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PROCEEDINGS
8:00 a.m.

COHON: Good morning. We are now reconvening the
meeting. Let me remind those who may be interested or inform
those who are joining us for the first time, that there will
be a public comment period at the end of the meeting today at
approximately 5 o'clock, and I emphasize approximately. It
will start whenever the regularly scheduled part of the
meeting concludes.

We ask that you sign up in the bank of the room if
you are interested in making a public comment, though that is
not necessary.

Chairing today's meeting is Richard Parizek, a
member of the Board and professor at Pennsylvania State
University. Dr. Parizek?

PARIZEK: Thank you, Jerry.

Many of you have commented on the view one gets of
the desert looking to the west from the Colorado Rooms 1 and
2 here at the Longstreet Inn. But, you know, in a similar
manner, board members get a view of the Amargosa Valley
region, and it gives us an understanding in the region of
ground water flow field, much of today's topic.

The flow field has discharge areas in the Franklyn
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Lake Playa that we visited. Several of us have done this
several times, and the whole Board was here earlier last
year. We've looked at the Death Valley area, some of us.
Some of us have seen the Ash Meadows discharge area. And
after having visited these areas, you can't help but get a
totally different impression of the desert. There's a lot of
water coming out in the desert. It's a totally different
perception that you get if you stand on the crest of Yucca
Mountain and get the feeling that this is really a dry
desert.

We get another view when we go into Brown's Room in
Devil's Hole. 1It's a window into a paleoclimate record,
which is outstanding and very useful to the program. And
yesterday, Russ Dyer gave us four performance attributes of a
repository. One was limited water contacting waste packages
and design containment, the waste package lifetime question,
slow rate of radionuclide release, in part due to engineered
barriers, and ultimately, the concentration of reduction of
radionuclides during transport in the unsaturated and
saturated zone. Well, that's today's topic, the saturated
zone, and we'll focus on efforts to understand the local and
regional hydrology of the saturated zone.

In time, some radionuclides inevitably will reach
the water table and be transported to accessible environment,

and so the question is in the early days when we thought the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

181
mountain was dry, you wouldn't have to put any attention on
regional ground-water flow, but today, we know that's an
important part of the story. There's a higher flux rate in
the mountain at present, and there was higher flux rates in
the past, and surely there will be again in the future with
climate change.

We know there are some fast flow paths that exist
within the unsaturated zone, and surely there must be similar
fast flow paths within the regional ground-water flow system.

So one has to then understand the transport and flow of
water in the saturated zone. There's certain questions that
have to be answered. What is the ground-water path like to
the accessible environment? That may be in part set by rules
of the EPA, but on the other hand, ultimately water is going
to come out somewhere.

What are the expected ground-water travel times
within the ground-water flow channels that might receive
radionuclides that are released from the repository? And
what are the respected retardation mechanisms that will slow
down or eliminate some radionuclides that as a result will
never get to the discharge areas? And how much mixing and
dilution can we expect during transport within regional
ground-water flow field, and how much mixing and dilution can
we expect at points of possible future withdrawal of ground-

water, either from small capacity or high capacity wells?
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And how might future climate change change these conditions
in terms of flow path rate, velocities of ground-water flow,
volumes of flow, and points of discharge?

Now, several targets are available for calibrating
and validating models, and we'll hear some of these today.
But, one, you could use point hydraulic head data in the
regional flow field, or patterns of the water table
configuration on a more regional scale. Or we could look at
the spatial distribution of hydraulic conductivity
distribution in rocks and alluvium. And then there's a
spatial and temporal variation of recharge throughout the
whole flow field, as well as the discharge areas in the flow
field. And transport prediction, on the other hand, is even
more difficult because we have the question of understanding
the velocity of ground-water flow, and then eventually
transport processes are tied to that. But will plumes that
inevitably develop under the mountain broaden and spread and
result in good mixing and dilution, or will it be really a
narrow track or focused flow where we really can't count on
much dilution?

And will colloids be a significant transport
mechanism in the saturated zone? And we heard yesterday
there will be efforts looking at the unsaturated zone, but
both saturated and unsaturated zone transport is important.

And for models, what are the boundary conditions that we have
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to deal with? Do we really need to know what the steep
hydraulic gradient is caused by in the northwest portion of
Yucca Mountain, and do we need to put major faults in the
flow field in the pathway analysis? How uncertain are the
head distribution and conductivity distribution within the
regional flow field? And does it make any difference at this
stage in the analysis.

And so can we reduce uncertainty in our
understanding of the flow field and transport models in the
short time that remains between now and recommendation of a
site or for LA? But if we don't understand it, what does
that do in terms of slowing down the whole process of getting
a license that finally will work?

Stay tuned to all of today, and we will learn all
about these questions, we hope. We expect answers on all of
them, and if not, then we need to know what additional
research needs to be done in a timely manner to support a
decision to go forward with Yucca Mountain and to deal with
the question of the license application.

Today, the speakers are going to be varied, and
we'll have an overview of a saturated zone program and it's
objectives, we'll look at the three dimensional ground-water
flow model for the Death Valley Basin, which is a very large
study area with discharge areas throughout the window beyond

you there. We'll look at significant hydrochemical domains
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in the saturated zone at Yucca Mountain. Surely there are
fingerprints that show something of the history of the water,
the age of the water. What do we know about that? And we
have to model for major ion chemistry in saturated zone
waters along flow lines through Yucca Mountain.

There's tracer tests at the C-Well Complex. You'll
learn more about that, and we're going to have a three
dimensional finite- element model discussion for saturated
zone in the Yucca Mountain area, which is a site scale model,
current status of the saturated zone flow and transport
model. We discussed State of Nevada studies for the
saturated zone, Nye County proposed saturated zone work, some
guestions and answers at noon, if some of you have to leave.

We hope we'll have time for discussion then.

And then we have the whole elicitation process, the
expert panel process, and that will occur later in the
afternoon. We have saturated zone flow and transport
conceptual model and parameter issues that will be discussed,
and late in the day, our expert opinions on the part of two
people who served on these panels. And then finally total
system performance and what to do with the saturated zone in
that regard, and thermal testing updates, and finally
guestions late in the day, a very full agenda.

The hope is not to cut off discussion if it seems

very active and vital, but at the same time, to try to cover
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all of these speakers, we'll have to kind of do this in a
business-like manner.

So the first presenter today will be on an overview
of the saturated zone program and its objectives from William
Boyle, and we heard from him yesterday, so I'll not go
further with introductions.

Thank you.

BOYLE: Good morning. Thank you for being here.

I'm here to present an overview of the project's
work on the saturated zone. Some of the talks this morning
will be by others, Nye County and the State.

For those of you who are not a scientist, I'll
provide a little background on the saturated zone, for those
of you in the audience. The soils and rocks are saturated if
every hole or crack in them is full of water. In contrast,
usually the overlying rocks, if there's any air there,
they're called unsaturated.

At Yucca Mountain, the saturated zone is very deep.

Here in Amargosa Valley, it's not. For those of you who
have never been over to Ash Meadows, I really recommend it.
If you see the saturated zone, it's quite a pretty area, too.

In contrast to Russ Dyer yesterday, I will talk to
all my slides. I really don't have that many.

Saturated Program Objectives. This slide largely

talks to what are the objectives. What is it the studies
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want to get? What's the ultimate goal? We want to
understand the saturated flow system in the vicinity of Yucca
Mountain. How does the water move around? More
specifically, provide ground-water flow fields. That's, in
layman's term, how much water is moving, where it's moving,
when is it moving.

The first two bullets deal mainly just with flow of
water as a material. The last bullet is also concerned with
the saturated zone studies, and it's more chemical in nature
for the most part. It's what happens to materials in the
water. Are they diluted or do they precipitate, or are other
materials dissolved? That was the what of the saturated
zone.

You can think of this slide as, well, who's going
to use the results. And in short, the entire project over
time. The results are used in the viability assessment.
They're used in license application and ultimately if the
repository is built, in performance confirmation.

This slide is power to the data collector, and
you'll hear a little bit about all of these things from the
other speakers today. But how the data are collected;
there's water-level monitoring, aquifer testing, pump
testing, if you will, how much water can be pumped out of the
saturated zone over a given amount of time. Samples are

obtained for chemical studies, and then as with any data
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collection activity, there's always associated modeling.

This is a summary you could look at the speakers to
follow, at least from the project speakers; these are the
topics that they're going to discuss today. You can read
them as well as I can, and I'm just here to set the stage for
the speaker.

In the agenda, there was no time for questions for
me, which is okay. I don't think I'm over schedule yet, so
there's something I'd like to bring up from last night. Many
people here this morning weren't here last night, and a
guestion came up about study plans and the site
characterization plan, but it was specifically related to
saturated zone studies, and it was a question of essentially
why aren't we doing what was in the study plans or the SCP,
and how do we explain why we're not.

And Russ Dyer addressed it from a project control
point of view, how we take care of planning our project in
the absence of the study plans. Chairman Cohon stated that
it was a good question, then answered it himself and gave a
very realistic answer, that the project needs to focus on
certain activities and make tough choices and maybe some

things won't be done that people once thought would be done.

Now, it is a very good question, as the Chairman
pointed out. 1It's also a question that the Department has to
answer in the license application. There's a specific
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requirement in Part 60 that we describe what was in the study
plan, what we actually did, and why we did it differently.
And we're not waiting for the license application to explain
this. As part of our twice yearly progress reports, there is
an appendix in the back, Appendix A, that explains what was
originally planned and what is being done and the status
thereof.

One final remark on the question; perhaps I'm too
sensitive, but as people ask why aren't you doing what was in
the SCP or the study plans, there may be an implication that
the SCP and the study plans were somehow right and what we
are doing now is wrong. I would put forth that there is no
right answer in site characterization. There is no manual to
go to to look up that says you need four bore holes, not
three, not five.

So as people ask this question, I hope they do
realize that it's a tough issue to deal with; that there is
no cut and dried, right and wrong answer.

Now, having said that, are there any questions?

(No response.)

PARIZEK: The Board is quiet. Staff? I guess we'll
just get at you later in the day I'm sure one way or another.

