pellets. Has any of that gotten into
your model thinking?

MR. SHAW: No, i1t hasn®"t, and what you say i1s true. It
would mean that the filler, buffer material that would go
inside such a container, that you don"t have the option to do
that. 1t does give you the option to put that between the
overpack and the universal container, as well as on the
outside of the overpack, but 1t would limit that option, that
is true, I agree, and we haven"t looked at that. Matter of
fact, we don"t even have in our model at this stage the
effect of any filler material. |1 noted backfill, but filler
material also Is another aspect of that, too.

DR. CANTLON: Wwell, 1t would seem that looking at a
buffer-filler In the rods and 1In the assemblies would
stabilize the system and slow up, 1If that were a major oxygen
cell, could behave very much the same way that you have a

bentonite sump for water, preventing it getting into the
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pack.

MR. SHAW: 1 agree. | could see, for example, iron
filings being used as an oxygen absorber, yes.

DR. DOMENICO: Any questions from the staff?

DR. NORTH: 1°d like to follow on with a question that
gets Into the issue of engineered barrier design and
repository design. One of the things that 1 have learned
from the meeting today and yesterday was the potential
importance of what I*11 call dependencies or inhomogeneities.
That, for example, it may be that a fuel element, that i1s on
the tail of the distribution i1n terms of some kinds of
radioisotopes, may be more likely to fail through a mechanism
such as gas pressure. Or another example i1s, we may have
inhomogeneities with respect to the amount of flow In the wet
drip mode and, as a result, 1 think we can see a number of
scenarios for why failures iIn some areas of the repository or
some canisters might be a good deal more likely than others.

Some of these we might be able to identify iIn
advance, and some of these we probably can*t. They will
remain uncertain. But getting at this variability issue, set
of variabilities, versus uncertainty, those things we can"t
learn about, certainly will be important in the modeling and
to the extent that we can i1dentify where failure is more
likely, we might want to take that into account in terms of

the design decisions.
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As one example, 1f there are known ruptured fuel
rods, 1t might be that In a situation where that is known to
be the case, there, for sure, you want to use a filler
material and you might decide for economic reasons that where
there 1s no indication of damage to the fuel rod, you choose
not to do that.

So this seems to me to open up another class of
sensitivity questions, and another area in which one might
want to look very carefully at the aggregate performance
assessment models, as opposed to the detailed models of
mechanism, and 1 wonder to what extent you®ve thought about
that or would like to comment further.

MR. SHAW: Well, to go back to your original premise,
that there can be special circumstances where you get
increased possibility of rupture, first of all, there are
inspections, of course, that are carried out at the plant
sites to determine the extent of spent fuel degradation and,
in particular, to look at where there have been fuel
failures. And In most cases, either those assemblies--or iIn
some cases, those rods--are removed, and we"ve gone from the
point of just sampling an assembly in order to identify
whether there®s any radioisotopes being released, to the
point of actually i1dentifying which rod that i1s being
released from, and that technique that"s used i1s to identify

where water has actually been absorbed inside the rod, and
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using that as the technique to identify the rods.

So there will be cases, certainly, now, where rods
are being removed from fuel assemblies where they are able to
disassemble such fuel assemblies, and you will have a
collection of rods, or maybe an assembly that has a
collection of rods that have failed. So there i1s reason to
consider that that might occur.

Secondly, the question of internal pressure and
maybe an excess of radioisotopes that would be present as a
result of operation would certainly have to do with burnup,
and the more burnup you have, the more you have both more
heat generation and more fission product inventory. And
certainly, all of the utilities have the capability of
calculating burnup on a rod-by-rod basis, and so therefore,
that information should be available once one knows what"s 1iIn
a particular canister.

Now, 1t might be possible to then begin thinking
about how would one use a filler material i1in maybe selected
kinds of assemblies, but 1t"s also important to remember that
if you have 24 PWR bundles, roughly 250 rods per bundle in a
particular canister, we"re talking on the order of 6,000 rods
that will be in a particular assembly, and even with .01 per
cent, you"re talking about at least a handful of rods that

will have failed within a particular collection like that.
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So one could look for anomalies where there were
significantly more failures than that, or situations where
the burnup was decidedly higher In a particular container
than others, and that might give you reason to say, well,
let"s consider how we might design that system so that 1is
more effectively buffered with the loss of iIntegrity.

I can see that, you know, process that we might
well follow along on.

DR. DOMENICO: Any further Board questions? Staff?
Bill?
DR. BARNARD: Bill Barnard, Board Staff.

Bob, one of your recent refinements that you
discussed was a new scenario, temperature scenario delta,
which involves high temperatures for over--above boiling
temperatures for greater than a thousand years, or up to a
thousand--10,000, I"m sorry.

In a subsequent slide, you stated that you didn"t
think thermal load would have much effect on the CCDF. Now,

was that based on the runs that you did for alpha, beta, and

gamma?

MR. SHAW: Yes, it 1is.

DR. BARNARD: Do you have any feeling for what sort of
results will come out of the delta?

