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PROCEEDINGS
(8:30 a.m.)
DR. CANTLON: Good morning. |If you"ll please take your
seats, we"ll get this session underway.
My name is John Cantlon. 1°m chairman of the
Nuclear Waste Technical Review Board. This is the second day
of the Board"s review of Surface-Based Drilling Program and
the Underground Studies Program. Since we spent yesterday
looking at the surface-based drilling issues and had, 1
think, a very fruitful discussion at the end of that, today
we"re going to focus our attention on the Underground Testing
Program. This session will be chaired by Dr. Ed Cording, the
geo-engineer on our Board and he will have a few introductory
remarks to make when he takes over.
But, first, let me introduce Dan Dreyfus, the newly
confirmed Director of the Office of Civilian Radioactive

Waste Management. Dan, would you like to make a comment or

two?

DR. DREYFUS: Well, good morning. 1 just stopped in for
a brief cup of coffee. 1I"m out here for the first time and
the purpose of this trip is to meet the employees and the

people working on the project. So, that"s what 1"m going to
go do. I do expect to spend a lot of time with this Board,
however, and 1 hope to draw on all of their expertise and all

of their time and absorb them fully in our efforts to try to
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address some of the issues that they call to our attention.
So, | expect to be at the Board meetings whenever | can be
and be interacting with the Board on a steady basis.

Thank you.

DR. CANTLON: Thank you very much.

Ed, you can take over?

DR. CORDING: Thank you.

I will be this morning chairing the session and
then i1n the afternoon we"re going to have again a round-table
and we"re very interested in input from all of you in that
session this afternoon.

I wanted to make a few comments in regard to our
session this morning which is focusing on the exploratory
studies facility. | think one point, before we get into the
exploratory studies facility, we must recognize, even though
the way we have divided these sessions yesterday and today
and the way a lot of our plans in the program are developed,
there™s a separation between surface-based and ESF for
underground testing and, certainly, we need to be aware and
we need to be focusing on the overall site characterization
problem. The two must go hand-in-hand.

I think just one brief comment iIn regard to that.
One of the things that we see with putting boreholes around
the site i1s the need to obtain information on lithologic

characteristics, the lithology at various depths, and then to
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get some idea of variations. To me, that also needs to be
integrated with what we see underground. You can"t get all
of the lithology, of course, with a horizontal drift at one
lithologic location, at one elevation, but certainly you can
obtain a sampling in that lithology of local variations. And
so, all that sort of information, 1 think, has to be put
together and, as we look at the program, recognizing limited
budgets and the two shouldn®"t be fighting against each other.
The surface-based versus ESF, that should not be versus, but
a cooperation of the two programs.

I wanted today, though, to focus on another
integration issue and that"s regarding ESF construction and
ESF testing. In a program, such as this that involves
cutting edge science and major, major heavy construction,

this is obviously a major challenge and one that requires the
best thinking and resources of everyone in the program. We
have a recent report out on ESF in this last few days which
addresses some of these issues and we"re looking forward to
further discussions with DOE on that. The title of the
report is Underground Exploration and Testing at Yucca
Mountain, a report of this Board.

until very recently, the ESF strategy involved
multiple excavation operations and testing principally from
the north portal and this became increasingly compressed,

this testing and excavation schedule, as funding continued to
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be delayed or not meet the expectations and these were
compressed in order to meet the licensing goal of 2001. The
increases in the annual budgets did not materialize to allow
this goal to be achieved. Now, we"re looking at a more
extended program for the underground exploration and testing.
Certainly, simultaneous operations that interfere with each
other can be detrimental to schedule and to cost and one
needs to minimize those sorts of things so that the program
doesn®t suffer. Once the main loop is excavated, however,
there®s going to be opportunity for more, much more, access
to the underground for multiple operations iIn terms of
testing, testing opportunities, and further excavation
operations; starting, for example, another 18 foot machine,
another machine which would be a smaller diameter machine to
do further excavation. And, IT these opportunities aren"t
taken in a timely manner, then, of course, the cost and
schedule of the program will also suffer. And, we really do
want to see the momentum that--and much of the progress that
has been built has been gained in the last two years--for it
to continue and for the program to be able to move forward.
I think we"re very interested in learning more
today about how we tie together testing and the construction
and the exploration. We know much about the test plans that
have been described and are being updated, but we would like

to learn, 1 think, today not only about what is the test
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plan, but how Is i1t to be sequenced? How does i1t tie into
the excavation and construction?

Late last year, the project office at Yucca
Mountain published a report entitled Planned Exploratory
Studies Facility Tests and this document described 42 tests
and the locations, in general, with ESF. The test plan at
that time described 88 alcoves through the ESF in a core test
area which would be approximately 9,000 feet of tunnel. In
examining these 42 tests, we grouped them--1 was able to
group them into four different categories. There were tests
associated principally with exploration sampling along the
lengths of the tunnel, 16 tests for that. Thermal testing
involved five tests. The hydrogeologic chemical testing was
12 and then geomechanical and the engineering type testing
was nine. This seemed to be a breakdown, at least, that
allowed us to look at the program and be able to assess more
how they might be tied In with the construction.

The tests associated with exploration, some of
which would be conducted during excavation and others after
the excavation walls were exposed, include geologic mapping,
sampling of perched water, testing across some of the major
faults. The second area, the thermal testing, was certainly
a very high priority issue that we are very concerned gets
started as soon as possible and i1t"s the thermal testing

particularly for the evaluation of the groundwater vapor
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transport issues. Further discussion on this needs to be
done and we need separate sessions, perhaps, for that. But,
certainly, there"s a--you know, 1t"s important that
underground thermal testing be started as soon as possible.
It certainly provides a major driver to the way the
underground facility is to be opened up and plans developed
to allow that work to start.

The other area, the hydrogeologic or the
geochemical type testing, this area with particular emphasis
on tests in the unsaturated zone and the unsaturated zone
percolation test plan have been also--also, really are high
priority tests. These tests are described as being conducted
in the alcoves throughout the ESF and in the core test area.

I hope that the discussions today will focus on
what the objectives of these tests are, how these tests are
to be conducted, the timing of the tests, and the manner in
which they are integrated with construction. Certainly,
there needs to be flexibility in these programs, but I think
some outline of how these things will be tied with the
construction would be of iInterest to us.

The geomechanical engineering testing, the fourth
area that 1 described, makes up the remainder of these 42
tests we described. And, i1t"s certainly Important to perform
these tests to develop appropriate rock support systems,

evaluate long-term stability, to evaluate design and
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construction issues for the repository, as well as for the
continuation of the work in the ESF. But, for the most part,
these 1tems on geomechanical and geoengineering are not as
closely related to site suitability Issues as are the
hydrogeology or geochemistry tests. 1 think with careful
planning that many of these tests can be conducted as add-ons
to the thermal testing, for example, when we"re concerned
about the thermal issues and many of these tests also can be
conducted as targets of opportunity during the excavation or
behind the excavated areas iIn the exploratory studies
facility.

With some of these thoughts in mind, 1°d like to
begin our presentations today. Our first presenter would be
Ned Elkins with Los Alamos Labs and he"s going to be
reviewing the ESF program.

Just briefly, as Ned gets up here, we"re going to
have a review of the unsaturated zone percolation tests by
Mike Chornack from the USGS, and then after the morning
break, Dale Wilder from Lawrence Livermore Labs will provide

an update on thermal testing.