The next presenter is Frank D'Agnese, who's going
to report on regional three dimensional ground-water flow

model of the Death Valley Basin. And we've got to make a
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distinction between the regional flow model and the site
scale model, and that will become clear as we go along today.

Frank has been on the regional ground-water flow
model study for gquite a long time. He's had experience in
the desert area sampling paleospring deposits, and we're
happy to have you make your presentation.

D'AGNESE: Thank you. I was originally asked to give an
overview of the region, and then they told me I have 15
minutes to do that.

What I'm going to do I think is to spend about 15
minutes here kind of giving you an overview of the goals, the
objectives and some of the basic conclusions of the regional
modeling studies. For those who are interested in detail,
the report for this study has just gotten off the presses,
published as USGS WRI 96-4300, and that is available.

Now, this overhead here shows the outline of the
Death Valley Basin, and in general, it includes about 80,000
square kilometers. It's a pretty large area that straddles
Southern Nevada and Southeastern California, and Yucca
Mountain is located approximately in the north-central part
of that area. Death Valley is the ultimate discharge area of
that flow system.

Dominantly, this basin is closed, and that means
that we don't have any ground-water fluxing into that basin,

except for maybe a little bit of water that enters the basin
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from what is known as the White River or Pahranaget Lakes
area. So in our effort to characterize the regional flow
system, this is the basin that we concentrated on.

And our objectives of our modeling exercise were to
define subregional and local boundaries, major regional flow
paths, regional recharge and discharge locations, as well as
rates to help define flux through the system.

We're studying the effects of this very large
carbonate aquifer which controls flow throughout the entire
region. And then once we've done that, to use the model to
assess the effects of climate change, water-use changes and
structural changes to the system.

Our approach was to characterize the hydrogeology
of the region and discretize this hydrogeology down into
small packets that we could then simulate ground-water flow
through. By calibrating our regional model, we were testing
various conceptual models of the flow system. Once we had
done that, we did a series of evaluation steps or validation
steps on our model. From that point on, we can develop
either recommendations for improving the model, or then use
the model for some scenario testing. And I'll give you an
example of one of those.

To characterize the hydrogeology, the first step
was to develop a whole series of geologic cross-sections

throughout the region, and we see here a whole slew of cross-
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sections developed by several geologists that describe the
distribution of the hydrogeologic units within the region.

We took this information and we took those geologic

cross-sections and we placed them into a digital environment,
the computer, so that these cross-sections could be hanging
in their three dimensional space. And here, we start to see
the distribution of these very complex units in 3-D space.
We took that information and correlated between those cross-
sections to develop a solid three dimensional representation
of a one conceptual model of the hydrogeology for the Death
Valley Region.

And so what we see here is this very large three
degree by three degree area of a digital representation of
the hydrogeology. Las Vegas would be located here. This is
the Spring Mountains. Death Valley would be located here,
Amargosa Valley, Yucca Mountain to the top there. And so
what you see in these little squares here is just basically
the resolution of our digital model.

Along with geology, we characterized things like
potential recharge areas. These are the recharge areas. The
major recharge area for the flow system would be the Spring
Mountains out here to the east, the Sheep Range, Pahute Mesa
and Delta Range, and even areas like Timber Mountain and
Shoshone Mountain to the north.

In addition to recharge, we characterized major



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

192
discharge areas, not only where discharge is occurring, but
also to gquantify the amount of water coming out of these
discharge areas, because this flux is going to help us define
flux through the system, and that gets us an answer into
potential dilution and travel times.

Major discharge areas for this region include Ash
Meadows, Death Valley, areas like Oasis Valley up by Beatty,
Sarcobatus Flats north of Beatty, and then some smaller areas
to the south in the areas of Shoshone and Tocopa.

Dick Parizek had mentioned that there's a whole
series of water level observations. This is a distribution
of water level observations in the region. Obviously, the
largest number of water level observations are in Las Vegas.

Unfortunately, Las Vegas is not in our flow system, so we
can't really use that information in our flow modeling.

The concentration of observations occur at Pahrump
Valley, Amargosa Valley, Yucca Mountain, Yucca Flat and
Pahute Mesa.

So while there is a lot of data on a local scale,
on a regional scale, we really have some major gaps in our
data set, particularly up in the northeastern part of the
flow system, what is traditionally known as the Ash Meadows
Flow System.

Using all of this different information, we took

the Death Valley Basin, and we broke it down into what we
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call three subregions, and the areas that you're seeing in
white here are the areas that we included in our ground-water
flow model. We broke the system down into a northern
subregion, a central subregion and a southern subregion, and
these subregions are defined as such because there's very
little flux or ground-water movement between these basins.

The central Death Valley subregion includes Yucca
Mountain, it includes Beatty, Amargosa Valley, and what is
traditionally known as the Ash Meadows Flow System. To the
south, we have sometimes we call it the southern subregion,
the Pahrump, Shoshone subregion because that's flow from the
Spring Mountains through the Pahrump and Shoshone areas. And
then to the north, that includes areas like Lida Junction,

Scottie's Castle, that type of thing.

We characterized the system and broke it down into
what we called ground-water basins and sections. Each
ground-water basin is named for the major discharge area. So

our Pahute Mesa, Oasis Valley ground-water basin, major
discharge at Oasis Valley, our Ash Meadows ground-water basin
has major discharge at Ash Meadows. And then our Alkali
Flat-Furnace Creek ground-water basin has major discharge at
Alkali Flat and Furnace Creek.

This not, you know, earth shattering, ground
breaking information here. This is basically a summary or

work that had been done in the past, but we're kind of
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packaging it and breaking it down so that we have a better
way of doing an accounting when we do our ground-water
budget. Characterize major ground-water flow paths. A
similar exercise was done for the northern subregion. Here,
major discharge in the northern subregion to Grapevine
Springs out by Scottie's Castle. And then in the southern
subregion, major discharge to the areas of Shoshone and
Tecopa by way of Pahrump.

In our ground-water flow modeling, while we're
calibrating, we're evaluating various conceptual models, and
we're changing our interpretation of the hydrogeology, and
these are some of the features that we pinpointed as key
controls on the flow system, things like northeast and
southwest trending high K zones, large hydraulic
conductivity, high permeability zones. Okay, these are fault
zones, big regional fault zones.

Northwest, southeast trending low K zones, the
presence of a shale confining unit known as the Eleana on the
test site, also very low permeability rocks in the Funeral
Mountains right outside the window here, as well as
Precambrian basement rocks. Critical to defining the flow
system is this configuration of the carbonate agquifer which
underlies the majority of the area, and that's the control,
that's the key.

Along with the calibration, once we had flow lines
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out of our calibration, we took a flow path. We plotted that
onto a map, and then we also pulled up our hydrochemical data
base, and we tried to see where we had hydrochemical
sampling. What this does is it gives us an idea potentially
of how hydrochemistry evolves down a flow path. And so what
we're using is we're using our flow model, and we're using an
independent check to see if that flow model flow path is a
likely representation of the flow system, and we're using
hydrochemistry as an independent check, and I believe Zell
Peterman will also talk some more about that.

So what did we learn? Well, we were able to
characterize in a three dimensional manner the system,
locating regional and subregional boundaries, flow paths,
discharge areas. We noted the importance, the very, very
significant importance of the Death Valley salt pan as the
major discharge area in the flow system, and how critical it
is to measure that flux from the salt pan.

We noted the significance and the complexity of the
framework and how changes in our framework interpretation can
change the results of the flow model. So understanding the
framework is the key to getting a good representation of the
flow system, and then also the configuration, the geometry of
this carbonate aquifer.

One of the first scenarios that we used the flow

model for was to use it to evaluate changes in climate and
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how that would affect the flow system. We had two
simulations. We did a simulation of a climate for 21,000
years ago. This was the close of the last major glacial.

And then also a simulation of a potential global warming
climate.

In the past simulation, we noted that recharge over
the entire domain increased about five times. We got a water
level increase over the entire domain, but this was
dominantly within the upper layers. This was in their
shallow system. What we noticed was that at Yucca Mountain,
at the repository, we saw a 60 meter rise in the water table,
north of the large hydraulic gradient, the 150 meter rise.
This is well below the repository horizon. So based on this
simulation, climate change, even a five time increase in
recharge, would really have no effect.

On the future simulation, we saw 1 1/2 per cent--
excuse me--a 1 1/2 times increase in recharge, and we only
saw a 15 meter rise at the repository, again very well below.

The latest efforts in regional modeling have been
to sort of combine data and information being conducted by a
lot of other programs, federal programs within the Death
Valley Basin. Along with Yucca Mountain site
characterization, DOE folks on the Nevada Test Site have been
conducting regional studies as part of their environmental

remediation program, as part of the defense programs. The
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National Park Service, BLM, State of Nevada, Nye and Inyo
Counties are all out there conducting independent studies.
And what the USGS, Yucca Mountain project and DOE have begun
is an effort to combine all of these resources and data
interpretations into a single comprehensive regional data
base and flow model, cooperating with state, federal and
local agencies. And the ultimate goal is not only to have a
tool for site characterization, but to have a tool into the
future that can be used for a ground-water management tool
within the basin. So when we worry about or have concerns
about development, increased ground-water withdrawals, this
data base can be used for it.

And we see here on this slide, in solid line, you
see the outline of the Yucca Mountain model, and then in the
dashed, you see the outline of the model developed for the
Nevada Test Site program.

