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PUBLIC NOTICE BY THE
UNITED STATES NUCLEAR REGULATORY COMMISSION’S

ADVISORY COMMITTEE ON NUCLEAR WASTE

DATE: Monday, April 22, 1991

The contents of this transcript of the
proceedings of the United States Nuclear Regulatory
Commission’s Advisory Committee on Nuclear Waste,

(date) Monday, April 22, 1991 .

as reported herein, are a record of the discussions recorded at
the meeting held on the above date.
This transcript has not been reviewed, corrected

or edited, and it may contain inaccuracies.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

LR R

ADVISORY COMMITTEE ON NUCLEAR WASTE (ACNW)
*hR
ACNW WORKING GROUP MEETING ON
GEOPHYSICAL TESTING METHODS FOR CHARACTERIZATION

OF A HLW REPOSITORY SITE IN TUFF

*

Nuclear Regulatory Commission
Conference Room P~110
7920 Norfolk Avenue

Bethesda, Maryland

Monday, April 22, 1991

The Advisory Committee on Nuclear Waste (ACNW)
working group meeting commenced, pursuant to notice, at 8:30
O’clock a.m.,, William Hinze, Working Group Chairman,

presiding.
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PARTICIPANTS :

W.
D.
P.
c.
J.

A.

HINZE, Working Group Chairman, ACNW
MOELLER, ACNW Member
POMEROY, ACNW Menber
ABRAMS, Designated Federal Official
CORBETT, ACNW Consultant
IBRAKIM, Division of High-lLevel Waste
Management, Nuclear Regulatory Commission
STABLEIN, Divisino of High~Level Waste
Management, Nuclear Regulatory Commission
FRIDRICH, Department of Energy
MOONEY, United States Geological Survey
NELSON, United States Geological Survey
MURPHY, Weston Geophysical Corporation
JOHNSON, State <{ Nevada
Nuclear Waste Project Office
DANIELS, Dept. of Geological Sciences

Ohio State University
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will not destroy or modify the integrity.

[Discursion off the record.)

MR. HINZE: Well, the important thing is that
geophysical methods will not destroy or modify the
subsurface conditions of the site and therefore presarve its
integrity. However, the site characterization plan of the
Department of Energy is not definitive on how geophysical
results will be integrated and synthesized with other
geoscience and engineering data., This we find clearly
discussed by the NRC staff in their site characterization
analysiss report,

In a step to rectify this situation, the DOE and
its contractors have prepared an extensive document entitled
"Status of Data, Major Results, and Plans for Geophysical
Activities at Yucca Mountain." You hav: all received & copy
of this so-called white paper.

This report reviews the existing geophysical data
and discusses the role, potential role of geophysics in both
local and regional investigations of Yucca Mountain. The
report states, and I quote from the first sentence of the
report, and I quote: "is intended to serve" ~-- that is the
report -- "is intended to serve as a starting point for
integration of geophysical activities. And I emphasize "the
starting point."

We are interested in a discussion of this document
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5
specifically focusing on the manner in which geophysics will
be used to investigate the potential adverse conditions at
Yucca Mountain in a timely manner.

We look forward to developing a discussion of the
importance, advantages, limitations, and potential results
from geophysical methods at a variety of scales and depths
of investigations.

Of special importance to many of us is the timing
of the acquisition processing and interpretation. 1In other
words, the sequencings of these studies and their
integration into the results and planning of related studies
at Yucca Mountain.

Geophysical data :hould be available to not only
characterize the site, but to identify optimum sites for teh
acguisition of the more direct data from drilling,
trenching, drifting, and the like, into Yucca Mountain.

There are numerous guestions that can and
undoubtedly will be raised during this working group
meeting, and I look forward to the panel of experts raiging
questions and providing answers to such questions as, and 1
had to reaally contain myself here, because there are a
large number of guestions that I’m sure we could all ask,
but let me just point out some of these, at least for the
record.

One. What are the roles of the various
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Seven. Can geophysical studies at Yucca Mountain
be started without permits from the State of Nevada®

Eight. Can existing data be QA’d so that .t can
be employed in site characterization? 1Is that worthwhile?
How will it be done? The white paper discusses some of
that. Certainly there is more that should and could be
said.

Nine. Are there geophysical tests that will be
compromised by geological engineeering tests that may
precede the actual performance of the geopnysical methods?

These are only a few of the guestions we hope to
discuss and we hope to try to zero in on answers.

Following the presentatino by our invited
participants, our panel of experts, the meeting will move to
a roundtable discussion with the presenters, committee
members, and interested parties invited to participate.

The meeting is being conducted in accordance with
provisions of the Federal Advisory Committee Act. And
Chariotte Abrams, seated here on my left, is the Designated
Federal Official for the meeting.

A transcript of portions of the meeting will be
kept, and it is requested that all speakers, whether at the
table here, or those htat come up from the audience, use one
of the microphones, identify himself or herself, and speak

with sufficient clarity and volume, hopefully with the
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8
amplifying systen working, so that he or she can be heard.

I want to emphasize that in my view this an
informal meeting of the nature of a Penrose or Chapman
conference, which is familiar to those in the geosciences.
We hope that you will all enter into the discussions and
gquestioning, and speak as freely as possible.

On behalf of the committee, I want to thank you
for taking time from your busy schedules to participate. I
know it’s been an imposition on ocur part to ask many of you
to participate.

Before we begin, I weuld like to identify the
members around the tible. If we could state cur name, our
r->fegsicnal affiliation, and our expertise, and our
interaction with th! pregram, that weculd be most useful, so
that we all make ce.* ' that we know each other.

And with t.«., I will start off. I’m Bill Hinze,
a Professor at Purduw University, and a member of the ACNW.

And I will pass this on to my right,.

MR. POMERG:.: And I’m Paul Pomeroy. I’'’m with
Roundout Associatoss “neorporated, and I’'m also a member of
ACNW. I’m primazi';y ¢ seismologist. I’‘m also inerested in
performance assess «nt issues associated with this.

MR. MOEL - .R: Dade Moeller, from Harvard
University, a mernbsr of the ACNW. I’m primarily an

environmental engl-eer,
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1 I1’'d like to also mention as we‘re going around two
2 other people that may play some role in the discussion

3 today, Phil Justus, the Section Leader of Geology-Geophysics
“ is over here; and next to himn is Harold Lefevre.

S MR. DANIELS: I’'m Jeff Daniels. I’'m a

€ geophysicist from Ohio State University.

? MR. NELSON: I’m Phil Nelson, geophysicist with

8 the USGS, working out of Denver.

9 MR. MOONEY: Walter Mooney, geophysicist, United
10 States Geological Survey, Menlo Park.

11 MR. HINZE: Thank you very much. We all know

12 Charlotte.

‘ 13 {Laughter. ]

14 MR, HINZE: Shall we talk about that?
15 (Laushter. )
16 MR. HINZE: I wanted to say that that was a

Y compliment.
18 [Laughter. ]
19 MR. HINZE: If any of the participants, the

20 speakers, have materials that they would like to pass out
21 but have an insufficientg number, if you will make those

22 available to the staff, we’ll get them copied and

23 distributed to all of the participants, and as many nmembers

24 of the audience as we can.

