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PARI ZEK: Good norning. It is ny pleasure to wel cone
you to the neeting of the Nuclear Waste Techni cal Revi ew
Board Panel on the Natural System | am Richard Parizek, and
| amthe Chair of the Panel. As many of you know, the Board
was created in 1987 in anmendnents to the Nucl ear Waste Policy
Act. Congress established the Board as an independent
federal agency to evaluate the technical and scientific
validity of activities of the Secretary of Energy related to
t he di sposal of spent nuclear fuel and defense high-I|evel
nucl ear waste.

By law, the Board reports its findings, conclusions
and recomrendations at |east twice a year to Congress and to
the Secretary of Energy. The President appoints Board
menbers froma list of nom nees submtted by the National
Acadeny of Sciences and designates a nenber to serve as Chair
of the Board. By law, as well as by design, the Board is a
mul ti-disciplinary group with a range of expertise. A ful
Board consists of eleven nenbers. There are three vacancies
at this point.

Now, let ne introduce the nenbers of the Panel on



the Natural System and other Board nenbers and consultants
who are here today. Let ne also remi nd you, before | do,
that all Board nenbers serve in a part-tinme capacity. W al
have day jobs. In ny case, | ama professor of Ceol ogy and
CGeoenvironnent al Engi neering at Penn State, and al so
President of Richard R Parizek and Associ ates, Consulting
Hydrol ogi sts and Environnmental Geol ogists. M area of
expertise include hydrogeol ogy and environnental geol ogy.

Board nmenbers in attendance at Dan Bullen. Raise
your hand. Thure Cerling, Ron Latanision, Priscilla Nelson,
and nyself. Wth the exception of Ron, all are nenbers of
the Panel on the Natural System

Dan is fromthe great state of lowa, and is on
| eave of absence fromthe Mechani cal Engi neering Departnent
at lowa State. He joined the office in Chicago of Exponent
at the beginning of this nonth. H's area of expertise
i ncl ude nucl ear engi neering, performance assessnent,
nodel i ng, and materials science. Dan chairs the Board's
Panel on Repository System Performance and | ntegration.

Thure Cerling is Distinguished Professor of Ceol ogy
and Ceophysics and Di stingui shed Prof essor of Biology at the
University of Uah in Salt Lake City. He is a geochem st,
with a particular interest in applying geochem stry to a w de
range of geol ogical, climatological, and anthropol ogi cal

st udi es.
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Ron Lat ani sion chairs the Board' s Panel on
Engi neered System and is a principal at the venturing
consulting firm Exponent, a Professor Emeritus of Nucl ear
Engi neering and Materials Science and Engineering at MT, and
| ast, but certainly not |east, a graduate of a well-known
state university in central Pennsylvania. H's interests of
expertise include materials processing, the corrosion of
nmetals and other materials in aqueous and non-aqueous
envi ronnent s.

Priscilla Nelson is Senior Advisor to the
Directorate for Engineering at the National Science
Foundati on. Her areas of expertise include rock engineering
and under ground constructi on.

We are also pleased to have two consultants, Frank
Schwartz and R en van Genuchten, raise your hands, with us
today. Frank Schwartz is an Ohio Em nent Scholar in
Hydr ogeol ogy at the Chio State University, and has served
ot her groups interested in independent scientific eval uations
of Yucca Mountai n hydrogeol ogy. H s areas of expertise
include fluid flow, solute transport, and basin-scal e
hydr ogeol ogi ¢ anal ysis. Many of you woul d know hi s books.

He co-aut hored several books, and a nunmber of publications.

Dr. Rien van Genuchten is a Research Soil Physi ci st
at the U S. Departnment of Agriculture Research Service in

Ri verside, California. He is an expert on analytical and
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numeri cal mathemati cal descriptions of unsaturated zone fluid
fl ow and solute transport processes.

Wel cone both of our consultants. He's the father
of variable, you' ve heard of van CGenuchten, variables, you
know, it's nice to have things named after you

At the side of the room and on the right-hand side
fromyour perspective, are the staff of the Board. | expect
the staff will be actively involved in our deliberations
today, and, so, you will certainly hear fromthemas we
proceed. Thank you for your efforts.

Bill Barnard, the Board's Executive Director, is
sitting on ny right. On the left, okay.

Before we turn to today's neeting, the Board woul d
i ke to announce a change in the | eadership of the Panel on
t he Waste Managenment System Mich of the Panel's activity
for the foreseeable future will be related to transportation
of spent fuel and high-level waste, and Mark Abkowitz is the
Board's expert in this area. Mny of you would have nmet him
in the January neeting, also held in this room Accordingly,
t he Board has decided that it makes sense for Mark to chair
this panel. The Board thanks Norm Christensen for his
efforts in chairing the panel over the past couple of years.

The thenme of this neeting is hydrogeol ogy of the
natural system specifically including aspect of the natural

systemrelated to fluid flow and radi onuclide transport. In
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May of 2002, when the Board first met OCRWM director, Dr.

Mar garet Chu, she expressed an interest in further eval uation
of the potential performance of the natural systens, and
identified the saturated zone as an area of interest. The
Board has developed a |ist of six issues related to the
performance of the natural system That list is projected on
the screen in front of you.

What is the nedian travel tinme of a nolecule
of water fromthe repository horizon at Yucca Muntain
to the repository regulatory boundary?

How m ght travel tine change for a
radi onuclide in the water, considering all factors
rel evant to radionuclide transport? Are all of the
factors equally likely?

Are the DOE s radionuclide transport tinme
estimates conservative, realistic, or optimstic?

What is the technical basis for these
estimates? Wat is the Board' s assessnent of the
technical validity of the technical basis? What can be
done to inprove the technical basis of the DCE
esti mat es?

How nmuch coul d the technical basis be inproved
by 2010 if the DOE pursues a rigorous scientific
progr anf

Each of the talks to be presented today and
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tomorrow help to evaluate these issues. Today, we wll focus
on the unsaturated zone and climate, and tonorrow, we wll
address the saturated zone. Tonorrow s neeting will include
a roundt abl e di scussion of panelists in the afternoon. W
| ook forward to an opportunity to engage in further
di scussi ons and reactions to what we hear over the course of
t oday and tonorrow.

This nmorning, we will begin with a presentation
fromEric McDonald of the Desert Research Institute, about

the deposition of sedinments in the desert that result from
climate change. That should give us insight into not only
how often climate has changed in the past, but also the
character of the sedinments, and how they m ght affect fluid
fl ow and radi onuclide transport.

That talk will be followed by a presentati on by
anot her DRI researcher, Saxon Sharpe, who sonme of you have
heard nmake a presentation here approximtely a year ago, and
he will describe the technical basis for the DOE s
under st andi ng of present and future climte states.
Understanding climate is inportant for understandi ng
precipitation, a significant factor in fluid fl ow and
radi onucl i de transport.

Followi ng that tal k, Janmes Paces wi |l present
anal yses and interpretation of mnerals collected inside of

Yucca Mountain. And, you've heard fromJimin the past, and
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we | ook forward to these new presentations fromall speakers.

The | ast presentation of this norning will be given
by Alan Flint of the U S. Geol ogical Survey describing past
and present theories of how water noves in the unsaturated
zone of Yucca Mount ain.

This is a Panel neeting, and not a neeting of the
full Board. Panel neetings provide an opportunity for the
Board to focus on in-depth discussions of particular issues.

The Board deeply val ues public participation, so we have
given the public a variety of ways to comment during this
neeting. We have set aside tine for public coments before
[ unch, and then again at the end of the afternoon. The
period before lunch is intended for people who, for one
reason or another, cannot remain until the public coment
period at the end of the day. Sonme people may sinply not be

able to stay for the entire program

| s there anybody here who wi shes to speak that wl|
not be able to remain until 5:20? | see no hands. |If you
woul d i ke to speak during the afternoon session, please add

your name to the sign-up sheets for public comment at the

regi stration table where Linda Coultry and Al vina Hayes are

| ocated. And perhaps they can raise their hand out here in
t he back. So, please add your questions to their list. |If
you | adies would just raise your hand, as you did, they'll

know where to find you. But that's normally the back table
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by the entry door.

Most of you who have attended our neetings know
that we try very hard to accommobdat e everyone, but as you can
see, as usual, we have a tight agenda. Depending on the
nunber of people who wish to speak, we may find it necessary
tolimt the tine of those presenters. As always, we wel cone
your comrents, including witten comments for the record.

Board and Panel neetings are spontaneous by design.

Board nmenbers speak quite frankly and openly about their
opinions. But, | have to enphasi ze that when we speak, that
we speak on our own opinions, and we're not speaking on
behal f of the Board. Wen we do articulate a Board position,
we will, of course, make that very clear. Board positions
are stated in letters and reports, and are avail able on the
Board's web site.

Before we begin, | would request that cell phones
be turned off. W don't want anyone to have to suffer the
enbarrassnment of having the rest of us start pointing and
possi bly noting their name for the record. So, please,
silence the cell phones.

So, having nade that rem nder, we're now ready to
i ntroduce our first speaker, Eric McDonald. He is a soi
scienti st and geonorphol ogi st with the Desert Research
Institute. Eric, it's a pleasure to have you with us.

Wel cone, and the floor is open.



© 00 N o o A~ w N P

N NN N NN R R R R R R R R R R
g N W N P O © © N O O M W N B O

13

MCDONALD: | have a power point presentation. How are
we doing this? Can everybody hear ne all right? Yes?