The schedule for this study is to complete a
revised steady-state representation of this flow model,
similar to the one I just presented to you. This would be
done by the year--by the end of fiscal year 2000, in time for
the license application at Yucca Mountain, and then to
develop a transient model for three years out. So we've
developed a very good, very reasonable, very detailed
representation of the flow system. That's being used

currently.
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And based on that model that we develop, we
recognize the room for improvement, and we've begun the
process of improving that model to develop an even better
flow model. So part of the science effort here is to
constantly improve our interpretations. And that's what I've
got.
PARIZEK: Thank you, Frank. Paul Craig?
CRAIG: Yeah, Paul Craig, Board. A couple of questions.
This last slide suggests that you don't at the
moment have a transient model. Does that mean you can't say
anything about flow paths from the mountain once it hits the
unsaturated zone--or the saturated zone, is the first part?
I'll let you do these together. The second is a longer range
qguestion and the one I'm really interested in, and that has
to do with stability of knowledge. We've heard a lot about
changing interpretations of various aspects of the mountain.
And my question for you is do you believe that understanding
of the model is now stable in the following sense? You don't
expect major conceptual surprises if you do additional
research, and your values with the associated uncertainty are
stable, in the sense that there is a high probability that
the uncertainty bands won't change significantly.
And what I mean by stable is that if you were given
an unconstrained research budget and unlimited time and no

management constraints, you wouldn't get any surprises of the
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sort that I described. That doesn't mean it wouldn't happen.
But given the present state of knowledge, you don't think it
would happen.
D'AGNESE: Sounds like a dream I've had several times.

Okay, the first question, we currently do not have
a transient mode for the regional model. We have a steady-
state model. A steady-state model does give us flow paths.
It does define ground-water flow paths for us. What we don't
have is a concept of travel time. We can build that into the
flow model. 1It's not currently in the current published
version. On the site scale, which John Czarnecki will
present later on this afternoon, that model will have built
into it, I believe he is calibrating in a transient mode,
carrying it out many time steps.

So we can define flow paths currently. We don't
have our finger on travel times yet. That's what we're
looking to get with the additional studies.

We do not expect to see any new major changes in
our interpretation. We do have some areas within the flow
system where, you know, there's just absolutely no data, and
unfortunately, some of these areas are relatively close to
Yucca Mountain. One point that I'd point to is the Timber
Mountain area just north of Yucca Mountain. We still don't
have a lot of subsurface information north of Yucca Mountain.

And so any new information we get there reduces our



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

200

uncertainty.
CRAIG: Do you anticipate no surprises if you were to go
there? The question has to do not with collecting data,

which one can always do, but rather with anticipation of
surprises. If you drilled a hole there, is there any reason
to believe you would be surprised?

D'AGNESE: I think that in some of these areas, there 1is
potential for surprise because in some areas, we may think
that we would not expect to see the carbonate agquifer in the
Timber Mountain area because it's a resurgent dome, you know,
an old volcano type of thing, we might locate carbonate, and
that would change the flow system in that area significantly.

So there's still some key areas where we may not
have a high level of certainty. Now, what we do in our flow
modeling is we track uncertainty in our observations as we're
doing our ground-water modeling. And so one of the major
tasks in our modeling study, along with just doing a model
calibration, is also to track this uncertainty, and so we're
constantly trying to reduce that uncertainty in observations.

By reducing that uncertainty in our observations, we can
reduce our uncertainty in the model. And so we will have at
the end an assessment of what we think the regional flow
paths and travel times are, and what our level of uncertainty
and certainty is. So that is a product. That's built in.

PARIZEK: Dan Bullen?
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BULLEN: Bullen, Board.

Could you go back to your geochemistry slide,
Number 167

D'AGNESE: Okay.

BULLEN: And as I understand it, this slide basically
tells you the change in the chemistry of the water as it
flows through the flow field; that's what the significance
is?

D'AGNESE: Yeah. What we're showing is that the
discharging area is here at Grapevine Springs, and what we
see are areas like at Lida Valley Well, Carter Spring, O'Hara
Spring and Bonnie Claire Airport, those are further up the
flow line toward the recharge area.

Now, as these move toward the discharge area, they
mix and the chemistry changes, and ultimately, we end up with
a chemistry that we would see at Grapevine Springs.

BULLEN: I guess the question is with your future
predictions where you noted water table rise, would you be
able to predict the change in the geochemistry of the water,
or are you going to go into a different stratus so that this
data won't be relevant if I'm 40 meters higher at Yucca
Mountain, or 150 meters higher, you know, north of the Timber
Mountain area?

D'AGNESE: What we noticed when we did our climate

change scenarios and we saw the water table rise, what you
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would be concerned about is does the configuration of the
water table change? Do the dominant flow paths change? And
we really don't see that happening. Even at the 21,000 year
ago climate scenario, you don't see the major regional flow
paths changing. In other words, there's some really dominant
structural geological controls that even under increased
recharge, increased flux through the system, those flow paths
are not changing. So the type of scenario that you're
describing, you really would not see that occurring. You
wouldn't have to worry about any dominant changes in flow
paths as a result of climate change.

BULLEN: Thank you.

PARIZEK: Jared Cohon?

COHON: Cohon, Board.

On your Slide 11, you presented the subregions that
you created, and you said that there's very little flux
between these subregions.

D'AGNESE: That's correct.

COHON: What's the basis for that claim?

D'AGNESE: What we look for are major framework
controls, major geologic structures that would be like the
distribution of low permeability rocks along these
boundaries. And what these boundaries represent are the
continuation of very low permeability structures, land forms

within the region. And we also look at the water level
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observations. We develop an interpretation of dominant flow
direction, and we see that these boundaries that we've
defined here are pretty much what we would call a ground-
water divide. So it's a high point in the regional
potentiometric water table configuration.

We then take that and we stick it into the flow
model, and we let the flow model calculate what the trends of
ground-water flow are. The ground-water model again
emphasizes that these are divides, ground-water divides
within the system, and we only see very small amounts of flux
in these areas.

COHON: 1Is this bearing up as you're starting the
process of revising the model in light of the other work
that's being done by DOE and DOD?

D'AGNESE: I didn't hear the first part of the question.

COHON: Are these subregion boundaries standing up as
you're starting to do--

D'AGNESE: Oh, yeah.

COHON: So you're getting confirmation of that?
D'AGNESE: Here's a good example. The area you see
dashed is the boundary used in another DOE NEVOO, Nevada Test

Site model, and you can see that these used as their flow
model boundaries, pretty much the same exact ground water
divides that we were using. And what we're finding is that

their interpretation--their simulation within the same domain
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where the two models sort of overlay, are similar.

COHON: I'm assuming that these subregion boundaries are
developed primarily from those cross-sections that you showed
us. And are they using the same data to create their
subregion boundaries?

D'AGNESE: With the Nevada Test Site model, they used
the same data, but they also had supplementary data on top of
that. So they had more recent data. They had--I hate to
bring it up--but they had a larger budget. So they had more
geologists.

So what we find is that there are no major changes
in geologic interpretation with their data set and our data
set, but there are some minor configuration differences. But
those minor configuration differences do potentially have an
effect on some of the flow paths in the area.

COHON: Okay. Second question. On the climate change
simulation that you did, you assumed two times CO2 global
warming.

D'AGNESE: Right.

COHON: How did you go from that to rainfall at Yucca
Mountain, or on the region?

D'AGNESE: As part of the Yucca Mountain Site
Characterization Program, climate studies were conducted by
the National Center for Atmospheric Research. They developed

a global model where they input--
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COHON: That's fine.

D'AGNESE: Basically a global model, increased CO2.
They developed the precipitation distribution.

COHON: Last question. This is not a well formed
guestion because I don't fully understand it. I'm trying to
understand the relevance of your model to Yucca Mountain
itself. My feeling is that what you've got here is going to
be gross in a spatial sense, and therefore, undoubtedly
valuable in knowing where discharge areas are. I mean, we
sort of know that, and you're confirming it. But, for
example, if I wanted to predict dilution from discharges
coming from the repository itself, is your model going to
support that?

D'AGNESE: Whether we want to admit it to ourselves or
not, Yucca Mountain is superimposed on a very significant
carbonate system. The flow within the local Yucca Mountain
system is controlled by that carbonate system. What we're
doing here is helping to define the localized boundaries of
this Yucca Mountain flow system. Okay?

What we're also defining is the flux into and out
of that flow system, and the only way we can get at that is
by developing a model of this scale. If we just put a box
around Yucca Mountain and modelled it as i1f the rest of the
world didn't matter, we wouldn't get that amount. We'd have

to back calculate it. And that's nothing to, you know, rest
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your hat on.
So dilution comes from flux. Flux at local scales
come from flux at regional scales. It's the only way we
could get at it. So, yes, it has a very important--it's a

very important control on our understanding of flux and

dilution.
PARIZEK: Debra Knopman?
KNOPMAN: Knopman, Board.
Just following up a little bit on that, in the
Yucca Mountain area, you don't have the saturated zone; it's

above the carbonate aquifer.

D'AGNESE: That's correct.

KNOPMAN: Okay. And so you've got some presumably then
different flow regime, different controls on flow in that
area. What, and maybe you said this, I know you've divided
your model up into these zones, but what sort of
discretization in at least the Yucca Mountain area does your
regional model have? And this question is leading to the
water budget questions of really how much do we know is
coming into that area and going out, coming through that flow
cell?

D'AGNESE: We get at this by two different ways.
Geologically, what we've done with the regional scale model
is we've broken into major what we call hydrogeologic units.

Within the model, particularly around Yucca Mountain, we
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have the carbonates. Okay, that would be the blue. We've
also broken down the volcanic system into three major units,
dominantly the welded volcanic rocks and the non-welded
volcanic rocks that you hear so much about at Yucca Mountain.

Spatially, what we have in the model is a
discretization of one and a half kilometers. So each one of
these little blocks that you see here are one and a half
kilometer blocks. In the vertical, our regional model is
broken down currently into three layers. Those three layers
are at 500, 750 and 1500 meter thicknesses. So your 500
meter would be somewhat thinner, somewhat thicker and then
the thickest would be at the bottom. And the attempt there
is to represent local, subregional and regional flow paths
that are superimposed on each other.

Another approach may be to just take the model and
to slice it into as many layers as you possibly can. The
trouble there is as we get deeper into the system, we have
less knowledge of what's going on there. So it's more
appropriate to discretize larger chunks of mass.

So the discretization that we have there is
appropriate for this scale of modeling. We develop a water
budget for the system at that scale, and then we assess how
much water is moving into or out of our Yucca Mountain
domain. And then later this afternoon, you'll learn more

about that site model and how that represents the detail at
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Yucca Mountain.

KNOPMAN: Okay. Knopman, Board.
From mod flow, you can tell a water budget per

cell?