MR. SHAW: 1°d prefer not to try and pre-judge that.

The calculations get fairly complicated at times, and | think
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it"s pretty difficult to estimate what"s going to happen as a
result of that, so 1°d like to await that for the next
presentation when we"re ready to discuss those results.

DR. BARNARD: But you still don"t think that thermal
load has much effect probably relative to solubilities, is
that 1t?

MR. SHAW: Well, first of all, of course, my judgment
comes from CCDF*s, and i1t precludes--it may be precluded, you
know, based on the fact that we may be looking at dose, and
if dose turns out to be a very important feature, i1t may be
that keeping container integrity for a longer period of time
becomes a much more vital issue.

I think the whole scenario iIs in a transitional
stage right now, and we"re going to have a different set of
limits that we have to look at, and so some of those--all
those conclusions are based on CCDF"s and the EPA limit, and
so | think we can"t throw out any of these things right now
on the surmise that we"re going to have a whole different set
of standards to compare with.

DR. DOMENICO: Anything further from staff? We have
time, possibly, for one question from the audience.

MR. CURTIS: Dave Curtis from Los Alamos.

I only bring this up because you did, but the
concept of validation is really important, I think, and I

don"t mean validation in the sense that your computer code
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works the way you think 1t works, I mean validation in the
sense that you"re going to have to convince somebody that
this has some connection with reality.

Could you comment on how you think that case might
effectively be made?

MR. SHAW: What I can comment on is that we"ve been
doing a lot of thinking about how you do that. How do you
take the physical processes, which iIs what you"re
emphasizing, and show that the computer model that you have
actually verifies the physical process?

I think i1t"s much easier to do on a sub-model
basis, where you look at, for example, the hydrology, and you
try and say: |Is the hydrology model that we"ve developed for
unsaturated environment, does i1t have anything to do with
what®"s going on at Yucca Mountain?

And 1 think as we get Into Yucca Mountain and get
more data, as we do large block tests and some other features
of that nature, we begin to get to the point where we can
validate a little better whether our models are approaching
the reality, at least for those sub-groups of tests. But I
agree with your first point, | think it"s a very difficult
and challenging process for us to be able to validate this,
because there i1s 1nevitably very limited data over very long
times of predictions, and i1t i1s a challenge. 1 don"t have

any nice answers for it.
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MR. CURTIS: And the reason I bring this up, it seems to
me that"s a subject which seems to get lost in most of these
presentations. We feel comfortable dealing with the
technical issues, but the "validation'™ iIssues just seem to
get lost and 1"m not sure whether they just get lost In these
meetings, or If they"re getting lost in the whole process.
MR. SHAW: Well, 1 think partly i1t got lost--1 would
hesitate to use the word "lost.” That"s why 1 keep 1t up
there. But I think for the last year or two we"ve been at
the stages of putting together the first performance
assessments and coming up with these results, and then
looking at these results and saying, do they make any sense?
And when we begin to see different results—-I1"m
sorry--different assessments, models that have different
bases or at least different calculational techniques, albeit
that they go back to very much the same physical processes
and estimates, when we come out with those and say they"re
not too much different, it gives us a first level of
confidence that now says, what"s the next step to go to iIn
terms of validation?
MR. CURTIS: 1 don"t agree with that because basically
these things--
DR. DOMENICO: Gentlemen, we must go forward here. We
have the questions, but let"s not have a debate on the floor,

please.
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Thank you much, Bob.

The fourth presentation on source term comes from
the Nuclear Regulatory Commission. My agenda says Dick
Codell and Tae Ahn. I don"t know if we"re going to have one
or two presenters here, but 1 guess we"ll find out; right,
Dick?

DR. CODELL: 1"m Dick Codell. In the interest of time,
111 be making the presentation, but Tae Ahn is sitting at
the table here. John Walton is In the audience, and Ginny
Colten-Bradley, who is another person here from NRC. 1 may
be deflecting some of the questions because 1"m not sure 1711
be doing justice to the entire source term matter.

Let me state first that | appreciate being last on
the program because i1t gives me a chance to make some
editorial comments on the other presenters.

(Laughter.)

DR. CODELL: Let me say a little bit about NRC"s role.
First of all, we can™t hope to duplicate the vast talent that
DOE has assembled for this project, but we hope we can keep
them honest. Also, It gives us an opportunity to participate
in this very interesting project of coming up with source
term models, because 1 think we"ll have to have these skills
honed in order to do a good job as regulators.

In my presentation today, I1"1l1 be going through the
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following: First, the temperature model, looking at the
temperature in the near field of the source term engineered
barrier; waste package failure model; liquid radionuclide
release; a Carbon-14 gaseous model which i1s different from
most of the others I"ve seen; some discussion of kinetic
effects, which I feel have been not treated properly in most
of the models; and a short discussion of disruptive releases
from the source term. Finally, 1*11 finish up with support
work going on at NRC and at the Center for Nuclear Waste
Regulatory Analyses supporting the source term.