25 Do either of my colleagues on the committee have

S e
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MR. HINZE: We'’ll accept that as a promise, and
not a threat, okay?

MR, JOHNSON: it is a promise. 8o, with that, let
me get started.

[Slide.)

MR. JOHNSON: These are the topics I’m geing to
cover. Does everybody see ethat all right?

First, I'm going to talk a little bit about the
regulatory requirements. I’'m going to touch a little bit on
geophysical methods from a geeneric point of view. I'm
going to leave the rest of the speakers to talk about the
specifics of the various geophysical methods. Then I want
to touch a little bit on what I view &8 a generic approach
for defining an effective geophysical program for site
characterization. And lastly, I'm going to touch a little
bit on the state’s views of the Yucca Mountain geophysical
program as it’s proposed.

(Slide.)

MR. JOHNSON: There are no specific regulatory
reguirements per se for providing the specific kinds of
geophysical data during a site characterization program, or
even as part of a license applicatino.

But despite that, implicitly, geophysics must be
part of a site characterization program. They provide the

types of information that assist in understanding naturezl
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processes,

MR. MOELLER: Excuse me, Carl.

MR. JOHNSON: Yes.

MR. MOELLER: We have the NEC here. I just
wondered, and it’s not that it’s a controversial issue -~ it
isn‘t, really =-- but I wondered if King Stablein or a member
of the staff would comment on your first statemente that
there are no regulatory requirements per se. DO you agree
with that? ©Or is that true? I mean, I’m not disputing it:
I just thought it might be helpful.

MR, JUSTUS: Carl is correct. As one reads the
words in Part 60 -- and that, I believe, is what he was
getting at in his first paragraph =-- there is a reguirement
that the site not be drilled or, as we say, mucked up, in
exploration, to preclude its future use as a repository,
because of aggress.lve, too aggressive site
characterization. And that, of course, implies that remote-
sense methods, surface-based testing methods, such as those
that we’ll hear about today, would be extensively employed
in site characterization. 8o we have no objections with
Carl’s renditioen.

MR. MOELLER: Thank ycu. That’s helpful.

MR. JOHNSON: Let me add one point to that, and
that is, while there are no specific requirements in Part

60, there is a requirement in at least the draft guide for
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processes,
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isn’t, really =~ but I wondered if King Stablein or a member
of the staff would comment on your first statemente that
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with that? Or is that true? I mean, I’'m not disputing it:
I just thought it might be helpful.

MR. JUSTUS: Carl is correct. As one reads the
words in Part 60 =-- and that, I velieve, is what he was
getting at in hie first paragragph -~ there is a reguirement
that the site not be drilled or, as we say, mucked up, in
exploration, to preclude its future use as a repository,
because of aggressilve, too agygressive site
characterization. And that, of course, implies that remote~-
sense methods, surface~based testing methods, such as those
that we’ll hear about today, would be extensively employed
in site characterization. 8o we have no cbjections with
Carl’s rendition.

MR. MOELLER: Thank you. 7That'’s helpful.

MR. JOHNSON: Let me add one point to that, and
that is, while there are no specific requirements in Part

60, there is a requirement in at least the draft guide for
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format and content of the license application that if
geophysical investigations are conducted, that those be
described and documented in the license application.

MR. MOELLER: Thank you. That'’s very helpful.

MR. CORBETT: Just a gquestiton., What about
radiometric tools down heole? Artificial sources? Is there
no regulatino on that?

MR, JOHNSON: I think when I used the ternm
"geophysical invetigations" it was a very generic use of the
term "geophysical investigations." It would include
borehole geophysics using a variety of sources, whether they
be radiometric or otherwise.

[Slide.)

MR. JOHNSON: If you look at the regulatory guides
of the NRC, this is a list of the information needs that
require a geophysical data input: stratigraphy, tectonics,
geohydrology, natural resources, rock characterisiics,a nmd
repository engineering.

[S8lide.)

MR. JOHNSON: Historically, geophysical data has
been the major source of licensing controversy in the earth
sciences. 1I’ve just thrown out a few examples here of
particular areas which have engendered controversy in the
earth sciences.

These are, mainly, from my experience, in the
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Western U,S8., although New Madrid is certainly not in the
West, But I’'m sure in the Eastern United States there is a
comparable list of areas which have had licensing
controversy in which geophysical has played a major role.

(Slide.)

MR. JOHNSON: Given that stateement, historically,
geophysical methods have played a major role in resolving
earth science licensing issues, also.

(Slide.)

MR. JOHNSON: A significant requirement, though,
in thec licensing process, is to estimate the extent that an
adverse or anomalous condition is present, yet may go
undetected by geotechnical investigatino. 1In this regard,
then, the resolution of gecphysical data plays a key role in
making that kind of determination.

In the cases, I think, where geophysics cannot
help to resolve geologic features of concern, then the
decision process, especially in the licensing process, must
rely on professinocal judgment and the experience of both
regulators and the participants.

MR. HINZE: Could you amplify that with an
example? It might help to clarify the point.

MR. JOHNSON: Well, an example, and I’ll come back
to this, this point of a condition which mayh not be

detectable by geophysical methods, but still may be a
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preoblem that will have to be resolved by the regulators, and
this example is specific to the Yucca Mountain, is the
resolution of teh fracture system, the degree of fracturing
between the repository horizon and the water table. And
I’11 touch a little bit more on that in some of my later
remarks, Biil.

MR. HINZE: Fine.

(Slide.)

MR, JCHNSON: Let me switch and make a few
comments about geophysical methods.

The primary thing that we all need to keep in mind
is that geophysical methods are the only cost-effective and
non~destructive way to examine large blocks of rock in three
dimensions.

MR. MOONEY: What do mean by "non-destructive"?

MR. JOHNSON: Non-destructuve, meaning not
adversely affecting the rock body itself that you are trying
to investigate, as you would do with a drilling program.

MR. MOONEY: Are you somehow implying that
drilling is going to adversely affect the repository or that
we should limit the amount of borehole geophysical work done
at site?

MR. JOHNSON: I think I’m going to fall back on
the comment that Phil Justus made earlier in response to a

guestion, and that is, yes, that I think there is, if you
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read Part 60, there is a statement made that drilling should
be limited so as to not adversely affect the performance of
the repository.

MR. MOONEY: Wel,l just as someone who does
surface geophysics, remote geophysics, I have tu admit that
in a great number of cases, we rely on drill-hole control to
give us grourd truth for the measurements and the
interpretation that we make, so we need drilling.

MR. JOHNSON: I am not saying that you don’t need
drilling, but that the point I’m trying to make here is that
in the absence of geophysics, the only way to get three-
dimensiaonal information about a rock body is to drill it,
fc therefore, if, you can minimize the drilling and maximize
the geophysics to get the same information about the three-
dimensional aspects of the rock body, then that’s better.