So, Ned, we"re looking forward to your
presentation.
MR. ELKINS: Thanks, Ed.
I*"m going to break our discussions today, at least
from the test coordination standpoint, into two primary
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components; one, 1 will talk about for a few minutes here at
the beginning of the morning and then, at the end of the
morning, 1711 come back. The fTirst of these talks will be
somewhat of a review of the preliminary test planning
process, the current status of our ESF test program, and then
at the end of the morning would like to spend some specific
time talking about future test programs, specifically in the
environment of the TBM, post-TBM testing.

Some of the questions, 1 think, Ed, that you raised
will probably be addressed during some of the discussions
given during the morning, as well as some of them I"11 come
back to, I think, in the second presentation. But, if you"ll
bear with me and, In fact, you®ve done a better job of
describing breaking this test program up than 1 could, 1
think, and maybe even got me where 1 can shorten up this
Tirst presentation some. But, what I did want to do is back
up and go over very briefly with you what the initial test
planning process has been and where we currently stand with
our testing.

The steps that we go through, not in sequence
necessarily--in fact, most of this iIs an iterative process--
but the steps in developing our test program underground,
beginning at the time that we picked our new configuration
coming out of the alternatives study, has been an initial or

preliminary definition of testing and ongoing effort to
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consolidate and prioritize the test program underground and
incorporation of the high-level test criteria requirements
into facility designs and construction plans. Then, detailed
test planning, sequencing, preparation, take these test
activities in the field, and lastly, field implementation and
iteration.

As 1 mentioned, following completion of the ESF
alternatives study, the first thing that the underground test
community did was to go back and take a look at the SCP, the
SCPB, and scrub that against the general configuration of the
ESF and the opportunities that we believe are going to be
present in the ESF for fielding this test program. We then
developed a preliminary test plan, Test Planning Package #91-
5. That"s the base of the iInformation that Ed mentioned a
few minutes ago. The input to that document was prepared by
the U.S. Geological Survey, Sandia National Laboratories,
Lawrence Livermore, and Los Alamos who were the primary
participants in the underground test program.

Immediately, upon finishing that test planning
package and getting an idea or an arm around the entire
underground program, we began two processes; one of which 1is
certainly still ongoing and the other which will be revised,
as necessary. The ongoing activity are evaluations to
streamline and sequence our underground test program. Forty-

two activities were identified in 91-5. OFf those 42, the
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vast majority, 85 or 90% of those activities, are multiple
location activities underground, either continuous or at
various points of opportunity underground. Very few of those
tests are single point tests where you do that test one time
and one time only. Primarily, those tests are the very
large-scale thermal tests as they are currently planned.

The process of getting that preliminary test
program into a design basis where we can begin to integrate
our construction design activities with testing began
immediately upon development of Test Planning Package 91-5
through the complete revision of Appendix B of the ESFDR
which is the exploratory studies facility design requirements
document. Appendix B test by test goes through the high-
level design requirements, what the facility must provide 1In
order to field these activities. So, we use the basis of 91-
5 in preliminary fashion to go through and provide a high-
level look at all the design requirements underground for the
test activities. As a part of detailed test planning, what
we do then is go back and take each of these activities in
sequence and do a detailed test plan which includes detailed
design construction support requirements prior to taking
those activities iInto the field.

As Ed very capably summarized, 91-5 defined 42
tests. These ranged in complexity, iIf you will, from

something as simple as going down and taking a bulk sample of
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rock out of this facility, just basic sampling type
activities, through small-scale test activities which require
perhaps a single borehole or a small niche in order to
provide some space or application forecast to very large-
scale iIn situ programs, the largest of which--and, current
plan--certainly i1s our large-scale thermal test program,
waste package environment test, a Lawrence Livermore
activity, which will dominate, if you will, the core test
area iIn the ESF. The results of this test planning activity,
preliminary activity, are fully consistent with and
represented by site characterization program baseline, the
SCPB, and have been reported to the NRC in Semiannual
Progress Report #4.

Currently in the field, in the ESF, five test
activities are underway. The Tirst of these, geologic
mapping, actually began before we went underground. We did
detailed mapping and geologic summarization of the slot & box
cut area. We"re taken that mapping program underground both
through photogravimetric processes, as well as actual mapping
of fracture surfaces and the beginning of our line surveys.

Perched water, we have iIn the field as a
contingency. We"re prepared, If we encounter any saturation-
zones of moisture in the ESF, immediately to begin
characterization and sampling of perched water.

We have a consolidated sampling program underway,
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as well; primarily, at this point in time, emphasizing the
mineralogy and petrology elements of a program and water
movement tests which we"ve iInitiated. This consolidated
sampling effort, I think 1711 talk about a little more iIn
detail 1n a moment. But, it"s one of those efforts that we
have gone through to consolidate and try to streamline our
test program by taking essentially nine of these 42
activities and combining them into a single field activity
whose only real purpose is to allow for a design, support,
and construction support that lets us go In and take samples
for these nine activities so they can be taken to
laboratories and various analyses.

We have initiated construction monitoring
activities, both tied to site characterization plan, as well
as an additional component of construction monitoring by our
test community to support safety analyses and ongoing support
of design.

Fran Ridge large block experiment is underway iIn
terms of the setup of that activity. We"ve done experimental
saw cutting from a block at Fran Ridge, are currently
drilling and blasting In preparation of defining a single
large block that will remain in place at Fran Ridge as part
of Lawrence Livermore"s developing test program, and that is,
as | say, currently in i1ts setup stage.

In addition to the five that are currently in the
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field, two additional tests are fully planned and are ready
to implement in the first alcove that"s being developed in
the ESF and that alcove i1s under construction currently and,
in fact, the fTirst of these test activities have been
initiated and that"s the hydrochemistry test program in
Alcove #1. That test activity will actually look at pristine
gas samples taken immediately after round firing and mucking
in selected rounds as we develop the alcove. Ultimately, the
marquee test in this alcove, the large test, will be the
radial borehole test, the first of our radial borehole tests,
certainly, and this Is a non-contact or in an anisotropic
radial borehole test to define the upper Tiva Canyon.

Three additional test activities are in final
planning and preparation and we will Initiate these test
activities almost immediately upon beginning TBM excavation.

The first is tied to the contact at Bow Ridge Fault when we
reach that point. Hydrologic properties in major faults, a
USGS activity, part of their percolation of ESF study plan.
We will begin In earnest to incorporate Sandia®s thermal
properties program into our consolidated sampling test at
that point in time. And then, lastly, we will expand our C,
design verifTication activities to include excavation
investigations. The main element of our excavation
investigation will be the beginning of our convergence

testing or large-scale access convergence testing program.
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The test program underground Is sequenced and 1is
currently iIn a process of sequencing--this Is an ongoing
iterative process--that sequence being based on a strategy
and a prioritization the Yucca Mountain Project Office
endorses in going through. And, I"ve broken the efforts that
we used to prioritize this program into three primary
components here. The first Is an ongoing integrated test
evaluation process. We"re in the second phase of that
process at this time. The ITE gives us a good basis, an
integrated basis in our surface-based and underground test
programs; priority, which of those activities do we need to
be putting early emphasis on.

The second, we have a long-range characterization
program planning effort and a long-range plan on the project
under which on an annual basis the primary of these
activities is the YMP annual planning, the near-term
prioritization and resource planning process. And, this
annual planning process, again, incorporates both surface-
based and underground testing and we use this primarily to
define In near-term bytes, given the next fiscal year coming
up, what tests we need to be putting maximum emphasis on the
planning of to get those programs in the field.