Just to sort of fill the dead time here, this is
the first time |'ve spoken before, given a presentation for
this Review Panel. M interests in deserts is broad, but one
of ny favorite topics is the history of alluvial fans, and
what |'mgoing to show during this presentation is sort of
sonme general aspects of alluvial fans. This sort of sets the
stage as to sonme of the general characteristics of the basal
sediments. The soil is on top. The main part of ny talk
wi Il be I ooking at how alluvial fans sort of record climte
change, or put in other terns, reasonable clinmate change
clearly draw-mgjor alluvial fan depositions. That's what
l"mgoing to try to show during nost of the talk.

Earlier, | sort of call nyself a geonorphol ogist,
and I"'mon the desert--nost of the land forns you see | think
record events that we can't really explain by nodern day
processes, and this includes climte change and how t hat
i npacts the | andscape. So, hopefully, 1'Il keep this talk
pretty general, and use this just for basic background,
al luvial fans.

| was asked to sort of talk about a variety of
things. The first one is is alluvial fans contain a range of
sedi ments fromcobbles to clays. Basically, they are very

m xed sort of range or particle sizes, and they also are
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capped by soils. 1'Il talk about sone of the basic types of
soils, or quality of soils.

Al luvial fans can be stacked on top of one another
in basins. Basically, basins are fixed--of alluvial fan
deposits, and this could be seen in a variety of
stratigraphic exposures, and I'll talk just alittle bit
about that. What I'mgoing to really focus nost of ny tine
on is the idea of climte change is frequent and regul ar, and
drives alluvial fan and | acustrine deposition across the
deserts. In other words, in the case of alluvial fans, major
periods of alluvial fans are indeed driven by changes in
climte.

Qutline. So, we'll start of first, general
character of alluvial fan deposits, |ook at sone surface and
buried soils, and a little bit on control on infiltration.
Part of my work with alluvial fans in soils is how the soils
control surface water hydrol ogy, both infiltration and
runoff, and | think this, in part, comes back to the purposes
of review for today.

Deposition of alluvial fans are regional events.

' m going to show some data we have that these things indeed
occur at intervals across a region, and | ook at a detailed
record in the last 25 years of events, fan deposition, and
| ook at the larger record over the |ast 85,000, 75,000 years.

And, then, try to make the point that fan deposition is
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i ndeed related to sone aspect of climte change.

The work 1" mgoing to be tal king about is largely
the East Mojave. Here's the test site up here. 1've only
done some work at the test site. Mst of my work is in the
Snore and Mj ave Deserts. But, the evidence | will talk
about today will clearly apply to the test site areas of this
Fortymle Wash. This is also part of the Geat Basin as far
as this part of the Myjave right here, very simlar in many
ways to the test site environment.

This is a satellite photo of the typical desert
sort of Piednont or bajada. Here's the bounds right here.
Of there is |large pockets of dunes, and this is referred to
as the Piednont or the bajada. And what's really inportant
is that this surface here, which | ooks pretty sinple, is

actually a very conplex nosaic of different age deposits with

different types of soils. It's like a big jigsaw puzzle.
In this case, the different colors are different
aged units. The yellows are basically young units, and the

bl ues are units older and really near. So, you have this
sort of puzzle nosaic of very different types of fan deposits
at the surface.

Sort of a very sinple schematic diagram all uvial
fan setting. Here is a diagramof the nountain front,
usually sonme sort of range fault down the nountain front.

This woul d be, say, the active channel shown here in bl ue.
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Fan deposits come out of the nmountain, basically sort of fil
in this basin, and this just shows the idea that we do indeed
have a sequential stack of buried deposits, alluvial fan
deposi ts.

Throughout the talk, I'Il often refer to the
proxi mal fan and distal fan. Proximal fan is the environnment
at the fan apex right fromthe nmountain front, where the
sedinents first | eave the nountain basin, and are deposited
into the basin. And, then, we have these distal fan
environments. Cenerally, proximal fans are steeper
gradients, three to five to ten degrees. Distal fans usually
three to five degrees as far as the actual gradient.

These alluvial fans, there is a very profound
change in particle size fromthe nountain front through the
fan to the basins. This is a very sinple diagram Proxim
fans, lots of boulder and deposits, lots of free flows, very
coarse, poorly sort of deposits, as you go towards the distal
fan, due to changes in energy of transport, nostly sand,
gravels. So, we see a change from coarse deposits on the
mountain front, and finer deposits as we get away fromthe
mountain front towards the valley bottom This sanme record
will be preserved in the basin sedinents bel ow ground | evel .

Sonme photographs just to highlight this point. On
the left here, this is corner, proximal fan deposit, here's

the | adder for scale, lots of boulders many nmeters in
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di aneter, poorly sorted, lots of debris flows. These things
were stacked. Here's a layer, layer, layer and |layer. By
conparison, here's the distal fan deposit, here's also a
neter scale. Lots of sand, lots of gravel. So, a very
profound difference in particle size between the proxim
setting and distal fan setting.

This is a nosaic map of the different deposit. [|I'm
going to go over this again. This is very typical for nost
Piednont in the G eat Basin. Yellow, sone |ight browns here
are deposits less than 10,000 years. There's quite a few of
those. Deposits here in the green and the purple, between
about 10,000 to 150,000. And, we have a record of quite a
few alluvial fan deposits greater than 500,000 years, and
they're shown here in blue. Again, we have this nosaic of
very different age deposits exposed at the surface.

VWhat's really inportant also is that the type of
soil that forns on these deposits will vary as a function of
surface age and the type of parent material. |In this case,
we have |inmestone, volcanics and granites and quartz
nonzani te side by side, and we can | ook at the different
types of soils that performthese environnents. These things
are sinple block diagrans. This is the soil depth. These
are just little cartoons, basic types of soils. Here's the
I imestone. The white here, this shows strong accunul ati on of

cal cium carbonate, not too surprising in the fact that it's
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[imestone. W sort of see mixtures that have nore siliceous
mat erials, such as quartz and quartzites and granites, and so
on and so forth, sandstones. W get |lots of cal cium
carbonate accunul ation. W also get the accunul ati on of
sodi um chl oride, called Color B horizons or clay B horizons.

As you go nore into the granite materials, |ess
carbonate and a lot nore in the way of clay rich horizon.
So, across these alluvial fans, we'll have a w de range of
soil types, both in terns of carbonate and in clay content.

An example. This is the typical soil you find in
t he Hol ocene age deposit, very weak devel opnent, usually |ess
t han 10, 000 years, very sandy texture, limted horizonation.

Basically, just the actual primary sedinents, |oose matri x.

These soils have very high infiltration

By conparison, on the sane setting, you can have
| ots of deposits, soils formon these old deposits, old in
this case being greater than 10,000 years. Also, clay right
here shown by the orange color, lots of accunul ati on of
cal cium carbonate by the white here. These soils, old
deposits, clay-rich texture, very conplex horizonation, that
is, avery stratified sequence, different types of horizons,
often cenented matrix, matrix cenented by cal ci um carbonate
or silica. These soils have very, very |low surface
infiltration

Anot her exanpl e of soils, young soil, very weak
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devel opnment, and the common setting on soils in these

Pi ednonts, clay-rich here, lots of clay right here, sone
carbonate. In sonme cases soil matrixes, they are al nost
conpl etely cenented by secondary cal cium carbonate. So, a
wi de range of soil types on these alluvial fan surfaces.

Anot her key point is that alluvial fan surfaces are
natural dust traps. A very conmmon feature in the desert is
wi nd- bl own, and we have shown and we found that over the
years, over many mllennia, these soils will just accunul ate
vast quantities of silt and clay fromthe dust at the soi
surface. So, it used to be a very high concentration of soi
and dust here, and this also dries desert pavenents or these
tightly fitting nosaic of class, the surface, very common
alluvial fans. And all this area represents this long-term
accunul ati on of desert dust at the surface.

Buried soils, alluvial fans. They do occur.
Here's a couple of exanples. These are two buried soils
here, this main deposit, one down here. |n ny experience,
nost buried soils are usually the remains of these carbonate
rich horizons. The other horizon has been stripped off, so,
we have these sort of buried petrocal cic horizons, horizons
cenented by cal ci um carbonat e

| think a couple key points, this is based on ny
own personal experience. Buried soils are often called

Pal eosol s do occur in fan deposits. They are nore likely to



© 00 N o o A~ w N P

N NN N NN R R R R R R R R R R
g N W N P O © © N O O M W N B O

20

occur in the distal fan environment. This is because this is
an environnent that's largely characterized by aggredation,
so deposits can be preserved.

In the proximal fan environment, the ol der deposits
are often buried, and are often eroded. And, so, you have a
very poor preservation of the soils. So, buried soils, nore
likely in distal environments; less likely in proximal. And
nore inportantly, also is the buried soils are going to be
di scontinuous. They're not likely to be preserved as a
continuous | ayer across the | andscape. So, the record of
buried soils in alluvial deposits can be very spotty.