MR. MOONEY: I guess my only peoint is that you
never get the same information with remote geophysics. You
get informatifno, but you don’t get the same information,

MR. JOHNSON: I agree.

MR, HINZE: I think the point also can be made
that not all intrusion into a site need be destructure. 1In
my opening statement, I used the term "non-intrusive," and I
like to think of geophysics as non-intrusive., Intrusive
techniuque may modify or destroyu what you’re really

intersted in getting at. And I think that’s Carl’s point.
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I guess I would like to agree with

you, Carl, that to get the same three-D control with

drilling you’d have to turn the whole mountain inte a pin

cushion. And we don’t want to do that.

(Slide.)

MR. JOHNSON: Another point is, most of tha

geophysical methods are non-unigque.

Except for major geological features, geophysical

is difficult to reproduce,

because of many of the field

variables that may be involved ~- temperature, barometric

pressure, fluid content, fluid chemistry, magnetic field

varjations, a whole host of things.

Solutions to geophysical problexs are, for the

most part, Zmbiguous and non-unique.

Therefore, there is a

need te cembine various geophysical methods to focus in on a

solution.

MR. HINZE:

A question, before you remove that.

Would you mind putting that back up, Carl? I think you’ve

got some comments here.

MR. JOHNSON: Okay.

MR. HINZE:

Jack?

MR. CORBETT: Yes. The gquesticn, "difficult to

reproduce," your examples of this are cn a different scale

than we’re normally talking about in some of this. If I

take that literally,

"difficult to reproduce"

implying that
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I can get a different answer each time I run it, I would say
don’t run any more. 8o I don’t think that that is a
statement without gualification that you can leave hang. If
you’re talking about fluid content, certainly it changes.
Barometric pressure affects gravity, I guess. But it hardly
affects electrical methods or borehole methods. So I think
that there needs to be some gualification to that statement,
because if they are difficult to reproduce, and in some
instances they are, but one of the things we pride ourselves
on is that we can reproduce these readings, or we‘re dead in
the water.

MR. HINZE: And in fact, in the white paper, one
of the methods by which the existing data can be gualified
is by reproducing selected portions thereof. And that
admits to the reproducibilty of geophysics if it’s done
properly. And I think that’s an important peoint, that we
don’t want to let go by.

MR. DANIELS: I have a comment on this as well.

I think you need to distingish between "difficult
to reproduce"” measurements and difficulty to reproduce
interpretations. I think it’s correct to say that most
geophysical measurements are reproducible, but the
interpretations may differ and not be reproducible from one
interpreter to the next.

MR. JOHNSON: Well, I don’‘t totally agree with
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that, that because of some of the iteme that I pointed out,
even the measurements may be difficult to reproduce.

MR, DANIELS: Well, then, I would say those
individual technigues where that is a problem, then we
shhouldn’t be using those techniqgues,

MR. JOHNSON: Well, let me go on to my next point
here, and maybe help out.

MR, MOONEY: Well, maybe I could go © nto the next
item, which is: solutions are non-unigque and ambiguous.

Can you tell me a field of science that is unique
and non-ambiguous? And in fact, I would say that geophysics
is about the most reliable thing at Yucca Mountain, given
the political climate, which is highly non-unigque and
ambiguous.

{ Laughter. )

MR, MOONEY: So I‘d say that geophysica) methodsh
are easy to reproduce and their solutions are relatively
well=-constrained and the ambiguities are limited. So I
disagree with your transparency.

MR. JOHNSON: Okay. Okay. I knew thic was going
to get comments.

[Laughter. )

MR. JOHNSON: 8o that’s kind of why I brought it
up, to get the discussion started.

MR. HINZE: 1It’s very kind of you to throw



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

25

21
yourself to the lions as the straight man.

MR. JOHNSON: Why not? Why not? And it’s just
starrted.

{Laughter.)

MR. JOHNSON: The point I was getting at, and I
think it comes from my experience in working on nuclear
facilities in the past, in licensing processes and that sort
of thing, is that geophysical investigations usually
engender quite a bit of controversy during a licensing
hearing because of teh interpretations that are made, that
while one individual can make one interpretation using a
particular model, another individual with egual experience
can make a different interpretation, based on a different
model.

MR. CORBETT: That'’s the second point, not the
first., Thatt’s the second point., We aren’t arguing the
second point.

MR. MOONEY: I’m definitely arguing the second
peint.

MR. CORBETT: I’m not.

MR. MOONEY: I think that you show me a geologic
interpretation which is, for example, we are pointing out
geophysica here, what about geology? What about scientific
investigations in general? I think that geophysics, this is

somewhat being over-emphasized here.
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First, to say it’s difficult to reproduce and then
to say that it’s non-unigque and ambiguous, I kind of wonder
why we're meeting here, like you were saying earlier.

MR. MURPHY: Mr., Johnson, may I comment on that
second item, please?

As a practicing geophysicist, with regard to the
uniqueness or lack of unigueness, I find that any set of
geophysical data is ssubject to multiple interpretations.
There are also multiple interpretations that do not fit. A
number of solutions do not fit.

I think if we can go as far as taking a set of
potential data, for example, mathematically there will be an
infinite number of sclutions that will fit that set of
potential data. There are equally so a number, an infinite
number of scolutions thut will not fit that set of potential
data.

And I think it is very important to realize here
that any set of geophysical data is subject to multiple
interpretations., Rarely do we have a set of truly unigue
unambiguous data. That’s not to say there’s any problem
with the things we’re doing. We’ve beene donig them, in my
own cmopany we have been donig them for 35, 40 years. There
are others out there that have been doing it 45, 50 years,
and with great success. We’ve been drilled con, dug on, and

so forth. We know the limitations of many of the technigues
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we are using. And if we apply some common sense geologicaly
to what we are donig, then we can narrow very guickly, and
in a practical sense, we can arrive a%t what I think Dr.
Mooney is getting at, what is a relatively unigque solution
fer the data.

Mathenatically, it is not unique. In the real
world that we’re working in, especially at Yucca Mountain,
relatively cpaaking, it is a unigue solution.

MR. HINZE: That also is controlled to a very
significant degree by the synergism of the appropriate
geophysical technigue and the ground truthing of geological
data, as Walter has alluded to previously.

MR. JOHNSON: I think we’ve beat that sliis to

death.

[Laughter. )

MR. HIKZE: Remove that one in the next
presentation,

[Laughter. )

(Slide.)

MR, JOHNSON: This kind of gets along with what we
were just talking about, that in simply geclogic systems,
that a combinatino of multiple geophysical data can
censtrain the solutions, and that’s just what Vin Murphy was
just talking about, I believe, partiuclarly if calibrated

with high~quality geclogic data.
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However, in complex geologic systems, the
combining of geological data with possibly containing
ambiguous or non~unigue results or even sets of geophysical
data with conflicting results can exacerbate the problem of
trying to define a solution to a particular geological
problem. And that’s, I think, othe problem that we’'re going
to hopefully get to in more of the discussions today, and
that deals with the complex geological system that we Jind
curselves in at Southern Nevada,

[Slide.)