Final prioritization of our underground program,
however, has always been based primarily on a three phase

process. They ask the question of irretrievability or the
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retrievability of data. |If we have one of our test
activities that the data from which cannot be retrieved i1f we
don"t do i1t at the time of early excavation during
construction, then we feel that the test must be put in place
at the time excavation is there. We do not want to lose
data. Therefore, irretrievability is the first concern or
the first iIssue we raise on a test. If the data is
retrievable, we at least have a candidate for a deferrability
or for deferring to that test until such time as a window of
opportunity allows without any impact to ongoing construction
program. We always try to maximize our ability to field this
test program with minimal impact on our ongoing construction
activities.

IT a test is basically retrievable, however, is
very key to our determination of site suitability. Those
tests tend to be those that we prioritize most highly. We
feel 1t"s very important to field those tests that give us an
idea of suitability of the site as early as possible and the
determination of site suitability as evaluated through our
ITE process and that"s being reviewed annually through our
annual planning process is the basis on which we make that
prioritization call.

And, lastly, some of our tests, even if they“re a
design related test or an engineering test and may not

directly feed site suitability, if i1t has an extremely long
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fuse, 1T 1t"s a long-term activity, given the fact that we"re
trying to meet our milestones iIn testing and we would like
certainly not to have a test that must have a six year
duration deferred until the end of the test, we allow that
concept to come into the planning process to where we may
prioritize the test activity simply because its duration is
not compatible with a long-term deferrability.

Basically, the Tirst part of the talk is
encompassed by that. |1 wanted to show a couple of best
available pictures. These are drawings the test coordination
office essentially keeps and updates. Just very briefly to
give you some idea of the upper region of the north ramp, our
Title 1 design, our early design process, preliminarily

identiftied potential locations for alcoves. These locations,

some of them, are shown in your packet. You"ll see several
potential alcoves. 1In our Title 1 design process, we looked
at a maximum field of test program where we looked at those

potential points of opportunity where we felt that we may
need to field underground tests; the purpose being we wanted
our early conceptual design to be fully capable of supporting
the maximum test program. These should never be looked at
and read into that there will be a given number of alcoves iIn
a given reach of tunnel or in a given reach of the ramp; only
the fact that this was our initial planning currently for

Package 2c which is the north ramp design or Title 2 design.
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The test community is actively working to define early or
critical alcoves necessary. The final number of alcoves
post-construction In the north ramp iIs something I can"t
answer right now, but our best current basis for that
approximation or for our best guess for that is still our
Title 1 design. And, these are the alcoves that are shown
here.

The first 1,000 foot section of the north ramp,

I*"ve shown blown up here and the test planning packages and

10 job packages being developed for those activities. Again,

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

you can"t read them here, but in that first 1,000 foot reach,
two alcoves, the one currently being constructed in the
starter tunnel and the second being the Bow Ridge Fault
alcove complex that we intend to put in upon passing through
with the TBM this fiscal year.

I will throw this--it"s iIn your package. I1"11 put
this up, but I want to come back and spend more time with
this later in the morning when we talk about our test
program, sequencing of that program, along with construction.

This is just a little bit of the stylization of the cartoon
that Russ showed yesterday of the TBM and its setup and I do
want to spend some time talking about how we will use the TBM
capability to gain some early test information and how we"l1l
sequence some of our testing behind that. But, If you don"t

mind, 1"l defer that discussion until the second phase of
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these talks.

And then, lastly, you may have seen--at least,
taken a glance at this one yesterday. In your package,
there®s a set of drawings that show the primary test activity
in Alcove 1 which is in an isotropic radial borehole test.
You can get an idea of the size and configuration of our
first alcove that"s currently being excavated. In fact,
yesterday, we shot in that alcove and are now essentially 28
Teet excavation depth In on this alcove. We have a design
depth on this alcove at about 65 feet. The final depth will
be determined with the U.S. Geological Survey at the time we
pass through a shear zone which runs through and is
identified by our mapping activities across the ramp and
across this alcove. We want to pass through that shear zone
because this non-contact test iIs a test that we don"t want to
be 1n a shear zone or an anomaly at the time that we run this
test. You also will get an idea of the configuration,
spacing, orientation of the primary core holes that will be
drilled for this activity. 1711 talk a little bit more about
the radial borehole test activity and fault properties
testing that 1 just wanted to talk about.

Ed, with that, certainly, any questions you want to
have at this time, recognizing we"ll talk in a little more
detail about the test program later in the morning.

DR. CORDING: Okay. Any questions from the Board?



© 00 N oo g b~ w N P

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

286

(No response.)

DR. CORDING: Ned, in describing the second test--or the
second alcove, you described as being in the Bow Ridge and
that"s the second one that®"s shown on this sketch, this
cross-section. You say that would be done right behind the
machine or is that to be done later? How are you planning
that now?

MR. ELKINS: At this point in time, Ed, we have not been
able to determine whether or not we"ll do i1t immediately
behind the TBM or whether we"ll do it some distance behind
TBM. 1t"s an open question. We would like on the first of
our fault tests to get that alcove In just as quickly as we
can. One of the reasons--as well as the first alcove, Ed,
one of our main drivers for getting that first alcove iIn and
for wanting to have the first ramp--or for the first fault
property test as quickly as we can is we certainly have some
question about the deferrability of some of our hydrologic
permeability tests. We need to get some of those tests iIn
and we need to collect the early data from those to help us
determine what impacts or effects waiting one month, three
months, six months, a year after primary ramp excavation will
have on the collection of these data. 1t could modify the
test plans, 1t could also modify our construction approach.
Our concept is that some of these tests, certainly we believe

we can defer for no other capability by just constructing a
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little deeper alcoves and getting out of the influence of the
ramp. However, it"s very important to us that that first
alcove for the first fault property test be put In just as
quickly as we can with the TBM.

So, the construction community, as well as testing
is working day-by-day to define what that best window of
opportunity is. Certainly, our Title 2 design process is
maximally looking at ways to get alcoves started behind TBM
without large-scale iImpact to construction where the machine
has to sit down and sit idle for long periods of time. We
believe there are ways to at least initiate our alcoves as
the TBM passes through and then construct and complete those

alcoves soon after excavation.

DR. CORDING: Will we have some opportunity maybe
perhaps to describe some of those possibilities? 1 know that
they"re iIn the plan--1 assume they"re still in the
development stage.

MR. ELKINS: The ability to talk about what construction
has 1n mind for getting some of those started, Dan, 1 don"t
know who might be here from design construction today if we

want to get into those in the free discussion iIn the

afternoon.
MR. McKENZIE: Well, I think if you refer to the
briefing that | gave yesterday, the backup data, there®s an

excavation study that®"s shown--1 believe i1t"s in Package 2b
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--and that is supposed to contain an evaluation of what are
some of the ways of getting these alcoves started with a
minimal delay and indeed what process we ought to use to
excavate them. But, 1t"s not here yet. 2b is--1 think, 90%
review Is on another month from now or two, but It is iIn
process.

MR. ELKINS: We had discussed that at various meetings
and workshops, 1f you will, what some of those methods might
be and I would imagine that we have enough people, as | see
looking around the room, that have been involved iIn those to,
at least, discuss some ideas and certainly to hear ideas that
you and your staff may have, as well.

DR. CORDING: Could we have some of those then this
afternoon? Perhaps, that might be a good time for some
discussion of that. 1 think that would be very beneficial.

Questions, John Cantlon?

DR. CANTLON: Were there any changes suggested in these

tests in the alcoves and so on after the pneumatic properties

impact question came up?

MR. ELKINS: No, sir. No change of the tests in the
alcove.

DR. CANTLON: Thank you.

DR. CORDING: One other, Ned, I™m sorry. The radial
borehole testing and the hydrochemistry testing in Alcove #1,

did you say you were going to describe later what that radial
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borehole testing would involve?