Alittle nore information on soils. A key thing
about soils is that soils build over tine, and you have an
increase in silt and clay. So, a soils get older, you have
nore silt and clay, also nore carbonate. This is depth

profiles. This is down through the soil this way, and this

is show ng mass of silt plus clay, sort of normalizes,
renoves the gravel. These are different pan materials. This
is basically a thousand year old deposit we're starting wth.
This is a small anmount of silt plus clay. This would be al
par amat eri al

In 10,000 years, if you |look near the top of the
profile here, this is a definite accunulation of silt and
clay, and this is fromdust, not necessarily weather, |ike

nostly fromthe accunul ation of the desert dust, and 150, 000,
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130, 000 years, these are very strong increase in silt plus
clay, especially near the surface. So, as tine goes on, we
see this very strong accumul ation of silt and clay in these
soils, desert soils, especially near the surface. This is
very typical for nost alluvial fans, and it occurs on al nost
all paramaterials, including vernix and |inmestones, it's
pretty nuch the sane. So, a strong accunulation of silt and
clay over tine in the near surface environnent.

This is really inportant. It has a huge inpact on
the infiltration, surface infiltration. This is just sone
doubl e ring petroneter nmeasurenments done a few years ago.
MIlinmeters of water, this is infiltration tinme. Active
wash, just basically | oose sand and gravel, very, very fast
40, 60 centineters of infiltration. Wat's really
interesting is that this |ate Hol ocene surface is about a
t housand years old. This is a very snmall accunul ation of
silt and clay from desert dust, nmaybe a centinmeter at the top
of the soil. It has a very profound inpact on infiltration.

On the older soils, we have devel oped what's called a
vesticular A horizon. This often forns the desert pavenent.

It's a very silt and clay rich horizon, about 60 neters
thick right at the very top of the soil. It has a very, very
strong control on infiltration.

So, the older alluvial fans, the soils in the ol der

alluvial fans are nore likely to permt runoff into nearby
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channel s and have | ess water noving down through the soils.
So, the soil environnent of the fans will have a very strong
i npact on the surface hydrol ogy, which al so neans they have
an inpact on the water as it percol ates through the soil.

Al right, let's go on to |ooking at the alluvial
fan record in the last 85,000 years. This sort of multi-
color nmessy diagram this is a regional correlation chart.
This is alluvial fan record fromthe Providence Muuntain |I've
been tal king about. That's the one that had the satellite
photo. This would be the Silver Lake or the Soda Muntain
near Baker, California, and this is alluvial fans and
vol cani c deposits in CGma. The yellowis the Eolian or sand
sheets, the sort of brown are fan deposits, and the orange
are vol cani ¢ deposits.

The bl ue here shows correlations across the region.

This first one here is that we can use age control, in this
case, if red sinulated | um nescence, cosnogenic brillium 10
radi ocar bon, potassium argon, and cosnpbgenic helium 3, to use
age controls to start correlating these deposits. Wat we're
trying to do is build this regional structure for framework
of deposits across the region. W're trying to |link these
deposits, A and Brelated in tinme as far as periods of
deposition. Fromhere on up, this is basic |ayers of
pl ei stocene, through Hol ocene, and we do have sone ol der

al luvial records dating back to about 85,000 years as far as
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sand deposits.

So, we can use age control in part to start |inking
t hese deposits together across the region. What we can do
also is use salt formation to help link these soils, link
t hese thoughts together. W can use the soils to reinforce
the age control. So, again, we use the soils to sort of help
build this framework. There are many ways to show soil data

What we often do is we use what's called a soi
devel opnment index, and this is just basically an index. W
take different types of soil properties, norphol ogy, the
structure and the color, and so on and so forth. W can
easily apply a value to it. The higher the nunber, the ol der
the soil, the strong the degree of soil formation. And, we
can play ganes like link these things together. The key
thing here is these are the three different sequences,

Provi dence Mountain, Silver Lake or Soda Muntains, the C na,
and we can use the soils to show that these deposits,

alluvial fan deposits, are indeed correl ative across the
region. So, we use the soils and the age control to formthe
stratigraphic franmework.

Al'l right, let's ook at fan deposition is rel ated
to climte change. There clearly is a record of alluvial
climate change in the Geat Basin of the Mjave and
(i naudi bl e) Deserts. Saxon's talk will actually provide nore

detail. We know climate change is rapid. W knowit's
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frequent. W know it happens in deserts, and it has a
profound inpact on the alluvial record that we see.

This is a schematic of the record from Lake Mj ave.

This is near Baker, California. This is probably the nost

i mportant record we have in the Mjave Desert. W have two
maj or | ake events during the |last ice age, the |last major
pluvial, Lake 1 and Lake 2, by sonme internedial |akes. So, a
| ake was going up and down, it was pretty sporadic. W also
have sone clear evidence of |akes during the Hol ocene, the

| ast 10,000 years, actually, the last 8,000 years, at |east
four different |akes. So, again, the | akes here represent
peri ods of climte change, and I'll show | ater these
represent periods of wetter climate across the region.

So, here's our climate record. Here's the alluvial
fan record fromthe Providence Muuntains. The yellow, these
are periods of sand sheets or Eolian deposition. The brown
here would be alluvial fans. And, we have several fans
during the last 14,000 years. The biggest one at this tine
period is X5, and it's clearly tied into a period of high
| ake sand and di m ni shing | ake during the Plubial Lake
record. So, we see fans being tied back into part of the
pluvial record. The sane thing in the Hol ocene here. W
have sone fans that seemto correlate wth sone of these
short but inportant Hol ocene | ake sands

What's really inportant is that we can see this
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sanme record in other nountain fronts across the east Mjave.
This woul d be the Silver Lake/ Soda Muwuntains, this is near
Baker. W have a very simlar record as far as alluvial

fans, and periods of sand sheets. The key thing here is that
across the region, we're starting to see very simlar periods
of alluvial fan deposition. They're occurring during these
brief periods of time, and they seemto be occurring during
the sane time intervals across the basin.

This is really inportant because these are two
very, very different environnents, as I'll show next. This
is sort of a basic conparison for the Providence and the Soda
Mountains. This would be the |argest basin we find in the
Provi dence, the largest basin we find in the Soda. This is
all inthe basin. This is a kilonmeter by kilonmeter scale for
conpari son

The other key thing is that if we | ook at the
drai nage profiles in the basins, a huge difference in
el evations and environnments. This would be the gradient for

t he Provi dence, above 1,000 neters, or 2,000 neters, and here

is the drainage for this basin, the Soda, well |ess than 300
neters.

Wat's really inportant is that these are two
conpletely different environnments. Providence, high

el evation, sem -arid, sub-humd, continuous vegetation.

Vegetation covers as far as today. Soda Mountains, very | ow
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el evation, very arid, alnost hyperarid, sparse vegetation
cover. These two different nmountain fronts, nountain basins,
were depositing alluvial fans fromthe same tine period. To
me, this represents how climte change is driving alluvial
fans, and not some sort of material nechanismlike conpl ex
response to internal factors.

I f we have alluvial fans being deposited fromvery
different environmental settings, sonething else is driving
it besides internal factors. Again, the external factor
woul d be sone part of clinmate change.

We can al so see this sort of propagation across
different levels of the tectonic activity. This is a very
sinple tectonic map of Southern California. Right here, it's
very high tectonic activity. Here's the San Andreas and the
Garl ock, and a series of nountain fronts that are very active
tectonically. This would be the Silver Lake/ Soda Munt ain
front right here.

We can conpare that alluvial fan record with the
Provi dence and the Cima. These are basically areas of very
|l ow tectonic activity. So, again, the point here is that
we' re seeing regional deposition across different geonorphic
settings as far as environnent, and across different tectonic
activity. So, the type of tectonic activity does not control
t hese discrete periods of alluvial fan deposition. These are

regi onal -w de events.
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So, if you look at the--bring this back a little
bit. This is the record | showed earlier. This is about
25,000 years. W have recent age control on this what we
call the @3. This would be a fan deposit that we're finding
across the region. This is a very large fan, interval of fan
deposition, and occurred about 65 to 75,000 years ago. If we
conpared this to nost, this is sort of a conpilation of nobst
alluvial |ake records in the Geat Basin of Mjave, there's
pl enty of evidence for a | ake stand across the regi on about
65 to 75,000 years ago. So, again, we see a period of wetter
climate, and we see a fan associated with that wetter
climte.

So, the point here being that the alluvial fan is
clearly responding to climte change, in this case, sone

wetter climate, and the recordings are intervals of wetter

climte.

Now, how climate change inpacts alluvial fan
deposition, there are still many questions. There's a
sequence of events regardi ng vegetation change, regarding

stormintensities, stormsize, that we haven't quite figured
out. But, I'll just sinply leave with this. W know that
during these periods of wetter climate, it there was indeed
wetter across the basin. This is a very sinple way of
showing this. There are many better ways to do this. This

is an el evation of weather stations across the basin,
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different elevations. This is annual precipitation, and this
is basically about 60 years of historic weather data.

The red line here is the historic nean, and this
woul d be their typical year, and the blue line up here, these
are flood years, or years of El N no type weather activity.
In this case, this is years in which the Mjave River
actually flooded, putting water into the Silver and Soda Lake
Basins. This is a rare event, but this is when we have a
| arge increase of frontal stormactivity. The key point here
is across the region, there's alnost a doubling or tripling
of the amount of rainfall that you look at. So, during these
pluvial periods, we also use this as a record of the climte
mechani sm driving these pluvial periods in the Mjave Basin.

So, we clearly see an increase in noisture across
t he regi on when we have these pluvial periods. So, again,
how this drives alluvial fan deposition, we're still not 100
per cent sure, but we do know that when you have wetter
envi ronnment, you do have these periods of alluvial fan
deposition across the region.