The canister temperature model i1s simply a semi-
analytical model that treats only conduction In a uniform
medium, but 1t looks at each of the individual--some 30,000
canisters--in the background of the geothermal gradient and
the 1mpact of the earth"s surface, and heat from the other
waste panels. The heat load can also vary with time and
space, so you can take iInto account different fuel loadings
and sequence of loadings. At the iterative performance
assessment, Phase 2, which we"re currently involved iIn, i1t"s
mainly used for looking at canister failure, and also In the
Carbon-14 model, which is temperature dependent, but not iIn
the other releases.

The canisters in our representation of Yucca
Mountain are arranged in about 30,000 spent fuel canisters--

we"re only looking at fuel at the present time--in 17 waste
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panels arranged iIn drifts in the mountain, and each one of
these can have a different heat loading, and does In our
model .

Now, In our performance assessment, we"re somewhat
limited to how fine a resolution we can have iIn terms of the
flow and transport model, so actually, 1t"s arranged into
seven sub-areas, A, B, C, D, E, F and G, which are whole
numbers of panels, and these, iIn turn, go as the source term
inputs to the transport models iIn our overall performance
assessment. So these are seven sub-areas or cells, as we
call them.

Now, we go through with the temperature
calculations and come up with curves that are similar to
these, which show at different points in time--each line
being a different time, 500 through 3,000 years--the number

of canisters whose temperature is above or below this
temperature of 96=, which we take as a representative

boiling point. And when a canister falls below that
temperature, we assume that it instantaneously is wetted, not
taking into account the time that it probably would take to
re-wet the canister after it starts to cool down, and at this
point we start invoking the canister corrosion models for
looking at corrosion failures.

Now, that temperature 1 had up there was the

temperature of the skin of the canisters. The temperature
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inside the canisters, which we need for the Carbon-14 source
term model, is an empirical correlation of measured fuel
temperatures versus the skin temperature and time, and this
temperature is added to the skin temperature to get the fuel
temperature.

The canister corrosion models. We consider general
corrosion, crevice corrosion, and pitting corrosion. John
Walton may have to answer some of these questions if I don"t
make the presentation right, but the model considers the
corrosion potential similar to this curve for the crevice and
pitting corrosion; that is, with time, the corrosion
potential--which i1s this heavy line--increases up to a point
until 1t passes a point at which pit initiation begins, and
from that point on you would have pit corrosion or crevice
corrosion until 1t drops below a repassivation potential, and
then corrosion in the pit stops, but you still have general
corrosion of the background material. The models iIn the
source term model act this way, but they are empirical.
They®"re not too mechanistic.

There are other modes of canister corrosion--1"m
sorry--canister failure considered In the source term model.

There i1s buckling, where we"re looking at the SCP design
with 304L stainless. 1It"s a long cylinder approximation for
buckling, and the thickness i1s allowed to decrease generally

by corrosion. We don®"t consider an ailr gap, nor iIs there
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stiffening.

Furthermore, in addition to buckling failures, we
consider initial defective waste canisters which are presumed
to fail shortly after they"re emplaced, for no good reason;
and finally, there i1s disruptive scenarios, where we look at
seismic failure, also coupled with the buckling model;
volcanism, where we"re looking at intrusive or extrusive
volcanism of the dikes or cones through the middle of the
repository; and finally, human intrusion through drilling.

Once the canister is assumed to fail, we start
considering release rate from a canister, and the source term
model, SOTEC--which i1t"s called--we look at dissolved and
colloidal releases by advection; that i1s, flowing water goes
through the canister; diffusion through the rock; and we
also, 1n considering the releases of dissolved or waterborne
radionuclides, have some consideration of kinetic effects as
in the disintegration of the uranium matrix.

We also have a Carbon-14 gaseous release model,
which looks at the inventories iIn the metal, cladding, grain
and gap, and the fuel i1tself, and 1"11 be spending some time
on that.

Our dissolved model borrows heavily from former
DOE-sponsored efforts on source term. We consider a vertical
canister in this cartoon, but where we have a fuel element--

fuel rod which i1s considered to have no protection from
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cladding. We do not consider that in Phase 2. The water
will flow in through a hole in the top by dripping, will
either fill up the canister to a certain level and then flow
out again, or run down the side of the fuel rods, dissolving
the fuel as i1t goes.

By varying the volume of the canister that we"re
allowed to fill up here, and the fraction of the fuel that
can be wetted by the dripping, and the flow rate, we can get
various combinations that DOE"s explored in the past for
dissolution. We also consider that 1f the radionuclide 1is
solubility-limited, that it may first be released from the
disintegrating fuel and then go Into a released, but
undissolved inventory, which would be released, perhaps,
later as the source term from the fuel itself diminishes and
if the water continues to flow through and out of the
canister. That"s the advective part.