MR. JOHNSON: I want to spend just a few morents
talking about what at least 1 envision to be the
requirements for an effective geophysical program.

An effective geophysical program must begin with
the geologist, hydrologist, and geophysicist objectively
deteermining what all of the plausible geologic models are
for the region ~- the region here I'm going to define is the
geologic setting; for the area =-- that, I believe, in DOE’s
jargon, is called the site vicinity; and the site itseilif.

A geophysical program is subsequent.y developed
from the top down with the overriding objective of
identifying the presence or absence of all geological
features of regulatory concern.

The second objective cf a geophysical program is

the establishment of geological conditions in the ranges of
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finding geoclogic fault systems that over 100 kilometers in
length, then remote sensing in geophysical data sets are
usually adequate for that.

However, on the other hand, if the concern is for
finding a uniform distribution of small fractures that are
across the site that are, let’s say, 100 centimeters or lees
in length, between bereholes that are spaced 500 to 1000
meters apart, then it may be guestionable whether there is
any geophysical technigque that would help you in resolving
that.

The point that I’m trying to make is that
geological features come in all sizes and that rock
properties tend to be heterogeneous over an areal extent.
Therefore the program, the geophysical program, must be
designed to keep the perspective of the size and
heterogeneity of the features in mind.

The other point is that, it is critical also to
define as part of defining your geophysical program, is to
get an idea of the size of a particular geoclogical feature
that might slip through what I call the geovhysical net or
be smaller thaa can be detected by the partizsular method
that is being used.

(Slide.)

MR. JOHNSON: Now I would like to turn and spend a

little bit of time just talking about the Yucca Mountain
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geophysical program as we understand it.

(S§lide.)

MR. JOHMNSUit: First, I'’m going to start out with a
couple of guotes from the White Paper which Bill Hinze
mentioned in his opening remarks, and I think, at least from
our perspective, is one of the better documents that the
Yucca Mountain site program has ever put out. We’'d like to
see the project put out gimilar types of documents for
geology, hydrology, and the other areas, because it
certainly focuses on the current data and how one proposes
to use investigations and tests to resolve issues than
certainly ie found in the site characterization plan,

I1'd like to start out with, as I said, a couple of
gquotes from the geophysical White Faper: "As indicated in
the site characterization plan, many geophysical activities
have not been planned explicitly or in detail because of the
uncertainty as to the applicability of various methods."

[8§lide.)

MK, JOHNSON: Secondly: "Both the SCP and this
report emphasize plans for feasibility testing on the basis
of the cost of such testing is outweighed by the potential
gain in added confidence of characterizing the site
conditions."

I think in the essence of those two guotes is what

we view defines the current status of the geophysical
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progran at Yucca Mountain, It’s still in a state of flux.

(S1ide.)

MR. JOHNSON: 8o at least from the State’s
perspective, an obviocus conclusion is that we’'ve been at
this for ten~plus years now, and we still don’t have an
integrated geophysical program to assist in understanding
the Yucca Mountain geological system.

The geophysical program has so far been run in
what I have called kind of a gquasi~random manner with the
apparent objective of seeing what kinds of geophysical
information might result versus ueing gecphysics in a more
traditional manner, such as a means to objectively identify,
bound, and ultimately confirm the most appropriate geologic
models.

(8lide.)

MR. JOHNSON: Let me now talk a little bit about =~

MR. HINZE: Excuse me, if I might, Carl, On that
last point, do you have any words of wisdom from the State’s
viewpoint as to why we don’t have an integrated program?
What’s the problem here?

MR, JOHNSON: I really can’t answer that, 1I don’t
know why we don’t have -~ why we have not seen an integrated
program,

MR. HINZE: 1Is there any technical reason that you
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or your staff have seen?

MR. JOHNSON: There isn’t a technical reason from
our perspective as to why there shouldn’t be an integrated
program, Our concern is that there is a lot of emphasis in
the White Paper on feasibility testing.

A concern we have is that what if that feasibility
testing turns out to show that some geophysical methods or a
number of geophysical methods are not appropriate for use in
the Yucca Mountain area? What are our alternatives?

And that is, 1 think, something that we need to
maybe focus some of the discussion today on. What is the
alternative to geophysics if it doesn’t work in some areas
to get the 23«D information that we need about the region,
the area, and the site?

MR. HINZE: Thank you. You have a couple cf
comments. Walter?

MR. MOONEY: Well, if I could begin, you know,
it’s easy to say that there’s no integrated program. You
show me anyone who thinks that they have an integrated
program, I mean =-- this is a very easy accusation to make,
LUt vLhat are you trying to say?

We're collecting gravi:y data. We’re collecting
aeromagnetic data, the seismic reflection. There’'s a
seismic network. There’s borehole data.

Could you tell me what’s missing?
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MR. JOHNSON: What I mean by an integrated program
is a uniform, systematic program to collect geophysical
information across a region, area, or site in order to
identify if there are any features of geclogic concern, and
more importantly, whether there isn’t, the absence of
features of concern.

I don’t see that. What I see is =-~-

MR. MOONEY: Well, let’s be a little bit more
specific. Why don’t you -~ let’s refer to a techniqgue and
what’s missing.

MR. JOHNSON: What 1 see is a program focus on
evalueting those features that have been previously
identified, not getting a uniform data set and evaluating
whether there are other features that have not been
identified, or more importantly we can say that they are
absent.

MR, MOONEY: Well, I disagree absolutely with what
you’re saying. How can you tell me that if you have a
gravity map and aeromagnetic map, that people are only
looking at the features that have been previously
identified?

The aeromag and gravity shows all features without
exception, so how can it be targeted at only a feature which
hasn’t been identified, for example?

MR. JOHNSON: Let me put a caveat to that, since
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you've brought it up, and it comes up in one of my later
transparencies.

Gravity and aeromag are the only two geophysics
methods that appear to have some uniformity and
systematation throughout the w'ole region, area, and site.

MR, MOONEY: And I question that.

MR. CORBETT: I do too.

MR. MOONEY: Could you elaborate?

MR. CORBETT: I don’t know who is going to talk
about it, but the map behind us, 1 think, elaborates all I
need to. I think that’s the aeromag map. And if you’ll
pardon my jumping in, Carl, if that’s an integrated uniform
data set, put some mustard cn it, and 1’11 eat it for lunch.

MR. MOONEY: Could you be more specific? You're
using very -~ I don’t understand what you're saying. Could
you be more specific about your criticisms?

MR. CORBETT: I’'m looking at probably five surveys
here, different levels, different lund spaces, one of which
probably cuts here [(indicating). That’s a north-south
boundary fault, two surveys obviously. There should
probably be another one2 here [(indicating), a different
survey, different level.