This last slide here is going to highlight this
point. The record devel oped in the Mjave Desert right now
is that the lacustrine record, and to sone degree, the
alluvial fan record, reflects this period of change in storm
tracks. During the pluvial periods, the (inaudible) drops to

the south, and nost of the storns are frontal storns,
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funnel l ed through Southern California. Whereas, say,
historically or typically, nost of the stormtracks lie well
to the north.

So, clearly, we see this period of alluvial fan
activity during periods when we know there was increased
wetter climate across the Mojave Desert. This would al so
apply to the Great Basin Desert.

Let me summarize this. Alluvial fans contain a
range of sedinments, coarse grain, cobbling near the nountain
front. Internal particle size decreases down fan, with nore
silts, clays and sands in the distal fan environnent. Soi

devel opment increases with surface age, carbonate
accunul ation, silica accunulation, silt and clay from dust.
Infiltration decreases with surface age, a huge inpact on the
infiltration and the resulting hydrol ogy of the surface.

Al luvial fans can be stacked on top of one another.
These basins contain a series of different alluvial fan
events. These fans do contain buried soils, but ny
experi ence has been that the best preservation of buried
soils are in distal fan environnents, with preservation being
di sconti nuous.

And, finally, the climate change is frequent and
clearly drives alluvial fan activity, along with the
| acustrine activity. The key point here being that the

alluvial fan record we see is related in sone aspect to
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climate change. W see discrete periods of region-w de
al luvial fan deposition, across all basins, across at
different range of tectonic activity. Alluvial fan
deposition is clearly related to sone aspect of clinmate
change. Exactly how that happens, we don't know. There's a
variety of ideas, but clearly, climate change is driving
these maj or periods of alluvial fan deposition.

Based on the record we have in the East Mjave, at
| east five major periods of fan deposition in the |last 75,000
years, there are probably nore, but those are the ones that
we can reasonably correlate right now And, there's still,
like | said earlier, big questions on how this happens.
There's clearly links between regional climte change and

regi onal periods of alluvial fan deposition.

And, with that, 1'Il take any questions. Thank
you.
PARI ZEK:  Thank you very nmuch. \When the viewgraphs
didn't come up right away, | mght have commented on why al
of this mght be inportant to the Yucca Mountain Project.

Surely, you've given us an understanding of a variety of
conditions that m ght occur through tinme, and how that drives

fan devel opment and sand down cutti ng.

One question is how do we get a canyon cutting
stage added to a fan? Wen do we fill a canyon in? So, we
| ook at Fortymle Canyon, Fortym|le Wash, versus the distal
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end, how does that evolve through this? And, given the soils
that you show, | nean, there in the field trip where you
illustrate this, it's really convincing evidence that it
takes skill, it takes know edge, but when you do that, you
have this perneability contrast affecting infiltration, but

al so the possibility of flowin the saturated zone. How many
soils could we have in a fan |ike Fortym|le Wash at depth,
and down at the saturated zone? How do we know we have them
by drilling? W now have a sonic core capability that m ght
be a way to do this. The first core starts at the water
tabl e, however, it kind of ignores a |ot of the shall ow
material. There's a series of questions here that woul d be
hel pful to understand, because this is very relevant to how

you treat nodeling and water flow and transport in a fan

conpl ex.

MCDONALD:  Well, let nme try to answer that second
guestion. | have worked on projects. W' ve |ooked at buried
soils and cores. It's very difficult. Wwen | ook at soils
inthe field, | need a neter, 2, 3 neters to really get a
sense of what that soil is all about, because the soi
variability, when you | ook at a core that m ght be two inches

or four inches across, that's really a chall enge.
These alluvial fan basins, clearly are buried
soils, especially like | said, in the distal fan environnent,

that woul d be the geonorphic environnent nost likely to find
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buried soils. So, I"'mtaking soil pits in the distal fan
environment. | often encounter buried soils, even in the
soil pits. They do occur out there.

G ven that sort of nosaic pattern, alluvial fans,
given the fact that you do have this sort of conbination of
aggredati on and degradation, preservation is going to be
very, very spotty in the alluvial fans as far as any one
soil, alluvial fan surface being preserved, intact in a
buried environnent. So, | can al nost visualize these sort of

pockets or stretches of soils here and there. So, it is sort

of hit and mss as far as drilling.

| would say, just thinking off the top of ny head,
that it would probably take nore than one drill core over
sonme interval, you know, over 100 nmeters, 200 neters,

what ever, to be able to pick up buried soils, because it is a
spotty record.
And, ny experience also is that in nost of these

cases, nost environments, you're only preserving the

strongest part of the soil. It may be clear (inaudible) that
part of the soil submtted with calciumcarbonate. |In sone
cases, that may only be a few decineters thick. So, it may

be a very difficult record to pull out of these basin
environments, but it should be there. | think that's the big
guestion, what is the, if you look at this in sort of a three

di mensi onal sense, how many soils could be buried, how | arge
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an area do they cover, so on and so forth.

MR. PARI ZEK: But, there's surely an episodic evidence
t hat you show us fromthe | ake |l evels, plus also fans over a
broad area in the Myjave Desert, and | think that's
i nteresting because, say, for the Fortymle Wash area, we're
likely to have had nore conplicated than perhaps a sinple
rendition of it, and the question is what does that nean to
per haps nodel devel opnent, and the heterogeneous nature of
t he deposit you show us al so has allowed significance to the
nodel .

MCDONALD: | just think that especially in a place as
big as Fortym | e Wash, when you get to those distal
environments, there's such a huge fan system and drai nage
system and terraces, and what not, that just thinking about
t he conplexity of how nuch could be preserved, it's actually
imensely quite a challenge. Cearly, there's got to be
sonet hing there.

PARI ZEK:  Ron?

LATANI SI ON:  Lat ani si on, Board.

Let nme preface ny question by pointing out that I'm
a nmetal lurgist who has had I think, Richard, two courses in
geol ogy when | was a student at that wonderful canpus in the
Ni tany Vall ey of Pennsyl vani a.

But I"'minterested in, let's see, there's no

nunber, the slide that showed soil developnent. [|I'm
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wondering what the--1 think we passed it--what is it that's
actually quantified in terns of the norphology? And, | ask
this question because in terns of the solid state, we teach
our students, or | have taught my students, | should say in
the past tense, the inportance of the relationship between
t he processing of the solid, its structure, or in this case,
per haps norphol ogy, and ultimately its properties. And, so
"' mjust wondering what characteristic it is that's
identified in a soil devel opnent index, and whether it is a
mani festation of the, let's say, the rate of deposition of
alluvial material or just what it actually characterizes.
MCDONALD: Right, Those are two big questions. Let ne
go wth the index. Wen we describe soils in the field,
there's a wide range of properties we describe. Basically
separate the soil in the horizon in discrete |ayers. W
describe the color, the structure, the type of carbonate
coatings, the type of clay coatings. There's a long list of
nor phol ogi ¢ properties in the soil we descri be.

What the index does, it sinply takes all those
different types of soil properties, and we normalize those
agai nst what we think is the strongest property you could
find in that environnent, and we basically take all those
properties and throw themtogether as a single nunber. So,
we're taking a wi de range of norphol ogic properties, and

pl ayi ng some ganes, conme up with a single nunber that could,
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| ook at nunbers for the horizon as a function of differ
types of properties.

I n nost cases, we use the index, increasing s

formation | eads to a greater devel opnent of norphol ogic
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properties, a greater type and a greater degree devel opnent

and a greater range of norphol ogic properties, like is
reflected in the index. The soils get deeper, and that

also reflected in the index. The final nunber is a

'S

conbi nation of the depth of the soil, along with the overal

summati on of types of norphol ogi c properties.

So, in short, the index is sort of a way to very

sinply show the degree of soil formation. The higher t
nunber, the nore greater variety, degree of devel opnent

nor phol ogi ¢ properties.

he

of

LATANISION: |Is there a way of interpreting the index in

the context of infiltration rate?

MCDONALD:  You could. There's two ways to do it.
is in these environnents, generally speaking, the ol der
soil, the stronger the devel opnent, to | ower the
infiltration

LATANI SI ON: Ckay.

MCDONALD: Basically, what you're tal king about is
hi gher content of clay and silt, greater degree of stru

and greater degree of cal cium carbonate accumnul ati on.

One
t he

t he
cture

Thi ngs
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are going to slow down in the infiltration and transm ssion
of water.

LATANI SION: So, would a high index typically have a | ow
infiltration rate?

MCDONALD: Typically, to a point. On the ol der soils,
what makes this really fun is that we know in the desert a
good question | can--we often ask is how cone we don't find
wel | devel oped, intact soil in the Mjave Desert. Because of
the change in infiltration. As the soils becone better and
better devel oped, and the infiltration decreases, we've
reached a point where the soils begin to self-destruct, as
you decrease infiltration, you produce nore runoff, which
| eads to surface erosion. So, it's sort of a strange cycle
in the older soils, where you m ght be renoving sone of the
hori zons that can best limt infiltration. But, generally
speaking, it's sort of like a neter thick petro-calcific
hori zon, lots of calciumcarbonate, it's still going to
decrease infiltration

LATANISION: If we could turn to the slide that showed
infiltration? It's a fewprior to this one. This is
interesting to nme. You nmade the comment that if there's a
thin layer of clay, for exanple, on the surface, it wll
affect the infiltration rate dramatically.

MCDONALD:  Ri ght .

