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PROCEEDINGS
DR. DEERE: Good morning, ladies and gentlemen. Welcome
to the spring meeting of the U.S. Nuclear Waste Technical
Review Board. 1 am Don Deere, Chairman of the Technical
Review Board, and 1 will be chairing my last Board meeting as
I will be retiring from the Board when my term of office
expires In 11 more days.

It has been a pleasure to chair the committee and
to work on this very important national program. |
understand that the new Chairman will be appointed by the
President very shortly. The terms of three other members
also will expire iIn 11 days, and the affected members are

Drs. Clarence Allen, John Cantlon, and Don Langmuir. The

appointments or reappointments for these positions are iIn

progress and, I am told, should also be made iIn a very short
time.

I would like to introduce our new Board member, Dr.
John McKetta. John, would you please stand? He is Professor

Emeritus of Chemical Engineering at the University of Texas,
Austin. Welcome to the Board.

We also have two new professional staff members
that perhaps some of you have not had the opportunity to
meet; Dr. Carl DiBella, a chemical engineer. Carl? Thank
you. And Dr. Robert Luce, a geochemist and geohydrologist.

The legislative charge to the Board is to examine
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the scientific and technical work of the DOE in
characterizing the site at Yucca Mountain, and includes the
transportation and storage of the high-level radioactive
waste. We are to report our findings and make
recommendations to the Congress and to the Secretary of the
Department of Energy at least two times per year.

Over the next two days we will be examining three
of the present important pieces of DOE"s work iIn this area.
We are looking forward to the presentations and to
discussions with the presenters and discussion from the
audience on these particular topics. They are quite timely.

The three: Early site suitability evaluation,
total system performance assessment, and an update on the
site characterization activities.

I will introduce and turn the meeting over to Carl
Gertz, Department of Energy, for his comments concerning
theilr program.

Carl?

MR. GERTZ: Thank you very much, Dr. Deere.

We"re certainly, on behalf of the Department of
Energy, pleased to be here at this spring meeting. We think
iIt"s, 1In effect, a watershed event, notwithstanding the six
inches of rain we had In Las Vegas over the last month, but
we think It"s an important event because there"s some

products to discuss. You“"ve seen In process activities over
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the last year in some of these areas, site suitability and
total systems performance. Now you"re going to see some
products today, and then we®"ll update you on site
characterization. We are out on the site working. We have a
couple construction crews digging pits; another crew doing
roads and pads, and we"re drilling. So we®ve moved In many
instances from the planning and preparation stage, into the
implementation stage.

So we look forward to discussing these activities
with you. 1It"s a full day. 1 don"t really have much more to
say, except we"re going to start our technical presentation,
and 1 would like to thank you for your participation
individually, Dr. Deere, over the last three years, 1 guess,
now that you®ve been on the Board, and I certainly--we in the
Department at Yucca Mountain appreciate the time and effort
and the i1deas you“"ve brought forth to the program, and I
believe have helped and changed the program, and we"re now

ready to implement what we think Is a very sound program; SO

thank you.

DR. DEERE: Thank you.

MR. GERTZ: With that, 1 believe our first
presentation®s going to start off with early site suitability

evaluation and Dr. Steve Brocoum of my staff will make the
Tirst presentation in that series.

DR. BROCOUM: Good morning. My name is Steve Brocoum
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and 1711 be introducing the site suitability evaluation
topic. I will talk why we did 1t and where we think we"re
going on i1t, and then Jean, of course, will give the detailed
technical presentation on this topic.

Back In 1986, as required by the Nuclear Waste
Policy Act, we issued an environmental assessment which
established the suitability of Yucca Mountain for
characterization; in other words, we said that Yucca Mountain
was suitable to be characterized, not suitable to be
developed as a repository. We used the 10 CFR 960 guidelines
for that.

Then 1n December of 1988, we issued a site
characterization plan. That plan included the testing to
satisfty all the data needs for comprehensive site suitability
evaluation; in other words, the complete site
characterization program through which would allow the
Secretary of Energy to make a recommendation to the President
of the United States.

Finally, In November of "89, the Secretary made a
commitment. He issued a report to Congress where he
committed to make an early focus on an evaluation of site
suitability when 1t became obvious that the total period of
time to do site characterization would be approaching ten
years.

In order to comply with the Nuclear Waste Policy
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Act, as amended, and to comply with 960 and the Secretary®s
commitment to early evaluation, In a sense, two kinds of
evaluations are required: Early and iterative valuations
that focus on conditions that would make the site unsuitable

--which ESSE was the first such evaluation--and as we
complete site characterization, a comprehensive evaluation
that would ultimately lead to a decision on whether to
recommend a site for development of a repository if It is
found suitable.

When we started this process, we had some internal
debate as to whether 960 was applicable. After a lot of
debate and discussion, a management decision was made that
960 is applicable not only for comparison among sites--which
was done prior to 1987--but also for the evaluation of a
single site, and 1T you read 960, there are many cases in it
where 1t talks about a single site. So that finally the
question was how we were going to apply 960 for early
evaluation site suitability. 960 itself never envisioned
iterative evaluations for site suitability.

Following a meeting on site suitability which we
had in Albuquerque in the fall of 1990, a decision was made
by OCRWM to conduct an early evaluation of site suitability.

Since 1987, no formal evaluation of site suitability had
been conducted, and so we felt there was a need to, In some

formal manner, look at the status of site suitability.
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The Office of Geologic Disposal was directed to
make an early assessment of the suitability or non-
suitability of the Yucca Mountain site using the 960
guidelines.

The Office of Geologic Disposal directed the T&MSS
contractor to conduct the early site suitability evaluation,
and the results from the ESSE will be used by DOE as part of
its decision-making process with regard to future and actions

for evaluating the site. The ESSE i1s just one part of a site

evaluation process. 1It"s not the only part.
This was a schedule we put together, and I think
you“"ve seen this before, so that we issued--we started the

document in January of "91. We issued the document iIn
February or March of this year for public comment. A Federal
Register notice was put out, and there will be a Director"s
forum in the middle of the public comment period on May 7th
in Chicago.

So what are we going to do with site evaluation in
the future? First of all, we hope to receive comments from
the public on ESSE and the overall site evaluation process.
The comment period ends on June 15th. We"re holding a
Director®s forum in May, on May 7th, to discuss DOE"s policy,
strategy and plans for site evaluation, including factors
that should be considered in the decision-making process.

There are numerous other factors besides technical. There
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are institutional factors, you know, there are regulatory
factors, and there are other management factors, such as
costs and schedule.

We will consider and respond to all public comments
in writing, and after considering the public comments, the
Director will determine what actions to take with respect to
future plans evaluating the Yucca Mountain site. At the
forum, that determination--if 1t"s done like past ones have
been done--there will probably be some kind of a letter with

an attachment that the Director of OCRWM will issue.

That is my introduction. Do you have any
questions?
(No audible response.)
DR. BROCOUM: Jean?
DR. YOUNKER: Good morning. Can you hear me okay?
(Affirmative response.)
DR. YOUNKER: Great. 1 think 11l try this side and see
how that goes.

Okay. 1"m prepared to give you as much of an
explanation in as much detail as you"d like of what we"ve
done this past June in the early site suitability evaluation.

You®ve heard a little bit--it seems to me I"ve spoken to you
at least once, and perhaps twice as we were putting the
product together, so I1"m pleased to be able to report to you

that we completed it on schedule and with what I think is a
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good product.

Let me tell you about the team that put this
together. 1t was a multi-disciplined team because of the
wide diversity of siting criteria that are encompassed iIn
DOE"s siting guidelines, so for example, we had to have
experts that covered such areas as environmental quality, and
in that case it was one of the SAIC/T&MSS people, Greg
Fasano. We had to have people who covered diverse areas such
as--let me find one of our USGS people--Bill Dudley, who"s
going to speak with you, covered tectonics and erosion.
Bill"s sitting at the front table and will tell you about the
tectonics evaluation a little bit later.

To put together a team like this that covers such
diverse topics, you face a lot of questions about how to get
the group to work in a consensus-building fashion, and a
little bit later in the presentation 1°11 tell you some ways

that we attempted to do that. We did try to act as a body

that would reach conclusions as a group, and when you"re
cutting across as many disciplines and as many specialties as
we are, that caused some real challenges iIn the way we
operated.

My presentation is split into four basic parts.
111 give you a general background of the task, and Steve has
already covered most of that so I really won"t say very much

further about that. We"ll then talk about the approach that
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we developed. As Steve told you, the guidelines were really
set up to be used once at the beginning of site
characterization to allow you to determine that the site or a
number of sites should go forward through site
characterization, and then to be used finally to evaluate
whether the site appeared to be suitable for development as a
repository.

So the use of the guidelines and the way that we
used them iIn this task required us to do some site-specific
adaptation and some, I would say, interpretation to use them
in this particular manner at a period between the beginning
and the end of site characterization, in a way that there
really wasn"t much guidance iIn the written methodology part,
implementation part of the guidelines. So we really had to
work that as a team.

111 tell you a little bit about the structure of
the external peer review that was conducted, tell you about
the people that were on i1t, and I"m very pleased that you
were able to invite two of the peer review panel members to
speak with you today, give you their perception of the
report; and 1711 give you a summary of the final conclusions
of the evaluation.

From our view, from the core team"s view, our
objectives were to develop an approach within the framework

of the siting guidelines, 10 CFR Part 960, for evaluating
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site suitability during the site characterization process,
and to use that approach, then, to provide a guideline-by-
guideline status of the suitability of Yucca Mountain.

The general logic diagram, which I think we had the
last time that 1 spoke with you, simply starts from the point
of view that you have some information about the site and you
have some basic design information, which you do need to have
kind of a concept of the design iIn order to evaluate some of
the siting criteria.

Here"s the box that represents what we"ve just
done, iIn that we"ve evaluated the site against the siting
guidelines, the technical evaluation. That information,
together, with a lot of other information, feeds into some
siting decision that the DOE will eventually have to make in
the final decision, but interim decisions can be made where
you look at the information, determine whether you should
continue characterization or whether there is Information
present that suggests the site should be abandoned,
disqualified using the guidelines, or perhaps information is
adequate that you can move ahead and recommend the site.

As 1 just said, this one really repeats. The kinds
of information that you look at is what"s your present
understanding of the site characteristics, what information
do we have about the design of the engineered system--and iIn

most cases here, because we were emphasizing site feature and
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conditions, we made assumptions about the engineered system
and really didn"t use a lot of information on that--and then,
of course, the present regulations give us a framework for
our evaluation.

As Steve suggested, for the decision maker, when
you get into this part of the logic diagram, clearly, the
technical evaluation that a team like this group makes is
only one part of the information that you would use to make a
decision as to which direction to go coming out of this
decision diamond. Status with regard to the siting
guidelines is one piece of that information, but obviously,
what kinds of information could be obtained by further
testing, how adequate is this information to actually move
forward and recommend the site, because that recommendation
would be tantamount to DOE"s determining that they believed
they had a site that had a good chance of being licensable;
and further, other management considerations, obviously,
budget and cost and other information or other issues come in
there.

Okay. 1711 move on into the approach, then, that
we developed and used iIn this evaluation. You“ve heard me
present an overview, | think, more detailed than this of the
siting guidelines. Just to refresh you, some of you probably
are very Tamiliar with the DOE siting guidelines and some may

not be, so let me do a quick review.
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There are four groups of guidelines; categories, if
you will, of individual guidelines sorted iInto postclosure
performance, preclosure performance with radiological safety
being the performance measure, a category that covers
environmental, socioeconomic and transportation-related
impacts, and a group that"s called the ease and cost of
siting, construction, operation and closure. And what that
really amounts to is all of the types of site features and
conditions where you have to ask the question, is there
reasonably available technology for me to deal with, for
example, flooding hazards, seismic hazards at the site. So
into this category goes all of the geotechnical and other
types of information that you"ve gather, engineering-related
information that you"ve gathered about the site having to do
with preclosure operation, construction operation.