I might point out here that the amount of water
entering the canister is a great unknown to everyone In this
room, I"m sure. How we"re treating it Is not very
satisfactory, either, but we"re getting it from a coupled
unsaturated flow model, where we"re looking at separate flows
through fractures and matrix coupled together, and the amount
of water that flows through the fractures, we"re taking a
portion of that and diverting it into the canisters. So

that"s where our flow rate through the canisters comes from.
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Now, to the advective model, we add the potential
diffusion, and this is our liquid diffusion model. We now
consider the canister as a sphere, for mathematical
simplicity, and we assume that at the surface of the
canister, the concentration iIs set by the concentration iIn
the total canister. This differs from some other DOE
approaches where they looked at this concentration as a fixed
concentration, also for mathematical simplicity, as being set
at some sort of a solubility limit. This iIs an Improvement
in that i1t allows the concentration to vary with time, but
this had to be solved with a numerical model rather than an
analytical model.

We look at diffusion through three rock zones.
First is the air gap, which we assume to be partially filled
with tuff rubble, and then there®s a damaged rock zone, and
then the iIntact rock zone. The boundary condition set on
this 1Is that at some arbitrary distance, say, ten meters,
concentration i1s zero. The concentration gradient then drops
between the canister concentration and zero, which we feel 1is
a conservative assumption, of which there are many in this
model. And that flux that comes from the diffusion model is
simply added to the advection model.

Now, this i1s a point where I want to start
editorializing a little. We"re taking into account releases

of plutonium and americium and other actinides, probably much
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more so than the other participants here today, although I1™m
glad to see that Bob Shaw did recognize wide variations iIn
these concentration solubility limits that 1 think capture
some of our concerns.

We feel that some of the other contributors have,
in the past, given short shrift to the potential of plutonium
and americium. If you look at the dose potential as some
sort of a measure based on what EPA allows you to be
released, the quantity present, the half life, these two
elements add up to over 99 per cent of the potential dose,
and so we"re reluctant to ignore them.

Even though 1In some ways i1t"s possible to calculate
very low solubilities for these things, and also measure
experimentally very low solubilities, there are other factors
that we ought to maybe address. One of these is the kinetic
effects, where the way In which these elements are released
from the uranium fuel would cause various complexes or
colloids, other strange things to form that could be much
greater than we"re allowing in some of the modeling studies.

Now, we don"t, at this Phase 2 study, have any
sophisticated modeling built Into our performance assessment,
but we"re taking a wide range of plutonium solubilities to
represent these great unknowns, and between 10 and 107° M,

which 1 think 1s appreciably larger than others have used.

We"ve done some speciation calculations at 25=
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that indicate that this iIs a reasonable range, but haven™t
been so successful at 85=. Ginny Colten-Bradley may be able

to answer some more on that.

Now, getting further on, getting further over my
head, 1 should say, iIn this topic, 1°d like to talk about Tae
Ahn®s subject, looking at what possibly could lead to fast
releases. First of all, we suspect if there were fast
releases, they could be colloids, either real colloids or
pseudo colloids; that is, the radio elements attached to
naturally-occurring silicate or other colloids in the water,
which have been observed in Yucca Mountain water.

One of the mechanisms for the growth of colloids is
supersaturation of, say, the plutonium as the uranium
oxidizes and releases. It releases at a rate much faster
than the water could dissolve these other things, and so they
would be supersaturated and you could start growing colloids
from this supersaturation.

Furthermore, you could get speciation into various
states of the plutonium with different charges, some of which
may be organic species that would be formed from naturally-
occurring chemicals or even organics that ended up in the
water from human means.

The surface area of the spent fuel i1s an important
factor in these. As the fuel dissolves, the surface area is

likely to increase, both from the dissolution and exposure of
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grain boundaries, or the spallation of the fuel. Increasing
surface area according to Dr. Ahn®s model, would lead to
higher rates of the release of colloids.

Furthermore, the effects of radiation and stress
would lead to formation of colloids. Stress could come about
because of the change in volume as the uranium oxidizes. In
certain states, i1t either oxidizes or shrinks, depending on
its oxidation state, and this would lead to stress and
spallation of the fuel. Dr. Ahn also describes microbial
attack as a possibility in the oxidizing, warm environment of
Yucca Mountain. This might be a consideration in both
corrosion of the canisters and of the fuel.

There i1s much evidence for Kkinetic factors being
important in uranium. There i1s natural experiments in the
field with uranium mines. There i1s a lot of evidence for
multi-phase formation as the uranium In these mines oxidizes.

There are 160-some species of uranyl compounds, probably
many more. You can see 50 to 150 of these in the paragenesis
of secondary phases In some of these mines.

Some of these phases are unstable. One of the
reasons that i1t could be unstable i1s from the radiation in
the spent fuel itself; also, microbial attack. These don"t
generally form protective layers, so they likely lead to
further paragenesis to other phases.

Finally, there is the environmental changes which
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we observed iIn nature at uranium mines, wetting and drying
cycles, temperature changes, and we"re certainly going to
have environmental changes over the 10,000 years at Yucca
Mountain, both in terms of wetness and temperature.