LATANI SION:  And, that leads nme to an analog again with
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the solid state in which we often deposit thin |ayers of
various materials, for exanple, in sem -conductors, we're
likely to dope a sem -conductor with a netal oid el enent, or
sonme such, and that changes properties dramatically. |I'm
wondering if the sane mght be true in the case of geol ogica
structures or perhaps if the scale is too big for this to be
practical, but the sort of wild eyed thought |I'm having here
is whether or not you can actually conceive of tailoring
soils by artificially introducing into the surface
constituents that m ght have the effect that clay does here
in nodifying the infiltration rates, and whether that sort of
artificial processing mght actually be of sonme value in a
geol ogi ¢ sense.

MCDONALD: That's really a good idea. | would say if
you have some alluvial units sonewhere at depth, and you
wanted to, say, inject carbonate or clay intoit, clearly we
have to change hydrol ogical properties. Certainly, that
woul d clearly have an inpact when it cones to soi
environment. The other key part is soils, not just the fact
you' ve got silt and clay, but also it has to do with the
devel opment of soil structure, which controls the pore size
di stribution, and especially also macroporosity, and that's
really nore of a soil function. So, the question would be if
you injected, say, a buried alluvial unit, you' d certainly

have the particle size change, but you al so have sone of the
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correspondi ng changes as far as the porosity, and what not.
But, | nean, just generally speaking, if you were to inject a
finer grade material into a coarser grain buried deposit, it
woul d have to have an inpact on the flow of water

LATANI SI ON: Yeah, that's what |'mthinking.

MCDONALD: | never thought about that, but it shoul d.
mean, I'mtrying to do the sane thing in the surface. |I'm
trying to develop a way to recreate these desert pavenents on
the surface, for the sane reason, because they control the
ecol ogy, they control the infiltration runoff, they stabilize
the surface. They're being destroyed in the desert. |It's
the sane idea, trying to artificially create this sort of
fine grained unit. That's really an intriguing question.

PARI ZEK: We have three nore questioners, Dan Bull en.
But, you know, just thinking if you had nore than two
courses, you m ght have been really dangerous.

BULLEN: Bul |l en, Board.

| shoul d probably preface ny coments and questions
by saying I'ma nucl ear engineer, not a soil physicist or a
geol ogi st, and |I've never had a geol ogy course, so this is
going to be even worse.

First off, maybe just a question of scale. Wen
you nentioned proximal and distal for these alluvial fans, is
there sort of a--how many kil onmeters, how many neters is

proxi mal and distal? And, | know it depends on slope and al
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the other things that are associated with how these are
devel oped. But, is there kind of a rule of thunb, you know,
you're nostly proximal when you're within a kiloneter or two
of the nmountain, and you're distal when you're five

kil ometers away?

MCDONALD: That's a good question. | nean, a good
exanple is Death Valley. |If you're on the east side of the
basin, the alluvial fans are very steep and are very small
so it's the nore tectonically active side. |If you get on the
west side of the basin, the fans are very long, alnost |ike

fan terraces. M rule of thunb, if I can walk along, and |I'm
not tripping over boulders, |I'mprobably distal. If it's a
nice leisurely walk. If I"'mclinbing and I' mwal ki ng around
boul ders, | have to watch where |I'm stepping, |'m probably
proxi mal .

BULLEN: Ckay. Can you go back to the scal e where you
showed the | ake levels, and then the formation of the fans,
just one of those--

MCDONALD: One of these ones down this way?

BULLEN: Yeah, one of those. What's the scale on the
top two figures, for exanple, when you say you' ve got fan
deposi tion?

MCDONALD: It's really relative, but it's really the
| arger of the size of the | oop, the bigger the event. For

i nstance, here, the 5, the 2, those are nmuch |arger fan
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depositional events as far as the size of the fans, the area
t hey cover, and even the thickest of the sedinents conpared
to the ones we see since then in the last 8,000 years.
BULLEN: Ckay. And, then, along those lines, simlarly
with the top scale, is the tinme scale, | nean, it just
happens to be deposited over the sanme tine that the |ake
| evel s were in existence? And, | nean, | know how you can
actually date the | ake | evels, but how do you date the tine
scale for the fan depositions?
MCDONALD: We have, in this case, this record is a
variety of dates. Most of these are associated with
radi ocar bon dates, either on sedinments, either within the
sedi ments, feather of the fans are either buried by or cut
through. In the case of, say, Soda Lake, the fan deposits
are actually tied into wave cut platfornms forned by the | ake.
So, there's a variety of geonorphic stratigraphic, and then
we have other things |ike cosnogenic dating and ot her things,
which are really nore in the ol der fans.

In this case, also, the case of Providence, we've
used the bracketing sand sheets, basically in sonme case the
Q&5 is actually sandw ched between two different Eolian
units. W use lum nesce as dating on those sand sheets to
bracket the period of deposition of sand sheets. W bracket
t he fans based on the periods when the sand sheets were being

m grated and accumnul ati ng.
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BULLEN: Ckay. Bullen, Board, again. To follow up on
that sanme kind of deposition question. Are these depositions
that occur when the clinmate change, do they take | ong periods
of time to deposit, hundreds of years, or do you get very
| arge depositions with episodic events? Like, if |I get a 500
year rainfall, for exanple, do | get just a potload of
deposition, and then | may sit for another, you know, 20, 30,
50 years, and then have another big event? O is it nore
steady state kind of deposition?

MCDONALD: | think those are really inportant questions.

It's probably going to vary on the size of the drainage
basin, and the type of material. | think both of those are
going to occur. | think in some cases, you're clearly going
to have very large--you're going to have a stormthat, you
know, if you want to call it your 500 year storm 100 year
storm whatever it is, it's clearly going to nove a | ot of
sediment. | think do | look at these in a journal sense?
These are periods where we're basically transporting a | ot of
sedi nent fromthe basins out--fromthe drai nage basins out to
the alluvial fan environment. So, | see these happen in, you
know, maybe a few thousand years, or a few tens of thousand
years, the bigger fans. But, | think we're |ooking at just a
mass novenent of material fromthe basins out, and that could
happen in big events, but it's probably just overall a

greater degree of material being transported out.
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BULLEN: Bull en, Board. Last question, | prom se, M.
Chai r man.

Can you go to that |ast slide where you showed the
weat her patterns comng into northern California versus the
sout hern? The average stormtrack at, you know, 25 to 10, 000
years ago, you show comng in sort of fromthe south,
sout hwest there. The question that | have for you is did the
rise of the Sierra Nevadas during that tinme franme, and |
don't know how nmuch it rose in those 25,000 years, did that
have an inpact on the type of stormpattern and deposition

that you' d expect to see?

MCDONALD: | don't think the Sierra, | think in the |ast
25, the inpact would be too small. But in the older fan
record, this is just food for thought, the older fan record

in the Mpjava, one question we've raised is you go back a
mllion, two mllion years ago, how does the hei ght of the
Transverse Range inpact alluvial fan record? | nean, those
mountains really are comng up fast. |[|f those nountains were
| ower, this goes for the test site, too, how woul d that

i npact the way the storns cut across the region if you have

| oner nmountains. So, the |last 25,000 years, may not have
much inpact, but if you go back a mllion or two or three
mllion years, |I'mcurious what sort of inpact that would
have as far as the Transverse Range, for the sane reason

you' re thinking.
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BULLEN: Thank you very nmuch. | always learn a |ot.

PARI ZEK: Priscilla Nelson. And, we can recruit these
guys in the geol ogy program

NELSON: Nel son, Board. Unbelievable. GCkay.

| would |ike to ask sonmething a little bit
different | think about the fans thensel ves as materials
left. They're well known generally as places where water
noves, water can nove through fans in certain directions,
certain locations that is used in many cases, |like the Canags
or over in lran, lIraqg, of noving water through. So, the
sense of having water novenent inside of a fanis alittle
bit different fromwhat you' ve been tal king about, which is
depositional, and the stuff that happens at the surface. So,
|"d like you to just think a little bit about that.

And, in particular, tw things |I think, one about
what do your studies show about for these fans, how water
noves through them and, secondly, do you see evidence of
post - depositional nodification in terns of the class or
i ncrease or decrease in cenent? Wat's happeni ng post -
depositionally to the texture of these materials, given that
they're not pervasive |aterally, because of the environnent

and deposition, but once deposited, what's happeni ng?

MCDONALD:  Well, I'mgoing to answer the |ast question
first. If | understand your question correctly, what you're
saying is we get these alluvial units, even soils, in buried
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envi ronnent, are they going to change?

NELSON: Nel son, Board. | think that--1 expect that
they will change over tinme. And, in this particular
environment that you have, that are relatively near the site,
what kinds of internal nodifications that m ght actually
change perneabilities and change fl ow?

MCDONALD: | can answer that two ways. One is this goes
back to the question about buried soils. One of the greatest
challenges in trying to identify buried soils is you want to
know what's petrol ogic and what's geologic. And alluvial fan
envi ronnments, and many ot her environnents, once you bury that
soil, or you bury that deposit, it wll change, especially in
t he vadose zone, or even the saturated zone. You get a
variety of silica or carbonated cenments filling in the pores,
you're driving cenentation. You're clearly going to get sone
chem cal changes.

One of the biggest challenges | have seen in buried
soils in alluvial fan environnments is that you can accumul ate
cal cium carbonate so many different ways. And, one of the
bi ggest chal | enges, how do you separate a groundwater

carbonate froma soil carbonate? That's a real challenge.