MR. ELKINS: Yes.

DR. CORDING: Okay, fine.

MR. ELKINS: We"ll talk about that a little more--

DR. CORDING: We=lIl talk about that later. Thank you.

Any other questions? Staff?

(No response.)

DR. CORDING: Okay, thank you. Oh, one? 1°m sorry.
Russ McFarland?

MR. McFARLAND: One question. Ned, looking at your test
Alcove #1, the drawing you presented, I"m curious that you
have an alignment to the nearest second of arc. What is the

basis for that accuracy needed for the turnout of that

alcove?
MR. ELKINS: 1t was a calculation of accuracy that"s
shown on the drawing. We have no field requirement for that

accuracy to be met. But, this iIs a drawing that was
developed. This i1s not the design drawing. This iIs a
drawing developed in our own office. The reason that that
alcove 1s not a perpendicular alcove, Russ, is because of a
decision made iIn our design construction test integration
program where the original location for that alcove based on
preliminary mapping was to take off and be perpendicular to
the ramp at Station 1+50. And, at that location, given the

fact that we probably were not going to be continuing
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excavation of the main, we had some gripper pad problems
right in that area in that we were too close to TBM
activities that would be putting stress on that area. We
didn"t want to have an opening there. We backed up 10 feet,
but 1t was important to end up that alcove at the opportunity
that we saw from mapping. We wanted to be at that location.
So, we backed up 10 feet and came iIn kind of at a dogleg and
it"s just a calculation accuracy that you see in that.

MR. McFARLAND: Okay. Thank you.

DR. CORDING: Thank you very much.

John?

DR. CANTLON: I didn"t see any mention of any in situ
corrosion tests for the study area. Are there none?

MR. ELKINS: The Lawrence Livermore study plan is still
being developed for their waste package program testing.
Dale Wilder is going to give a talk today. 1 believe that
there probably are components of that not only in ESF, but
probably as well going to be worked into our large block
program and laboratory program. But, 1*d almost rather Dale
discuss those in detail.

DR. CORDING: Bill?

MR. CLARKE: 1 couldn"t come up unless you called on me.
That"s the protocol.

Yes, indeed, we have a full range of corrosion

tests planned for the ESF and also for the large block test.
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In the holes that we were going to do the geochemistry, we
are going to put specimens down that simulate the current
design materials that we are working on with iIn situ
monitoring sensors for both corrosion potential pH and
various anion species and that will also be simulated in full
scale because we are now developing sensors for the actual
ESF operation, hopefully which will lead us into actual
monitoring for the eventual repository.

DR. CANTLON: Before you get away, is this now with the
base plan container or with the new thinking of the larger
in-drift placing?

MR. CLARKE: It"s going to be both and it will cover a
suite of materials which will involve all the range from cold
to a hot repository.

DR. CANTLON: Thank you.

DR. CORDING: You“ve been trying to take that off for
several minutes, Ned.

MR. ELKINS: Sorry about that.

DR. CORDING: Thank you very much.

Our next presentation is by Michael Chornack with
the USGS. It"s the characterization of the Yucca Mountain
unsaturated zone iIn the ESF.

MR. CHORNACK: Thank you, Ed.

Between Ed"s introduction and Ned"s talk, 1 think

"1l just do a summary here because they®ve pretty much
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covered a lot of ESF tests. But, what 1"m going to try to do
today i1s give a little more detailed presentation of what
we"ve got planned for some of our tests that will be
connected with the study plan characterization of Yucca
Mountain unsaturated zone studies facility.

There was some discussion yesterday as far as how
current these study plans are. This is one study plan that"s
been quite extensively reviewed. When we first wrote the
study plan, we were looking at one shaft and one shaft
facility. With the change in the design from shaft to two
ramps, we"ve had to modify the study plan quite extensively.

So, this actually is Revision One of the study plan. And,
because the study plan consists of eight A tests, some of
these tests are construction phase tests and some of these
tests are at the main test level. There are actually--
sections of this study plan that are actually being written
right now.

This is a brief outline of how I*d like to
structure my presentation with the purpose and objective and
rationale for the study and then, more important, 1°d like to
get into the description of the test activities as outlined
in the study plan. And, I°1l talk a little about the--use
the studies iIn the starter tunnel of the first alcove,
although Ned has pretty much given you everything there is, a

good update on that already, and 1*1l1 conclude with some
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summaries.

We"ve seen quite a few versions of this diagram of
the ESF. Basically, starter tunnel and the first testing
will also be conducted in the north ramp. We"ve got an
extensive testing program in the south ramp which pretty much
mirrors the north ramp testing and we"ve also got some tests
that will be conducted in the main test level in the TSwy,
the Topopah Spring welded.

The schematic of the lithologic units that comprise
Yucca Mountain, we"ve broken them into stratigraphic units
and also geohydrologic units and you can see that in places
the stratigraphic units and the geohydrologic units do not
coincide. The geohydrologic units are based primarily on
hydrologic properties units trying to group the welded
fractured tuffs together and the non-welded and non-fractured
tuffs together.

111 have to apologize. This diagram Is not iIn the
handout, but 1°ve had copies made and distributed. This is a
fairly recent diagram and it shows the north ramp and i1t also
highlights some of the test locations for some of the
unsaturated zone tests that we"ll be conducting In the north
ramp. As Ned pointed out, this is the first alcove and in
that alcove we will conduct our radial borehole test and also
our ESF hydrochemistry test. And, as Ned also pointed out,

we have already conducted the fTirst ESF hydrochemistry
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sampling in this alcove. And, the various other test
locations going down along the projection of the north ramp
testing both intact blocks of rock, contacts, and also some
of the structural features that will be intersected by the
north ramp.

Basically, our study for the characterizing of the
unsaturated zone iIn the ESF, I"ve broken into two types of
tests; construction phase tests and what I call post-
construction phase tests. What I"m going to concentrate on
today in my talk are the construction phase tests which
consists of these five tests; the radial borehole tests,
excavation effects, perched water tests, hydrochemistry
tests, and the major fault tests. Now, these are not listed
in any order in which the tests will occur. This is
basically the order in which they are in the study plan. And
then, at the main test level, we will conduct also these
other three tests, but because of the length of time it would
take to describe all those tests, I"m going to concentrate on
the construction phase tests. But, they are the intact-
fracture tests, percolation tests, and bulk permeability
tests.

Also, listed beside these tests are the principal
investigators who will actually be conducting these tests.
I*m fortunate today that 1 do have the three principal

investigators for the construction phase tests. They are
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present in the audience today. So, at the end of my talk,
they will be able to answer any detailed technical questions
because one person can®t know all the technical details of
all these tests. They"re quite involved.

Here®"s a block diagram that just shows how the
various tests feed into the characterization of the
unsaturated zone and connects to our site unsaturated zone
hydrology study. And, all these studies--the regional
hydrology site saturated zone study feed into the
geohydrology program.

Okay. The purpose of the study, three main
purposes. The first is provide hydrologic parameter input
for the resolution of design and performance issues, a very
important purpose of this study. Secondly is to provide an
understanding of the impacts of ramp and drift construction
on the in situ hydrologic characteristics. Thirdly, the
studies will contribute an understanding of the iIn situ

hydrologic characteristics of the unsaturated zone.

I also wanted to make a very important point here
that this study is not a stand-alone study. In fact, none of
the studies at Yucca Mountain are stand-alone. But, the

hydrologic evaluation of the unsaturated zone will be
conducted as an integrated set of surface-based and ESF
activities with a common objective to provide an

understanding of the past, present, and future fluid flow



© 00 N oo g b~ w N P

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

296

characteristics in the unsaturated zone at Yucca Mountain.