1"d next like to move on to the Carbon-14 source
term model, which 1 feel is one of the contributions NRC"s
made to the source term issue. We look at the inventories of
Carbon-14 in cladding oxide and crud--this is the outer
boundary of the cladding--the grain boundary and cladding
gap, the Carbon-14 that"s inside of the zircaloy that is not
readily accessible, and then the Carbon-14 in the fuel itself
that can get out as the fuel oxidizes. The model iIncludes
those four mechanisms.

111 put up this familiar picture of a fuel rod,
just to refresh your memories of where these iInventories are;
the crud on the outside and the metal itself, the gap, the
fractures in the Inner grain boundaries, and the fuel matrix
itself.

The next slide shows the inventories which are
similar to what Rich Van Konynenburg had put up, and we"re
assuming that, on the average, there®s a total of 1.24 Curies
per metric ton of carbon distributed between the various
compartments of the fuel.

We assume that the carbon is iIn a reduced state

initially and has to be oxidized before 1t can get out. The
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Carbon-14 in the fuel gets out as the fuel oxidizes. 1711
get into that more later. The carbon dioxide diffuses out
through the fuel as i1t oxidizes. We assume that it"s
released quickly from grain boundaries, cladding/fuel gap,

and initial zirconium oxide. We have some reasonable data to
confirm this quick release fraction of about a total of 2B

per cent, and there are minor releases from oxidation of the
cladding, and there are also reasonable data on that based on
many years of experience of zirconium in reactor fuel.

The model for the diffusion of Carbon-14 out of the
outside zirconium oxide is based on some experimental data
collected at PNL, and what this table shows is that for any
reasonable range of temperatures, the amount of time that it
would take to diffuse virtually all the Carbon-14 out of the
oxide i1s short, even compared to 10,000 years. All of these
times over this range and two different assumptions of
activation energy show that we"d expect it virtually all to
get out iIn 10,000 years. That was data collected by Smith
and Baldwin.

Now, the fuel oxidation model, since most of the
Carbon-14 we"re worried about is in the fuel itself, we
assume that there is no protection of the cladding and, of
course, no oxidation can occur until the canister fails.
Oxygen diffuses through two layers in our model. The outer

layer represents diffusion through the grain boundaries of
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the fuel. The i1nner layer represents diffusion through the
oxidized fuel layer; that i1s, the layer of the fuel grain
that i1s starting to oxidize. We assume that that oxide is
U307 stochiometrically, because we need to know how much
oxygen it takes to convert the fuel. So 1t takes, for each
half mole of oxygen, you convert three moles of uranium
dioxide fuel.

We"ve assumed that the oxygen concentration is zero
at the point that the fuel i1s oxidizing, and that the oxygen
profiles iIn the fuel are at steady state. This can be
illustrated on the next figure. 1 think 1711 skip one of
these here. This figure here.

We have the oxygen available at the outer boundary
of the grain boundary layer, and then the oxygen®s diffusing
through the grain boundary layer, which has a rather high
diffusion coefficient, and then further diffusing for the
oxide layer, the U307 layer, to the UO2, unoxidized UO, fuel.

As the front passes, we assume that the Carbon-14
in the fuel oxidizes, and then diffuses out through these two
layers, the same two layers that the oxygen diffuses In. To
make this model viable, we have to assume a certain size for
the grain and the outer layer, and pick coefficients that
represent the diffusion.

This assumption, incidentally, about the carbon

oxidizing is difficult to substantiate, but



o N o o b~ W N P

©

10
11
12
13
14
15
16
17
18
19
20

21

22
23
24

385
thermodynamically, the carbon i1s less stable than the
uranium, and it does appear that it would oxidize the carbon
as soon as it comes into contact with the oxygen; that is, at
the time that the front reaches the fuel.

So i1n order to identify the model, the parameters,
we used data collected almost exclusively at PNL by Bob
Einziger & company, that looked at the weight gain of the

fuel that"s exposed to ailr between--and also in dry bath

experiments that Bob described yesterday--between 110= and

250= C.

Even though we expect a wide range in sizes of the
particles, we took the grain diameter as 20 microns, and the
outer layer diameter as 2 mm, representing the approximate
size of a cracked up fuel grain inside a fuel rod. We also,
in addition to the weight gain data from these two
experiments, looked at ceramigraphic data, where they sliced
the pieces together and physically observed the size of the
oxide layer growing on the fuel grains.

We picked activation energies and diffusion

coefficients based on the best fit from eight temperature
ranges between 110= and 250=, but there are little direct

data on Carbon-14 releases. This i1s all inferred from the
oxidation of the uranium fuel only.

So this next slide i1s not in the package, but shows
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that we came up with a single set of values for this simple
model that adequately fit the data, and the next slide, which
IS In your package, shows the fit we got for four of the

temperature ranges that shows us pretty reasonable fit, |

would say, starting here at the lowest temperature, 109=,

130=. This, incidentally, is conversion versus time and
hours, conversion of the fuel from the unoxidized to the
fully oxidized. This i1s 225= and this i1s 250=, so we"re
reasonably happy with that model, and that is the model that
goes into looking at the release rates of Carbon-14.