Each group of guidelines is divided into a system
guideline and a set of technical guidelines. The system
guidelines provides the general requirements; meaning it
links you to performance criteria that are usually from MFC"s
regulations or from other regulations that are applicable to
the repository program.

In the case of the technical guidelines, we get
closer to actual site features and conditions that we, as a
geologist design, that we can characterize ordinary

environmental quality In our socioeconomic areas, parameters
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that we know how to measure and review to determine
compliance with the criterion.

Okay. There are 24 specific siting guidelines. As
I said before, each group has a system guideline and a system
behavior criterion, and then iIn postclosure performance, for
example, all of the areas that you would expect to have to
gather information about the site to determine compliance of

--determine if the site is a safe site, such as
geohydrology, climate changes, tectonics, potential for human
interference due to natural resources.

In the ease and cost area, as | said, you are
getting at those features and conditions that might cause you
to move Into an area where you are pushing technology, so
It"s such things as terrain, which iIs under the surface
characteristics one; rock characteristics, meaning rock
properties, how constructible is the rock material;
hydrology, meaning either potential problems with underground
water conditions that would be hazardous to workers; and in
the case of tectonics, the question of seismic hazards.

Okay. Getting Into the details now of the
evaluation, when we present the conclusions you®ll see that
in each case there is a qualifying condition for a guideline,
and In some cases, there just disqualifying conditions. This
example for human interference, the qualifying condition is

generally tying you to system performance. So iIn this case,
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"The site shall be located such that natural resources,
including ground water, will not be likely to give rise to
interference activities that would lead to releases greater
than those allowed,™ and if you look at this particular sub-
part of the guideline, you®"ll see that that"s the total
system release standards, the EPA 10,000-year standards.

For the disqualifying conditions in general, 960
was set up so that you should be able to use the
disqualifying conditions as on/off switches early in
characterizing a site. They"re supposed to be something with
less information you could use It to screen out sites that
really didn"t look like safe or potentially acceptable sites.

So the disqualifying conditions usually are something that
you can get a handle on with less specific site information.

This one, for example, says: ™"Previous
exploration, mining, or extraction activities for resources
of commercial importance have created significant pathways."

So this i1s one where, based on the information you have
about the site, do you believe that there is evidence of
significant pathways that could cause some kind of diversion
and short circuit of your natural barrier system.

And the most important point about the guidelines
in terms of the way they are to be implemented i1s here iIn
this box. "The site shall be disqualified 1t evidence

supports a finding that any disqualifying condition 1is
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present or any qualifying condition cannot be met.” So you
have to go through a one-by-one evaluation of each qualifying
and disqualifying condition and reach a conclusion whether
it"s present in the case of a disqualifying condition, or
whether i1t cannot be met in the case of a qualifying
condition. This is exactly what the team that I"ve just
worked with has done.

The definitions that are given for how you should
think about the conclusions that you must reach in 960 are
presented with double negatives, and the team had a little
trouble with that so we worked a definition, a set of
definitions that we liked as a group and could use, and so
I"ve written those definitions down for you.

In the case of a disqualifying condition, iIf the
condition i1s present or likely to be present, then you would
make an unsuitability, draw an unsuitability conclusion. If
a condition is not present, but additional information could
change your conclusion, could change your conclusion about
that condition, this is something that"s referred to in the
guidelines as lower-level suitability. 1t"s your lower
confidence position that you make until you are really
confident that the condition in the case now, a disqualifying
condition, is not present and i1t"s unlikely that any future
information you gather about the site will change that

conclusion. That"s your higher confidence; in fact, the
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highest confidence position that you are to take given the
way 960 i1s to be implemented, and i1t tells the DOE in 960
that 1n order to proceed with this site, they must be iIn a
position where they can take higher-level suitability or
higher confidence conclusions on every disqualifying and
qualifying condition.

The same definitions were used for the qualifying
conditions, but of course, iIn this case, the qualifying
conditions are conditions that you are asking iIf the site
meets them, and so iIn this case, If the site cannot meet the
condition or is not likely to meet it, you"re iIn the
unsuitability result. |IT the site"s likely to meet the
condition but you believe additional information could change
your conclusion, then you"re iIn the lower confidence, and in
the site--this i1s now the higher confidence, the higher-level
suitability conclusion: The site meets the condition and you
Teel confident that additional information gathered about the
site will not change your conclusion about that qualifying
condition being present, being met for this site, and that"s
your higher-level suitability conclusion.

The decision logic expressed in the diagram rather
than iIn the words is shown on this view graph. We"re in this
evaluation box now where the team has done their evaluations,
and as 1 just said, for a disqualifying condition, as an

example, if you judge the condition to be unlikely to be
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present, then you must ask yourself the question: Could that
conclusion change on the basis of new information; further
information about the site? |ITf you believe that i1t"s
unlikely that that conclusion will change, then as a team, we
recommend, or we believe the information supports a higher-
level suitability finding. |If you believe that i1t"s possible
that additional information could change that conclusion,
then we recommend that a lower-level suitability finding is
appropriate at this time. So that"s the logic that we tried
as a group to work with on each of the siting guidelines.

The same logic applies for the qualifying condition.

Now, you might ask the question: How did you
really think about this as a team? And we actually did 1t iIn
some cases qualitatively, using kind of a jury system, where
we talked about the weight of evidence. We really didn"t
poll the group and work in a probabilistic sense on every
criterion and on the siting criteria. In some cases we did,
however, but if you®"re working in the qualitative sense for a
lower-level suitability, you basically would conclude a
statement something like: "The weight of evidence indicates
behavior is acceptable.™

In the quantitative sense--and we did do some
probabilistic assessments, setting thresholds and figuring
out where we thought performance was relative to that

threshold--you would be working with a statement something
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like this: "The probability that behavior meets a threshold
IS greater than something like .9." And these are examples.

We found that as we worked as a team, when you use
terms like "likely"™ and "unlikely"™ each of you has a little
different thought in mind when you say what"s the probability
of something be likely. Likely can be 50-50 or it can be 95
per cent depending on the person®s kind of predisposition
about those terms.

For higher-level suitability, then, we had to move
into this area of the conclusions are unlikely to change.
We"re confident enough about the site features and conditions
relative to that criterion that we don"t believe new
information is going to fundamentally change our conclusion.

Now, when you say "change,'™ remember, you®re changing from
the site as suitable or acceptable on that criterion to it"s
unacceptable; meaning that conclusion iIs tantamount to saying
we believe for this criterion, the site should be
disqualified. The site does not meet that criterion.

And 1f you were operating In a probabilistic sense,
you woulld lessen some probability that additional information
will change your conclusion.

DR. DEERE: Question. Are those really the values that
were used by some of the groups, the .1 and .9?
DR. YOUNKER: Yes, actually, they were. | used this as

an example, but .1 and .9 work as probably, 1 would guess,
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maybe the average for likely and a lot of people on the team
seemed to be operating around the threshold of .1 and .9.

DR. PRICE: 1 have a question. Dennis Price.

I noticed in the report it spoke of higher-level
suitability (Level 4), and 1 see three levels up there and I
don®"t quite know where 4 comes from.

DR. YOUNKER: Yeah. There®s an appendix to 960 that
explains what those levels are. The Level 1, 2, 3, and 4 are
simply the lower level and the higher level for the
disqualifying conditions and for the qualifying conditions,
so when you see those parentheticals, that®s simply referring
people who are very familiar with the appendix, where it
talks about levels of findings. 1It"s just that 4 different
states, 2 for a qualifying, 2 for a disqualifying.

This was one of our most difficult decisions, and
that was how to establish what a consensus of our team would
be. We had Dr. Bruce Judd, a decision analyst, working with
us and 1 must say that probably this was the part that he
found the most discomfort with in the way we decided to
proceed.

For the higher-level suitability conclusion to be
supported by the team, we determined as a group that we were
only comfortable 1Tt that conclusions was supported by
unanimity among the voting team members. So for us to take

that position, which is the more aggressive, less
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conservative; meaning, we recommend to the DOE that in this
particular criterion information is adequate at this time to
support the higher confidence, higher-level suitability
finding, we believe that all the people voting, all the
voting members of the team, should support that conclusion.
In the case of lower-level suitability, what that
meant then was that if one person of the voting team members
did not support the higher-level suitability conclusion, then
we would recommend that the lower-level suitability
conclusion that was made on the environmental assessment

should be maintained or continued to be supported.

I*"m looking over at Dr. North to see whether he"s
going to dislike that approach. 1 think he already knew that
we did 1t that way. Yeah, Leon?

DR. REITER: Jean, what was the rule decided upon
unsuitability? ITf one member found any condition unsuitable,
would that make the--

DR. YOUNKER: Correct. If we had had one member--and 1
didn®t put that up here, 1 should have--if we had had one
member who believed that an unsuitability conclusion should
be recommended, then 1 think that would have been adequate.
We didn"t have anyone who recommended that on any of the
guidelines, so we didn"t face that, but we did ask the
question. If you had one person who didn"t believe that you

could reach a lower level, or maintain the lower-level
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suitability conclusion--remember, those had all been at the
time of the environmental assessment, so of course, In some
cases, iIf new Information appeared to question that, then we
did talk about 1t and evaluate that as a group, and question
whether at least a lower-level suitability finding still
seemed to be valid.

DR. DEERE: Yes. Don Deere here again. | forgot to
announce at the beginning that we should identify ourselves,
and 1 did not identify myself in my first question so I will
now do It retroactively, and also, that was Leon Reiter of
our staff who asked the other question.

DR. ALLEN: Jean, this is Clarence Allen. The core team
here consists of all 18 people. You mean you had to have 18
people vote the same way?

DR. YOUNKER: 1"m glad you asked that question.

DR. ALLEN: I can"t imagine 18 people voting the same on
any issue.

(Laughter.)

DR. YOUNKER: The way we operated was because of that
diversity that you are certainly aware of on that team, there
are a number of guidelines where not everyone did vote. You
could abstain from the vote if you didn"t feel that you had
the expertise to participate, and as you can well imagine,
someone who may be an expert iIn transportation may not feel

that he"s really, you know, has the right expertise to, say,
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make a judgment of the confidence in information in
geochemistry. And so we did not have every member of the
team voting on every technical guideline.
DR. ALLEN: And presumably, Bruce Judd didn"t vote?
DR. YOUNKER: No, he did not vote. He kept us honest,
but he didn"t vote.

Okay, before the document was released to the
external peer review panel, we had an independent technical
review, according to the quality assurance procedures that we
all operate under. There were 20 technical staff from all of
the DOE"s participants in the Yucca Mountain project who were
not involved directly in preparing the information who did
review. It"s a documented review. We responded to their
comments and made quite a few changes iIn the document at that
time. That was last summer.

And then DOE, of course, before we release a
document, before DOE releases a document for any kind of
public review, does a policy review of that document.

DR. NORTH: Dr. North. Were there any changes as a
result of that review in the level of the conditions?

DR. YOUNKER: In the internal review?

DR. NORTH: Yes.

DR. YOUNKER: I don"t think so.

DR. NORTH: And in terms of the lower-level suitability

versus higher-level suitability, there was no change?
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DR. YOUNKER: I don"t--let me ask people. Steve, or
someone from the audience? Steve Mattson"s here, who was on
the team.