So, that's sort of a way of--1 nmean, we clearly know these

t hi ngs are changing as they're buried, and they' |l cone back
to the flow path, | nmean, certain alluvial units will contro
where the water is flowng and howit's flow ng.
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| see cases where a preserved buried soil at the

top that will serve as a conduit with flow across the top of

it, you'll actually see clay accunul ation and silica cenent
form ng above the soil. It looks |ike a buried soil, the top
of a buried soil. The lower one is actually the buried soil.

So, there are ranges or changes that will occur. Basically,
it's alnost |ike weathering or something. You' re noving
wat er and you're noving di ssolved conponents. You are going
to change this materi al
PARI ZEK:  Thure?
CERLING  Cerling, Board.
| guess this is a good one to start on. One of the
figures that you showed related to this was that you had
about a doubling of rain in El Nino conpared to non-El N no
sort of years. And, | was just wondering if your pluvial or
your wet episodes, do you think those are related to EI N no

or npnsoonal driven rains, because one is winter versus

sunmer ?
MCDONALD: C early, | didn't go into this topic.
Clearly, the nonsoonal inpact is huge in these alluvial fans,

and how that relates when we've got--actually, in nbnsoona
type stornms, you have the high intensity, which clearly can
be really inportant for driving runoff and driving sudden
depositional soil, so on and so forth. The frontal storns

m ght be a big inpact on vegetation that covers hill sl opes,
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so on and so forth. | think one of the big questions right
now, as | alluded so, was that we know we've got change in
vegetation on these hill slopes, even the valley bottons. W
have different types of storm patterns, both nonsoonal and
frontal. How these cone together to drive these regional
peri ods of alluvial fan deposition, | think that's the next
bi g question we've got to address.

| often run what | call the Bill Bull nodel, the
Bill Bull who studied alluvial fans across the southwest for

years, his idea was as you change clinmate, you change the

vegetation. In other words, you go fromwetter to drier, you
change vegetation on the hill slopes, as you decrease
vegetation and increase soil and stability, which drives

sedi nent yield, which causes fan aggredation. So, you renove
the plants, renove the soils fromthe basins, the side slopes
and the drainage basins, and the transport those eroded soils
out, and that drives the alluvial fan aggredation. That's
sort of the classic nodel we run. |I'mnot sure if | believe
that nodel in its entirety, but it does make us think about
how do you take vegetation change, which clinmate change,
different types of storm patterns, high density, high
frequency--1ong and short duration, high and low intensity,
how we pull this together to drive alluvial fan aggredation.
You' ve got different parts. You' ve got sedinment sort of in

the sl opes and the valley bottom and you' ve got to nove that
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sedinent out in the basin and on the valley bottonms. How do
you do that? It's a nultiple step process.

So, I'"'mnot sure | answered your question, but |
think this linkage, we know climate change, sone part of
climate change has got to be driving these periods of fan
deposition. But, exactly how that occurs, | think there's
sonme bi g questions there.

CERLING Okay, thank you. Cerling, Board.

What you showed was sort of three different things
t hat happen on these fans. One is fans are deposited.
Slightly after that, there's a period of Eolian deposition,
but that doesn't necessary have to take place. And, then,

t here's anot her period where you didn't show anything. And,
during that period, is that an erosion period? |Is that a
period where soils are predom nantly devel oped, and then that
woul d lead to the question that do the soils preserve
preferentially the sort of those non-depositional or possibly
erosional interval s?

MCDONALD: That's a good question. Let's see if | can
answer that. There's probably nore than one way to address
that. Taking it fromthe top, clearly, the record |'ve
shown, the record we have, we know that's a record of
preservation. Wat we're seeing, we don't know if that's the
entire record. That's the record of depositional events

| arge enough to be preserved. The case of Eolian deposition,
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there's al ways dust and sand bl ow ng across the desert, but
we do see these discrete periods where there seens to be a
pronounced increase in this activity, like wth the fans.

| think--what was the rest of your question?
think this is always going to be a challenge, this
environnment, is that clearly, we have nmany periods--let ne
back up and say it this way. To ny experience, | |ook at the
desert environnent, the geonorphic record. |'moften seeing
what | think are periods or intervals of nore discrete
aggredation. So, we're seeing |larger scale events, which
think helps in the preservation of those events. But, during
the sane tinme period, these events recur, and we clearly have
fan deposits com ng down the nountains. W clearly have
sands blowi ng around. | think this is a matter of scale.
So, the nost sinplistic interpretation of the record is we're
preserving the largest events in the record, those ones we
recogni ze. The snaller events in between, may or may not be
preserved, and may not be recognized. |[|'mnot sure that
correctly answers your question.

CERLING Then just as a matter of clarification, what
intervals would the soils mainly be preserving? Because,
clearly, actually aren't very tied to those | arge events.

MCDONALD: Right. dearly, you have an active period of
deposition going, aggredation, soil formation is not going to

be preserved. O, if you will, soils will be stretched out
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over the depositional interval. You have to have sone degree
of surface stability to forma well devel oped soil. So, if
you have an active period of aggredation going on, you're not
really getting nmuch in the way of soils to preserve that, or
they can be very--the soils will be difficult to recognize.
So, if you look at it geonorphically, you could argue that
the soils are form ng between these events, but | would argue
that I'd also add that soils are always formng. |It's really

a question of geonorphic stability.

CERLI NG Yeah, that's fine.
PARI ZEK:  Consul tants, questions? Staff?
I f not, we thank you very nuch, Eric, for a good
presentation of the fan story. And, we'll go to our next
speaker right on schedule. That's Saxon Sharpe. Saxon is

Assi stant Research Professor in Pal eocol ogy at Desert

Research Institute, and the research focuses on interaction

bet ween biotic systens and climate, how climate variation can

affect individual species and conmunities, particularly

nmol ucks and plants, and how they respond to climte change.
So, we're very happy that Saxon could now give us

some di scussion about what the climate story is, and, again,

t he program takes basically three climate states, with sone

variations to it, and the idea there is a climte record

that's been developed in the Geat Basin area. W heard sone

consequences of it in terns of the fans (inaudible). Now,
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we'll see what the climte nodel shows.
Saxon?
SHARPE: Well, Eric's talk was a great segue into m ne
In fact, I1'd like to start out, if you can visualize that

last slide with the two stormtracks, you had the Wstern
United States, and during the glacials, the stormtrack was
much | ower, much nore south. And, what is going on there is
that you had a conpletely different circulation pattern of
atnospheric circulation during the glacial periods, and |"'I
go into nore detail on that. But, essentially, the jet
stream was pushed nmuch | ower, and that was bringing those
stormtracks in. So, that's a little bit of what I'm going
to be tal ki ng about.

And, | wanted to nention to Dick that it was three
years ago that | gave this talk, not just one. So, tine
flies.

PARI ZEK:  Then, there nust be a | ot of progress in the

climate story.

SHARPE: Well, the last mllion year forecast is the
same. Nobody has changed their vacation plans. |It's okay.
So, anyway, today, I'd |like to present the
rationale for past clinmate being the key to future climate,

and I"'mgoing to really focus on that thene throughout the
talk. And, | also want to present a |long-termview of

climate, so that will put the last 10,000 years and the next
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10, 000 years into perspective.

So, Yucca Mountain climate is driven by nmechani sns
operating on different spatial and tenporal scales. They
range fromthe |argest and |ongest, such as the orbit and
tilt of the earth and gl obal atnospheric and oceanic
circulation patterns, to smaller synoptic scale features such
as ridges and troughs, the jet stream fronts and high and
| ow pressure centers. Small still are physiographic
features, such as the location of the Sierra Nevada to the
west of Yucca Mountain, which creates a range shadow t here,
and Yucca Muuntain's |atitude, which places it under the
i nfluence of the md-latitude westerly w nds and associ at ed
st orm syst ens.

Finally, |ocal topography creates variation in
tenperature, precipitation, and wind speed and direction.

So, these processes have been operating and interacting for
tens of thousands of years to create what we call climate.

So, | want to begin with three main points here for
you to keep in mind as | go through this talk. The first is
that past climte enconpassed hi gher, sonetinmes nuch higher
effective noisture relative to today, and effective noisture
is comonly defined as precipitation mnus evaporation. And,
greater effective noisture can nmean increased precipitation
or decreased tenperature or both. So, it's not always

increased precipitation for effective noisture. |If you get
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| ow tenperatures, you're also going to get nore effective
noi st ure.

Secondly, precipitation was often higher and/or
tenperature |l ower in the past because tropical noisture-I|aden
air was coupled with colder air masses over the Yucca
Mountain area. So, that's like that jet streamthat | tal ked
about droppi ng sout h.

Third, infiltration was commonly higher relative to
t oday because water is stored nore readily during periods of
greater effective noisture.

| want to begin with four assunptions that we need
to have to use past clinmate to estimate future clinmate.

The first is that climate is cyclical. The past is
the key to the future.

Second, that a relation exists between the timng
of long-termclinmte change and orbital parameters. And,

"1l be discussing these nore, these first two, when | talk
about the Devil's Hole record com ng up.

Third, a relation exists between the
characteristics of past clinmates and the sequences of those
climites. Essentially, you have kind of segnments of 400, 000
year climate episodes, and there are generally four glacial
peri ods within each one of those episodes, and the
sequenci ng, the magnitude and the sequenci ng of those gl aci al

peri ods seens to be consistent for the |ast 800, 000, 400, 000
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year period, and the 400,000 present day period, and we're
going to go frompresent day to 400,000 in the future period
wi th that sane sequenci ng.