Just as an illustrative example, we looked at two
cases here. We assumed 66 randomly-spaced canisters that
fail when their temperature drops below 96=, and then has a

failure--1 should say that start to fail when the temperature

drops below 96=, and then has a lifetime beyond that of

1,000 years < 300 years. We see that the release rates from

the engineered barrier only exceed the EPA limit, and that

most of it is due to the fuel, a little bit from the prompt
release fraction, virtually none of the Carbon-14 from the

oxidation of the zirconium.

Now, if you have a failure that instead of 1,000
years 3< 300, 200 years < 100, the canisters would fail when

they"re much hotter, and the rate expressions are

temperature-dependent, so we"d see a much greater release
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rate mainly from the fuel. So temperature is dependent, and
the canister lifetime is dependent in the Carbon-14 gaseous
release model.

I might also point out an important point, that you
can have the Carbon-14 release iIrrespective of any water. So
this i1s one of the radionuclides that could be released
before you get any water into the canisters.

I think 1 will skip the next two slides, other than
to say that we"re improving the model to take iInto account
transient oxidation effects. Some of the coefficients may be
off because we"re assuming that the model®s steady state, and
in some of the data you see some effects that are transient
with the oxidation weight gain, and this might lead to some
errors in the application of the model. Also, we hope to
look at the iIncrease iIn surface area of the fuel with time at
some later stage.

Briefly, the disruptive release cases, we look at
the intrusive volcanism with a dike between 1,000 to 4,000
meters long, one to ten meters wide; also extrusive
volcanism, a cinder cone between 25 and 100 meters radius;
and drilling that either brings up a portion of the contents
of a waste package, or if 1t doesn"t hit the waste package
but the canister has started to leak already, brings up
contaminated rock.

In the intrusive volcanism case, we look either at
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bringing the contents of a waste package to the surface--
which we consider unlikely--or the volatilization of some of
the radionuclides in the waste. For those volatile
radionuclides, we considered that i1odine, oxides with
selenium and technetium and cesium could be volatile, though
there"s some question about this--and also Carbon-14, of
course. This i1s the ratio of what i1s in the waste as
compared to what you"re allowed to release under current EPA
standards, so there"s a great deal of cesium and not too much
of anything else. Technetium is the next largest.

So according to some of the data 1"ve laid my hands
on, some of these things are, indeed, volatile. Whether they
will get out into the environment iIs another thing, because
they might very well be trapped in the liquid water iIn the
rock and not actually get out to the atmosphere, but could be
presented as liquid source terms to be transported down into
the groundwater.

But the upshot of the calculations is that there 1is
not very much alarm from the volatilization, even in about
the worst case of a 4,000 meter long dike that®"s 10 meters
wide and has a effective heating width of 100 meters of the
rock, you would not volatilize more than 10 per cent of what
you"d be allowed to be released of those things, according to
the EPA standard. And also, the probabilities would be quite

low for those things happening iIn the first place.
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To begin to wrap up here, 1 think that our biggest
information needs are on this slide. First of all, the
integrity of the canister; are our corrosion models and our
buckling models valid? 1 think we have got a long way to go.

Furthermore, we don"t even have a final design.

How does water actually get into the canister?

It"s hard to visualize how that would actually happen. 1
think we need modeling and physical experiments to get a
handle on that. 1 think some of the modeling experiments of
Tom Buscheck show that we"re likely to have large areas of
dry rock and long periods of saturation and re-wetting, but
also the possibility of water being driven off one canister
onto a cooler one, and 1 think we"d dearly like to get some
good numbers to plug into the performance assessment
modeling.

How does the water interact with the fuel? Will it
drip onto the fuel? What will actually happen? 1 think we
have only a few experiments. 1 was very glad to see Dr.
Bates®™ results on the glass dissolution, where they were

dripping water on the glass, and a very recent paper where
they were dripping it onto uranium dioxide at 90=C to try to

get a handle on what actually happens when water drips on the
fuel.
I"m a little concerned that what I"ve seen with all

of the uranium species that are out there, whether we"ll ever
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be able to use modeling calculations to come up with
syntheses of release rates from the canisters, and we may
have to rely on empirical observations like that.

Does cladding offer protection? We"re not taking
any credit for i1t, but 1t"s, as we all know, very corrosion-
resistant and maybe we should take credit for it.

Are kinetic effects important? Will colloids form?

Colloids, potentially, of things like plutonium could cause
a lot of havoc. They could also be transported long

distances in the rock and fractures, or they could be

filtered out. 1 think there®s a lot less known about those.
In conclusion, the NRC"s model, SOTEC, includes
waste package failure, releases of dissolved radionuclides.

We treat colloids as if they“re actually soluble, but
extended the range of solubility of some of the radio
elements to take that into account. We have a gaseous
release model for Carbon-14, and we include codes for other
gaseous radionuclides, volcanic intrusions, and drilling.