DR. MATTSON: Steve Mattson with SAIC. There were no
changes, as | recollect, as a result of that review.

DR. PRICE: Well, while we"re interrupted, could I ask
another question? Did you take one vote on each issue that
you came to and then that was i1t for 10,000 years, or did
you--

(Laughter.)

DR. YOUNKER: Let me tell you the way we actually did

it. We had one of the team members from this list that I

keep putting back up here. Let me take an example, say, for
geochemistry again. Dick Herbst, who was our team member for
geochemistry, he had the assignment to put together all of
the information about geochemistry relevant to the siting
guideline evaluation. He presented that to the team and we
all attempted to understand and, you know, absorb as much of
that as we could. And then, generally speaking, what we did
was at that point, it he recommended that, let"s say, the
information supported maintaining the lower confidence
finding of lower-level suitability, then we asked from the
team 1T there were any people who had a problem with that, or
iT there were--and particularly 1f he had recommended a

higher confidence, higher-level suitability, then we would
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also ask from the team: 1Is there anyone who can®"t support
that; who doesn"t feel comfortable with that?

Now, if we went into the probabilistic-type of
voting on some of them where we really, we didn®"t have any
kind of unanimity and we wanted to get some of the i1deas out
on the table just how diverse were people®s opinions about
that particular criterion, we would then go through two
voting sessions; one where we all declared what our
probabilities were--kind of what our thresholds and our
probabilities were--then we would display those and talk
about them, using an approach that Bruce Judd uses when he
does this kind of elicitation. Then we would talk about
them, especially about the extremes, and then vote again,
having learned about why we had the different opinions that

we did, and that final vote would be the vote that was

recorded.
DR. ALLEN: Clarence Allen. Don"t you run the danger
here of, say, a person like the person in transportation

who"s the only expert in that field on the whole panel, then,
indeed, that one person is going to dominate the thought of

the entire panel and a unanimous vote really doesn"t mean

that much.
DR. YOUNKER: Yeah. That--it"s a real question how you
work with a team like this where you have such a broad, you

know, multi-discipline area to cover.
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In most cases, what we had--like In the case of,
say, Bill Andrews with transportation, we tried to bring in
other experts that we could ask questions, the team could ask
questions, and so usually 1t wasn"t just one person. We
usually had a couple of other people there that at least had
some good background in that area, but that certainly is a
question, yes. It"s a good question. How much does one
expert, when you have this kind of spread of topics, dominate
the conclusion? And the answer is probably quite a bit.

Okay. 1™m ready to talk about the peer review. 1
think I already talked about that one. Structure of the peer
review, okay. The peer review panel was also difficult to
put together for the same reason that we"ve just talked about
the team producing the evaluation being difficult to put
together; 14 panel members chosen based on their technical
qualifications and their pretty much complete independence
from previous DOE activities, although in a couple of cases,
in order to get someone with the right expertise, we did have
to get someone who had some previous involvement in the
program.

We tried to bring in a new team of people to get
some fresh ideas, get people who really, for the most part,
maybe had expertise based on geology, for example, but did
not have any major or previous involvement in the program.

The peer review panel for the evaluation is on this
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view graph. Very broad expertise was required. For example,
Dr. Stan Albrecht from Brigham Young University, a
socioeconomic expert who had had some very limited previous
involvement in reviewing documents produced by the Yucca
Mountain Project Office. Dr. Walter Arabasz, our seismic
hazard and tectonics expert, who"s here to talk with you a
little bit today, certainly had lots of previous expertise
and experience developed on the questions that he was being
asked, but no direct experience, | believe, on this program;
Dr. John Bell, a radiation and health physic professor from
UNLV.

Let me give you another example of the diversity.
Our environmental quality expert, a private consultant, has
his own company iIn Flagstaff, Arizona, Dr. Steve Carothers;
University of Utah, Dr. Pariseau, our engineering geology
rock characteristics peer review panel member. It"s a very
broad team and, as a result of that diversity, very difficult
for them to work as a true consensus-building peer review
panel .

The way it actually worked was that the
geotechnical, the 10 geotechnical panel members worked more
as a consensus-building panel to the extent that they did
develop a consensus position, and that is iIn the peer review
report that"s published for review right now. It"s iIn an

appendix, so that the nine--nine of the ten--Dr. Pariseau did
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not sign the consensus statement. He didn"t feel that he had
the expertise to conclude what the rest, the other nine were
willing to conclude or felt that they could stand behind, but
the other nine geotechnical panel members did provide this
consensus statement that has basically three recommendations
for the Department.

Okay. The instructions that were given to the peer
review panel was that they should evaluate the adequacy of
information presented. Were there any major holes iIn the
information, relevant information that we didn"t know about
that should be included? And then look at our overall
approach and determine whether the report presents an
objective, defensible, technically defensible view of the

suitability of the site with regard to 10 CFR Part 960.

They had about three months. They received the
report at the end of August--two months, I guess, wasn"t 1t--
and the comments were due in early November. So it was a

really pretty limited time to come up to speed on the
information and draw some conclusions. Let me give you a
summary now of the results.

First, by telling you that what you see when you
read the report, for each guideline is summarized on this
view graph, and both Bill Dudley and Dwight Hoxie will walk
you through this information for the two specific guidelines

that they"re going to describe for you today. You"ll find
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the section where we review the basic findings in the
environmental assessment and the information that supported
that finding iIn a very kind of broad way.

Then we look at new information and analysis. We
certainly don"t present all of that information, but we try
to reference the key critical and information that leads us
to the conclusion that we reach. So this iIs a summary, then,
of information that is available about the site from the time
that we last--we didn"t restate the information In the
environmental assessment or in the site characterization
plan. We referenced those, and any other information that"s
relevant to this evaluation.

You then see a section where we talk about whether
the disqualifying condition or qualifying conditions are
present or cannot be met. We then have a final section that
talks about what information, i1f you don"t find a
recommendation for support of a higher confidence of higher-
level suitability finding, you find a section that talks
about additional information that we believe iIs necessary to
support that higher confidence finding. And this just says
we provide the peer review results to DOE.

There are different ways to count up the results of
this evaluation. The disqualifying conditions are fTairly
straightforward, although even there, the disqualifying

conditions iIn several cases have sub-parts, and the way
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they"re worded you have to meet each sub-part. So if you do
the count--what you"ll find is my counts on this view graph
and the next view graph--take every sub-part as a specific
criterion that I must, or that I must evaluate at least.

So if you count the way I"ve counted--and this is
consistent with what you™ll find on the next four pages that
are the detailed summaries--13 of 17 disqualifying conditions
are not present, iIn our judgment, and new information 1is
unlikely this conclusion. So the core team then has
recommended to the DOE that 13 of 17 of the disqualifying
conditions can, on the basis of present information, be
supported in the higher confidence, the higher-level
suitability finding.

Four of 17 disqualifying conditions are not likely
to be present, but additional information could change that
conclusion and, therefore, we support only a lower-level
suitability finding at this time. These conclusions were iIn
the package that was reviewed by the peer review panel, and
we have not changed the conclusions as a result of the peer
review.

For the qualifying conditions, the total if you
break it out into each of the sub-parts i1s 32, and at the
time that we went to peer review, this number would have been
15 because three conclusions that we made iIn our draft report

that went to peer review were challenged by the peer review
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panel members and we did change them as a result of those
challenges. We agreed with the comments of the peer
reviewers and went from the higher confidence for the
qualifying condition present and new information unlikely to
change the conclusion to just the likely to be present, which
i1s the lower confidence for the qualifying conditions.

Those three were postclosure rock characteristics;
and 2, preclosure guidelines. The radiological safety, which
is the system guideline, 1t"s the compliance with the
preclosure worker safety and public safety radiological
criteria, and one that is actually really just a restatement
of the radiological safety, but having to do with any kind of
releases from off-site fTacilities combined with releases from
a repository facility, the question being could those summed
releases lead to public or worker safety hazards.

DR. ALLEN: Jean, Clarence Allen. The 13 out of 32 was
before the change, or after?

DR. YOUNKER: This is after the change. These are the
results after the change. Before the peer review, this would
have been 15 of 32--or 16. Sorry; excuse me. It"s early iIn
Las Vegas. Yes. Three were changed; 1™m sorry.

Okay. The next four view graphs go through in
detail every one of the guidelines and what our conclusions
were on those guidelines, and we did some shortcuts to try to

make 1t easy for you to see. We did put asterisks by the



© 00 N oo g b~ w N P

N NN N NN P B P B R P PP PR
a b W N P O © ©® N O O M W N PP O

34

findings where a higher-level suitability conclusion was not
supported by the team, and the two that are highlighted in
green here, the geohydrology guideline and the postclosure
tectonics guideline, are the two that will be presented iIn
detail by Bill Dudley and Dwight Hoxie.

The statements that you see over in this column in
the conclusions, 1If 1t"s the short statement, "Condition 1is
likely to be present,”™ that"s the lower confidence
recommendation. That"s the one that additional information
could change that conclusion, but we didn"t carry all that
information here. If It says, "Condition present,”™ or
"Condition not present,”™ In the case of a disqualifying
condition, but says: "New information unlikely to change
conclusion,™ then that"s that higher confidence, higher-level
suitability conclusion.

Now, the one that I said was changed, for example,
the rock characteristics postclosure, has no disqualifying
condition. 1It"s only a QC, or qualifying condition, and this
one, pre the peer review, would have had that second
statement: "New information unlikely to change the
conclusion.™

That one, the basis for the change--1 think the
most succinct way of describing the basis for the change is
that the peer reviewer, Dr. Pariseau, felt that without an

underground excavation, you know, knowing that we were going
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to have a large underground excavation, that even though he
really, when we asked him In our discussions with him, "Do
you think that there"s a chance the information that we"ll
find when we do extensive underground characterization would
lead you to think that the rock materials and rock properties
are such that you can"t accommodate thermal, chemical,
mechanical stresses that would be induced by the
repository?’”, his answer was, "No, | really don"t think
you"ll have that problem, but 1 don®t think you®"re credible
making that conclusion without having the underground
excavations.” So it wasn"t really the question--in his view,
it wasn"t that he thought we were going to find the
information to be--to cause you to draw the conclusion that
the site wasn"t suitable, as much as i1t was a question of,
"Is the team credible drawing that conclusion without that
information?"

And 1 won"t go through these one-by-one, but if you
have questions, 1°d be happy to answer on any of them. 1 was
going to mention the ones that did change as a result of the
peer review. The other two that changed as a result of the
peer review panel on this second page, the radiological
safety standards for preclosure operations for both worker
and public, this was a higher confidence, had the statement:

"New information is unlikely to change,' before the peer

review. So did this qualifying condition here; off-site
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facilities will not lead to unacceptable releases.” The rest
of that statement is: '--when combined with our operational
releases.” This one also had the higher confidence, higher-

level suitability finding.

The peer review iIn that case, the question who
questioned this most dramatically was Dr. Bell from UNLV, and
his comment on this one was that although he also, iIn
answering our questions and helping us understand his
position, didn"t believe that the site conditions would lead
to a facility that had unacceptable risks from the standpoint
of public health and safety, he also didn"t feel that we had
detailed enough design information to prove that to him.

So it was a question of the maturity of the design.

We didn"t have operational releases, for example, that we
could show him, and he"s the type of person who didn"t really
feel comfortable saying, "Well," he said, "I don"t think your
conclusions are very credible until you can give us that
detailed design information.” We had accidental release
calculations that were fairly old from the SCP days, and no
operational release, except for similar facilities, and we,
of course, did try that in the discussion, but we really
needed specific release calculations in order for him to feel
comfortable supporting our conclusions on that one.