There was a lot of discussion yesterday as far as
characterizing the unsaturated zone iIn the vertical sense
with boreholes in a horizontal sense in the ESF ramps and
drifts. And, what we will do in the final analysis of all
this data, we"ll combine all this data and hopefully have a
very good understanding of the fluid flow characteristics in
the unsaturated zone at Yucca Mountain.

Okay, the objectives of the study. 1°ve sort of
broken these down into technical and what 1 call regulatory
objectives. The technical objectives are to characterize the
in situ unsaturated zone hydrologic conditions. We will do
this by analyzing core and fluid samples obtained from the
boreholes that are drilled in the ESF in connection with this
study. From borehole logs, both the geophysical logs,
lithologic logs, and tv camera logs to look at primarily the
fractured characteristics encountered in the boreholes, the
in situ fractured characteristics. And, also, we will
conduct i1n situ borehole testing and monitoring. The iIn situ
borehole testing monitoring iIs the major emphasis of the ESF
studies. We"re also trying to characterize the spatial
distribution of present day fluid flow within the unsaturated
zone and characterize gas and vapor flow iIn the unsaturated
zone.

Here®s another block diagram that sort of
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illustrates this flow of data gathering to answer the final
questions of the hydrologic program primarily through the
input to the various geohydrologic models; in this case, the
unsaturated zone hydrologic model.

And, regulatory objectives. The regulatory
objectives are primarily designed to answer design and
performance issues. One is to provide hydrologic data for
calculations of unsaturated zone groundwater travel time.
Secondly, provide hydrologic data for the predictions of
radionuclide releases to the accessible environment. This is
primarily through some of the gaseous or water vapor studies.

And, also, to provide hydrologic properties data to design
analyses of the underground facility, repository seals, and
waste packages.

And, this is just basically another block diagram
that shows how the unsaturated zone studies feed into the
various issues and some of the breakdown of the performance
Issues/design issues In characterization programs.

Okay. The rationale for the study, why do we want
to conduct these studies? First, hydrologic testing in the
exploratory studies facility or ESF will supplement or
compliment surface-based testing. |1 think this is a very
important fact again stating that the surface-based testing
gives us a lot of--because the boreholes penetrate the

unsaturated zone iIn vertically, we get a lot of site-specific
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vertical information from the vertical boreholes because the
ramps give us an opportunity to intersect these units and
structural features in more of a horizontal sense. We get
more opportunity to investigate contacts and different
structural features in situ In the exploratory studies
facility.

The ESF provides an opportunity to evaluate
hydrologic parameters for a wide range of scales and this
will be pointed out when 1 get into more of the test
descriptions. The ESF provides a testing environment that is
suitable for three-dimensional characterization of the
hydrologic properties of the rock mass. The effects of
excavation on the host rock can be studied directly iIn the
ESF. And, ESF tests will provide data for multiscale
numerical modeling of the unsaturated zone.

All right. Now, the meat of the program,
description of test activities. As | go through the test
activities, I'm going to try to follow as closely as 1 can
the schedule and basically point out the activity objective
for the individual tests, the five construction phase tests;
the rationale for the activity selection; and then, lastly,
go into a very brief description of the test activity itself.

What 1°d like to do, I1"d like to leave as much time as 1 can
at the end of my talk, since 1 do have all the three Pls who

are associated with these tests iIn the audience. Like 1 say,
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then they can Till i1In any information or answer the questions
that come up as far as the technical description of the test
activities.

The first test 1°d like to talk about i1s the radial
boreholes test and this is one of the tests that will be
conducted in the first alcove iIn the starter tunnel along
with the ESF hydrochemistry testing. The activities of the
objective are to quantify gas permeability and anisotropy of
the hydrogeologic units within the unsaturated zone.

Estimate the tortuosity and effective porosity of drained
flow paths within the unsaturated zone hydrogeologic units.
Quantify the boundary effects at the hydrogeologic unit
contacts. And, last, compare pneumatic and hydraulic test
results, especially at the hydrogeologic unit contacts.

All right. The rationale for conducting the radial
borehole tests. 1It"s hypothesized that most fractures iIn the
unsaturated zone are devoid of significant liquid water. The
upper movement of water vapor may indicate the potential for
upward movement of gaseous radionuclides. The downward
movement of water may indicate the potential for
radionuclide-solute transport and also downward flowing water
may be diverted laterally at unit contacts.

All right. The test description. There are four
test programs for testing In two ramps in the ESF. These

four test programs are we will conduct air permeability-
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anisotropy testing within hydrogeologic units; primarily
looking at the air permeability of fractures in these units
contained within individual hydrogeologic units. Air-
injection testing across unit contacts and see what effect
the actual unit contacts going from a non-welded to a more
welded tuff, what effect this has on air-injection and later
relating that possibly to the percolation of water. What
happens to water when i1t reaches these contacts. We-ll
conduct long-term monitoring of selected boreholes that were
drilled for these other two tests. And then, as a final
phase of the activity, after long-term monitoring, we will
conduct water-injection testing at contact sites in selected
boreholes at these contact sites.

All right. We were going to conduct gas-injection
and -withdrawal testing in these boreholes. For this, we
will utilize single-hole, constant-flow-rate, transient
tests; single-hole, steady state, gas-injection and -
withdrawal tests. After we do the single-hole testing, we
will conduct at selected sites cross-hole, constant-flow-
rate, transient tests and also cross-hole, steady-state, gas-
injection and -withdrawal tests.

All right. The first test we will conduct will be
the air-permeability anisotropy test. And, this is a
schematic, a cartoon, of what we visualize the configuration

of these tests to look like. These tests will be conducted
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from three boreholes drilled from an alcove. This will be
the first type of testing that is conducted, the first type
of radial boreholes test that will be conducted iIn the first
alcove in the starter tunnel. As you see here, three
boreholes drilled from an alcove. The boreholes will be
configured In an expanding equilateral triangle. At the face
where we spread the boreholes into the drift wall, the
boreholes will be approximately two meters apart and
configured in an equilateral triangle. The boreholes will be
approximately 30 feet long and they will expand out from the
initial equilateral triangle at approximately an 8 degree
angle to where, when we terminate the boreholes that are
approximately 30 feet, the distance between the boreholes
should be about 9.3 meters. This will allow us to look at
fracture permeability in both close to the boreholes and then
look as we get out in the equilateral triangle and see if we
can actually see air-flow when we do our air cross-flow
testing at various distances across the boreholes.

DR. NORTH: A point of clarification.

MR. CHORNACK: Yes?

DR. NORTH: Your slide says 30 meters and you“ve been
saying 30 feet.

MR. CHORNACK: [I"m sorry, it is 30 meters. Thank you.
Yes, 30 meters long boreholes, excuse me. Primarily, the

length of the boreholes are determined to extend beyond the
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excavation disturbed zone.

As in all our boreholes we"ve drilled for ESF
tests, to the extent possible, core samples will be collected
for unsaturated zone hydrochemistry and matrix property
studies. And, these boreholes will be dry-cored. They will
be HQ3 size boreholes and, like I say, they will be
continually cored to provide samples for hydrochemistry
testing and also for matrix property testing.

The second type of test we"ll conduct in connection
with the radial boreholes test is the air-permeability--
excuse me. I™"m sorry, this is a further description of the
air-permeability anisotropy testing. With the air-
permeability anisotropy testing, we"re trying to quantify the
permeability, anisotropy, effective porosity, and tortuosity
of fractures iIn the unsaturated zone. To do this, packers
will be installed iIn the boreholes for ailr-injection
monitoring and testing. We will conduct single- and cross-
hole pneumatic testing. Nine preliminary sites have been
selected, but the final sites will be determined as the ESF
and the ramps are excavated. Also, a long-term monitoring of
up to five years will be conducted on these boreholes
following testing.