D'AGNESE: That's correct.

KNOPMAN: And then you have associated with that, some
uncertainties?

D'AGNESE: That's correct.

KNOPMAN: Okay. But at present, you don't really have a
handle on, or do you, can you give us an idea of what sort of

uncertainty is associated with the water budget in the Yucca
Mountain area of your regional model?

D'AGNESE: Yeah. The only way that we have of getting
the dominant or the modeler's module would be Q in equals Q
out, flux in equals flux out. So the only way we could get
at the flux out of the system, or the flux into the system is
to go to each of these natural discharge points and measure.
Okay?

We had the opportunity to measure sites like Ash

Meadows, Oasis Valley as part of either Yucca Mountain
studies or other NTS studies, and the measurements that we're
getting there are plus or minus 20, plus or minus 15 per
cent. Okay? So that's about as good as it's going to get
when you're measuring evapotranspiration off of some of these

sites.
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We still have some large uncertainties associated
with like the Death Valley salt pan. Estimates in the past
have ranged an order of magnitude, and so we still need to
tie those down to reduce the uncertainty.

So I would say right now in the budget, in some
parts of the domain, we may have an error as much as--you
know, as small as 15 per cent. In other parts of the domain,
we may have it as large as 50 per cent, perhaps larger. The
only way we could reduce that is to actually go out and
measure.

PARIZEK: Parizek, Board.

When you talk about the 1998 combination of data
bases, is that mainly for the site scale model with the
regional model, or does that also include, say, the NTS
modeling efforts?

D'AGNESE: At the end of '98, what we plan to have is a
combination of Yucca Mountain and NTS regional data bases.

PARIZEK: Okay. And then for the 21,000 year ago
simulation, that was steady state. How close did you get,
say, 1in terms of the water table configuration projected
versus, say, known paleospring deposits? That's a
calibration possibility--

D'AGNESE: Yeah, and we noted that. During that 21,000
year ago simulation, we did have discharge in all of the

paleospring discharges that we had dated as being 21,000
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years old. So it was a direct match.

PARIZEK: Okay. And will the model be used to project,
say, rate of water table configuration change with climate
change? You go from 21,000 years ago to, say, present, and
then with global warming. But in the future with the climate
change, you could have a slow response to regional water
table rises, and that drives the whole flow system.

D'AGNESE: Ideally, what you would like to see is to
evaluate a gradual change of the system, the response of the
system over time to those climatic changes. Is that what
you're getting at?

PARIZEK: Yeah. 1Is that planned?

D'AGNESE: 1It's being proposed.

PARIZEK: Proposed, okay. And then pumpage, say, in the
Amargosa farms area, you have a short period I guess of
withdrawal implied in the transient model. Will there be a
longer term greater volume of water withdrawal effect?

D'AGNESE: What's proposed in this timeline that I've
just showed you now is to conduct a transient simulation
during the entire historical record. So starting in about
1913, out in Pahrump, we began pumping. We will track
ground-water withdrawals throughout the entire basin from
about the turn of the century to present. So all of those
time steps will be included.

PARIZEK: But no future--
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D'AGNESE: 1It's proposed, but it would probably be, you
know, further down the line.

PARIZEK: Priscilla Nelson?

NELSON: Nelson, Board.

This might be a little naive, but there's general
extension going on as an ongoing process in the basin range
area. To what extent can your model accommodate the changes
in hydraulic conductivity and maybe even changing in
discharge points or flow paths that might happen as a result
past or future on the overall hydrologic model that you've
created?

D'AGNESE: That's an excellent question. We've
incorporated into this flow model, a structural model. What
we've noticed is that the major discharge points throughout
the entire region, Ash Meadows, Furnace Creek, these
discharge areas are typically where a northwest-southeast
trending, low K zone, which is in relative compression, is
intersecting with a northeast-southwest trending zone that's
in relative extension. Those zones are placed in the model
explicitly so that we can actually go in and change the
hydraulic conductivity, the permeability of these zones, to
account for exactly what you're describing.

So it was all part of the original objective to
evaluate structural changes within the region. So that whole

scenario has been built into the flow model so they can be
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conducted. We have not yet conducted it, but the opportunity

is there.
NELSON: And do you expect to include the idea of
localization that I could imagine, particularly with

carbonate has a head on it that causes upward flow; isn't
that correct?

D'AGNESE: Yeah.

NELSON: So that you could actually introduce some
discharge points or turn them off?

D'AGNESE: That's correct.

NELSON: As a function of this.

D'AGNESE: Yeah, you would expect to see that.

PARIZEK: Other Board questions? Staff? No staff? We
do have one member of the public who has a tight schedule, so
we'll take his question now. Please state your name.

DALEE: My name is Michael Dalee. I will try to be back
later, but I don't think I can. I just had a specific
guestion.

I was looking for numbers. You mentioned something
about discharge. I was looking for how you came up with any
figures for recharge, if you just used earlier studies, I
think most all of which go back to the Maxey-Eakin method of
the Fifties? And if you have any acre feet numbers, I'd be
very interested to hear those.

D'AGNESE: We can't directly measure recharge, and so we
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get at recharge from reducing our uncertainty in discharge.
The method used in the regional model was based on the Maxey-
Eakin, although it's a modification of Maxey-Eakin. I don't
have volumes, acre feet volumes off the top of my head.

My recommendation would be to get a copy of the
report, WRI 96-4300. What we do is we break down each one of
the surface water basins of the Death Valley Basin. We have
estimates of recharge and estimates of discharge. So what
we've done is a water budget accounting of the entire basin
by what we call hydrographic area. But that is available.

COHON: If he gives you his name and address, could you
send that for him?

D'AGNESE: I will do that.

COHON: Thanks.

PARIZEK: I think we ought to go on with our next
speaker. Thank you very much, Frank.

While Frank is getting unhooked there, I'll
introduce Zell Peterman, who's going to talk about
significance of hydrochemical domains in the saturated zone
at Yucca Mountain. This is a fingerprinting of masses of
water to see if it could help in any way to verify ground-
water flow models, and also should help us with some
understanding of the ages of the water, as well as evolution
of the water in the flow path.

Zell has been on the program and active with the U.
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S. Geological Survey for a number of years, and brings a lot
of credibility to the program.
PETERMAN: Thanks, Dick.

Yesterday, you heard Russ Dyer mention a couple of
times the free emphasis of hydrochemistry in the project, and
today, I'd like to summarize the USGS part of that, which has
been in effect now for about three and a half months. 1In
addition, right after me, you'll hear What Los Alamos is
doing in terms of EH pH measurements and hydrochemical
modeling. And I should mention a couple other efforts that
are being valuable to the Yucca Mountain project, the NTS
Environmental Restoration Program has a very aggressive
hydrochemistry isotope effort on site being conducted, and
this is mainly up at Pahute Mesa, Yucca Flat, conducted by
Lawrence Livermore, and off-site, there's just a newly
started Oasis Valley project which involves a number of
participants, including Livermore, Los Alamos, USGS, both
Nevada District and sub-district, people from the Yucca
Mountain project branch, some of my people are working on it,
DRI, UNLV.

Last summer, twelve new wells were drilled up north
and northeast of Beatty. So this is a big effort. This is
going to help us dramatically to understand the flow systems
on a regional scale, and contribute to Frank's refinement of

the model, the regional flow model.
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Dick Parizek outlined the major saturated zones, or
some of the major technical issues that relate to the
saturated zone, in his introduction, and some of these same
ones are shown here, of course, the amount of recharge
through Yucca Mountain and the amount of water going through
the saturated zone, reaching the water table at Yucca
Mountain, extent of mixing. Some of the saturated zone
experts have told us not to rely too heavily on mixing below
the potential repository and also down gradient in terms of
how much we can expect from dispersion. Matrix diffusion is
always an issue in a fractured media, what sort of
interaction is there between the matrix and the water flowing
through the fractures.

Of course leakage from the carbonate aquifer, which
has been mentioned already, delineation of up and down
gradient flow paths, travel times; all these things are
critical. I think the hydrochemistry and the isotope studies
will contribute to a better understanding of many of these
key issues.

What's USGS doing in the program? Our efforts for
this last three and a half months have been sort of two-fold.

We've been sampling and analyzing water from WT-24. I might
mention that we do have analyses now from the first round of
pumping at WT-24, and both dissolved ion chemistry, stable

isotope, strontium isotopes, uranium isotopes, all suggest
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strongly that that first water that was encountered is indeed
perched. It has all the same chemical and isotopic
attributes as the perched water at UZ-14.

So we're sampling wells. We'll be collaborating
with Logs Alamos and sampling some of the older WT wells.
We're kind of behind schedule on that. WT-17 was scheduled
to be sampled late last year, but it's been delayed mostly by
the slowness of getting discharge permits.

We're also looking at the existing data. We're
constructing an integrated isotopic/hydrochemical data base,
and somewhat interpretative, there's a lot of data out there
for some wells, there's so much data for the casual user,
it's hard to know how to use the data. So we're evaluating
the data. We're coming up with our best analyses. We're
going to have a best composition of J-13, for example, which
integrates the dissolved ion and the isotopic data, that sort
of thing. So that's our data base approach.

One way we can use this data is what I call
mapping. The Survey is good at mapping, of course, and we
basically want to map out hydrochemical domains, and then of
course to use these maps to delineate flow paths and to
integrate that information into the regional flow model.

In terms of what I'm going to talk about today,
late last year, we had our Level 4 models going, which

integrated isotopic and dissolved ion chemistry for Yucca
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Mountain proper, and this year, we're expanding that to the
south, east, west and north. And basically, I'll just take
that same Yucca Mountain rectangle and I'm going to move it
south, which is what you see over on this other slide.

Last year, we were down to hear, and now we're in
pretty good shape down this far. The slide on the left just
is an image slide that shows relative elevation, because you
don't get a feeling of elevation from the shaded relief map.

So just to show that like everywhere else in the world,
water pretty much runs downhill and does really follow
regional topography.

The flow lines there on the left-hand diagram I
think are pretty much consistent with the potentiometric
contours in the regional flow system.