So we decided that based on his comments, which

were quite strong--and they®re in the written record--that we
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should change our conclusions on the two related to that,
which was this qualifying condition and this system
guideline.
The next two are simply the rest of the guidelines.

Remember, there are four categories. The next page
summarizes the conclusions for the environmental
socioeconomic impacts and transportation guidelines. In this
case, because the kind of information that you must have 1iIn
order to make these evaluations for the most part is the kind

of information that you gather during a NEPA process, when
you look at compliance with the Environmental Policy Act.

The conclusions, for the most part, are all the
lower confidence or lower-level suitability conclusions. We
have one specific one where a disqualifying condition asks
whether the facilities would be located in federally-
protected areas, and we believed that we had adequate
information at this time to recommend to the DOE that that
one could be supported at the higher-level, higher confidence
finding, but there weren"t any of the others where we really
have the information we need at this point to recommend to
the Department that they can support higher-level findings.

The fourth category, the one that 1 told you has to
do with availability of technology to handle site conditions,
IS summarized on this view graph. In this case, for the most

part we have recommended higher confidence, higher-level
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suitability findings can be supported. The one specific one
111 mention--1 think Dr. Arabasz will probably comment on
this 1in his statement later--the qualifying and disqualifying
conditions for preclosure tectonics get at the question of
what expected conditions are related to seismic hazards, and
this one was a very difficult one for us because the
qualifying and disqualifying conditions are written very,
very similarly so that you almost can®t reach a higher
confidence finding on one without reaching the same
conclusion on the other.

IT you read the text, what you"ll see we did was to
say that in the case of the disqualifying condition, we took
the position that the guidelines allowed us to, which was you
can evaluate a disqualifying condition on the basis of less
detailed site-specific information. And so you®ll notice in
the text we describe that although the information base is
not adequate to support the higher confidence finding on the
qualifying condition for seismic hazard preclosure design,
the disqualifying condition, we did recommend you could
support the higher confidence finding based on our group®s
conclusion that we really do believe that technology is
available to accommodate the kind of seismic conditions that
exist at the site.

Well, 1f you do kind of a bottom line summary of

what"s In the report all in one view graph, the areas where
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we do not reach higher confidence findings or recommend that
the information supports higher confidence findings are
summarized on this view graph. There are a few other ones
that 1°ve left out, i1f you surveyed the last four pages, that
we don"t think--that really aren"t as important if you look
at the way the things are prioritized, but the ones that--
this is not in order, by the way. It"s just kind of the list
of items where we have sections that say: '"Here"s the
additional information we believe is essential iIn order to
determine 1t a higher confidence finding can be supported.™

Climate changes, tectonic disturbances--and in this
case, It"s kind of the coupled process, the tectonic effects
on other conditions over 10,000 years--source term for
gaseous release. In our total system section we do talk
about the question of gaseous releases and the Carbon-14
problem being an area where we need additional information.

The groundwater travel time, which Dr. Kreamer will
comment on; potential for fast flow paths--the consequences
of the existence of fast flow paths is a critical area--
potential for natural resources to attract human
interference. We don"t recommend at this time that we have
enough information in that case to support the higher
confidence and the qualifying condition for the human
interference guideline.

Potential for unacceptable environmental quality,
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socioeconomic, and transportation impacts, I mentioned iIn
that area we really just don"t have the information to make
the evaluations at this point In time. The preclosure rock
characteristics guideline is kind of an unusual one. We did
not reach a higher confidence or recommend a higher
confidence finding on that one.

This one, once again, had to do with the question
of not having enough information until we get underground to
be certain that the vertical and lateral extent of the
candidate potential host rock i1s adequate, and that, of
course, had all kinds of design assumptions in it; meaning
how much area do we really need. And we, In this case,
assumed the reference design back in the SCP days, so that"s
quite a bit more than 1f you went toward one of the hotter
repository concepts that are being considered. And then
seismic risks, which I"ve already mentioned as the preclosure
tectonics qualifying condition.

Okay. That wraps up what I intend to say. 1
think, Dr. Deere, Steve Mattson wanted to make a comment.
Would that be acceptable?

DR. DEERE: Yes.

DR. MATTSON: Steve Mattson. 1 just wanted to make one
correction to my earlier statement. We did change one of the
findings during the internal review process, and that was on

preclosure tectonics on the qualifying condition. 1I°m sorry,
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I had too many review processes to keep them all straight,
but we did change one of those from a higher-level
suitability finding down to a lower-level suitability finding
on preclosure tectonics.
DR. YOUNKER: That"s right. Thank you very much, Steve.
I do remember now, too. He"s jogged my memory.

The question was we had both the qualifying
condition and the disqualifying condition for preclosure
tectonics recommended at a higher-level finding before that
technical review, and that was when we went through that
whole debate that I mentioned to you about whether you could
separate the qualifying and the disqualifying condition for
preclosure seismic, or preclosure tectonics or not, and we
decided at that point that as a team we could separate them
and recommend supporting the higher confidence for the
disqualifying, but not for the qualifying, and that was based
on fairly intense comments from some of our reviewers.

DR. DEERE: Thank you.

Board members have questions?

DR. ALLEN: Clarence Allen. Two questions, Jean.

Tectonic disturbance includes volcanism; right?

DR. YOUNKER: Bill Dudley will explain this iIn just a
little bit, but the way that tectonics guideline is written,
the disqualifying condition excludes the postclosure

tectonics, excludes volcanic activity. The qualifying
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condition includes i1t. That"s right, though, and he will
explain that when he presents the detail.

DR. ALLEN: And the next, what"s the--what do you
anticipate the effect of this will be, assuming that the
investigation of the site proceeds and it"s not disqualified
at this point, is the hope that these items and others
similar will then receive greater emphasis In the site
characterization program? 1Is that the whole idea of doing
this exercise?

DR. YOUNKER: That would certainly be my recommendation.

DR. DEERE: Yes, Bill.

DR. BARNARD: Bill Barnard, Board staff.

Jean, this whole process took on the order of,
what, a year and a half to complete? If you were going to
perform a similar type of evaluation, say, five years after
we go underground, would you use the same process; and if so,
could 1t be streamlined in any way so that an evaluation
could be made in a shorter period of time?

DR. YOUNKER: I guess 1 would probably use about the
same process If 1 was asked to do it, partly because 1 really
believe iIn the team approach to this, given that it"s such a
diverse set of criteria that you have to evaluate. 1 do
think unless you made a smaller team--in which case you
wouldn®t cover all of the criteria very well--then I think it

will take about that long. 1°m not sure there®s any way you
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can streamline 1t that much more.

I suppose if you don"t go to an external peer
review panel, which 1 also do believe i1s essential--that was
about a three-month process, but I think that"s really an
important part of 1t. The actual evaluation, we didn"t
officially meet as a team--although there was a lot of
scoping back in the end of "91--we didn"t officially meet as
a team until 1t would be--1"m sorry, "90--January of "91, and
the report was ready for peer review in August. So we really
wrote it between January and put the whole idea together and
put 1t on paper between January and August.

The technical, internal technical review was in
July, so I guess 1°d say January and July, with one review
cycle before we went out for peer review. So about siXx
months is probably as short as you can do it, and then the
additional three to four months is the peer review process

and responding to peer review comments, and finally,

production.
DR. DOMENICO: Jean, everybody seems to--oh, Domenico.
Everybody seems to agree that Carbon-14 is a
problem, or this is what we"ve heard. What was the panel~s

finding on the release of contaminants to the environment,
keeping that in mind?
DR. YOUNKER: Yeah. What we say in the report is that

we believe Carbon-14 is definitely an issue for the site, but
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we don"t believe it"s a site-specific problem as much as it
is a problem potentially either with unrealistic regulations,
or perhaps something that you have to take a look from a
design perspective. We don"t specifically say in the report
that we believe a lot of site information should be collected
relative to the hazards since we don"t think that that"s
really a safety hazard.

At least the evidence that the team had at that

time was that the amount of Carbon-14 that you would release

10 just doesn"t constitute a public safety problem, so 1 think

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

our statement in the report is it"s not really a site-
specific problem.

DR. DOMENICO: But that means you gave your
interpretation to the statute in that case?

DR. YOUNKER: Sure.

DR. DOMENICO: Yeah.

DR. DEERE: Don Deere. 1 would comment on the question
that Bill Barnard raised, and your answer, which was that you
would go through the same process again.

I still feel very uncomfortable having only one
expert in a given fTield, because If he iIs a persuasive
individual, he may well get votes that he wouldn®"t otherwise
get if he weren"t able to be convincing. It would seem to me
that at the least you should have two there; one that can

agree or can raise another question, but wouldn®t i1t be
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better to look at 1t from this point of view. And i1f you
don®"t have that kind of expert, the question will not be
raised, and maybe he won"t be considering something.

DR. YOUNKER: Yeah, 1 think in most cases, Dr. Deere, we
did have at least one or two people who had pretty specific
expertise In each criterion so that--1 mean, for example, 1
guess, | would suggest like Bill Dudley in tectonics. Well,
Steve Mattson, who"s been commenting a little bit also,
besides having natural resource background, has a lot of
expertise In the tectonics area. |1 have some background in
that, so that, you know, usually we had at least a couple of
people who could exchange and bounce ideas off from each
other.

We also had like Jerry Boak, as the technical
monitor from DOE, did participate in the discussions and he
has a good background in that, so we had more than one person
except in a couple of areas. 1 think iIn the preclosure, say,
environmental quality and transportation, socio-ec, those
areas we clearly didn"t have real depth on the team because
we tended to focus more toward the postclosure geotechnical
panel member expertise.

DR. DEERE: But how about in the peer review group?
Because the same thing applies there.
DR. YOUNKER: Same thing applies, yeah. As 1 said

there, 1 think that the situation was probably about the
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same. The expertise iIn the non-geotechnical certainly wasn"t
nearly as broad. | think, say for example, iIn the
environmental quality, that, in fact, all three of our--four
of our non-geotechnical peer review panel members really
didn"t even work as a consensus team. They were really just
independent specialists who gave us their comments iIn their
area of expertise, whereas in our geotechnical group, because
there were ten of them, they did talk. We had several
meetings where we got as many of them together as we could,
and they were able to work a little bit more like a consensus
panel. But once again, the problem exists that you“re

talking about.

I don"t know how i1t"s--in thinking about Bill
Barnard®s question again, 1 guess the only way you could do
it, which would be a lot--take a lot more time--would be if

you had, say, a four-man or five-man panel for each
guideline, but managing that and making that operate, | feel
pretty confident would take quite a bit longer than what this
took, rather than streamlining, but maybe would give you a
much more credible result.

DR. DEERE: Yes. 1°d look, for instance, at the rock
characterization from the engineering geology and the rock
mechanics in tunnel wall behavior.

DR. YOUNKER: Right.

DR. DEERE: I don"t see that the other persons have
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expertise, whether they"re in the geotechnical panel or not.
They"re not simply involved iIn designing construction.

DR. YOUNKER: Yes.

DR. DEERE: So that would be almost a lone voice. 1™m
not saying anything against what he has said or against him,
but at least two in the area would give 1t a lot broader--1"m
faced with this all the time because | serve on review boards
for hydroelectric projects in a number of countries, and we
always have three or four or five, and it"s surprising what
an experts or two experts might be able to look at that one
probably would not because of his particular background. And
there®s not necessary agreement, but it brings a point up
that i1s discussed, and then eventually, usually they“re able
to come to an agreement, with perhaps some change one way or
another. So I think this is always a point on peer review

panels and on any other kind of panel.