The stratigraphic column is the one 1 showed
previously. This shows our preliminary test locations for

conducting the anisotropy testing. You see, we have two
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tests In the Tiva Canyon welded unit, the first which will be
conducted iIn the starter tunnel alcove; one test in the
Paintbrush nonwelded; and then, two tests in the Topopah
Spring welded unit, one in the TSw; and one in the TSw,. The
other numbers indicate that we also will repeat this testing
in the south ramp also.

All right. Now, the second type of testing that
will be conducted in the radial boreholes i1s the air-
injection testing. The air-injection testing will be
conducted in four boreholes drilled from an alcove again.
The boreholes will be configured In a rectangular pattern.
The boreholes will be 30 meters long, again to extend along
beyond the excavation disturbed zone. And, in the other
boreholes, corehole samples will be collected for
hydrochemistry and matrix hydrologic properties testing.

This test, the air-injection testing, will be the
test that we conduct at the contacts. And, the schematic
here shows again that the boreholes will be drilled in an
alcove, two of the boreholes above the contact, two below the
contact, and the boreholes will be drilled up to 30 meters
out perpendicular to the face of the alcove to extend beyond
the disturbed zone caused by excavation.

All right. Further description of the air-
injection testing. By conducting the air-injection testing,

we want to quantify the hydrogeologic contact effects on air
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and water flow In the unsaturated zone. Again, packers will
be installed in the boreholes for air-injection and
monitoring. We will conduct single-hole and cross-hole
pneumatic testing. Four preliminary sites have been selected
for these activities in the north and south ramps. And,
again, long-term monitoring of up to five years will follow
the initial injection single- and cross-hole testing.

The two contacts we would like to test both in the
north and south ramp is the contact between the Tiva Canyon
welded and the Paintbrush nonwelded unit and then again
between the Paintbrush nonwelded and the Topopah Springs
welded unit, the TSw;. And, again, we will conduct this
testing In both the north and the south ramp.

As 1 stated before, after we conduct the air-
injection testing, we"ll conduct long-term monitoring. We"ll
instrument and monitor intervals iIn selected boreholes for up
to five years. The boreholes will be iInstrumented using an
inflatable packer and also pressure transducers, thermistors
of thermocouples, and most likely, most of the boreholes,
also thermocouple psychrometers. The boreholes will be
monitored to detect barometric influences, water movement,
and/or construction effects in these boreholes. Also, in
these boreholes, we will have access where we can do gas
sampling. Gas samples will be periodically collected during

monitoring and these samples will be collected for the UZ
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hydrochemistry test.

Following the long-term monitoring period, we"re
going to conduct water-injection testing. The water-
injection testing will be conducted at completion of long-
term monitoring. We will use injection and monitoring
boreholes. The reason we"re going to do this is to determine
the usefulness of effective air permeability in calculating
hydraulic conductivity.

All right. The next test, excavation effects test.

The activity objectives are to estimate the magnitude and
extent of modification of the hydrologic properties iIn the
Topopah Springs welded unit caused by excavation of the ESF.

The rationale for the activity selection is
excavation in fractured rocks can significantly alter the
physical properties of the rocks near an underground mined
opening. The permeability, before and after excavation, iIs a
parameter required by other ESF tests to estimate errors in
hydrologic properties caused by construction. Also,
evaluation is needed to determine the significance of
excavation effects and to develop methods to correct for
changes i1n hydrologic properties caused by excavation. So,
we basically will use the results obtained from the
excavation effects test to make any corrections in the
hydrologic properties determined from the other testing.

All right. The test description: the evaluation
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parameters needed. To conduct the excavation effects test,
we need pre-mining fracture permeability, rock stress, and
water saturation. We also need to measure the stress
changes, fracture deformation, and permeability changes
resulting from the excavation. These will be the actual
parameters we monitor during the excavation effect. And,
also, for the excavation effects test to be considered
significant, first, the change in fracture permeability needs
to be measurable. Secondly, final permeability values need
to be statistically different from the initial values
encountered.

Okay. The general approach for the excavation
effects test. One, the test will be conducted from alcoves
on both sides of the planned excavation. A quick schematic
of what that will look like. Boreholes will be drilled
parallel to the proposed ESF opening. Ailr-permeability

testing before and after the excavation will be conducted.

This will give us our pre-mining permeabilities and our post-
excavation permeabilities. In situ stress and mechanical
property measurements need to be conducted before, during,
and after excavation.

There are basically two approaches we"re going to
use for the excavation effects test. The first iIs the
physical approach. This i1s a schematic of the borehole

layout, alcove and borehole layout, for the physical
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approach. Yours are iIn order; mine were out of order. Okay.
The physical approach is a deterministic approach where all
parameters are measured. And, you can see from the borehole
layout, we"ve got stress boreholes, permeability boreholes,
and also deformation boreholes. So, we"re monitoring all
these three different parameters in connection with the
physical approach. The measured parameters are used to
support the geomechanical model and the coupled hydrologic-
mechanical model i1s used to analyze results and to predict
excavation effects where in situ conditions are different.

So, you see basically in the physical approach
around the mined opening, we have a series of boreholes;
stress boreholes, permeability, and deformation boreholes at
varying distances and distances away from the mined opening.

In these boreholes, we will construct the alcove, drill the
boreholes, emplace the instruments, and then as the ESF is
excavated past the boreholes, we will monitor for changes in
these various parameters in the boreholes.

We also apply the statistical approach during the
excavation effects test. The initial statistical test is
required to verify that changes in permeability are
measurable and that final permeabilities are statistically
different from initial permeabilities. In the sequence of
testing, the statistical tests would be conducted first

because, 1f we don"t find that we meet these conditions, we
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know that there®s no reason to go and continue with the
physical approach in the testing. We also need to know that
the statistical test measurements are repeated at several
locations to minimize prediction uncertainty. And, lastly,
predictive permeabilities are only valid In areas where the
in situ physical properties, stress, and excavation methods
are the same. So, the statistical approach cannot be--it has
to be, as stated there, the results can only interpolate to
areas where these three properties or these three conditions
are the same. Whereas in the physical approach because we
measure so many different parameters, the results of the
physical approach can be interpolated to other hydrogeologic

units and other excavation methods In ESF, also.

DR. CORDING: Mike, you have a lot of different tests to
describe here and perhaps we--would this be a good--1 thought
we might break it into some sections where we could ask

questions on some of them because you have a long
presentation also.

MR. CHORNACK: Yes, sir.

DR. CORDING: Would now be a good time to talk about the
previous tests?

MR. CHORNACK: Yes, sir. That would be fine, Ed.

DR. CORDING: Okay. Are there questions regarding the
testing and the information that he"s provided to us at this

point? Don Langmuir?
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DR. LANGMUIR: Mike, just something for clarification
for me. When you"re running a test and you"re trying to find
out the properties of fracture zones by injecting iIn these
radial boreholes, is the only way you establish what the
properties are the recovery in an adjacent hole in that same
alcove or do you look in other alcoves at some later date?

Is there any cross-referencing away from individual alcoves?