And, then, finally, that the long-term earth-based
climate forcing functions have remai ned rel atively unchanged
for the | ast 500,000 years, and should remain relatively
unchanged for the next several hundred thousand. | won't
have nmuch tinme to talk about that, but that's essentially
i ke tectonic change, |ike soneone brought up, the rising of

the Sierra Nevada, creating a range shadow effect.

These are the four steps that we use to forecast
future climate, and I'll be going through each one of these
in order, and I'll spend nost of the tine on the first one,
because that's the main point right here. And, | want to

give credit to Rick Forester of USGS who devel oped this
nmet hodology in his AMR in 2001. The material that I'm
presenting here essentially takes the sane nethodol ogy t hat
he came up with for the next 10,000 years, and takes that
nmet hodol ogy into the future to estimate future clinmate change
up to 500,000, or even a mllion years in the future. And,
the timng that | canme up with corroborates his results. So,
my work essentially just extends that tine period.

So, first, | want to conpare the relation of the
Devil's Hole record to calculated orbital paraneters to

identify past climate pattern. Then, 1'Il tal k about
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projecting this pattern into the future to establish the
timng of future climate regi mes, because essentially, the
orbital paranmeters can be calculated for both the past and
t he future.

Third, identify the magni tude and nature of past
climate states, and we sinplify these to just four climte
states, essentially Interglacial, which is the nodern climte
state, Internediate clinmate state, Mnsoon climte state, and
G acial climte state.

And, then, finally, present-day neteorol ogical
stations were selected to represent those past climte
st at es.

So, first is to conpare the Devil's Hole record to
orbital paranmeters. And, Devil's Hole is | ocated about 60

kil oneters south, and a little bit east of Yucca Muntain,
and it's an accurately dated calcite vein that records the
isotopic variation in atnospheric precipitation in the
recharge area fromthe regional aquifer from about 568,000 to
60, 000 years before present. The Devil's Hole record
conpares well with other regional and gl obal climte change
records. So, it appears to be an excellent chronol ogy of
gl obal climte change in the | ower troposphere. And, the
Devil's Hole record is extrenely well dated.

This is Slide 7 in your handout. | knowit's

difficult to see on this screen. But, these are different
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proxy records for glacial and interglacial climate. This is
present day climate right down here. Tine is along the
bottomaxis. This is 800,000 years ago. The first six are
proxy climate records fromthe Southern Nevada, Southern
California area, and the last two, this is a |lake record from
Siberia. These are | ake sedinents. And, this is an ice
record fromAntarctica. And, you can see that they conpare
fairly well with each other. There are |ong periods of
glacial and interglacial climate. Onh, | should say that the
upper, | think the upper is glacial and the |ower is glacial,
but essentially, they are generally synchronous over tine.
There is a little bit of discrepancy in the timng of them
but that's par for the course with different proxy records.
Essentially, this is saying that the Devil's Hole
record does seemto be a very good record of regional and

possi bly gl obal climates.

This is conparing the Devil's Hole record to
orbital paraneters, and I'll spend a little bit of time on
this. Onthe X axis, this is tinme, 500,000 years ago, to

250, 000 years ago. The next slide takes you 250,000 to
present day. The Devil's Hole curve is in red here. The
peaks are interglacial periods, and the troughs are gl aci al
periods. And, that's the oxygen isotope. Those are the
oxygen isotope values for Devil's Hole on this axis. This

axi s graphs both of the orbital paraneters, and these are the
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ones that can be cal cul ated, both past and future, because
they' re cal cul ated through the gravitational pull of other
bodi es, other planets on the earth.

The blue line is the eccentricity, that's
essentially the orbit of the earth, whether it's nore
circular or less circular. More circular are these mnim
down here. The precession index is the black line, and
that's a variation of seasonality, or results in a variation
of seasonality within the earth. The peaks for precession up
here are southern hem sphere sunmer radiation maxi ma, which
this corresponding dip down here where there's nothing woul d
be, of course, the northern hem sphere, southern radiation
maxi ma. So, these points, you' ve got southern hem sphere,
down here northern hem sphere radi ati on maxi ma

The col ored blocks are interglacial is red, glacial
is blue, and internediate climate noving from either
interglacial to glacial or glacial to interglacial is the
transition climate. Now, these colored bl ocks are based
totally on the precession. They're not based on the record
of Devil's Hole. So, this is showing that there is a
correspondence between the Devil's Hole interglacials and how
you can use the orbital paraneters to estimte both past and
future climte.

And, | should say here that often workers define an

interglacial period as about the mddle of this transition
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fromglacial to interglacial periods. So, fromabout in here
to where it drops down to about the mddle in here, | am
defining the interglacial periods for the purposes of this
study as the high peaks right in this area. And, that way,
you get nore climte states, because certainly, say, this
climate, whatever this climate is right here, noving from
glacial to interglacial is a different climate state than
what you have up here, or what you have noving from
interglacial to glacial.

So, basically, howthis work is you take the
eccentricity mnim, so you' ve got three of the minima in
this graph, that's marked as an M wth the solid vertical
line. To find the term nation of the glacial, you nove from
the m nima point down to the very first northern hem sphere,
southern radi ation maxima. And, that is essentially the
termnation of the glacial period, as you nove froma gl aci al
period toward an interglacial period. Now, there are a
series of reversals on both sides of the interglacial, but
essentially this is where things begin to change, and get
warnmer. To determine this | event, which is the end of the
interglacial noving toward a glacial period, you go fromthe
T point, hop over to southern hem sphere, sumer radiation
maxi ma, and that is the termnation of the interglacial
period. And, when | get to the next slide, you wll see that

we are right at an | event right now, so we, according to
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t hi s nmet hodol ogy, we're at the end of an interglacial, noving
into internmediate climate state, noving toward a gl aci al .

This is the next slide, where we have 250,000 years
ago, and present day, essentially all the colors and things
are the sane. Ch, | wanted to just point out at about these
400, 000 year cycles right here where we have an eccentricity
m ni ma, we al so have precession, very |ow anplitude, and
that's why a nunber of people think that this tinme period and
the tinme period we're beginning to nove into, you know, next
400, 000 year cycle, are going to be simlar, because the
eccentricity nodul ates precession.

You can see that the anplitude of the precession
paraneters from 250,000 to present day are nuch hi gher
Essentially, everything is the sane, colors and everything,
as the last graph. The frequency of the precession cycle
al so denotes how long the different climte states are. So,
as you get these higher anplitude precession cycles, the
climte states tend to get a little bit |onger.

So, now that we've got kind of a match between the
Devil's Hole record and the orbital paraneters, we want to
project this pattern into the future to establish the timng
of future climte change.

So, here is the future graph, zero, present day
climate, 250,000 years into the future, 500,000 years into

the future. And, again, here we have an eccentricity m nina
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with a very | ow precession anplitude right here, and at

400, 000, again, there's a mnima and this |ow anplitude. So,
you can see part of that 400,000 year record, and that's
shown in different climte proxy records throughout the world
where you have evidence of simlar climtes happening every
400, 000 years.

| want to go back actually. | forgot to nention
t hese i sotope stages, MS7 and M S5, MS3, that stands for
mari ne i sotope stage, and the odd nunbers are interglacial
peri ods, the even nunbers are glacial periods, and these are
also found in climte proxy records worl dw de. They were
desi gnated probably in the Sixties, and they're not
synchronous across everywhere, but essentially, the glacial
and interglacial states are often referred to as M S st ages.

And, in terns of the sequencing, when | was talking a little
bit about the 400,000 year records where we have an M S6,
this in a nunber of terrestrial and oceanic records, the
marine i sotope stage 6 is a very cold, wet, glacial period
relative to the other glacials. M S4 and M S2 were cool er
and dryer, conpared to M S6.

I f you go back to M S8 and M S10, which are ol der,
those were warnmer and wetter conpared to these two states.
So, essentially, the 400,000 year sequence goes kind of a
warm wet interglacial, which would be equivalent to 10,

anot her warm wet, a very cold, wet, and then a cool, dry
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gl aci al .

So, into the future, this is what we have
estimated. These are the equivalent of--this is the
equi val ent of a marine isotope stage 10, which is a warm
wet, isotope stage 8, another warm wet, and then cool, wet
gl acial here, equivalent to a 6, and then a cool, dry
glacial, which is equivalent to an MS4, or actually, M S2.

The gl acial states for the future, there are five
of them here for the next 400,000, 500,000 years, and they
will vary in length from about 8,000 years to 38, 000 years,
and they will have different magni tudes. And, the gl acial
states are certainly the ones where there is going to be nore
infiltration. These internmediate climate states are still
cool er and wetter than today, but they're not as cold and wet

as the glacial states.

Just as a little test of the precession
nmet hodol ogy, | wanted to conpare the length of the glacial
and interglacial states with the Omens Lake record, which is

this pie diagramright here. This is based on | ake proxy
data, totally different fromDevil's Hole, so this is a
different climate proxy record. And, then, these two pie
diagranms, this is the last 4,000 years based solely on the
precessi on nmet hodol ogy, where those glacials or interglacials
begin, and then that's past and this is future. And, there's

| ess than a 10 per cent difference between these three, which
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| think is a pretty good match. The glacials match pretty
well, 21 per cent for Omnens Lake, 23, and 19 per cent.

The interglacial Omvens Lake is quite a bit |onger,
20 per cent. This is 13, and | think that's 13. The Owens
Lake record, there's a little bit of problemw th the dating.