DR. ALLEN: Or our own Nuclear Waste Technical Review
Board. 1 mean, we can have the same problems.

DR. DEERE: That"s right. But we often take care of
that by bringing in consultants to aid on points, and also

have technical staff In the same area. So there often are
three people looking at a given problem, plus those who are
in borderline fields that have an interest in things that
should be considered, but 1t has no easy solution, but more

qualified people i1s really the answer, | think.
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DR. LANGMUIR: Jean; Langmuir.

Looking at your bullets here, you®ve got eight,
four of which, on the summary sheet, 1°m going to get the
additional information without underground testing or
underground excavation. Is that going to be a strong
recommendation of this group to the DOE in terms of
prioritizing their funding and their activities?

DR. YOUNKER: Well, we really didn"t--we didn"t in
writing, | believe, make that recommendation, but if someone
asked me personally what 1 think the core team position would
be, 1 think 1t would be a strong recommendation that the
underground excavations are going to be very key to
understanding evaluating suitability of the site.

DR. DEERE: Don Deere again. Another comment on that

same subject.

I think a number of your statements in the report
say this: "Until we get underground, we*ll not be able to
find information to raise iIt."”

DR. CANTLON: Yeah, Cantlon.

In looking at the siting guidelines in the four
groups that you start with in this process, and you look at
postclosure performance, 1t"s surprising to me that the great
public unease with this whole process really relates to
public health and safety, and yet those words and those

criteria really aren™t in--
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DR. YOUNKER: Yeah. They"re in what 1 call system
behavior, because that is the NRC and the EPA safety
requirements for 10,000 years, or 1,000 and 10,000; yeah.

DR. CANTLON: But system behavior clearly is the way
that we"ve been arguing it should be that rigorously, but it
iIsn"t set off.

DR. YOUNKER: It doesn®"t jump out at you.

DR. CANTLON: Yeah, it isn"t set off, and yet that is
the crunch point and the interaction point that we have with
the regulatory agencies, so It just seems strange to me that
it didn"t get i1dentified as a separate category.

DR. YOUNKER: Well, each one of the qualifying
conditions for every one of the guidelines does refer you
back to that total system performance, and really asks you
the question: |Is there anything about the geohydrology, the
geochemistry, the rock characteristics, the climate of the
site that leads you to believe that 1t will not allow you to
meet the 10,000 year requirements or the NRC requirements.
So 1t"s there, but 1t Isn"t as direct or, 1 think, as frontal
as what you"re suggesting it maybe should be.

DR. CANTLON: And 1 think the way in which you treated
CO2, in which you now went to the public health question as
opposed to the regulatory guideline sort of signals that that
should have been maybe a way that was put together.

DR. REITER: Leon Reiter.
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Jean, a couple points. | notice that on your peer

review panel there were four people listed whose specialty is

tectonics. Now, I"m a seismologist. 1 love tectonics, but
only one who listed his specialty as hydrology. Isn"t that a
little bit skewed? |1 mean, we all recognize that hydrology

is really a key issue. You have one economic geologist, one
petroleum geologist. How did you decide only on one
hydrologist and four people in tectonics?

DR. YOUNKER: 1 think what we were trying to do was to
make sure that each of the areas that we needed to cover, we
really had a specialist to cover 1t. And some of these guys

--1 think like Tom Vogel, for example--you know, his real

expertise is really in the volcanology part of tectonics, and

so we had him for that. In the case of, well, Dr. Arabasz
here, 1 think you know his expertise is really in the
engineering side, in the seismic hazard. So I think those

are sort of, In a sense at least, a little misleading because
there®s such diverse parts of tectonics.

IT I had had my way, by the way, | would have been
very happy--if 1 could have afforded i1t time-wise and money-
wise--to have several hydrologists on the panel since
hydrology is such a key issue for the site. 1 think having a
saturated zone person and an unsaturated zone person, and
maybe even a third, you know, people with different

perspectives on hydrology would have really been very useful,
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but, you know, it"s just--you have to decide how you"re going
to run these and go with it iIf you"re going to keep 1t within
the time and budget that you have set up.

DR. DOMENICO: Domenico.

111 help you. 1It"s hard to find another
hydrologist on this planet who hasn®"t been associated with
this project in some way.

(Laughter.)

DR. YOUNKER: Thank you, Dr. Domenico.

MR. GERTZ: This is Carl Gertz, and 11l just add, we
did have a fairly comprehensive hydrology peer review about a
year ago that did involve some of the nation®s foremost
hydrologists.

DR. YOUNKER: That"s right. Yeah, we had one led by
Alan Freeze.

DR. REITER: Again, I just wanted to follow through.
Jean, I"m not quite sure about the Carbon-14, the ES--the
early site suitability cites this as perhaps the most
significant technical problem. There are words iIn there
saying that there could be a 10 per cent or even greater
chance of exceeding accumulative releases.

DR. YOUNKER: Right.

DR. REITER: And 1"m not quite sure If your answer to
this i1s, well, there i1s no health effect associated with

that. Are you trying to preempt the regulations? 1°m not
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quite--

DR. YOUNKER: I think what we recommend in the report is
that the current discussions that are going on between the
EPA and the DOE should continue on that question of whether
that regulation is set at the appropriate level from the
standpoint of health effects, and then we also suggest that
iIt"s one where 1 think we as a team talked about this
probably more than almost any other issue; the question of
whether you would be--whether i1t would be in DOE"s best
interest and be a prudent decision to spend a lot of money
characterizing the site specifically to determine how it will
retard Ci4 and other gaseous materials, but rather--and I
think our recommendation is to take a balanced approach and
look at potential engineering fixes for gaseous release as
well, rather than recommend that you look at the site as your
barrier for gaseous release.

So I think you®ll find that we kind of tried to
take a balanced approach and say, we don®"t know the answer,
but we believe--continue to look at the regulation to make
sure It"s set at the right limit, and then look at potential
engineering fixes for gaseous release, especially Carbon-14,
and there i1s some effort, 1 think, recommended to look at the
site"s potential for retarding gaseous materials. And we do
think there®s quite a good chance. |1 mean, some of the

people on the team were quite optimistic.



© 00 N oo g b~ w N P

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

53

DR. REITER: But in the context of the exercise, and
assuming the regulation remains--and we know there®"s an
effort upon EPA to keep the regulation there--

DR. YOUNKER: Yes.

DR. REITER: --did anybody on the team feel that even a
low-level suitability condition cannot be supported at this
time?

DR. YOUNKER: Yes. As a matter of fact, we really did
talk about that. If you took the letter of 960 and looked at
Ci4 and said, you have a 10 to maybe higher per cent chance
of exceeding the Cis release limits for 10,000 years, then by
the letter of that criterion for total system, you could make
the judgment that the site was unsuitable.

DR. REITER: 1Is there anybody who made that judgment on
the panel?

DR. YOUNKER: We didn"t make the judgment on the panel,
but we certainly talked about the question of whether that
finding could be supported.

DR. DEERE: Dr. Cantlon?

DR. CANTLON: Yes; Cantlon.

You®re aware that we"ve suggested a sort of
iterative approach to this. Do you have in mind now how you
would proceed to set this iIn motion as an i1terative process?

DR. YOUNKER: Well, we certainly recommend to the

Department that, in a variety of different ways, that
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something like this should be done either at major decision
points or, you know, on some kind of periodic basis, but 1
think Steve can answer that, and then, also, iIn Russ Dyer-s
comments tomorrow, he®ll make some comments about that when
he does the wrap-up.

DR. BROCOUM: One of the policy issues being asked at
the Director™s forum is: should this be done iIn a periodic
fashion, or should it be done at the end of some major
completion of major tasks. That will be discussed, 1 assume,
in surprising detail at the Director®s forum.

MR. SHAW: Bob Shaw from EPRI. First, a comment. 1
Jjust wanted to echo the difficulty iIn determining experts for
particular areas. We just conducted through EPRI an expert
Jjudgment workshop on the seismic arena in which we selected--
it was either six or seven--1 guess It was seven experts, and
some people came forward after that to question those
particular experts and how we went through their selection.

I would suggest that it may be even an area that
the Technical Review Board might like to look into because I
think the use of expert judgment iIs going to continue to be a
very important feature of what we do, and some objectives
with regard to how you defend the selection of a set of
experts would be very useful and valuable, I think, for DOE
in the continuing process.

Secondly, I had a question with regard to your
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summary; actually two questions. You have a list of i1tems
there that say additional information is most critical, and
two of them I don"t understand. The first one, the effects
of climate change, what additional information could you be
talking about here, and 1 have the same question with regard
to the potential for natural resources to attract human
interference. 1 don"t understand what additional information
you might be looking for.

DR. YOUNKER: All right. In the question related to
climate change, the conclusion we reach on the qualifying
condition for climate i1s that there i1s additional information
that would give us more confidence iIn what the climatic
conditions, the range of climatic conditions might be over
the next 10,000 years, and I could ask Dwight Hoxie, who is
the expert who wrote that section for us to comment
specifically, but it has to do with additional field studies,
I believe.

DR. HOXIE: Dwight Hoxie with USGS. Actually, 1 think
what I1"m going to do is talk about that when 1 talk about the
geohydrology guidelines, so if we can wait for that, 1 will
address that issue.

DR. YOUNKER: And with regard to the mineral resources
or natural resources, the question that comes up here--and
this was--the peer review panel member, Dr. Einaudi from

Stanford really pushed us iIn this one quite a bit, although



© 00 N oo g b~ w N P

N NN N NN P B P B R P PP PR
a b W N P O © ©® N O O M W N PP O

56

he didn"t challenge the findings on our disqualifying
conditions.

He very strongly suggested that there®s a number of
different types of site studies, most of which are included
in general within the site characterization plans, although
he did specifically suggest a couple that are in addition to
what we had in the site characterization plan, to get a
better handle on the mineral resource potential of the site.

Because what you"re asking there, Bob, is what"s the
potential that that area would draw human intrusion due to
the fact that it looks like a good place for precious metals
or for hydrocarbons.

The other person on the team was a petroleum
geologist, who i1s a basin and range expert in petroleum, or
in hydrocarbon potential, and he also, too, felt that there
was additional specific information that we need iIn order to
get a better handle on what kind of resource potential there
IS In the area.

DR. DEERE: Are there other questions from the audience?

Carl?

MR. GERTZ: Yeah. Don, 1 just wanted to answer both
your question and Don Langmuir®s question that certainly in
1993 we are going to be focusing on getting underground. We
testified to that effect to a Congressional committee the

other day, and in our current budget projections, we have
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quite a bit of emphasis on getting underground and there is
speculation as attested to by four utilities that with an
additional 70 million, we can increase or accelerate the
schedule by a year to get into the main test level. So that
IS utmost on our agenda and iIn the forefront of our planning
and thinking, Is to get underground now as soon as possible.

DR. DEERE: Thank you. Let us take the coffee break.
Excuse me.

DR. YOUNKER: I was just going to say I wanted to
introduce the person who was going next, but if he"s not

going next 1°11 wait and introduce him after your coffee

break.
DR. DEERE: Fine. Coffee break; ten-fifteen.
(Whereupon, a brief recess was taken.)
DR. DEERE: We have an additional question from the
audience, or a statement on Dr. Younker®"s presentation, and

this is from Senator Tom Hickey of the State of Nevada.

SENATOR HICKEY: Thank you, Dr. Deere.
In the methodology and the conclusions of early
site evaluation, I was looking at the transportation issue
and one of my concerns had to deal with the originality was

we had three sites and then we made judgments on them on how
well transportation was delivered to those sites. Up until
now, and one of the problems that was presented at least in

Nevada, was the building of 100 miles of railroad. The no
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conflicts due to location and access routes, 1 think It was
fairly well-determined that one of the issues was going to be
the movement of the waste by rail.