MR. CHORNACK: At the moment, the way the plan is done
--and luckily we have Gary LeCain, the principal
investigator--but we will look for the perms in two ways. We
will do single-hole injection and just look for a pressure
decay response, but also we will do cross-hole testing. But,
the cross-hole testing will be contained within the boreholes
within one alcove. We don"t think that we"ll be able to
monitor from one alcove to another because, first of all, the
space iIn the alcoves is quite distant between the two
alcoves. And, we don"t think that--because of the fractured
nature of the welded tuffs and the way the fractures are
connected, we don"t think, 1t would be highly unlikely, we
could Inject iInto one fracture and monitor any great distance
away. | don"t think we"d want to put that kind of pressure
in the ground.

Gary?
MR. LeCAIN: No, that"s exactly right. All the testing

probably--
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DR. CORDING: Could you use the microphone there?
Thanks. And, i1dentify yourself?

MR. LeCAIN: Gary LeCain, 1"m the Pl for the radial
boreholes testing. And, Mike has described i1t exactly. The
testing will be between boreholes in a single alcove. The
distances would be too great between alcoves.

DR. LANGMUIR: Okay. There are no alcove setups planned
in the ESF where you would actually hit the same fracture
elsewhere at a different position, | take i1t?

MR. CHORNACK: Probably not, Don. The only thing we--
where we could know is the same fracture would be in major
fault zones in the north and south ramp and there®s no way
physically possible, I don"t think, that we could test across
that great a distance with cross-hole testing.

DR. LANGMUIR: You©"re using a chemical tracer iIn the
gas, are you not?

MR. CHORNACK: Yes, we are.

DR. LANGMUIR: Is this--

MR. CHORNACK: The tracer choice, whatever that is.

DR. LANGMUIR: Carbon hexafluoride, I think is what the
compound is, one of the--

MR. CHORNACK: We have used sulphur hexafluoride.

DR. LANGMUIR: Sulphur hexafluoride.

MR. CHORNACK: And, we"re also looking at using Suva and

I know the DOE has an ongoing program. They“re looking at
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various other tracers that are environmentally acceptable

that we could use, Don, also. But, right now, yes, the major

tracer is sulphur hexafluoride for the air-injection testing.
Is that correct, Gary?

MR. LeCAIN: Correct.

DR. DOMENICO: Probably to Gary. |1 know you have
mathematical models to interpret cross-hole tests iIn
saturated material developed by people in Arizona. Do you
have similar mathematical models to interpret quantitatively
the cross-hole tests when you"re dealing with air?

MR. LeCAIN: It"s being worked on right now, Pat.

DR. DOMENICO: You mean, you don"t have them?

MR. LeCAIN: Not at this time. We have modeling that we
can do to try and match the results that we might get, but
you"re exactly right. The methods need to be modified to
work with air.

DR. DOMENICO: Yeah, they had the methods with the
saturated zone that have been tried successfully, I think, iIn
some of these cases and that"s a current matching procedure,
too. But, I didn"t think you had the mathematical models
developed yet for the pneumatic--

MR. LeCAIN: Well, what we hope to do is adapt the
saturated zone models for the unsaturated zone.

DR. LANGMUIR: Just one more thought on this. [I™m

expecting and you“re probably expecting, as well, that when
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you inject a gas with a tracer in one hole, you may only get
5% back.

MR. CHORNACK: Yes, exactly.

DR. LANGMUIR: So, you"ll be able to interpret these
kinds of results quantitatively iIn terms of fracture
properties?

MR. CHORNACK: Yes. Yes. We don"t assume that all the
gas we put in one fracture--to the best of our ability, we
will try to isolate single fractures that occur in both
boreholes. Now, whether we can do this is all going to
depend on the fracture systems we encounter in the borehole.

DR. LANGMUIR: What about fracture zones where there"s a
whole series of closely spaced fractures?

MR. CHORNACK: If we have closely spaced fracture zones
or swarms of fractures, we will try to isolate these both iIn
the monitoring--excuse me, the injection hole and also the
monitoring hole. Yeah, and we will try to Inject across
either fracture zones or single fractures. But, no, even if
we are fortunate enough to isolate a single fracture, we
still don"t think we will recover--we will get all the
tracers that we inject in one borehole because of the
dispersive nature of the interjection testing.

DR. LANGMUIR: When you alcove into a fracture zone, do
you get any more than characteristics in the immediate area?

In other words, can you have any way of knowing how far into
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a fracture system can you go from an alcove to get a sense of
another dimension?

MR. CHORNACK: With borehole drilling, Don?

DR. LANGMUIR: Yeah?

MR. CHORNACK: We"ve stated right now we"re going to try
to limit the boreholes to 30 meters or approximately 100
feet. Gary might be able to elaborate on it a little more.

MR. LeCAIN: Yes, we"re limited to 30 meters, Don, for
interference factors. But, 1 think what addresses your point
iIs the reason we use an expanding equilateral triangle. That

iIs to try and get different scale.

DR. CANTLON: Are the investigators doing the surface-
based hydrology and gas studies the same as the underground
group?

MR. CHORNACK: Yeah. Fortunately for Gary"s position,
he 1s the principal i1nvestigator for the surface-based air-
injection testing and also the underground air-injection
testing, also. Yes.

DR. CANTLON: The second question, has there been any
instance In which the study plans have been modified through
feedback from the initial performance assessment run?

MR. CHORNACK: I"m not familiar with any right now. Gary?

MR. LeCAIN: The only feedback we"ve had is from the
review of the study plan. 1 imagine things will change once

we start getting the initial data in from the testing.
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DR. CANTLON: Have the people getting ready to make the
second performance assessment run been iIn consultation with
the PIs collecting the data?

MR. LeCAIN: Not that 1°m aware of.

DR. CANTLON: Thank you.

DR. DOMENICO: 1 know we can do air-permeability tests
in the laboratory. Has anybody ever done any field air-
permeability tests either in a single borehole or any other
way? Pneumatics is not exactly my field, but we do have
hydraulic tests that 1"m quite familiar with and I don®t know
iT you have similar kinds of models to quantitatively look at
the response and obtain from that high permeability which is
a number and which is something you want. Is that--

MR. CHORNACK: Right, we"re fortunate this is one of the
tests where we have conducted prototype testing. In fact,
Gary conducted quite an extensive program testing down at the
NRC Apache Leap site and he can elaborate on this more.

MR. LeCAIN: Yeah, Pat, we"ve done prototype air-
permeability testing in the field in five inch boreholes in
tuff and, fortunately, the University of Arizona under
Professor Evans has also conducted air -withdrawal and
-injection testing in the same holes. We were able to match
our results with theirs. They came out very close and the
methods that we have adapted for doing the air permeability

testing really required very minor modifications to the



© 00 N oo g b~ w N P

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

315

hydraulic test methods.

DR. DOMENICO: Thank you, Gary.

MR. CHORNACK: Gary, could you elaborate a little more
on how we plan to use the water iInjection test results,
possibly to--

MR. LeCAIN: One of the big questions is what good are
the air-permeability estimates iIn extrapolating those values
out to possible hydraulic conductivities which is exactly
what we hope to show iIs possible or not possible by following
air-permeability testing with the water-injection testing.

DR. CORDING: One question on these air-permeability
tests. You tend to pack off a fracture that you locate
within a given hole. 1 think that was what you described.
And then, would you be able to monitor then the multiple
packers in the other holes so you could pick up--you can
identify other fractures and then identify which fracture is
Tflowing through, is that the iIntent?

MR. CHORNACK: Yeah, exactly. Our practice is we"re
going to use--as you stated, we"re going to use a multiple
zone packer system where we will, having identified various
fracture zones iIn the boreholes, we will pack off these zones
in the boreholes and, i1n those boreholes, we will have both
--probably, in the case of the injection, the cross-hole and
single-hole iInjection testing, we"ll have pressure

transducers and also some sort of either a thermocouple or
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thermistor to look for pressure changes and also any kind of
temperate changes. We will also have the ability to sample
for our tracer gas iIn case, ITf we"re just getting very, very
small flow through the boreholes, hopefully, by some of the
tracer gas sampling, we can detect the presence of the
injected air in the monitoring boreholes, also.