The absence of this character here (indicating),
unless it’s a vastly different geoclogic train, which I

serionsly doubt, we have four surveys in here that are
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giving us different resolution data, and we're trying to
combine these in an interpretation of something here
[indicating).

MR. MOONEY: Well, absolutely. The lower portion
of the map is the non-magnetized Paleozoic rocks which are
buried by alluvium., That'’s the Amargosa Desert. There is
no aeromagnetic ==

MR. CORBETT: You mean along this line?

MR. MOONEY: Yes, of course. There is no
aeromagnetic =~

MR. CORBETT: 1I'd still come back and say: How
many surveys are in here? I may be wrong c¢n what == I don't
know the geology down here, but along thers . lines and the
different character here [indicating), I don’t think that'’s
a uniform data set, after a thorough evaluation of three
minutes this morning. That’s my comment. I don’t think the
aeromag is integrated and uniform,.

MR, MOONEY: I think a lot of terms are being used
here that are very easy to throw around, like uniform data
sete, integrated programs, appropriate geologic models,
which we’‘re nct really quantifying, and these are very
difficult to counter for the people who are trying to do the
work in this program when the accusations are very loose and
very general.

I don’t agree with what you’re saying. I think
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it’s a rather v2ll integrated program, and you have rot yet
been able to tell me something that was missing.

You say == ! bring up the aeromag and gravity, and
you respond by saying that it seems to be welil covered,
Could you tell me something which has been in a haphazard
way or an unintegrated way?

MR. JOHNSON: Walter, why don’t you wait and ask
that gquestion at the end, if I haven’t covered it, because I
think I’'m going to come back to just what you are alluding
to in your remarks later in my presentation?

MR, MOONEY: Okay. But let the record show that
it’s your transparency. You brought it up.

MR. JOHHSON: Of course, of course.

MR. HINZE: Right. 1’m sure that we’ll have at
the end of the day awple opportunity to participate in a
discussion on whether the program is integrated or not, as
wvell as some of these other topics.

MR. POMEROY: Can someone answer the gquestion? I
thought Jack’s comments were very specific with regard to
the uniformity of the data set. And when one looks at that
map, I certainly do see a vertical line in the left-hand
portion of it that clearly ==

MR. MOONEY: Of course, yes, that clearly is the
boundary that is well outside the study area, in the sense

that it is to the West of Bare Mountain, so it’s a good 40
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“"free-for~all" against geophysics today. We’'ve got an
unintegrated program, there’s problems with it, they are
non=unigque, the results are non-reproducible. I don’t agree
with any of these statements.

MR, HINZE: Fine. That’s what we’'re here for, to
have a chance to discuss these items and to clarify the
issues. And it‘s appropriate that Carl has brought them up
for discussion purposes, so that we’ll all have a chance to
better understand.

MR, JOHNSON: Let me at this point say, it's
certainly not my intent to have a quote "free~for-all"
against gecphysics here.

The point that I‘m trying to make is we don’t see
that geophysics is integrated into the overall earth science
program for characterizing Yucca Mountain zand providing the
types of three-D information that are going to be required
in order to license this particular facility. That'’s all
I'm trying to bring up in my remarks.

Let me touch == we’ve kind of beat up most of the
items here on this particular point. Let me get to the last
one, which touches on what Walter Mooney has brought up.

(§lide.)

MR. JOHN&ON: And that is, we go to the geophysics
white paper and look towards the back., There is this table

which has the various geophysical techniques across the top,
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the listing of the study plans down here on the vertical
axis.

The letters, the capital letters define those
areas in which new geophysical data is going to be acquired,
The small letters define those areas in which existing or
results of new gecphysical data is going to be used,

I had a lot of preblems in trying to understand
and make something out of this table. 8So what I did is I
modified it slightly ==~

(Blide.)

MR. JOHNSON: -~ to focus specifically on those
areag which there will be new geophysical studies proposed.

The A’s, which I've highlighted in red, are for
the region. The B’s, which are in blue, are for both Yucca
Mountain, the site, and for the vicinity. And D is for the
repository block itself,

And I’d like to make three points on this
particular table, which gets to Walter Moody’s comment about
integrated program, and & uniform program,

We get down here to geoclogic features, I mean
volcanic features. The only programs proposed are paleomag.
There is no either area or site subsurface data proposed
here.

MR. FRIDRICH: 1If I could address that Lkefore you

go on, the reason, it’s just that the data is not collected
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resources and for velcanism,

MR. JOHNSON: Only under repository block and
vicinity.

MR. FRIDRICH: That’s right. We know that there
are naturai resources regionally. 1If it ifsn’t very close to
the actual site of the repository, it really doesn’t matter.

MR, JOHNSON: 1It’s part of understanding the
geologic setting that the site is contained in.

(8lide.)

MR. JOHNSON: The third point is thac there is no
aresa or site stratigraphic and subsurface stratigraphic and
structural data, both intermediate and deep.

If you leook in the intermediate and deep column,
you don’t see that, except for trying to understand
guaternary faults.

MR. FRIDRICH: Again, Carl, that one place is
where the data is collected and it’s applied all up and
down. The capital letters just show where the data is
collected. 1It’s not collected in every study plan over and
over and over again. We just collect it in one place and
then we apply it all over.

MR. JOHNSON: 8Since we don‘t know what the
gquaternary fault study plan is l1ike, since I don’t think
it’s been issued yet, I can’t comment on whether that data

will be applicable for understanding subsurface stratigraphy
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and structure or not.

MR. FRIDRICH: It will.

(Slide.)

MR. JOHNSON: Let me touch just on a couple of
items here., Now we’'re getting around to the point where 1
match with the agenda.

Here is an example of the types of qgeophysical
anomalies that have already been identified in the Southern
Great Basin, and therefore will need to be resclved here
before this program is over with.

We’ve all heard about the resistivity anomaly near
the exploratory shaft, That was identified approximately
two years ago., That still is not resolved.

The "bright spot" that'’s on the seismic reflection
data. Maybe that’l]l be talked about a little bit more
today.

The upper crus. letachment features that are shown
on the seismic reflection data.

The aeromag. anomaly that'’s near Sclitario Canyon.

An important point is the 2.5 kilometer change in
depth to basement beneath Yucca Mountain.

And lastly is the tomography data, and I’'d just
like to, since I didn‘t have examples of some of those other
ones easily put together, I did have an {llustration for the

tomography data.
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(6§lide.)

MR, JOHNSON: This comes from the cover of the AGU
from September 1990 showing this low-velocity layer or
feature here in Southern Nevada which covers a portion of
certainly the Yucca Mountain area. You can’t tell because
of the gross scale whether it covers the site itself.

Getting to the point that was made about a uniform
database, this is a uniform database., Now, 1’m not saying
that we need to do that for all of the Yucca Mountain, in
every one of the areas. No. But this is an example of a
uniform database.