This would present a problem, and 1 think one of
the i1ssues lies in how the transportation iIs addressed, and
that i1s almost on an i1solated basis as concerns Yucca
Mountain versus maybe a national level, and I think that has
to be addressed. That"s my only criticism, and there is at
the present time no consideration of a national plan dealing
with this site specific, and so somehow that has to be
brought into your thinking and it may raise questions about
these conclusions.

DR. YOUNKER: Well, 1 think the only comment I would
have, Senator, is that the way we addressed this one as a
team was that for all four qualifying conditions that are
shown here, we did reach the conclusion that we didn"t have
adequate information to recommend anything but a maintenance
of the lower-level suitability conclusion from the
environmental assessment, and that was specifically on the
basis of no information, no additional information really
since the--or very limited information since the time of the
environmental assessment. So I think the team would, you
know, the team would say that"s an area that needs some
additional focus iIn the future.

SENATOR HICKEY: Thank you.
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DR. YOUNKER: Well, since 1"m up here again, 1 will then
introduce Dr. Dwight Hoxie, who was our core team member who
helped us out with geohydrology. There was actually a Sandia
person, Dr. Les Sheppard, who was responsible for this
evaluation but he has since left Sandia, and so Dwight had
worked closely with him. We asked him to make the
presentation to cover this one for you, so he"ll talk about
the geohydrology technical guideline evaluation performed by
the ESSE core team.

Dwight.

DR. HOXIE: Well, I would like to talk about the
geohydrology technical guideline. This is one of the
postclosure guidelines, and Jean sort of preempted my
introduction, because | did want to give credit to Les
Sheppard. 1 just would like to remind everybody that the way
the core team operated is that each of the technical
guidelines was assigned to a core team member in the sense
that these were the people that were to draft up information
that had been gained since the EA, this kind of thing, and
recommend some preliminary kinds of conclusions, and then the
write-up, the draft write-ups were circulated among all of
the core team members for review and comment.

This 1s in preparation of the original document
before it went out for technical review, and as Jean

indicated, 1 worked very closely with Les Sheppard on the
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geohydrology guideline. My technical guideline was the
climate, climatic changes technical guideline, but since
there is a strong interface between climate as i1nput to the
geohydrologic system, Les and | were, by necessity, had to
work together very closely.

So 1 would like to try to accomplish two things.
First of all, I would like to give you a summary of the
results that we obtained for the geohydrology technical
guideline, and I would also like to i1llustrate the process
that we used iIn going through trying to evaluate these
guidelines.

I think that I don"t have to say a lot about the
significance of a geohydrology technical guideline because
it"s our general idea that for any mined geological disposal
system, radionuclide dissolution and transport iIn moving
groundwater iIs going to be the primary mechanism by which we
are going to release radionuclides from the repository to the
accessible environment.

The thing is, is that the geohydrology technical
guideline does not, in 10 CFR 960, does not take explicit
cognizance of the possibility of gas-phased transport. We"ve
already discussed that earlier this morning, and the point
iIs, is that at Yucca Mountain anyway, we are examining a
potential unsaturated zone site where we have this

possibility of gas-phased transport from the repository to
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land surface through the unsaturated zone. We don"t discuss
that with the geohydrology guideline specifically. As Jean
indicated, we discuss that in terms of the overall system
guideline, which has to do with performance, postclosure
performance of the system as a whole.

And if we are going to evaluate the geohydrology
technical guideline in particular, we need to examine i1t iIn
the context of the overall geologic setting. As I%ve
indicated, at Yucca Mountain we are concerned with the
unsaturated-zone system where the repository would be located
iT the site is found to be suitable and the license is
granted to construct such a repository, and in conjunction
with the unsaturated zone system, we have the site saturated-
zone system, the local system in the saturated zone, and
that, of course is imbedded within the overall regional
groundwater flow system. So we have to examine the
geohydrology technical guideline iIn the context of these
essentially interconnected systems.

And so what 1 would like to start off with is just
a very, very brief review of our present understanding and
concepts of the geohydrologic systems, and this is going to
be like watching a tennis match, because 1"m going to bounce
back and forth just a little bit, if I may. And I'm also
going to cheat. 1I"m going to use a colored slide, which you

don"t have.
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But first of all, I would like to talk about the
site unsaturated zone system, just remind you of a few things
and a few of our concepts regarding what we think that system
entails, and I might point out first of all, in talking about
conceptual models, that we are taking standard essentially
unsaturated zone geohydrology and applying it to the thick,
500 to 750 meter thick unsaturated zone iIn iIndurated rock at
Yucca Mountain. So there®s a great deal of uncertainty here,
and we"re cognizant of that, and a great deal of our testing
program at Yucca Mountailn is directed towards trying to
reduce our uncertainty regarding processes and conditions at
the site.

But just to talk about the conceptual model a
little bit, the boundaries of the system are going to be land
surface, where presumably we have water entering the system
as land surface infiltration that can then percolate down
through the unsaturated zone. At the base of the unsaturated
zone, the lower boundary is the water table, which of course
IS determined by the saturated zone system. Intervening
between land surface and the water table, we have a sequence
of geohydrologic units. These are units that In some sense
or another have consistent hydraulic properties, porosities,
hydraulic conductivities, store activities, this kind of
thing, that we can define that act statistically, anyway, as

distinct hydrogeologic units.
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And in the case of Yucca Mountain, just to remind
you, between land surface and the water table, we are looking
at unsaturated welded and non-welded tuff, and the welded
tuffs are a little complicated because they tend to be
fractured. So when we"re looking at the water moving through
the system, we have to be very careful that we are able to
characterize the interaction between water moving in the rock
matrix, water moving In fractures, and interaction between
the two, and the possibility that we can have transient flow,
episodic flow moving down through the fractures essentially
out of equilibrium with the surrounding rock matrix. So
we"re looking at a complex unsaturated zone hydrologic
system.

And another important thing is that the non-welded
tuffs tend to be more conductive intrinsically; that is, the
matrix, the rock matrix itself iIs more conductive for water
transport than the welded tuffs. So this adds to our degree
of complication.

We have two very important non-welded units that
are located near land surface, and another one that"s located
beneath the Topopah Spring welded tuff, which iIs the host
rock for the proposed potential repository which on this very
schematic diagram, would be located here someplace.

In order to characterize the unsaturated zone

hydrologic system, we have to identify those processes that
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are taking place. As | iIndicated, our presumption right now
is that we have water entering the upper land surface
boundary as infiltration In response to precipitation events.

In this, of course, we have a connection right there with
climate because it"s climate that"s going to determine the
amount of precipitation that"s going to be available at land
surface, and 1 will try to talk a little bit more about that
when 1 talk about the technical i1ssues associated with the
guideline itself.

So once we have water that enters at land surface
and is moving down through the unsaturated zone, we have to
define where that movement is taking place, whether i1t"s
taking place in the rock matrix, in the fractures, a
combination of the two. And presumably, another thing I
should point out is that the non-welded tuff units tend to be
relatively unfractured, so we may not have to worry about
fracture flow there. So one possibility is that we have
water moving down from land surface in the fractured Tiva
Canyon welded unit that is exposed at land surface. It
encounters the underlying non-welded unit shown here in
green, which we just referred as the Paintbrush non-welded
unit, and therefore, can move laterally, down-dip towards the
east. So that we have vertical flow of water moving down and
we have the potential for lateral flow of water moving in the

non-welded units.
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In addition, since we have an unsaturated zone
site, we can have the potential for water. The overall
moisture balance can be determined by water that"s moving
upward as water vapor, advected by gas-phased transport from
the water table or from the capillary fringe above the water
table, perhaps most effectively through the fractured welded
units so that in looking at the overall moisture balance,
moisture distribution within the mountain, we have to be
cognizant of both the possibility of liquid water movement
and gas-phased movement.

So our modeling efforts have to take this into
account with all of the consequent uncertainties that are
involved In defining the processes, in defining the
boundaries for this system, and in defining the actual
properties, hydrologic properties of the various units that
we need to characterize.

And once we get below the unsaturated zone, we are
able to enter the saturated zone system, and there are some
very interesting things there as well, 1If we just look at a
site scale. And so we"re looking down, essentially, on a
topographic map of Yucca Mountain itself, showing the
perimeter drift of the potential repository here, and we are
looking at various wells that tap the local water table at
the site. And from the water levels measured in the wells,

we can draw contours of the water table or the approximate
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potentiometric surface at the site, which are shown here for
the contour intervals, where the contour is actually shown iIn
meters above sea level, and there are some very interesting
things to note.

First of all, if you look out here, we have no
contours, and if you look at the individual data points,
you"ll notice that we have a very, very flat water table out
here with an elevation of about 730 meters above sea level.
However, as we go to the north of the site, in particular, we
notice that the water table tends to steepen significantly,
and we refer to this area up here where the contours are
getting very close together, and you will notice we don"t
have an equal contour interval shown on here as the so-called
large hydraulic gradient zone.

This is a feature that is present at the Yucca
Mountain site apparently. It"s based on not very much data.

We have a well here; G-1, H-1. We go up here to G-2, WT-6--
WT stands for water table--so we have essentially a 300 meter
rise in the water table over a span of about two kilometers
to the north, and analyses that have been done, modeling that
has been done indicates that this particular large hydraulic
gradient zone probably has little potential impact on waste
isolation and containment characteristics of a repository 1in
the unsaturated zone at Yucca Mountain. Nevertheless, it is

a feature that we need to not only characterize, but
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understand.

Similarly, it would seem that we would need to
understand why we have this flat gradient zone down here to
the southeast. The regional water level, 1 mean, the
direction of water flow iIs towards the south through here,
essentially perpendicular to the potentiometric surfaces, but
once we get done iIn here it"s kind of difficult to determine
exactly which way water is flowing, and one possibility is
that this represents a region of very high transmissivity so
it doesn"t take much hydraulic gradient to move however much
water is moving through the system. So that would explain
the flat gradient.

Another possibility is that this Is a stagnant body
of water down here that isn"t going anywhere at all, so we
have at least a couple of conceptual models there that we
need to deal with.

In order to come to better grips with the system,
we would need to look at what kind of aquifers that we have
that"s conducting the water in the saturated zone, and all of
the wells shown on here tap volcanic rock aquifer system,
where the permeability seems to be largely due to fractures
within the rocks themselves. That"s what has been indicated
by hydraulic testing in various wells.

However, we have one well sitting right over here

just east of the repository site--known affectionately as 25-
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P No. 1--which was a well that was drilled down to and
drilled through the volcanic aquifer and penetrated the upper
part of carbonate rocks, which are also considered to be a
potential and effective aquifer beneath the Yucca Mountain
site. But this is the only well that we have that taps that
particular aquifer, and it encountered the carbonate rocks at
a depth, as I recall, of about 1200 meters below land
surface. So we have at least two possible aquifers.

And one thing iIs that the head that was measured in
P No. 1 is about 20 meters greater in the carbonate aquifer
than 1t 1s in the overlying volcanic rock aquifer, which
indicates that there is a potential for water to move
vertically upward at that particular point. The heads are
higher down below, but that®"s the only information that we
really have. We have some indications in other wells that we
may have increasing hydraulic head with depth, also, but it
iIs not good information.

So one of the things that will have to come out of
our surface-based drilling program is to better define the
relationship between these two aquifer systems and what is
the vertical head distribution, the depth, and what impact
will that potentially have on waste isolation containment
within a repository at Yucca Mountain.