I want to mention these discharge sites were
mentioned by Frank, Ash Meadows here where the regional
carbonate aquifer discharge is, Franklyn Lake Playa where
something discharges, I'm not sure we fully understand which
system or what combination of systems, and then Death Valley,
which is off this area here. Now, hopefully by the spring,
we will have extended our refined data base both to the east
and the west, and also to the north to take into
consideration all of the new data that Livermore is
generating up on Pahute Mesa.

The type of data that we have of course are
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dissolved elements, minor and trace elements. Let me step
back one point. When I mentioned the other work that was
going on, I forgot to mention the work that's being conducted
by UNLV, by Klaus Stetzenbach and his group over there.
They're doing some very interesting regional studies using
trace, dissolved trace elements, in particular things that
they view as semi-conservative. So this is also going to be
a very useful data set that will be incorporated into our
thinking.

So we have the major elements, some minor and trace
elements. We have the standard stable isotopes, oxygen,
hydrogen, carbon isotopes, the radiocactive isotopes, tritium,
Chlorine 36, Carbon 14, a lot of interest in Chlorine 36.

And I should mention that there's really a fairly large
amount of data developing on Chlorine 36 in the saturated
zone ground waters, and mostly on-site by Los Alamos,
regionally by Livermore, and the patterns that are emerging
are very interesting. I'm not going to talk about that
today. There's just not time. But interesting regional
patterns, and of course it was, you know, proposed years ago
that Chlorine 36 might be a chronometer for ground water
dating. It does not appear that that's going to be useful in
this area. Obviously chlorine is not conservative on a
regional scale.

Radiogenic isotopes, strontium and uranium; again,
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we're developing a rather large uranium isotope data base,
but there's really not time to mention that either.

One of our major analytical needs of course is a
reliable method to date ground water, and this of course is
not unique to Yucca Mountain. It's a widely needed
technique. Carbon 14 of course is--conventional Carbon 14
without interpretation is inadequate. 1In order to interpret
it, you have to model it, so there's always questions on how
you model the conventional Carbon 14 ages.

I think there is one hope, and that is this
technique of separating out the dissolved organic carbon,
which should come from recharge from the dissolved inorganic
carbon, which is acquired along the flow path, and then if
these can be separated, then you date the dissolved organic
carbon. And from the work of Jim Thomas in Southern Nevada,

including work on Ash Meadows, to me it looks very

encouraging.
The travel times for the Ash Meadows system have
gone from as much as 30,000 years ago, 30,000 years two

decades ago, to probably less than 2,000 today. The other
thing that argues that that dating is appropriate there is
the fact that such a crisp climate signal is sequestered in
those carbonates at Devil's Hole. If you had a long flow
path or multiple flow paths of different lengths, you would

blur that signal, and that signal is just as crisp as the
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Marine isotopic signal.

Okay, let's push on here. Stable isotope data;
this is all the stable isotope data that exists in that
rectangle. And interesting things here; current
precipitation of course would have a wide range from down in
here to up here, and average, you might say average current
recharge would be somewhere in this region here. The
interesting thing here of course is the results from Franklyn
Lake Playa, which show this classic evaporation curve,
tremendous evaporation occurring there, which modifies the
chemistry.

I think with this sort of relationship, we have the
hope of taking this sort of thing, calculating how much
evaporation has occurred, going back to the dissolved ion
chemistry and then reconstructing what the apparent would
have been, and then hopefully using that reconstruction to
identify what water was in the Franklyn Lake Playa. The
question of course is it Ash Meadows water from the region of
carbonate, is it Yucca Mountain water, or is it water coming
down the Amargosa, or is it some combination of any of those
three.

Let's look at the hydrogen isotopes. Of course
hydrogen and oxygen are conservative, or considered to be
conservative from recharge. I apologize for these maps. Had

I known the room was this long, I would have tried to make
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these illustrations larger. And I won't spend much time,
except as I go through these, what you'll see is different
isotopic and hydrochemical domains emerge, and then we have
to ask the gquestion what do these domains mean.

Our first step is trying to map these out. Let me
just point out a couple of things. There are several
features on here. This well over here and this closed
contour produces very little from late protozoic clastic,
very tight late protozoic clastic rocks. It looks to me like
that water is not moving very fast, has a deuterium content
less than minus 110, 112, I think it's minus 115. 1It's
probably the oldest water in the region. Clearly, it was
recharged back in the Pleistocene in order to get water that
late.

There's another closed contour up here in Crater
Flat and the west side of Yucca Mountain less than minus 104.

There's much heavier water coming down Forty Mile Wash,
which is much more like modern recharge. So clearly, we're
seeing these domains, these closed screwy looking contours
down here of course reflect the evaporation that's occurring
at Franklyn Lake Plavya.

And I should say these data have been gridded.
Obviously they're not optimal for gridding, and I should, you
know, blank some of these out. I wanted to show the

geography. So, you know, there are edge effects, in other
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words. Things as you get out near the edge of the map where
there's no data, there's strange things happen and the
program wouldn't be too concerned about it. We'll trim those
out eventually.

Oxygen of course is coupled with hydrogen and there
are no surprises here. Again, you see a very light oxygen
down here at this well that's in the Precambrian. You see
the effect of evaporation. You see this closed contour up
here at Yucca Mountain. Oxygen varies eight times less than
hydrogen, so you don't get the same numerical resolution that
you do with hydrogen or deuterium.

Strontium. Ground-water attains a strontium signal
at recharge, and then as it moves along a flow path is slowly
modified due to interaction with the aquifer minerals.

There are some very systematic patterns here. We get low
values at Yucca Mountain. We get a difference here between
the main part of Yucca Mountain and Forty Mile Wash, which
shows up in a number of these parameters as we go along.

An interesting thing down here at Franklyn Lake
Playa. Suddenly all this wvariation that we get up gradient
converges, and the Ash Meadows water has a very limited
variation in strontium, and it may be that it's due to
mixing, and it may be related, you know, to density driven
mixing in the playa itself. The absolute values of strontium

at Franklyn Lake Playa are intermediate between Ash Meadows
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and the larger values coming down in the Amargosa here. So
it could be that that data is telling us that we have a mixed
signal coming out of Franklyn Lake Playa.

Chloride is often considered to be conservative,
and I think I'd rather use the term semi-conservative. With
this slide now for chloride, we start to see some things that
you'll see in subsequent slides. You start to see there is a
tongue or plume or whatever you want to call it of low
chloride water. 1I've had to use the log of chloride here
because from Yucca Mountain to Franklyn Lake Playa, there's a
four orders of magnitude increase in concentration. So if
you use a linear plot, you know, basically that will bulls
eye down here, and nothing else in the whole map.

So there appears to be this plume coming southward.

Now, I want to point out one thing. We've got lots of data
down here in springs and supply wells in Amargosa, and quite
a bit of data at Yucca Mountain. We've got a big gap in
here, so we're really extrapolating some of these features
through an area where we don't have a whole lot of data.

Other things; this string of points over here is
the Ash Meadows discharge spring line, and that will show up
in a number of chemical parameters. The difference between
these southern springs and the rest of them also will appear.

Sulfate is often also considered to be what we call

semi-conservative. The same type of pattern emerges here.
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You have low sulfate values at Yucca Mountain. For some
reason, the contouring program did not connect this low here
with this low here, and it was certainly reasonable to do so,
but it didn't connect it, again, because of lack of data
here.

Two other things up here at the latitude of Yucca
Mountain. Over in Jackass Flats, two wells were initially
drilled. J-11 was drilled as a supply well. It turned out
to have such high sulfate contents that it was abandoned. It
couldn't be used for drinking water. So it's distinctively
different than the Yucca Mountain water.

Over here in Crater Flat, there are two wells less
than two miles apart, VH-1 and VH-2, and they have markedly
different water compositions, in spite of the fact they
produce from the same volcanic unit. We're seeing an
enrichment of sulfate down here at Franklyn Lake due to
evaporative concentration. Franklyn Lake is also a sink for
certain elements because there are minerals precipitating,
mostly calcium and magnesium bearing minerals, so you can't
use the uncorrected, say cation ratios, to try to trace back
water compositions, because things are not staying in
solution.

This is just a summation of the alkalian earth's
calcium and magnesium. Again, you see this what appears to

be a tongue or plume of water coming southward. You're
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seeing some strange things here at Ash Meadows, with some
high calcium magnesium. I think these are wells here. And
then when you get to Franklyn Lake Playa, you see low values,
because calcium and magnesium is precipitating out as
calcite, montmorillonite, that sort of thing sepiolite.

The alkalis are a little different. Again, you see
that--

PARIZEK: Excuse me, Zell. Do you want to maybe stand
to one side a little bit? Because you're apparently blocking
our view.

PETERMAN: Okay. You see this same plume or tongue or
whatever coming southward. You see an enrichment again.

This is an evaporative enrichment down here at Franklyn Lake
Playa. So the same patterns are emerging in these different
chemical and isotopic parameters.

Look at the ratio between those two elements, which
is always useful. You get a little, even a different
perspective, and it shows up a couple things which I want to
mention. Here again there's a low, there's this difference
between eastern and western Yucca Mountain in terms of the
ratio, the western Yucca Mountain samples tending to be more
sodic than the eastern. A marked difference over here at
Jackass Flat, tremendous difference here between VH-1 and VH-
2, and this is where I think you have to start to look at the

chemistries as certainly suggesting the possibility of
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compartmentalized flow.

The geologic control here is that, you know,
there's this line of craters, volcanic little cinder columns
over here on Crater Flat from whence the name comes, and one
of the wells is on the west side, VA-2 on the west side, and
VH-1 on the east side. Now, it's certainly possible there's
some sort of feeder drive going up in Crater Flat and it's
causing a hydraulic impediment to communication. I don't
believe that when you construct the isopleths here, of course
you get these gradients. I doubt that there's a
compositional gradient. I think there's probably a
compositional discontinuity between those two ground-water
domains.