MR. MOONEY: I would like to differ. Having
reviewed that paper for its publication, and actually being
the associate editor on that paper, that was anything but a
uniform database -~ and I could elaborate if you want ==
with regard to the number of sources that were used to make
the figure and the location of the seismographic stations
that were used, that recorded. 1It’s a uniform diagram, but
it’s been smoothed to a tremendous amount,

MR. JOHNSON: Okay. Then you know more about it
than 1 do.

MR. HINZE: Well, let me ask you, what coverage
was available, and -~

MR. MOONEY: Yes, maybe you could put the

transparency back up.
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MR. HINZE: 1 think all of us that have looked at
that diagram, we’ve all looked at it, have wondered just
vhat the data were.

MR. MOONEY: Okay. This is in press, in JGR., The
author is Hearne, who did the work when he was at Cornell.
He’'s now at Secorro, New Mexico, I believe.

It is an image of the velocity of the uppermost
wantle, so-called Pn, where "n" stands for "normal" in the
old terminology of crustal studies, and refraction. The
basis of it is the travel time of earthguakes to permanent
seismographic stations. These would be the old WWSSN and
other stations.

Now, as you can see, we’'re looking at most of the
Western United States and -~ most of you know this -~ a
large number of stations in California of various types and
descriptions.

But in the State of Oregon, for example, there is
I think one station at Corvalis, perhaps a second one that
I'm not aware of, that I don’t recall:; and then in the State
of Washington there is a seismic array in some stations near
Seattle.

Eastern Washington and Oregon would not be covered
with seismographic stations, for example.

Nevada is fairly well-covered, and Utah has some

stations., Idaho and Montana have fewer stations.
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The earthguakes that are used, you’d have to
consult a seismicity map of the Western United States, but I
think we all are familiar with the fact that large
earthquakes that can be recorded by a regional seismic
network tend to be concentrated in the Pacific Northwest,
mostly in the State of Washington and in California, and
then there’'s a scattering of earthquakes along the Watsach
Fault and in the Rio Grande rift, and some seismicity in
Nevada as well.

S0 there is a non-uniform di:tribution of
earthquakes. Each of these earthguakes has an unknown
origin time, depth, and latitude and longitude, recorded by
seismographic stations which have an uneven distribution as
well., And the beauty of the technique is that a very large
number of stations were read for these travel times and &
best~fitting average velocity for the uppermost mantle was
derived.

You can see, though, that the scale of the figure,
I think the latitude and longitude is on the bottom. It
goes from 110 degrees to 120,

8o some of these travel time paths, Bill, are
1,000~kilometer paths, so they are diving into the mantle.
They are deeply~-penetrating rays in general. They do not
correspond to the same measurement, for example, as you

would make if yvou would run a refraction profile out to 300
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certain smearing of the anomalies?

MR. HINZE: 1In fact, Yellowstone doesn’t. That's
one of my concerns about that map, right up in there.

MR, MOONEY: Yes, Yellowstone specifically
doesn’t, that’s right.

MR. HINZE: Yes.

MR. MOONEY: 1I’'m sorry. I sténd corrected. And
80 there are features in this map which are caused by the
non-uniform nature of the coverage, and that'’s where we got
started on talking about {t.

MR, HINZE: Thank you., That'’s a helpful
clarification. I think it’s also true that one of the plans
in mind of the United States Geological Survey is to carry
forth a tomegraphic survey that has already been initiated,
Is that not right?

MR. MOONEY: Yes. Tomographic data have been
collected around in the study area, and of course there’s a
network that’s being operated, that continues to record data
that are suitable for a similar kind of study. It would be
able to evaluate and test the hypothesis put forth by this
illustration, that there is a low-velocity feature in
Southern Nevada in the vicinity of Yucca Mountain, It would
be worth doing.

The low-velocity feature, by the way, is over to

the, it’s located specifically a little bit to the East,
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Southeast of Yucca Mountain., It’s not right below Yucca
Mountain.

MR. HINZE: Is the East-West break that we see in
80 many of the geological and geophysical features, and that
we see on that map, a reality?

MR. MOONEY: Which ==

MR. HINZE: East-West. Right in there, on the

East-West., Basically, there’s an East-West break. You can

see it on topography, you can see it on the aeromag. map,

and so forth.

MR. MOONEY: Well, Cari, maybe you could point to
the ==~ whkich East-West break?

MR. HINZE: 1I'm sorry. I'm talking about the
Northern termination <~ right there -- of the low velocity.

MR. MOONEY: Ah, yes. Okay.

MR. HINZE: And that tends to have an East-West

imit,

MR. MOONEY: Right. That appears on this map.
And I would agree with you that it shows up on all the other
maps as well, and is probably a change in crustal or
lithospheric structure that trends East-West. I know what
you’‘re talking about.

MR. HINZE: Okay. It could be an artifact of some
other things, then. Right. Okay. Thank you.

MR. IBRAHIM: After I saw this in areas, I talked




1 with the author, Her: and 1 asked him 1f he has ed any {
‘ the stations of the Yu A Mountain p1 ect And he o
| menticned he 11dn’t have i hance ¢ g§€ any f the
4 stations
- Ana 1 told him it would be wige 1f he \n g bach
¢ again and use the stations and maybe an refine this type {
‘ anomaly ¢t be exactly what 1is the source and everything l1lKe
¥ .
£ that and he promised me he wil jet 1in ¢ N with the
) people at Y A Mountal?!
MR HINZI ery g i
1 1 lide
13 M} JOHN N Now here are some examples f some )
1 of the geclogl features in the Y A Mountain which are
14 probably amenable 1t geophysical solutior but, as 1
8 uriderstand 1t have yet ¢t be applied
1 € ne 1is the Walker~lLane structural zone which
‘ Yu a Mountain 18 within the Northeast~trending Mine
1§ Mountain fault zone, which rosses Y a Mountain south
J the repository block; and als i King at the Pale )
‘ stratigraphy and structure in the Yu a Mountain area
2l I've got a iple of 1llustrations here t make
Qe sure that everybody 1s awvare of thils.
23 Slide
24 MR JOHNSON ] Xing at the Walker~lLane
8 structural zone, in Nevada and ylifornia lhe s8l1te 1l&
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where the star is. The concern here is within that zone
have beer. some of the major historic earthquakes in the
Nevada area, specifically the 1932 Cedar Mountain event, 8o
wve need to be evaluating this portion of the Walker-Lane
structural zone to see what are the characteristics of it in
the site area.

[8lide.)

MR. JOHNSON: 1 just put this on., The specifics
of it are not that important. This is Yucca Mountain here,
Bare Mountain here, Calico Hills, CP Hills, and then Yucca
Lake, to the right side.

This particular :cross-section was par' of a much
larger cross-section that was presented by Tide Petroleum
and Cedar Strat out of Denver, Colorado at the !'APG meeting
in Dallas, what, three weaks ago now.

They have developed a Paleozoic cross-section for
the Southern Nevada area, kind of going in a Southwesterly,
Northeasterly direction covering across the whole state. 1
just copied a small portion of it, that portion that covers
the Yucca Mountain area. And full-scale, the cross-section
is over 80 feet long.