DR. DEERE: Question before you leave that slide.
DR. HOXIE: Yes?
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DR. DEERE: Don Deere here. Did they have a measurement

of the water level iIn the hole before i1t penetrated into the
-—into limestone on this case that you mentioned?

DR. HOXIE: Yes. They measured the water level before
they went into the Paleozoic, so actually, they did it by
packing it off.

DR. DEERE: Right.

DR. HOXIE: So the water level in the volcanic rock
aquifer i1s about 730 meters, and then in the Paleozoic
carbonate rocks, 1t"s about 20 meters higher.

DR. DEERE: Thank you.

DR. HOXIE: I might mention something about the large
hydraulic gradient zone, actually. |If you read the ESSE
document--what I"m talking about is this gradient shown here
in the contours--if you read the ESSE document on the
geohydrology technical guideline, you will notice that the
large hydraulic gradient zone is mentioned only in passing, 1
think iIn the last or next to the last sentence on the very
last page of that section or chapter.

However, as | recall, the tectonics peer review
team personnel actually were very interested in the large
hydraulic gradient in the sense that i1t possibly could be
caused by some kind of tectonic process, and they pointed out
and we recognized that even though the large hydraulic

gradient zone may not have any adverse impact on waste
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isolation and containment at the repository iIn the
unsaturated zone, it i1s a feature at the site that we need to
understand, and there are essentially two conceptual models
right now that have been put forward to explain.

And briefly, one of them is the i1dea that we have a
dam. We have some kind of permeability contrast, essentially
subsurface permeability contrast in this region such that
water is essentially backed up behind 1t, and this could be
due to something discrete, like a fault that we don®"t know 1is
there, a buried fault. It could be an intrusive body. It
could be a change in the rock fabric that would lead to
hydraulic conductivity changes, or it could be a massive rock
that has been altered hydrothermally or something like that
which 1s at depth and we can"t see i1t from land surface.

Another possibility that recently has been
suggested is that we do, indeed, have a buried fault zone
there, but instead of acting as a barrier, it"s actually a
conduit from the overlying volcanic rock aquifer downward
into the Paleozoic carbonates. And so what we have here is
kind of a case of aquifer piracy, like stream piracy, so that
water iIs being diverted downward into the Paleozoic carbonate
rock beneath Yucca Mountain and then out to the south.

And this i1s kind of a very nice model because if
the water is doing that, moving down into the Paleozoic

carbonates at depth where the heads are higher--at least out
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in this region--than they are over iIn the overlying
volcanics, this region out here of flat hydraulic gradient
may, indeed, be a stagnant water body and that would have--

DR. LANGMUIR: Langmuir. That second idea would
certainly be testable in terms of the geochemistry®s going to
be very characteristic. |If it"s dropping, the isotopy and
everything else should be very logically related. Has that
been pursued?

DR. HOXIE: I think that is the pursuit. The problem is

we don"t have any wells up here that go deep enough, but the

plan is right now G-5, I believe, is planning to be drilled
up here and would penetrate the Paleozoics. It"s going to be
a very deep well.

DR. DOMENICO: Domenico. Do any of those wells
penetrate the Eleana shale?

DR. HOXIE: It"s not known. Well, no, they don"t as a
matter of fact, but I'm not even sure that the Eleana is
recognized to be--it"s not known to be here. There is a
magnetic anomaly that some people have associated with the
Eleana argillite, but...

DR. DOMENICO: 1 was under the impression that there's a
paper coming out--well, Bill Dudley"s a co-author--that that
barrier coincides with a pinch out of the--not the barrier,
the large gradient coincides with a pinch out of the Eleana;

iIs that right?
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DR. HOXIE: I think that my colleague is actually part
of this team, but 1 will allow Bill to speak for himself, if
I may.

DR. DUDLEY: The paper that you refer, Chris Fridrich is
the senior author on that, and that iIs mentioned as one
possibility is the Eleana shale, which i1s thought possibly to
be present because of the magnetic anomaly which continues
westward from the Calico Hills, could have been providing a
cap over the Paleozoic rocks and that the southern end of the
feather edge, then access to the Paleozoics could be
possible. However, that is at relatively great depth and
would be overlain, still, by a large thickness of tuffs that
are probably poorly permeable.

Therefore, the preferred interpretation in that
paper is basically of aquifer piracy, or the drain model
based on a fault that is predicated both on stratigraphic
information and, more particularly, on a gravity lineation
that coincides roughly in position and orientation with the
large hydraulic gradient.

DR. HOXIE: Thank you.

DR. DEERE: That was Bill Dudley speaking; USGS.

DR. HOXIE: Well, briefly, to look at the regional
groundwater flow system, of course, this iIs very important
because i1t determines the site, the configuration of the site

water table ultimately, anyway, so that is of importance if
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we want to look at the possibility for water table rise, at
least in natural conditions such as increased recharge. That
could affect the repository.

So what we want to look at, just briefly, is
putting i1t Into perspective. What I"m showing you here is a
map of the approximate potentiometric surface in the region,
so we"re looking down here. Here®s Las Vegas. Here is Yucca
Mountain shown right here; Death Valley located over here,
just to give you some i1dea. Generally, the Nevada Test Site
i1s located right in here.

And the potentiometric surface contours are here
plotted in meters above sea level, and we"ve got some arrows
in here which are showing essentially the general directions
of groundwater flow, and effectively, we"re looking at a not
topographically closed, but hydraulically closed groundwater
flow basin. So what we have are high lands up here to the
north which receive recharge, and the recharge areas are
essentially defined as any upland area that receives more
than, or at least 200 millimeters of precipitation per year.

That defines a recharge. The water enters the system up
here, and then it tends to move south, perpendicular to the
contour lines, and then to discharge at the southern end.

The particular discharge areas that we are
concerned with are located down here to the south. We have a

spring line that"s controlled by a fault at Ash Meadows,
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which 1 believe discharges about 20 million cubic meters per
year, but this is not an area--and this i1s also the area
where Devil®s Hole is located, the site of the famous Devil®s
Hole pupfish, which is of concern to Death Valley National
Monument and also to us at Yucca Mountain.

But our concept right now is that the regional
system that"s discharging at Ash Meadows and Devil®s Hole is
probably deriving most of its water off the Spring Mountains
and moving through the carbonate aquifer towards Ash Meadows,
and discharging there. The water that®"s moving beneath Yucca
Mountain is presumed to be moving further to the west and
discharging down here at Franklin Lake Playa in California,
or possibly being diverted beneath the mountains located here
and discharging over in Death Valley.

And one thing I would like to point out on this
regional map 1s here you see the steep hydraulic gradient
zone north of the Yucca Mountain site, but you®"ll notice that
in terms of the regional hydrology we have lots of large
hydraulic gradient zones. We have one here that comes off
the Spring Mountains, which is topographically controlled.

We have a steep gradient zone over here descending into Death
Valley, which again i1s topographically controlled. We have a
steep gradient zone up here just to the northwest of Yucca
Flat, and that presumably is controlled by the low

permeability Eleana argillite, which is acting as a barrier,
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so that I just want to make the point that steep hydraulic
gradients are very common in nature.

Nevertheless, we don"t have a ready explanation for
the occurrence of a large hydraulic gradient just north of
Yucca Mountain, and this is something we need to pursue.

Well, with that introduction, let me get on to the
business at hand of actually how we proceed with the
evaluation of the geohydrology technical guideline. There"s
one qualifying condition and there®s one disqualifying
condition for this guideline. 1 will simply state part of
the qualifying condition in all of i1ts regulatory eloguence,
and it simply says that: "The present and expected
geohydrologic setting of the site shall be compatible with
waste containment and isolation,”™ and then it goes on to add
a few specifics, specifically, that we will comply with the
EPA release limits to the accessible environment; that is,
those limits, whatever those limits might be that EPA decides
IS acceptable.

And then we also have to satisfty specific
requirements that are promulgated in 10 CFR Part 60 that
relate to allowable releases of radionuclides from the
engineered barrier system. So our groundwater system has to
be, or our geohydrologic setting has to be compatible with
these requirements.

The disqualifying condition is an issue that has
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been talked about before this body before, and that is
essentially groundwater travel time, and we are required that
the "pre-waste emplacement groundwater travel time from the
disturbed zone to the accessible environment must be less
than 1,000 years,™"™ and the statement here, which is the 10
CFR 960 statement differs from the 10 CFR 60 statement of the
same requirement by adding the term, "significant
radionuclide travel.” It has to be a pathway that can carry
radionuclides. So these are the things that we needed to
evaluate.

I jJust want to remind you again that in looking at
the site suitability, unsuitability issues, a site will be
unsuitable 1T we find that we cannot satisfy a qualifying
condition, but 1t would also be deemed unsuitable 1f we find
that a disqualifying condition is present. So if the
geohydrologic setting is not compatible with waste
containment isolation, we would not satisfy the qualifying
condition, and i1f the groundwater travel time can be shown to
be less than 1,000 years, then we would, unfortunately,
satisfty the disqualifying condition.

The thing is, iIs that the way these regulation-
derived requirements are stated, they“re very hard to
address, to get one"s hands on. So what the ESSE did for the
geohydrology guideline--and similarly for other guidelines--

was to try to define specific--site-specific, actually--
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addressable, technical issues that we could look at, examine,
and evaluate. So we redefined or transformed the legalistic
wording into something that we could comprehend.

And then | tried to identify the information
actions that would be needed to address these technical
issues, and as part of that, we went back to the
environmental assessment analysis and looked at that to try
to summarize the information that was available at that time
and what findings were made from the EA, and I remind
everybody that in order even to begin characterizing Yucca
Mountain site, the EA had to find at least lower-level
suitability findings on all of the technical guidelines.

Then we reviewed all the information obtained since
the environmental assessment. We assessed the present status
of the issues in light of this new information, and then we
developed a set of conclusions and recommendations, and 1
would just like to run through those very quickly.

ESSE identified two technical issues for the
geohydrology guideline, and the first one was conditions for
sustained flow, as we call it In abbreviated form, and this
is simply the occurrence of preferential pathways that would
be capable of sustaining groundwater flow sufficient to
affect waste containment and isolation. Our second technical
issue was simply a restatement of the groundwater travel

time, and I will get back to that one iIn just a moment.
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What do we mean by conditions for sustained flow?
well, what we"re really talking about here are the presence
of some kind of preferential pathways through the unsaturated
zone that could bring water in from land surface to the
repository where 1t may encounter the waste packages and,
therefore, affect waste containment; or we"re talking about,
similarly, preferential pathways from the repository to the
water table, essentially, or to the accessible environment
that could convey radionuclides from the repository to the
water table, and subsequently, out to the accessible
environment, again, looking at only groundwater flow and
transport kinds of mechanisms.

So when we"re talking about preferential flow and
transport pathways--or some people would call these fast
pathways for short--we"re looking at things like faults or
fractures, permeability contrasts within the hydrogeologic
units, perhaps saturation anomalies, like perched water
bodies and this kind of thing that could provide particular
special pathways. But just i1dentifying potential pathways is
not enough.

We have to look at the spatial distribution to see
iT they would affect the repository in any way whatsoever,
and we also have to look at the capacity of these pathways to
convey water and radionuclides, and that is not enough

because i1If the pathways are dry, they"re not a problem. So
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we have to look at a way in which we could activate those
pathways, and this is where the potential for climate change
in the next 10,000 years really comes into play, because it
would be presumably, by the occurrence of future wet periods
-—pluvials, 1f you will, in the next 10,000 years--that
could provide the water to the land surface that could flow
into these preferential pathways, activate them, and cause us
a problem. So I think this is where we really need to be
examining the climate issue to make sure that we have some
kind of understanding of what the climatic regime might be
like over the next 10,000 years. So that®"s my response to
Bob Shaw®s comment and question a little earlier.