Let's see, what else? The other thing that stands
out very nicely of course is the Ash Meadows discharge and a
high calcium-sodium ratio is characteristic of the regional
carbonate water compared to the water that's in the volcanic
aquifer. And, again, the ratios decrease down here because
calcium and magnesium are precipitating out as calcite and
sepiolite.

So with the domains that we have, I think that we
can currently define on the basis of the hydrochemistry. I
think I've tried to point them out as we've gone along here.

Jackass Flat, where we have the high sulfate in water of J-

11, Forty Mile Canyon, which has stable isotopes closest to
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modern recharge, has the youngest Carbon-14 ages. It's
probably the youngest water in the system. It's certainly a
preferential pathway. The corrected Carbon 14 ages suggest
that water from the upper reaches down to J-12 or J-13 is
probably taking several thousand years.

We have the Yucca Mountain domain, east and west
half, with a difference in the alkalis and alkaline earths,
the Crater Flat domains. Certainly the eastern part of
Crater Flat, VH-1, is indistinguishable from the Yucca
Mountain waters. The western water in VH-2 has water that
looks very much like water from the regional carbonate
aquifer. It may simply reflect some degree of recharge
through Bare Mountain, which is immediately to the west.

Down gradient domains, the Amargosa Desert; in a number of
the maps you saw there were closed isopleths down there,
which indicated complexity and we're probably looking at
mixing between the Forty Mile Wash system, the Yucca Mountain
system and the Crater Flat system.

The Ash Meadows domain of course is discharged from
the regional carbonate aquifer, and the Franklyn Lake Playa
domain is a domain that's characterized by evaporation and
concentration of dissolved ions and modification of stable
isotopes.

So I think what we're looking at this year, we want

to continue on with getting our refined data base together
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that integrates the isotopes. As we went through the maps,
you saw that we have a lot of dissolved ion chemistry. We're
really weak on isotopic data, especially down gradient. So
what we want to do is in the next few months, come down here,
try to resample a lot of these supply wells, build up our
isotopic data base. I think that's going to help us probably
as much as anything in trying to delineate these down
gradient flow paths.

We'll continue to sample the new wells up at Yucca
Mountain, SD-6, saturated one. We hit the saturated zone at
WT-24, plus next year, SD-9 and SD-11 and 13. We want to try
to get back into some of the WT wells, Los Alamos will
resample those.

Basically, we're aiming at better delineation of
flow paths, and of course we have to move up gradient also
and incorporate that data. We have to understand what is
coming into the system from the north, and that's mainly--we
won't be gathering any new data up there. We'll be
integrating what Livermore has produced for the environmental
restoration program.

PARIZEK: Thank you, Zell. 1It's a lot going on in a
short time, but it's based on years of background work.

Board members with questions? Yes, Paul Craig?

CRAIG: Craig, Board.

There was a lot of information. That was
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wonderful. For our purposes, one of the things we're most
concerned about is the travel time through the saturated
zone, obviously, and you gave us a set of numbers that had
something to do with that. What I'd like to ask you to do is
to give your best estimate, given your whole body of
knowledge, on what is a reasonable travel time for Yucca
Mountain water once it hits the saturated down, down into the

valley, and what kind of standard deviation would you assign

to that?
PETERMAN: 1I'll probably equivocate on that. There's a
lot of conventional Carbon-14 data, there's a lot of Carbon-

14 data for the wells up here in the Amargosa. They're
running from, uncorrected, 10,000, 15,000 years. Clearly,
they've incorporated dead carbon, so that has to be corrected
out.

Ed Kwickless has been working on modeling the
conventional Carbon-14 ages at Yucca Mountain. He generally
reduces the ages by modeling by, oh, say several thousand
years. In terms of flow velocity, I'd have to calculate
that. Coming down from the upper reaches of Forty Mile Wash,
UV-19, A-1 and 2 are up in here, and Jim Thomas at the
district office is currently doing Carbon-14 on the dissolved
organic carbon, and we think he's going to get zero. We
think there's recharge up there.

And then you've got wells down here that are giving
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corrected ages of 4,000 to 5,000 years. So whatever that
distance isg, and I know--well, I've got a scale here--
whatever that distance is, divided by--or divide 5,000 years
by that distance, and that's the best control we have.

That's only on Forty Mile Wash. Forty Mile Wash is a domain
in the system. It's probably a preferential pathway. So I'm
not going to give you a figure.

CRAIG: Well, what is emerging from what you just said
is a time like 5,000 years.

PETERMAN: Yes. What I'd really like to say is I think
we've got hope in answering that question. I don't think we
have the answer right now. I think we get in there, get
dissolved organic carbon, C-14, we're going to get some good
realistic ages on the time between recharge and where that
water i1s now, and then, you know, incorporate that into the
model, we are going to be able to come up with some answers.

I don't think we have them right now.

CRAIG: What's the probability that it's a thousand
years or less?

PETERMAN: I think that's extremely remote based on what
we see at Yucca Mountain. I think Forty Mile Wash is
probably as fast as it gets, and there we're talking about
5,000 years over a few kilometers.

CRAIG: Okay. That's pretty helpful.

PARIZEK: Alberto Sagnes?
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SAGYES: Yes, Sagnes, Board.
Down at the Franklyn Lake Playa that will be
presumably one of the areas where some of the radionuclides
may be emerging, what is the likelihood that there will be a

concentration of those radionuclides at the surface of the

playa?
PETERMAN: Well, anything that's in the water going into
Franklyn Lake Playa is concentrated by evaporation. So

anything that's dissolved will be concentrated.
SAGyES: Can you envision any scenario where a good

fraction of the radionuclides will end up piling up and
reconcentrating?

PETERMAN: I think that's something that with the
refinement of the hydrochemical and isotope data, attempting
to incorporate that into the regional flow model, right now,
there's some debate what proportion goes to Franklyn Lake,
what proportion goes to Death Valley. With a long enough
flow path, of course it's sort of immaterial. By the time it
gets to Franklyn Lake Playa, you know, you may be talking
5,000, 10,000 years. So much of the material will already be
decayed. You'll have some exotic elements, but they're
certainly not going to be a hazard.

PARIZEK: Priscilla Nelson?

NELSON: Nelson, Board.

I must admit I'm a little bit confused. You've got
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and then contours made. Are

all the wells developed in the carbonate aquifer in all

cases?
PETERMAN: No. I should have mentioned that. This
approach to try to display the data using these isopleths

does

Amargosa Farms,

not consider the third dimension.

Now, down here in

all the wells produce out of the alluvium,

and there's certainly a depth difference, too, and that's

something we have to look at.

Frank's group is developing a

parallel data base where they will try to incorporate all

this third dimensional information into their data base.

from

west

see,

younger,

volcanic units,

For Yucca Mountain, you know,

the wells produce

different volcanic units. Basically, as you go from

to east, the saturated zone is moving into the--let's

how does that work--it moves from

there's not a real consistent pattern.

considering--our isotopes,

the older into the

tends to move from the older into the younger

although it's all chopped up by faults, so

Right now, we're not

say our strontium isotopes, which

you would think would be sensitive to water-rock interaction,

it doesn't matter at Yucca Mountain whether we're producing

from the Calico Hills or the Prow Pass or the Topopah Spring,

and we have wells from all of those,

same,

the isotopes are the

which suggests that water-rock interaction is very low.

But to answer your question,

there's only one well
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at Yucca Mountain, and that's P-1 that goes into the
Palezoics. All these others are in either the volcanics or
alluvium, with the exception of the spring discharge at Ash
Meadows, which everybody agrees is the regional carbonate
aquifer discharge.

NELSON: Okay. When you were talking about Forty Mile
Wash and travel times, whatever, what unit was that travel
time developed through?

PETERMAN: The wells J-12, J-13, those supply wells, JF-
3 in Forty Mile Wash in the lower part there are all in the
Topopah Spring. JF-3 produces--that's about the only neat
well we've got. That was designed to only sample the water
in the Topopah Spring. J-13 gets 90 per cent of its water
from the Topopah and about 10 per cent from another spring,
which is down in the Prow Pass. J-12 gets most of its water
from the Topopah.

In the upper reaches, UV-29, A-1 and 2, those are
in the alluvium. The deeper one goes down into bedrock. So,
you know, you never quite have everything you want when it
comes to wells and where they produce water from. But
there's an awful lot of useful information.

PARIZEK: I was going to ask a question, Parizek, about
the twelve wells up at the Beatty flow system. That's a lot
of commitment. You mentioned a whole group of people doing

that work.
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PETERMAN : Yes.

PARIZEK: 1Is that driven by NTS concerns? It would seem
like Yucca Mountain flows are more apt to come down in the
Amargosa Valley area where we are here. Why not 13 or 12
wells on 95 and somewhere in that area to resolve some of the
things you point out where you have data deficiencies; why
Oasis Valley emphasis?

PETERMAN: The Oasis Valley project is driven by the
concern about the possibility of movement from the
northwestern part of the test site, Pahute Mesa.

PARIZEK: So it's a test site driven concern?

PETERMAN : Yes.

PARIZEK: Should Frank stay alert and ready to go back
to the drawing board in his regional model, based on the new
data that you're putting together? I mean, are there any
surprises that you sort of see coming based on your isotopic
work and all the chemistry work?

PETERMAN: We've worked with Frank and been through one
cycle, what, a couple years ago, of selecting certain flow
paths and then testing, using the hydrochemistry to test.

So, no, I don't think so. I think one of the big questions
is this discharge, down gradient discharge sites at Franklyn
Lake Playa, Death Valley, what system is feeding what, or
what combinations, those sorts of things that I hope we can

de-convolute by getting a better look at the isotopes and the
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hydrochemistry.
PARIZEK: The present concern is Franklyn Lake Playa is
probably mixed waters; it's not a simple system necessarily.

I mean, flow systems are coming from more than one
direction.
PETERMAN: Yes, that would be my current feeling.
PARIZEK; And the time when you may get some documents
together based on all of this activity, there's a lot going

on in a short time, there's very powerful data, do you have
some idea of when your deliverables might be expected?

PETERMAN: We're pushing--well, of course the sampling
of the new wells depends on the drilling and when we can get
into some of the old WT wells, which Arend will probably
address.