But the import=2it thing here is this is an
interpretation that was done for the purposes of hydrocarbon
exploration. And at least they haven’t interpreted that the

Paleozoic stratigraphy extends down to some 25-to-30
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constrain the volumes of the various units, I fail to see
how they can make a balanced cross~section,

MR. JOHNSON: The computer programs allow you to
make a balanced cross-section., Now, it doasn’t mean that
that is correct or even that it is constrained by various
geophysica) data, or that sort of thing, It is there, the
computer model’s best interpretation, so to speak, tempered
with the judgment of those people who are putting it
together.

I'm not saying that it’s correct. 1I'm just saying
it is one interpretation, and that what we need is a
gecphysical program that helps us to address this particular
issue and hetter defines what the Paleozoic stratigraphy and
structure is.

MR, MOOWEY: Well, carliier you were telling us
about how we need to have an integrated geophysical
approach.

And I would submit that this is an example of a
totally unintegrated geophysical approach to try to make a
guote~unguote "balanced cross-section" with a lack of
adequate seismic control, and without integrating the
potential field data to constrain the interpretation,

S0 this is, I would argue this is an example of
the kind of work that we don’t need at Yucca Mountain.

MR, JOHNSON: Let me make this point.
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This ir. the fiyvset of a deep cross-section showing
the struciure and stratigraphy, and interpretation of
struvcile and stratigraphy, all the way to the basement. We
don’t see one of those in the SCP., §So we don’t know even
what the geologic model is that DOE is prupueing.

Now, you may be, I think what you are saying is
that because of the lack of geophysical information, you
don’t accept this particular interpretation of the structure
and stratigraphy. But I don’t see another one, either.

MR. MOONEY: Well, that is absolutely not right.

I have presented it numerous times, and it’s been included
in every report that’s been put out by the geophysics group,
including cross-sections across Yucca Mountain and Bare
Mountain, baused on the seismic refraction results which are
very tightly constrained.

And so it's simply not true to say that there have
not been previous cross-sections made. These are croes~
sections that are constrained by the potential field data,
aeromagnetic data, and which have excellent seismic control,
and which contradict the transparency that you are showing,
which I consider to be worthless.

MR. JOHNSON: Okay. I'm just bringing it up as a
piece of data that is out there ~-

MR. MOONEY: It is not a piece of data. It is a

flight of fancy of someone running a computer program that
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doesn’t have any controls on the input parameters.

MR. JOHNSON: 1I’'m just bringing it up as a point
of geologic features that are of cones"n, that need to be
evaluated as part of the geophysical program,

MR. MOONEY: Well, later I will show a cross~
section that has a basis in fact,.

(8lide.)

MR. JOHNSON: I want to touch on a couple of
points, and these are just examples, are gecyhysical or
geclogic features of concern for the repository which are

probably not amenable to a geophysical solution,

One is the steep hydrologic gradient, north end of

the site itself, north of the site, and secondly is the

fracture distribution in the unsaturated zone, especially in

three dimensions.

MR. MOONEY: Before you put that away =-- could you

put that back up?

MR. JOHNSON: Yes.

MR. MOONEY: Could you explain why you feel the
origin of the steep hydrologic gradient is not amenable to
geophysical solutions?

MR. JOHNSON: At this point, I don’t know ~- 1
don’t think we know enough about that particular feature to

say what its origin is or why it is causing the steep

hydrologic gradient, but short of drilling a series of drill
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holes =~ and I call that, contrary to you, destructive
testing ~- I can’t see that -~ where surface geophysics is
going to help us out a whole lot in trying to define that
particular feature.

MR, FRIDRICH: I disagree totally. 1I’ll be
talking about it later.

MP. JOHNSON: Okay. Fine.

MR, HINZE: I think we’ll have a chance for sone
rebuttals on that.

MR, DANIELS: I would also like to disagree with
that second statement, as well. I think that there are
technigues that will help us to define fracture distribution
in the unsaturated zone. I'm going to talk about that this
afternoon.

MR. HINZE: I think Vince Murphy will probably be
talking about that, too.

(8lide.)

MR. JOHNSON: I just wanted to point out that what
I am talking about there is that particular area between the
repository horizon and the groundwater table. As I
understand it now, DOE has a program to go into the Calico
Hills uwnit, but that will -~ that particular activity will
stop short of the water table.

S0, there will be then a need to define the

fracture distribution betwecn those particular drifts and
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the water table and also to define the fracture network away
from the drifts that are proposed.

(8lide.)

MR. JOHNSON: Let me finish this up here, so I can
get off the podium here.

The main points I want to make is, one, that
geophysical methods are the only cost-effective and non-
destructive way to obtain three-dimensional data;
geophysical methods are non-unigue; that all appropriate
geologic models must be defined before the geophysical
investigations aie planned; that geologic features and rock
properties at all scales, thus the scaling effect is
important in planning: and that some geologic features of
concern for performance assessmernt may not be resolvable
with geophysics.

(S8lide.)

MR. JOHNSON: Lastly, let me just put up this
quote from a paper by Wynn and Roseboom from Journal of
Geophysical Research in 1987, and I think it kind of
captures in a few sentences the point I have been trying to
make all along, is that "Evaluation of the potential high~
level nuclear waste repcository sites ies an area where
geophysical capabilities and limitations may significantly
impact a major government program.

"Since there is concern that extensive exploration
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drilling might degrade most potential disposal sites,
geophysical methods become crucial as the only
nondestructive means to examine large volumes of rock in
three dimensicns.

"Characterization of potential sites require
geophysicists to alter their usual mode of thinking: No
longer are anomalies sought, as in mineral exploration, but
rather their absence Thus, the size of the features that
might go undetected by a particular method takes on new
significance."

That concludes my remarks.

MR. HINZF: Thank you very much, Carl, and thank
you for precenting a viewpoint that certainly has raised a
certain amount of concern, and this will become a good focal
peint as we move through the day.

I wonder if there are any generali guestions that
we want to pass to Carl?

If not, I've got a couple of questions, Carl, of a
general nature, that I‘d like to ask, that particularly
relate to the State of Nevada.

I know that you 2nd your technical group have a
program in hydrology, geochemistry, geoclogy. What are you
doing in the geophysics area in terms of the Yucca Mountain
site?

MR, JOHNSON: We don’t have a particular program
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permits from the State of Nevada?

MR. JOHNSON: Let me respond to that -~ as yocu're
probably aware, the Stazte is processing the permits that DOE
has applied for. There have heen some guestions raised by
the regulators, as I understand it, and DOE is responding to
those guestions,

Specifically, the permits deal with surface
disturbance: the drilling of holes, the trenching, those
type of surface~disturbing activities, and the construction
of roads related to that.

If the geophysical technigues don’t require those
types of surface~disturbance activities, then there is no
problem with doing those surveys.

The other thing that is covered, which I think Mr.
Corbett brought up, and that was the use of radiological
tools. There is an application in by DOE for that type of
activity. We'’re taking a look at those.