Finally, 1711 put up a short list of some of the
work going on at NRC and the Center for Nuclear Waste
Regulatory Analyses, which support the source term. There"s
a detailed source term model that®"s being developed, called
EPSPAC, of which SOTEC is a derivative. There is quite a bit
of work going on iIn looking at natural analogs; Alligator

Rivers, Pena Blanca, Santorini, Cigar Lakes, and Oklo, and a
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number of NRC and CNWRA scientists take part in those.

Tae Ahn and others are looking at kinetic effects
of fuel dissolution. There i1s some work going on at the
Center on thermodynamic properties of actinides in high-
temperature solutions, and finally, there i1s some work going
on in metallic phases i1n spent fuel, which I"m talking about
the so-called five metal alloys, which may include
technetium. |If technetium®s Important, these things are very
insoluble and may ultimately lead to reduced rates of
technetium release in our performance assessment models.

Thanks. 1711 like to answer any question.

DR. DOMENICO: Questions from the Board? Staff?

At this time 1°d like to go forward. We"re running
a little behind, but before we--1"d like to depart from the
agenda for a minute, and maybe John Bartlett would like to
introduce the Under-Secretary to us.

MR. BARTLETT: Thank you very much, Pat.

I"m grateful for the opportunity here today to
introduce to all of you, to the Board and those others in
attendance, Dr. Hugo Pomrehn, the new Under-Secretary of
Energy.

(Applause.)

MR. BARTLETT: Dr. Pomrehn brings to his
responsibilities a wealth of great technical and management

experience. He has over a 25-year career experience with
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Bechtel Corporation in designing and running nuclear power
reactors. He has solid professional experience iIn his thesis
work in probabilistic risk assessment, and 1 think he"s a
very valuable addition to the Department in his oversight of
this program, and 1 look forward to it and I hope you do,
too. Thank you for the opportunity.

DR. DOMENICO: Thank you very much, John.

Returning to the agenda, 1t"s time now to--well, as
we sit here, we"re going to have some overviews by our two
consultants, and then followed by an open discussion, which
should be at least a half an hour, and then some concluding
remarks on the source term sessions by Dr. North.

So Mick Apted from Intera Information Technologies
will give us a fifteen-minute presentation on his views of
what he"s heard here in the last few days.

DR. APTED: For those who don"t know me, I"m Mick Apted
with the other Intera, which is different than the Intera
that®"s currently involved with the M& ), and I1If you want to
know more about that story, 1"m available for a few beers
over lunch.

It"s difficult In a sort of overview and review
role, not to end up sounding an awful lot like a scold, and
you shouldn®"t do this, you shouldn®t do that, and I will get
to that 1n a little bit, 1 think, but first I guess 1°d

rather be a gossip a little bit, and we"re going to gossip a
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little bit about what®"s going on internationally In the area
of source term modeling of near-field performance assessment,
because 1 think the Board should probably be aware of this.
The DOE and NRC are aware of what®"s been going on, so for the
first two view graphs here, just sort of a simple summary of
some recent events.

When one looks at, internationally, what"s going on
in the area of performance assessment for geologic disposal
of waste, performance assessment is often resolved into--boy,
that slide i1s awful, but anyway, into far-field and near-
Tield performance assessment, and we also sometimes see
biosphere being an Important component in performance
assessment.

We"ve done a preliminary review, and by "we," |
mean myself and Dr. Kjell Andersson, who was formerly of the
SKI regulatory group in Sweden, and we started looking at the
various total system performance assessment reports that have
been done by a variety of international organizations; the
SKI, SKB are the two groups In Sweden, TVO in Finland, here
we have the PACE-90, the WISP report from the National
Academy of Sciences back in "83, the PHASE 1 report from the
NRC, PAR report done by PNC in Japan, the Kristallin work
done by Nagra in Switzerland, and this environmental iImpact
work which is i1n draft from by the AECL.

So we looked at them iIn a very cursory, sort of
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overview way to evaluate what was being done in terms of
near-field performance assessment, what was the role of the
near field, and there i1s a considerable bit of writing behind
this, so this is a summary, but In our summary, the role of
the near field i1s very high in most organizations and iIn most
reports. There are a variety of reasons for this that we
really can"t go into today fully, but a few years ago I made
a presentation about the near-field PA being the little
brother of performance assessment. We"re often told to go
over and stand iIn a corner because i1t"s not really a very
dominant part of the system.

What we"re finding is more and more the i1dea of the
near-field performance assessment iIs dominating the
international scene, partly from an ability to achieve a
higher degree of predictive reliability from these, what the
Scots call the "robust, massive redundant barriers of the
near field,”™ and so I commend, I think at least some of the
drum beats behind the scenes 1| hear within the U.S. program,
that some of this message i1s, | think, coming In to them.

The argument here i1s not to eliminate the far
field. I"m not saying that the far field i1s flawed or we
have to compensate for the far field, but 1t"s very much iInto
this concept of multiply redundant barriers, that we“re de-
coupling the performance of an engineered part of the system,

which may have an adequate performance from itself, and maybe
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have a certain degree of high reliability, from a far-field
part of the system, which may have a tremendous isolation
capacity, but may have a certain higher degree of uncertainty
about that performance.