In terms of the data base, you know, I'm hoping
that by late this spring, we'll have pretty much everything
that's available in this new integrated data base. I was
just looking at the schedule, and somehow, I don't know how
it happened, but we escaped having a milestone on that this
fiscal year. I think it was part of the multi-year planning
process where we encouraged not to pay attention to fiscal
years, but pay attention to the work that needs to be done
and when it needs to be done. So our milestones for the data
base are next fiscal year, but that doesn't mean we're not

going to continue to push it just as hard as we can, because
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we need that data base in order to guide some of our new work
down gradient.

PARIZEK: All right, thank you. Staff? If not, I think
we ought to go on. It's an important discussion.

Our next speaker is Arend Meijer, and he'll talk on
model for major ion chemistry of the saturated zone waters
along flow lines through Yucca Mountain. He's with Los
Alamos National Laboratory.

MEIJER: I have to apologize that the actual title of
the presentation is going to be inferences from saturated
zone ground water chemistry and implications for transport
parameters. The original presentation was going to be on a
model for major element chemistry, but it was felt that
coming up with these inferences and implications was more
appropriate for this group.

I do have some slides concerning a model for major
ion chemistry, and if there's interest, we can talk about
that in the guestion and answer session.

This then is the title. The first slide may be a
little imposing. I don't intend this to be a discussion of
detailed chemistry, but we do need to discuss some chemical
reactions, because they have implications for transport. And
here, I basically reviewed some of the major chemical
reactions that are likely to control water chemistry in the

flow system that goes through Yucca Mountain. And this is
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one of the reasons I borrowed a slide from Zell, and that is
the discussion I'm going to present today is focused on this
tongue of the flow system, and basically including the area
to the north. That's the recharge area in Pahute Mesa and
Rainier Mesa. So I'm going to concentrate all my discussion
sort of on a flow line from the recharge area, down into this
Amargosa Valley region. So I'm not going to worry too much
about the carbonate aquifer. I'm going to concentrate on the
volcanic aquifer.

That being the case, precipitation/dissolution
reactions are important, particularly in the soil zone, but
also in the UZ, and also particularly in recharge areas,
because that's where most of the water chemistry for the
waters that are found along that flow path are imposed.

Ion exchange is quite important. Ion exchange on
zeolites, hydrogen exchange on glass and Feldspar, and then
finally, hydrolysis reactions are important. This is
actually probably better termed acid base reaction, but it's
also hydrolysis reaction. These two reactions are probably
too slow to have much impact on the water chemistry in the
flow system that we're talking about.

Now let's talk about some of the inferences. 1In
the next slid, I'll show that--well, first of all, the way
that I set these up is I've presented some observations, some

data, drawn some inference from that, and then given an
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implication of that data in the inference.

First of all, the data suggests that the major
constituent concentrations, that is, the major cations,
anions and silica, show only limited variability in waters
along flow lines from the recharge areas, Pahute Mesa,
Rainier Mesa, down through Yucca Mountain into the Amargosa
Valley. The inference is that these major constituent
concentrations are buffered by water-rock reactions. The
only reaction that seems to go on continuously is this one
right here.

The implication is that the variations in
concentrations of major constituents in saturated zone waters
are unlikely to have a major influence on transport parameter
values in the saturated zone.

The next slide is actually the following slide in
your xeroxes, and what I've done here is just given you the
compositions of major ions, major cations and anions and
silica in three separate waters--actually four, but three of
them from the flow system that we're interested in, these
three right here.

This is water from a well in the recharge area.

The well happens to be TW-8 right at the south end of Rainier
Mesa, I believe. 1It's in tertiary volcanics, so these waters
reflect a chemistry that interacted with tertiary volcanics.

The second water is a water that's halfway through the
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flow system at Yucca Mountain, and certainly Zell has
referred to this. This is J-13 water composition. Then,
finally, here's a water composition that occurs further down
the flow system in this region here. Actually, right in
here. So I could have also taken additional compositions
further down the flow path, but I chose one right down here.

J-13 is up in here, and then TW-8 is up above the highest
black dot that you see there.

The point that I'm making is that these three water
compositions are actually quite similar, so that all along
that flow path, there is not a whole lot of water-rock
interaction that goes on to change the chemistry. What does
go on is the pH increases significantly, also sodium
increases somewhat, by a factor of two or so, and that's from
this sodium-hydrogen ion reaction that I showed on the second
slide. So the argument then is the water chemistry seems to
be set in the recharge area, and from then on, there's not a
whole lot of change until you start mixing waters from other
flow systems, such as the carbonate aquifer water.

The one thing that we don't have good information
on is redox potential, and I put question marks here. We're
hoping to get additional information on redox potential in a
number of wells at the site this year, and in fact hopefully
within the next month or so. And I'll talk a little more

about that later.
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Okay, another set of data, inference and
implications. The data is that the water along the flow
paths, the ages of the water along the flow paths are
whatever they are; I put up to 20,000 years BP here. That's
a number that I've seen over the years. The number might
actually be 15 or 10, and we can argue about that. My point
is that the ages range up to some number like that.

The inference is that the time of infiltration of
the water is not a major factor in controlling water
chemistry, because we saw from the last slide, water
chemistry doesn't seem to depend on where in the flow path
you are, whether you're in the recharge area or down in the
Amargosa Valley. So time of infiltration doesn't seem to be
important. So the implication is that climatic variations
aren't going to have a major impact on major element
concentrations in the waters in the saturated zone within
Yucca Mountain.

This slide talks to the relationship between the
presentations in this meeting and the presentations that
might be made in a strictly transport meeting where we talk
about the potential transport of radionuclides along the flow
path. Because in order to calculate transport, you need to
have values for transport parameters, and the question is how
do you get those values and what kind of water compositions

do you use to get those values.
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Well, the fact is that the project has used J-13
water for a lot of experiments to obtain transport
parameters, and I've said here J-13 is sort of in the middle
of the flow path. The inference is that J-13 water is
representative of the major constituents in saturated zone
waters in the volcanic aquifers. The implication is that J-
13 can be used in these experiment basically because the
waters along the flow path don't seem to show that much
variation.

Related to this is the fact that pH in the
saturated zone waters does show substantial variation from
6.5 to about 9. The inference is that there's something
controlling it, and I've said partial pressure of CO2 is a
factor. There may be other factors as well. The implication
is that we ought to do these laboratory experiments over at
least this range of pH values in order to get transport
parameters that can be applied generally.

This slide starts off the rest of the presentation.

This gets us into an area that we're concentrating on at the
moment and will for the rest of the fiscal year and possibly
into the next fiscal year.

Here, the data is that the oxidation/reduction
potential in saturated zone waters at Yucca Mountain shows a
range from minus hundred something or other to 365

millivolts, but we have very few data points, and those data
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points were collected under conditions that are not
necessarily optimum. And I'll get into that in more detail

in a minute.

The other data point is that methane is found in
some wells. So there is a suggestion there might be reducing
conditions, at least in some wells.

Inference is that based on that range of values,
the oxidation/reduction potential, or Eh, of waters in the
saturated zone may be sufficiently low, that is, the waters
may be sufficiently reducing so that the lower oxidation
states of redox sensitive radionuclides are stabilized.

The implication is if those lower oxidation states
are stabilized, then nuclides such as Technetium 99 and
Neptunium 237 would be greatly retarded relative to the
situation under oxidizing conditions. So it's quite
important to determine whether the Eh of waters in the
saturated zone is sufficiently reducing.

The data that we have to date, and I mentioned the
range earlier, but basically this data was obtained by Al
Ogard in 1984. There's a Los Alamos report here that
presents that data. The data was obtained basically on
pumped water samples, samples that were pumped from depth
using metallic tubing and using a metallic pump and various
other things that aren't necessarily optimum for obtaining

the redox potential of the water that's 1,500 feet down in
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the ground.

However, even under those conditions, they did see
negative redox potentials, and overall, the average of the
numbers that they obtained is something like 225 millivolts,
and then there are also some lower values in some "thief"
samples, basically dip a bucket down the well and pull up the
water.

This average of 225 is very close to the potential,
that is, the redox potential at which Neptunium goes from
plus 5 to plus 4, and Technetium goes from plus 7 to plus 4.

So the possibility exists that these radionuclides would be
in the reduced form in the saturated flow system. So the
rest of the talk then is about what we're going to do to try
and resolve that.

This slide is thrown in here just to give you an
additional handle on the radionuclides that are particularly
pertinent to this discussion, and I won't go into the details
there.

What we plan to do, and as I said, in the very near
future here, we're going to make measurements on the redox
state of saturated zone waters. We're going to make these
measurements on waters that are pumped from the wells.
However, the pumping systems are going to be essentially non-
metallic. We'd have fiberglass tubing. We've got a non-

metallic pump, and then the measurement equipment at the
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surface will all be non-metallic, except of course for the
platinum electrode.

Wells are going to be cleaned and purged
beforehand, and the wells that we're starting on are WT-17,
WT-3. These are two wells in Dune Wash down gradient from
the potential repository. So those are important locations
to have this sort of information for.

The pumped water will be monitored not only for the
platinum electrode potential, but also for a number of other
redox sensitive parameters. And those include various redox
couples, including total iron, Iron-2, Sulfate, Sulfide,
Nitrate, Nitride. And then with Klaus Stetzenbach at UNLV,
we're also intending to do Selenate, Selenite, Arsenate,
Arsenite, and a number of others, so that with that whole
collection of data, we can bound the redox wvalues in the
saturated zone at the locations at which we sample it.

Zell talked about the work on major constituents,
environmental isotopes and other work that he says the USGS
will carry out.

In summary then, the variations in the major
constituents along this flow path from recharge area to
Amargosa Valley, or to the accessible environment boundary,
wherever you want to put that boundary, the variations are
unlikely to have a major impact on transport parameters,

except perhaps for pH and Eh. We're doing the experiments
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over a range of Eh, so we'll cover that base, and then the Eh
measurements, we're going to do here shortly. And what that
will require then is a more detailed analysis of how the
observed pH values relate to the transport parameters. And
that will be based on laboratory data.