MR. MOONEY: What is the role of the people from
the University of Nevada-Reno who have been participating in
all the field trips? Steve Wesnousky, Jim Brune, Keith
Priestly: They regularly receive all geophysical data and
have been evaluating the work.

MR. JOHNSON: Through the Center for Neo-Tectonic
Studies at the University of Nevada~Reno, which Steven

Wesnousky is the director of, he brings in the expertise of
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the rest of the university system, specifically Jim Brune,
the State seismologist and some of his seismology staff, who
regularly receive all of the reports, documents that are
issued by DOE and its various participants and do reviews of
those as we direct or not direct.

They are familiar with the information. They are
familiar with the surveys. But they have not been
specifically tasked to conduct detailed evaluations.

MR. MOONEY: These are written reviews,

MR. JOHNSON: No, they are not. As I sai’ ' 6 we
have not had them routinely do detailed reviews of the
specific geophysical surveys.

MR. HINZE: Thank you very much, Carl., Sorry to
keep you up there so long. 1It’s been very interszsting.

Buck, I1’d like to impose upon you to delay your
presentation to after the break, and so, we’ll take a 15~
minute break and come back here shortly after quarter after.

[Brief recess.)

MR. HINZE: Our next speaker will be Buck Ibrahim,
who will be giving NRC’s viewpoint on the relevance of
geophysics.

Buck, the floor is yours, please.

MR. IBRAHIM: Thank you. Ladies and gentlemen,

In December 1988, DOE submitted to NRC the Site

Characterization Plan, and I will be addressing mainly our
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comments on the geophysical program which is mentioned in
the SCP.

The geophysical program in the SCP contains a lot
of information. It described all the geophysical methods
you would expect or think of applying for investigation
anywhere. Scmetimes I call it a wish list.

Can we wait for Mooney?

[Laughter. )

MR, HINZE: .May I suggest that you get going?

MR. IBRAHIM: 1I’m saying that all the material
which are written in the SCP are well-written, include every
geophysical method you could expect, but unfortunately, they
were not decisive., Which of these gecphysical methods will
be applied for the Yucca Mountain investigation?

When you open the table, you can see a description
of the geophysical method and, after it, "TBD", to be
determined, or in other cases, after we do the feasibility
study, we will decide and make decision. Which of these
geophysical methods will be applied for the investigation?

So, it was not clear for the NRC staff to decide
exactly which of all of the geophysical methods identified
in the SCP will be applied for the investigation of Yucca
Mountain, and looking at the figure which identifies the
line which would be run across Yucca Mountain and the

vicinity, there was some -~
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(8lide.)

MR. IBRAHIM: 1I’ll1 mainly be talking about =--
conment on the program itself. I am not going to
specifically address any geophysical method,.

(Slide.)

MR. IBRAHIM: For example, if we look at the
proposed refraction work which will be done at Yucca
Mountain, we can see approximate location of proposed
seismic refraction survey across Yucca Wash,

This is only one refraction line, and there was
not a nlear rationale why they choose that line exactly
here. That line will be complementing some of the work

Walter Mooney has done. How will that be integrated with

the other geophysical method which will be used in the area?

(Slide.)

MR. IBRAHIM: Here also some of the location of

the reflection data which will be used for the investigation

of the Yucca Mountain site. As you can see, some of these
lines are very, very short, approximately two kilometers,
and what is the rationale between these lines and the
refraction line which I show you in the first picture.

Also, we were talking about wide-angle reflection
survey, I would assume that most of these lines would be
short for such kind of investigation.

(Slide.]
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MR. IBRAHIM: Another figure shows the gravity and
magnetic data which will be acguired at Yucca Mountain,
Here we have two circles, one in the north and one in the
south, which identifies the location of the gravity and
magnetic survay which will be done by the Yucca Mountain
project.

As you can see, these two locations are the
optimum locations required for the investigation of Yucca
Mountain, how this complements the other survey which has
been done before. What is the resolution of the data that
will be collected in these two areas?

(8lide.)

MR. IBRAHIM: Another figure shows you the
proposed continuously cored holes at Yucca Mountain, which
are represented by the square. We have three bore holes.

Will these three holes will be enough to give us
all the information we need fo: the characterization of
Yucca Mountain? Will these holes be used for getting
information about USP?

There wasn’t any indication, because also we have
to consider what other purpose this bore hole will be used
for, so we can plan for the whole experiment.

And so and so on, we can find information like
that in the SCP.

(Slide.)
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wvhich most of the people there are doing, and if we can use
the gravity, magnetic, reflection, refraction, electric, and
bore holes, I’'m sure it will be able to come out with a very
nice three-dimensional model, and that’s all I mean by
integratien.

If we can use refraction by itself, we are not
getting a unigue model or talking about the unigueness, and
I'm sure that if you combine reflection with refraction with
gravity, the unigqueness will be coming closer to what we are
looking for, and that’s what I mean by integration.

We have a lot of data existing now at different
parts of the USGS Yucca Mountain project, £o one of the
first things I would like to see, integrating all this data,
and then we can fill the gap with more information later.

(8lide.)

MR. IBRAHIM: The second comment we submitted on
the SCP ==

MR. HINZE: Excuse me.

MR. IBRAHIM: Yes.

MR. HINZE: Buck, do you carry that idea forth
from ~- to the regional work that Walter has been primarily
concerned with as well as to the area and the site studies?
De you see any difference in the integration approach or the
need for integration at these various levels of scale?

MR. IBRAHIM: For example, I would be concerned
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mainly with the site location., I would like to do that for
the site location first and get more information, and if we
have the time for doing it on a regional scale, we’d like to
see that,

MR. JOHNSON: Buck, let me follow up on that.

How are you going to understand the geology of the
site which the geological investigations are supposed to
support if you don’t have a regional understanding of what
the site is and have a regional geologic model to start
with?

MR. IBRAHIM: I am assuming some of the
geophysical will be -~ as we discovered in the SCP, there
are two programs, one for the regiona) scale and one for the
site-specific scale.

MR. JOHNSON: I’m trying to understand why you
want to focus initially on the site, as opposed tc starting
out with the region and understanding the region first and
then putting the site within that region?

MR. IBRAHIM: 1I agree with you, with what you say.
We usually do regiocnal survey, and then we look where is an
anomaly existing, and then we’ll go back again and
concentrate cn this area which may be of significance for
the characterization and may be used as an adverse condition
for the characterization of the site, because we never

usually go to the site and then go to the region.
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We usually go regional survey, as in item five,
the area of interest to us and concentrate on this area,

MR, JOHNSON: And basically, then try and
censtrain a geologic model of the region first and place the
site and a site model within that regional context.

MR. IBRAHIM: That'’s what’s usuvally done. 1I’m not
proposing something new. It has been done for every other
investigation. 1In oil exploration, for any other =-- for
mineral exploration, for anything, they go the regional and
then go to the specific,

MR. JOHNSON: I just wanted that clarification.

MR, HINZE: 1I also want to see that it