And so, 1t"s not one or the other, but what we"re
seeing is that certainly in most countries, there"s a
considerable emphasis on evaluating, taking credit, and
understanding the near-field performance. It looks to me
like DOE"s possibly getting their feet on that road, also,
and that"s, 1 think, to be commended. It i1s somewhat
disheartening, sometimes, to see still the justification for
near-field budgets, and so on, based on site suitability and
exploratory shaft facility. Those are important, but the
near-field performance i1s important in its own right, and
probably that ought to be first and foremost in terms of
trying to prioritize the work that"s going to be done, iIn at
least my opinion.

What I wanted to say as a follow-on from this
review that Kjell Andersson and 1 have done, the Nuclear
Energy Agency in Paris has endorsed and is coordinating with
us a review of all the current work that"s being done on
source term modeling everywhere; everywhere from Korea,
Japan, U.S., Canada, all of Europe. We"re all putting this
together for a large review. That Is a presentation iIn

itself. 1I1°m not going to make that today. These are just



© 0 N oo g b~ w N P

N N NN NN P P P B R P P PP
a B W N P O © ©® N O O » W N PP O

396
some of the things iIn terms of the who, what, and where and
why aspects of what we"re doing.

The NEA is endorsing it. The proceedings will be
put out, our review will be put out as an NEA document. The
review has started already. Our draft discussion document
will be available In January for review. We"ve been meeting
with various DOE, NRC groups, academic groups here iIn the
States. There"ll be a workshop, not in early spring, but iIn
late spring iIn the south of France. There"s a sign-up sheet
in the back of the--no, 1"m kidding. But there will be a
workshop that the CEA in France has graciously decided to
host for us, and we will review some of the issues and try to
find 1f there are common topics internationally by which all
programs could benefit by consulting and comparing notes on
approaches, what"s worked, what®"s not worked for them. As I
say, that"s a whole other talk and I"11 be glad to talk to

people about exactly what"s happening In this area.

Coming back to the last two days of talks, this is
a view graph, actually, 1 got from, 1 think, Mike Cloninger
awhile back from the DOE, and I like 1t not because i1t shows

any sort of circular arguments--although we"ve heard a number
of those--but it tries to put waste package performance, I
think, into a proper context of Its connectiveness to a
number of Important functions within our program.

I think yesterday we heard an awful lot iIn the area
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of waste package testing and modeling, and that"s to be
commended, and there®s obvious iInterplay between the
performance assessment model and this effort, and 11l come
back to that in a second iIn terms of, perhaps, what that
should be, what 1 perceive i1t to be In terms of what we have
heard.

Today, my sense was that we"ve heard a lot more iIn
terms of this coupling of the performance assessment, to
addressing the regulatory issues and compliances; again, a
very central and important role for performance assessment,
but not the only role. And the trouble i1s, we sometimes
confuse all this different activity that we need for
performance assessment. It"s very central to many
activities. It"s important to the design process. We heard,
in passing, that some people are now gearing up to look at,
possibly, some of these more robust waste package designs,
and again, 1 think that"s to be commended and we need to see
more of 1t.

Hopefully, the design people are open to the idea
that there could be something useful coming back from
performance analysis. Maybe there®"s some way to possibly
optimize this a little bit and 1t won"t all be based on good
engineering practices, but actually on something that relates
to performance of the system.

I think one of the difficulties in addressing and
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sort of rolling up the role of performance assessment in
testing i1s that--this i1s from Dave Stahl®s slide on the first
day, and he had a, you know, another diagram which had a
whole other tier of different test activities below this--is
that when we come up with this kind of flow diagram, what"s
passed upwards is a large degree of uncertainty by data
collected, but with certain uncertainty about them, and what
we also heard a lot of 1In almost everybody®"s view graph is
the word "need.”™ We need this, you need this, and that is
really the chorus that comes up from below; we need this, we
need this.

The real problem, the real difficulty, real need iIn
the program is not a specific data point, but the need to
sort among these apples, oranges, pumpkins, watermelons, and
try to really, with limited time, limited resources, decide
what 1s important. That"s the role of performance assessment
towards modeling, is providing some sort of guidance and
sensitivity, allowing some sort of equitable comparison of
very different activities.

I think we even, on the Nuclear Waste Board, we see
sort of the same approach, is that all of you have certain
important disciplines that you want to see reflected, but--
and that"s to the good. What"s necessary, though, iIs how do
we balance all these different importants (sic). Somebody

says, well, advection is important, or heat transfer, or
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solubility i1s the most important. We need some iIntegrative
tool--and that"s performance assessment--to put these
together.

There®s a fellow, Dr. Charles McCombie, a few years
ago--he"s in charge, or the Technical Manager of the Nagra
program, and for those of you who may not know, Nagra is one
of these programs that when everybody from the U.S. goes over
there and comes back and says, why