Variations in climate are unlikely to have a
significant impact, as I mentioned earlier. Water from Well
J-13 seems to be close enough to representing the average of
the waters in the volcanic flow path that it can be used.
And then, finally, the redox potential in saturated zone may
actually be sufficiently low to stabilize less mobile forms
of some very important radionuclides that are now a problem
for dose calculations.

Thank you.

PARIZEK: Questions from the Board? Paul Craig?
CRAIG: Craig, Board.

I'm struggling as a non-geologist to put these
pieces together. So let me tell a story and tell me what's
wrong with it.

You're telling us on your graph four that the time
of infiltration isn't a major factor in control, which is
encouraging. And then in addition, there's encouraging
information in that Neptunium and Technetium, that they may
not move as fast as the water. Zell has told us that 5,000

years i1s a plausible time for the water motion. If you can
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only get a factor of two out of your hold-up through the
chemistry, you're now up to a time of travel in the saturated
zones which is comparable to the times that are emerging in
other pieces of the project, 10,000 years for the canister,
and so forth.

If that's true, the saturated zone becomes an
important and possibly even a determining hold-up time.
What's wrong with that reasoning?

MEIJER: I like it. Well, I mean I don't necessarily
disagree with it, and in fact I think I agree with it.
Basically, I think that the hold-up time in saturated zone
may be more than a factor of two, particularly if the redox
potentials are low enough to stabilize plus four neptunium
and plus four technetium. So if the question is how could
the retardation times be less than a factor of two, based on
the water chemistry, about the only thing I could come up
with would be pH, because that shows a significant range, and
under low pH conditions, radionuclides stick less to the rock
surfaces than under high pH conditions.

But the fact is that the pH increases down
gradient, or seems to, based on the data we have, and so that
doesn't seem to be a problem. So I don't see a problem with
the conclusion at the moment, but I'd like some more time to
think about it. But at the moment, I don't see a problem

with it.
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PARIZEK: Debra Knopman?

KNOPMAN: Knopman, Board.

Wait a second. In interpreting your data from
really just a couple of points here, you're sampling from the
basically matrix waters as opposed to water that might be
flowing through fractures where you're getting some mixture
of those waters and you really--you're not talking about--or
let me phrase this as a question. What really can you say
about retardation between the repository site and discharge
areas from, you know, five data points or less?

MEIJER: Your point is well taken. First of all, I
can't say anything about retardation based on the major
element chemistry. I mean, that's for a talk on the effects
of major element chemistry variations on sorption
coefficients, on solubility and all that. This talk is not
that talk. Okay, that's the first thing.

The second thing is that I've used three data
points, but the fact is, as Zell showed, we have probably a
hundred data point--well, a hundred may be a little much but
certainly 50 data points along that flow line. So if you
look at all the data, all the data would be consistent with

this argument, you know, plus or minus some error, the

argument that I've made. So those are the two main points.
With regard again to the retardation, I'm also sort
of calling on a previous life I had in sorption coefficient
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determinations and transport parameter derivation, so I'm
adding in here information that I haven't given here today,
but that's in the literature that you have available and

probably in other talks that you'll hear on that. Not here;

not today.
PARIZEK: Parizek, Board.
Do you have any idea about the origin of the
methane that you observed in wells? Is it really sedimentary

bedrock units, or was that in the volcanics?

MEIJER: Well, first of all, I'm not the one that found
it, so I don't know exactly the conditions under which it was
found. But with that caveat aside, there are suggestions
here and there that there are sources of methane somewhere
down there, and the fact is that there are sources of
petroleum fluids and such not too far north of the test site.

And so the Paleozoic aquifer, that is the carbonates, have
the potential of having some reducing substance in them,
including methane. And so perhaps this stuff is coming from
the paleozoics, I don't know, but it has been observed in
more than one place, and beyond that, I can't really make any
statements.

PARIZEK: But it would be good news in terms of the
hold-up of, say, technetium and neptunium?

MEIJER: You bet.

PARIZEK: But the iodine then would be the last ringer
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in terms of long-life nuclides?

MEIJER: Right. TIodine is actually interesting. We've
taken the position to date, and again I'm talking about my
previous life here, that iodine has no retardation
whatsoever, and in fact may be ion excluded and, therefore,
travels faster than the water on average. But once you start
including an alluvium into the calculation, it turns out that
iodine can be held up in alluvium and it seems to be a
reaction in which iodide is converted to iodine, I-2, and
that iodine seems to react with organic materials, even a
small amount of organic material that somehow gets deposited
with alluvial material.

So the possibility exists that as water comes out
of the volcanic aquifers and goes down into the alluvium in
the Amargosa Valley, that organic materials in that alluvium
could retard the iodine. That's just a speculation on my
part. But based on data that we have in the literature, in
the peer review literature, and also an experiment done on
alluvium from Yucca Flat by Kurt Wolfsberg in the Seventies,
he saw retardation. So even iodine has got the potential for
being retarded.

PARIZEK: Other Board questions? Staff questions? If
not, we thank you for your presentation. And the next
presenter before our break, and we still may make a break,

has to do with hydraulic and tracer testing in the C-Well
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complex by M. J. Umari and Paul Reimus from the U. S.
Geological Survey.

UMARI: I'm M. J. Umari, the PI for hydraulic and tracer
testing, conservative tracer testing at the C-Holes, and my
colleague, Paul Reimus, is the PI for reactive tracer testing
at the C-Holes, and he will be basically--I'll be presenting
you with summary of hydraulic and conservative tracer
results, and then he will be talking to you about reactive

tracer results.

I've placed the C-Holes complex here in a large
aerial context basically to point out two things. First of
all, that the hydraulic tests that have been conducted here

at the C-Holes complex have affected are area much larger
than the complex itself. They've affected WT-3 down here at
about three and a half kilometers, WT-14, H-4 and C-1. So
this is the first reason for placing it in the large aerial
context like that.

Another one is to point out that all the hydraulic
and tracer testing that has been done at the C-Holes is not
intended to be the end product. The C-Holes were not
constructed only to determine hydraulic and transport
parameters at the C-Holes complex, but to determine
methodology for characterizing fractured rock in the
saturated zone, and that those procedures would then be

carried out at other locations at the site. And that will be
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a context for thinking of the second tracer complex which
Paul Reimus will tell you about. The idea of that would be
essentially to carry on the methodology that has been
developed at the C-Holes to locations other than the C-Holes.

I'd like to basically tell you about a few
hydraulic and tracer tests that were done at the C-Holes by
having these two overviews up, one that gives us the
geohydrologic cross-section at the C-Holes, and this helps to
illustrate or to point out that most of the tests that have
been done at the complex have been in the combination of the
lower Bullfrog and upper Gram interval, which is a highly
conductive zone.

There is a plan, and we are in the process of
starting to implement it, of doing hydraulic and tracer
testing at the Prow Pass interval, which is a low flow zone
higher up in the interval, and I'll talk about that a little
bit later on.

Another thing this illustrates is that there are
faults intersecting the bottom of the C-Holes complex, and
that is the reason why there are also some proposed studies
of the hydraulic and transport properties of the fault zone
that intersects the bottom of the C-Holes.

You have in your handouts following this overhead,
you have a list of bullets that I will not show here, but

I'll talk about those. Essentially, I'll talk about them by
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looking at this triangle here and say that the test that
you're looking at there, all the hydraulic and tracer tests
listed were done with this well, C-3, being the pumping well
in terms of hydraulic tests. In May of '95, this well was
pumped and both C-2 and C-1 were in open condition. The
packers were uninflated and we got hydraulic characteristics
of the combined interval, the combined saturated interval at
the C-Holes.

Then in June of '95, we inflated the packers in C-2
and C-1, still pumping C-3, and that enabled us to get
hydraulic parameters of individual intervals tested. Even
though we were pumping from this interval here, we got
responses in the Calico Hills and Prow Pass and the Tram and
all of them, so we were able to obtain hydraulic parameters
of those intervals.

And then from May of '96, all the way until
November of '97, we conducted a very long hydraulic test,
again with pumping C-3, and that long-term hydraulic test is
the one that affected the far away wells that I mentioned.
And the hydraulic test was the basis over which were
overlaying a series of tracer tests that we'll be telling you
about.

The first of those tracer tests was one in which we
injected iodide as a conservative tracer from C-2, again

pumping C-3. That was in February of '96. And then in
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January of '97, we conducted another conservative tracer test
in which again C-3 was being pumped, while 2-6 difluobenzoic
acid was injected in C-2, and pyridone was injected in C-1.
These are tracer tests that I will be talking about later on
in the talk.

So like I said, the next overview, I will not show.

You have it in your handouts.

This handout that you have essentially has a
summary of all the tests. This is the May 22 test, the June
12, the February, '96 test, which is a tracer test overlaid
over a hydraulic test, and this is the long-term test. I
want to point out here that although it says that the stop
pumping is March 26th, it actually was pumped all the way to
November of '97. This date indicates the end date for which
the data were analyzed. That's what that means. But
essentially here, this just gives you an overview of the
tests.

And then in the overhead following that, I have
some results of hydraulic properties at the C-Holes and at
the distant wells. ONC-1 is one of the Nye County wells, and
then there is H-4, WT-14, WT-3 and the combined rocks.

Maybe I can put this back up here while recapping
these to point out that--no, that's not the one I intended to
put up. It was the geohydrologic one that shows the aerial

location of the wells that I thought could help us talk about
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them.

So basically, ONC-1 is very close to the C-Holes
that are not shown here. H-4 is up Antler Wash here. WT-14
is at the top of Fran Ridge. WT-3 is down here at the bottom
of Fran Ridge near Busted Butte. And the other numbers are
for the combined interval at the C-Holes.

Now, the hydraulic results essentially indicate
that we have a cone of depression that is elongated in a
northwest, southeast direction. These are two snapshots, one
at 30,000 minutes, which is 20 days. The other one is
essentially at 321 days. And in both cases, you have
information in terms of the well number, as identified here,
a slash, with the dry-down indicated in centimeters.

Now, the cone of depression we feel is elongated in
that northwest, southeast direction because of alignment with
a series of fractures along and fault