DR. CORDING: I guess going back to yesterday, our
discussion yesterday, on the surface-based holes, would
somewhat the same sort of process be used iIn the surface-

based holes with multiple factors where you®re injecting and

observing?
MR. CHORNACK: Yes, exactly. Right now, when we get our
multiple borehole complexes up, Gary will also inject--will

conduct surface-based air-permeability testing in those

boreholes, also, using similar methods to what we use

underground.
DR. CORDING: Single-holes and, 1 think, In some cases,
cross-holes, i1s that right?

MR. CHORNACK: Exactly, yeah. 1t will First be a
single-hole test and, iIn fact, we"re getting ready to start
the single-hole surface-based ailr-permeability testing in
Borehole UE-25, UZ-16, hopefully, within the next week or so
to start that testing. And then, eventually, we will conduct
cross-hole testing when more boreholes are drilled in that

complex.
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DR. CORDING: Then, once that"s done, then is it where
you"re going to do a passive shut-in testing, iIs that
correct?

MR. CHORNACK: We"ve already done our shut-in test at
UZ-16 1n connection with the gaseous phase circulation
studies. And, I think, after we do the ailr-injection
testing, we"ll go back and repeat the UZ hydrochemistry
sampling from that borehole and again conduct possibly some
more pressure shut-in tests. Hopefully, over the winter, we
get some more--

DR. CORDING: So, you continue to monitor over some--soO

you can get some of those seasonable storm effects, is that

correct?
MR. CHORNACK: Yes, exactly. Yeah. Unfortunately--and
then, UZ-16 i1s our VSP hole. So, eventually, there will be

an instrument string put in that hole for--a geophone string
for vertical seismic profiling. But, in the other surface-
based boreholes, we will again put a long-term monitoring
system similar to what we"ll use iIn the ESF boreholes in
those holes that collect water potential from thermocouple
psychrometers, pressure from--obviously, pressure
transducers. We"ll have thermistors to look at temperature
changes i1n the boreholes and also a fairly elaborate gas
sampling system in those boreholes.

DR. LANGMUIR: Just a minor clarification, maybe.
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You"ve been talking about excavation effects test plan work
and it wasn"t clear to me whether this started where the TBM
IS going to begin or whether it looks at the drill and blast
portion of the tunnel, as well as the TBM portion.

MR. CHORNACK: Right now, the location for the
excavation effects test is scheduled to be where we start the
turn for the first--the first turn at the bottom of the north
ramp. Is that correct, Falah?

MR. THAMIR: That"s correct.

MR. CHORNACK: And, are we going to look at in the main
test level at drill and blast effects?

MR. THAMIR: We"re still looking into that because we
know that the TBM machine needs a starter tunnel and so we
would not be able to drill the site rooms and then start the
TBM. However, where Michael mentioned where we might do the
test at the turn, we may have some extra room to drill the
holes ahead of the tunnel. And, we may or may not repeat the
test where drilling and blasting iIs used because we"re
looking at differences where the waste will be isolated and,
iT 1t"s going to be isolated in rooms that will be drilled
with a TBM machine, then we will not repeat it in places that
will be excavated with drilling and blasting.

DR. CORDING: Would you identify yourself?

MR. THAMIR: Falah Thamir with the USGS.

DR. CORDING: Thank you.
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Just one question iIn regard to this excavation
effects test. It"s something perhaps we can discuss more
this afternoon, but to do that and to drill ahead and--of
course, you have to wait and--any advance of the TBM has to
await that work to be completed. So, you"re talking about
delay there of, 1 would assume, it"s certainly iIn excess of a
month. And so, | guess, one of the points iIs that maybe what
you“"re trying to do is to see if you can"t find a target of

opportunity where you®"re doing something else where the TBM

would have to otherwise be stopped. 1Is that correct?
MR. CHORNACK: Yeah, that"s correct. Another option we
have, and i1f we do go to the Calico Hills, would be to do the

test where the Calico Hills ramp comes off the main test ramp
because that would leave us--give us plenty of time to go and

set up and do the test and not delay the excavation with the

TBM, at all.
DR. CORDING: So, you might be able to do that, in other
words, after the main loop is done and then come in and drill

across before the Calico Hills excavation were done?

MR. CHORNACK: Exactly, yes. Yeah, that would be
another--that would be a good window of opportunity to come
back to those tests, yes.

DR. CORDING: Sure. 1 think one other possibility is iIn
the core test area for the thermal testing. One of the

things we"ve been suggesting i1s using a TBM to do some of the
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excavation there for those tests which, 1 think, 1t"s needed
in order to have the right type of surface to evaluate
something that will be used in the future repository. And
so, there might be some opportunities there also.

MR. CHORNACK: Yeah. As Falah said, we"re trying to
pick a location to where we"re not going to delay the
progress of the TBM significantly.

DR. CORDING: Okay. Thank you.

Pat Domenico?

DR. DOMENICO: Probably to Gary, i1t was mentioned that

permeability of air iIs not the same as permeability of water.
So that"s why you"re going to run the hydraulic tests
afterwards to check the values. But, they must have had that
same concern at Apache Leap and did they do such a study and
what did they learn from that?

MR. LeCAIN: The only comparison they did between air-
and water-injection was laboratory work. And, they were
generally within one order of magnitude and they did
differ.

DR. DOMENICO: But, 1t was not based on the field
comparison laboratory--

MR. LeCAIN: Not that 1°m aware of.

DR. DOMENICO: Well, lab work is easy to do.

MR. LeCAIN: We hope for the best, Pat.

DR. CORDING: Okay. Staff had a question. Russ
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McFarland?

MR. McFARLAND: Yeah. On your size of your disturbed
zone, looking at earlier illustrations, your drilling out 30
meters from the face of your alcove. Your alcove looks to be
about, oh, 10 meters. Are you reaching beyond the
disturbance caused by the excavation of the ramp or the
disturbance caused by the excavation of the alcove?

MR. LeCAIN: That being just a schematic, the distance
we actually go out with the alcove will probably vary. The
first alcove i1s actually planned on being from 70 to 80

meters away from the ramp and it will be outside the zone.

MR. McFARLAND: Why are you out 70 to 80 meters from the
ramp?

MR. LeCAIN: In this particular case, there was a shear
zone. The shear zone being that there was unstable rock,

basically, that we had to get through. We didn"t really want
to conduct our testing on that unstable rock because it

wouldn®t be representative of the rock of the mountain, most

of the rock.
MR. McFARLAND: The reason 1 ask, is the alcove
necessary to allow you to reach farther out or is the alcove

a means of providing a drill platform? You could just as
easily, 1T possible, drill from the face of the ramp, for
example, in some cases in lieu of having an excavated alcove.

MR. LeCAIN: Both, exactly. 1It"s to provide a point to
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drill from without being in the way of the TBM operating and
it"s also to get us away at least two diameters from the ramp
to make sure we are testing relatively undisturbed rock.

MR. McFARLAND: One additional question. Perhaps, it
could be addressed by Ned, but a viewgraph was shown on the
second page of the presentation showing the layout of the
ramp that I don"t think has ever been presented to the Board
before. It shows two runouts. It shows a runout on the
north ramp and i1t shows a runout on the south ramp which was

not presented at the last--

MR. CHORNACK: Excuse me, what illustration is that iIn?

MR. McFARLAND: Pardon me? Your presen