DR. DOMENICO: Dwight?

DR. HOXIE: Yes.

DR. DOMENICO: This is Domenico. The first three
bullets, you--of course, those are unfavorable conditions; is
that not true?

DR. HOXIE: Well, not quite. 1 mean, we have the
pathways, we know where they are and we know that they have
sufficient capacity to pose as a potential problem. We look
ahead and we say, "Well, we might be able to activate them,"
but then we"ve got to make another assessment, and what are
the consequences, i1f any, for waste containment and
isolation.

DR. DOMENICO: In other words, you go back to your first
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slide that said you must meet the EPA standard?

DR. HOXIE: Essentially, but this iIs where we tie right
now to performance assessment. This Is where the performance
assessment calculations come into play.

DR. DOMENICO: Then my question is simply: What
condition or conditions if you find, turning to hydrogeology,
would i1n your estimation qualify as a disqualifying
condition? What must you see down there? Obviously, not
these. It seems that the disqualifying conditions will come
from a model calculation or some other calculation on travel
time and waste release solely, not on the basis of what we
see once we get down there. Is that true?

DR. HOXIE: Well, 1 think the answer is, is that iIn--
what we"re looking at is the performance of the system. So
we have to look at the radionuclide releases and transport to
the accessible environment. So it goes beyond just looking
for specific site conditions and features, but I mean, 1 can
imagine something like--we have the Ghost Dance Fault that
transects the whole unsaturated zone, and 1 can imagine
dumping water down the beast, i1f you will. But of course, it
may not have any consequences for waste containment and
isolation because we may wisely not put any waste beneath the
Ghost Dance Fault.

And 1 think the other thing is, in terms of

identifying these pathways and characterizing them, once we
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get underground both in the host rock at the main test level
and 1n the Calico Hills, we can walk down the drifts and if
we see water pouring in, we might suspect we have a problem,
especially under present arid climatic conditions.

DR. DOMENICO: Yeah, I understand. 1°m just trying to
get in my mind something straight that with regard to
geohydrologic issues, the disqualifier will come on the basis
of calculations.

DR. HOXIE: That"s correct. 1 believe that is right.

DR. DOMENICO: Not measurements, not observations;
calculations.

DR. HOXIE: Unless we really could see something like
water pouring in that we couldn®t explain, or if we had

reason to believe that we had very extensive perched water

zones that could ultimately cause us problems.

DR. DOMENICO: You would consider those disqualifying
conditions?

DR. HOXIE: I think 1 would be a little leery if I had a
large perched water zone above the repository. That"s a

personal opinion.
Is there a question, Bob?
DR. LUCE: Luce, staff for the Board.
Does engineering design come into that last bullet
item that you have down there?

DR. HOXIE: 1 think that our directive was that we were
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supposed to be looking at the site and the site conditions
and site features, so we did not really take engineering
design into account except that we had the site
characterization plan conceptual design, if you will, for a
repository to use to guide us and, you know, we"re trying to
think about releases. So we had a waste package, conceptual
waste package and the conceptual design for the repository,
other than this idea that 1Tt we find we wouldn®"t place waste
under the Ghost Dance Fault kind of thing.

DR. LUCE: What I was thinking about--

DR. HOXIE: So we did not look at design remedies to

correct site deficiencies. We did not take that into

consideration.

DR. LUCE: Okay. That was the question.

DR. HOXIE: We were looking at site intrinsicability to
act as a barrier.

The second technical issue is what we called for
ESSE the expected travel time, but it"s really just the
disqualifying condition for groundwater travel time. 1°ve
actually had the opportunity to discuss the groundwater
travel time issue with you at an earlier occasion, so I don"t
really want to go back into that again. |1 just want to
emphasize we have some problems with the groundwater travel
time issue.

Conceptually, it may be very simple. We have a
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source point, A; we have some kind of compliance point, B;
and a path in between of length, L, and we have some
groundwater velocity, V. What we need to do to get the
travel time is divide L by V, and voila, we have the
groundwater travel time. But i1t"s not that simple.

The repository would be a distributed source in the
unsaturated zone. We"re looking at complicated flow paths to
the accessible environment, which is actually a compliance
surface, it"s not just a compliance point, and so It"s very
difficult to get a handle on what are the appropriate path
lengths, velocities, and so forth. So there"s a lot of
ambiguities with trying to analyze groundwater travel time.

And one very important thing here that you will
notice on this particular slide iIs that we have to define
something around the repository called the disturbed zone,
and you"ll notice on this slide that disturbed i1s, indeed,
disturbed, so in this case it"s pretty simple to make that
identification. But when we get out around the site It"s
going to be more difficult, because this Is the zone that"s
been damaged, presumably, or altered by the construction
process, and perhaps by the heat introduced by the repository
itself.

There®s another problem 1T you look at the
disqualifying condition as iIt"s stated, is i1t talks about the

expected groundwater travel time. What do we mean by
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"expected"? Can we iInterpret that in the terms of
probabilistic expectation and therefore, calculate CCDF"s or
this kind of thing and evaluate it iIn a statistical or
probabilistic manner, which kind of makes sense. But then we
have to define something which, what iIs an acceptable limit
on our probability distribution for groundwater travel time.

And then there is the problem, we"re talking about
pathways for radionuclide travel. They have to be likely and
they have to be significant. Well, 1 think it was the intent
of our Technical Issue No. 1 for the geohydrology guideline
that the pathways we"re talking about there, the preferential
pathways are just these pathways, the ones that are likely
and the ones that could transport significant quantities of
radionuclides. And so even though groundwater travel time
sounds like something that you can simply calculate maybe on
the back of an envelope by a simple equation, i1t really does
not lend i1tself to a truly deterministic kind of approach,
and we have to adopt some kind of stochastic analysis of the
groundwater travel time.

And the important point here is, is that
groundwater travel time cannot be measured iIn the field. We
have to measure parameters and properties and perform
calculations based on conceptual models for our site and for
the processes that are prevailing at the site. There"s a

great deal of uncertainty in here, and so this leads me to
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the conclusion that--and, in part, because of all of the
uncertainties that we recognize for the geohydrologic system
at the site--that at the present we can continue to support
the lower-level suitability finding for the geohydrology
condition, but we could not recommend a higher-level finding
at this time. We need more data, which will come from the
surface-based testing program, as well as from the
exploratory studies fTacility.
So our recommendations, in conclusion, are that

Tirst of all we need to get out into the field and identify
and characterize potential pathways in the unsaturated zone.

In the exploratory studies facility--and 1 might mention
that many of the boreholes that are planned as part of the
surface-based testing program are going to be penetrating
specific features, like the Ghost Dance Fault, Solitario
Canyon Fault, and so forth, in an attempt to characterize
these particular features and their hydrologic properties.

We need to look at the non-welded tuffs as possible

attenuators and mediators for flow of infiltration entering
at land surface and moving downward through the unsaturated
zone. This might be very important. The non-welded units
above the repository horizon may act as an umbrella, and we
have some evidence from our neutron, our shallow neutron hole
program that these kinds of processes may, in fact, be

working at the site.
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We need to quantify the ambient hydrologic
conditions from the standpoint that they provide the initial
conditions for future calculations, and we need to look at
the hydrochemistry, as has already been pointed out, in order
to try to infer what the history, what"s been going on
hydrologically at the site and hydrochemically at the site.

And 1T we"re going to take credit for the saturated
zone, we need to determine what its hydrologic properties
are, and so we certainly need to conduct pump tests, tracer
tests, these kinds of things such as we have planned at the C
Wells complex.

And finally--and not least by any means--is that we
need to develop and refine our modeling capability; that is,
not only our conceptual models, but our computational
modeling capability both for flow and transport iIn the
unsaturated zone and in the saturated zones, and we need to
test these models, validate them either at the Yucca Mountain
site or at some site where we have analogous kinds of
conditions. So there are many challenges, and 1 thank you.

DR. DEERE: Thank you very much. Before you take off
the slide you have there on your left, is the accessible
environment also one of the unknowns here a little bit? You
say "'expected,’™ what did they really mean by that, and
"likely" and "significant,” but how accessible environment?

DR. HOXIE: Okay.
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DR. DEERE: Hasn"t the thinking changed a little over
the years on that?

DR. HOXIE: Well, I"m not sure. All 1 can--it 1is
defined by the regulations, and the way i1t is defined right
now is that i1t"s that boundary in space that is five
kilometers distant from the repository, the perimeter drift,
essentially.

DR. DEERE: And how would you access that in your
groundwater flow model? Because this is the bathtub full of
water down there you have.

DR. HOXIE: Well, 1 think that--1 think what we--we have
the potentiometric surface for the saturated zone, so if we
can develop our models to look at transport through the
unsaturated zone to the saturated zone, then I think we can
probably, with some degree of reliability anyway, use
standard saturated zone modeling techniques to examine--

DR. DEERE: Move it laterally.

DR. HOXIE: --the movement out to the accessible
environment. OFf course, the accessible environment is also
the air mass above the repository for gas-phased transport,
and that"s a lot closer than--

DR. DEERE: Because could you have the situation where
the water table is with the very low--the deep water table
with the very low hydraulic gradient, and 1t"s either moving

very rapidly through some very permeable material or, as you
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say, It"s pretty much stagnant. Couldn"t you, In some cases,
have the water go right through from the surface right down
to that zone and still maybe not go very far horizontally?

DR. HOXIE: I think that"s right, but that means we need
to understand what®"s going on out there in that flat
gradient.

DR. DEERE: Absolutely.

DR. HOXIE: And that"s an order of business.

DR. DEERE: Thank you.

DR. HOXIE: Yes. You“re welcome.

DR. DOMENICO: This is Domenico. | don"t think static
iIs the right word here. That implies no movement. Whether
it"s a barrier there or a drain, what you®"ve done is
decreased the flow that"s downgradient from that--from
whatever that--well, from that steep gradient. You“ve

decreased the flow iIn the system such that the hydraulic has

got to flatten out. It doesn"t--but static means something
else.

DR. HOXIE: Well, said stagnant, actually, but I was
thinking of a pond of water and 1 was taking a little liberty

with the metaphor.

DR. CANTLON: Dr. Cantlon. Is there--there were--some
of the nuclear device fTallout i1sotopes were found iIn some of
the perched water there on Yucca Mountain.

DR. HOXIE: It was not found in perched water. It was
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found in the surrounding rock in, as I recall, the UzZ-1, and

it"s Chlorine-36 at some depth, a couple hundred meters or

So.
DR. CANTLON: Right.
DR. HOXIE: We don"t know where that came from,
unfortunately, and there is--1 don"t want to--there iIs some

possibility that 1t was contamination occurring during the
boring of the hole itself. There i1s that possibility, but on
the other hand, we have ample evidence from tritium, and also
from Carbon-14 in the shallow zone, that we have the
potential for fast pathways, at least above the non-welded
units.

DR. CANTLON: Right. Now, do any of those materials
show up where the water is coming out in the spring?

DR. HOXIE: I don"t think so. We"ve got Carbon-14
dates, but we don"t--

DR. CANTLON: None of these more recent isotopes?

DR. HOXIE: Not the more recent ones, not the bomb
pulse-type isotopes.

DR. DEERE: Are there questions from the audience, or
comments?

(No audible response.)
DR. DEERE: Thank you very much, Dwight.
DR. HOXIE: Perhaps I should introduce Dave Kreamer, who

was one of the peer review team members for geohydrology
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guideline.

DR. DEERE: 1 might mention, Dr. Kreamer iIs Associate
Profe