It's not a continually dated record, so the dates are

interpol ated, so there's probably sone sl ope between climte
states there. But, this conpares fairly well.

Okay. So, once the pattern has been projected into
the future, we want to identify the magni tude and nature of
past climate states. So, these are the four that we canme up

with. The nodern climate state, or interglacial,

internediate climte state, nonsoon, and glacial climte
state.

kay, Ownens Lake, California is about 160
kil ometers west of Yucca Mountain. [It's a present day playa,
whi ch contains a thick sequence of |acustrine deposits. The

core spans about 850,000 years, and it records snow pack in
the Sierra Nevada. And, essentially, this is the first |ong
record that we've taken for conparison, because we get a
really good idea of the magnitude in the Omens Lake record.
There were a nunber of different studies done on this core,
and the magnitude for this study was based primarily on the
ostracod and diatomrecord in the | akes, but it was al so

corroborated by geochem cal data and ot her studies that were
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done on the core.

Death Valley, California is also another record.
Death Valley is about 100 kil ometers west of Yucca Muntain,
and it has a 200,000 year |ake record, and Death Vall ey
cont ai ned deep and fresh water and saline |akes that were
supported by the Amargosa River flow and tributaries such as
Fortym | e Wash. The |lake in Death Valley was 175 to over 300
nmet ers deep, sonetine between 180,000 and 120, 000 years ago.

Local records al so hel ped us determ ne the
different magnitude clinmate states. Springs and wet w nds
were comon on the valley floors during the different glacial
peri ods, and packrat m ddens, we collected a nunber of them
and got a pretty good record of vegetation grow ng during the
glacial periods. Both the spring and wetl ands and packr at
m ddens, we estimated the | ast glacial, which was mari ne
i sotope stage 2, centered about 18,000 years ago. The nean
annual tenperature was about 8 degree cel sius, and nean
annual precipitation was about 300 mllinmeters per years.

So, the next thing we needed to do is conme up with
the magni tude of climte states, and what that sequencing, so
the very sinplified clinmate state sequence was this one,
interglacial and glacial periods with transition periods in
between. The nonsoon climte stayed essentially--that's a
pul se of nonsoonal circulation comng up fromthe Gulf of

Mexi co, or off of the Pacific, so you just have these short,
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maybe 300 to 1,000 year pul ses where you get the nonsoon, but
we had to sinplify it for input into infiltration nodels.

So, this, we feel that these four climate states capture the
variability of past climate and future cli mate.

In terns of the different nmagnitude of climte
states, I've talked a little bit about how we used the | ast
glacial period to estimate, to come up with kind of a
calibration with the material that we collected, and these
are the relative states, with increasing tenperature here,

increasing precipitation here, with interglacial climte, and
then the glacial climtes over here. these are the three
magni tude climate states that | tal ked about for the
sequencing, with the internediate clinmate state in between.

In terms of the characteristics of these clinmate
states, the nodern climate is hot, very dry sumers, wth
convective sumrer thunderstorns associated with a thermal |ow

over Southern Nevada. There's nonsoonal activity when

Sout hern Nevada is under the influence of the sub-tropica
highs. In the internediate climate state, we had warmto
cool and dry sumers, with cool, wet wi nter season and w nter

dom nated precipitation, with greater effective noisture.
Essentially, these different climte states are occurring
because you have the high and | ow cycl ones and anti-cycl ones
novi ng around over tinme.

The nmonsoon systemis warnmer and wetter than today,
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and the nonsoon period had increased sumrer rainfall, with
nost of the annual precipitation falling in the sumrer.

G acial states, again, different magnitudes, all have nuch
greater effective noisture than today, with increased

preci pitation and/or decreased tenperature. The winters were
cold and wet, or cold and dry, and the sumrers were cool and
dry, or cool and wet.

Note that the nodern climate state has | ower annua
preci pitation and hi gher annual tenperature than all the
other climate states except the nonsoon.

So, finally, we needed to sel ect present day
nmet eorol ogi cal stations to represent those past clinate
states, and by selecting those stations, there were val ues,
both daily and seasonal values, that were avail able for input
into infiltration nodels.

Again, here's the simlar graph as the |ast one.
But, instead of the bubbles, we have actual nunbers here.
| ncreasi ng nmean annual tenperature here, increasing nean
annual precipitation here. These are where the different
climate states fall in tenperature and precipitation space,
if you wll. The nodern climate at Yucca Mountain is right
here, and these val ues were determ ned usi ng Nevada Regi onal
Stations 3 and 4, which is essentially the southern part of
the State of Nevada

The nonsoon climte state up here was determ ned by
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Nogal es, Arizona and Hobbs, New Mexico because we felt that
t hat represented the nonsoonal flow comng up fromthe
tropical Pacific, or possibly fromthe Gulf of California.

Internediate climate state, and these all have
upper and | ower bounds, and we felt that that would capture
the variability within the different climte states, so the
intermedi ate | ower bound that was Delta, Utah and Beowawe,
Nevada. The upper bound for the internediate climate state
is the sane as the glacial |ower bound. So, this is the
warm wet glacial period, and that was represented by the
stations of Rosalia, St. John and Spokane, Washi ngton. Upper
bound for this period was just north of this, Chewel ah,

Washi ngton. As we nove into the cooler and wetter gl acial
climte states, this | ower bound is El ko, Nevada, the upper
bound is Browning and Sinpson, Mntana. And, then, this is
the very cold, wet glacial, wth the upper bound is Lake
Yel | owst one, Wom ng.

And, these stations were chosen essentially because
if you renmenber Eric's graph with the circulation being
pushed, or the jet stream being pushed nuch [ ower to bring
wetter climate into Southern Nevada, because the sub-tropical
hi gh that we have off the coast here during nodern climate
states was not as prevalent, it wasn't as strong, it probably
noved out into the Pacific, which allowed the Aleutian low to

nove down cl oser, nmaking jet streamcircul ation conme right
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t hrough the southern part of Nevada.

So, in past climates, we had a very, very different
circulation pattern set up, so that's why these sites were
chosen throughout the western United States, to try and
capture where the jet streamis today. So, essentially, in
the sunmmer, it resides up here, which is why the stations
were nore northerly than what you m ght think m ght represent
climate in the past if you brought the stations down in here.

So, in conclusion, the nodern climate state is
estimated to | ast about 600 nore years. The nonsoon climte
state is estimated to occur from about 6,000 to 2,000 years
after present. Internmediate climte state, about 2,000 to
30,000 years after present. And, the glacial clinmate state,
30,000 to 50,000 years after present. And, just renmenber
that nodern climate has | ess effective noisture and the total
nodern climate is of nuch shorter duration than either the
glacial or the interglacial climte states.

Conti nuing on, the past and future clinmte my be
represented using four major climte states. Again, there
were many nore, but they can be broken down into these four,
wi th upper and | ower bounds. There's a close match between
the Devil's Hole and cal cul ated orbital paraneters, and that
provides the rationale for past climate being the key to
future climate. And, the nature of future climate i s based

both on the nature of past climte and the assunption of
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cyclicity. The nature of future clinmate i s based on the
sequenci ng and characteristics of past climate.
That's it.
PARI ZEK:  Thank you very nmuch. It's a lot of material
Sonme of the graphs our plots don't show. | think on Page
11, we have gray boxes, Page 9, Page 8, whereas you have data
t hat goes in those box areas. | don't know whether we m ght
be provided a copy. You have a lot of detail in there that
woul d be hel pful for us to understand.
Now, | think you nust have given a talk within the

year that | heard at GSA?

SHARPE:  Yes.
PARI ZEK: That's good, because then error bars are being
reduced fromthree years to one. | feel better about that.
Questions from Dan Bul | en?
BULLEN: Bul |l en, Board.
Actually, if you could go to your first conclusion
slide? As you try to nmake predictions of nodern climte 600

years from now, could you conment a little bit about the
effects of global warm ng, | nean, the man nmade or human nade
effects of what that mght do to clinmate? And, sort of the
rel ati ve magni tude of that, versus the types of magnitude
you' d expect with respect to the orbital changes?

SHARPE: kay, let nme go to this slide. For potential

gl obal climte warm ng scenario, the tenperature estinmates
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are nuch better constrained in precipitation. Precipitation
is basically all over the place for the western United
States, but in terns of both the Intergovernmental Panel on
Cli mate Change, and another study that was done that had a
little bit higher resolution, this was by USGS, Thonpson, et
al., | think about 1999, they're indicating warm ng, both
warmng in the sunmer and in the winter, and Thonpson, et
al ., the I PCC does not have specific values on how much
warnmer it will be in terns of tenperature. Thonpson does,
it'"s two to three degrees in the winter, and three to four
degrees in the sumrer.

So, if you look at the nonsoon climate state, that
woul d enconpass the tenperature part of global warmng, if
those studies are correct, because this is about 13 degrees
here, and this is 17 up here. So, that would enconpass it.

Now, as far as precipitation goes, the jury is out
on that one. It may be nore, it may be less. If it's nore,
it certainly isn't going to be way up here, at 400
mllinmeters, you know, they're guessing maybe a 10 per cent
increase | think maxi mum And, Thonpson's study suggests
that there's going to be a decrease. So, that woul d be
putting it down here sonewhere. So, with, of course, with
| ess precip., there would be less infiltration. So, | feel
that, you know, this trajectory captures at |east the studies

so far wth climte change.
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BULLEN: Bullen, Board. Just a follow on question.

What's the expected duration of the global warm ng
effect, ballpark? | mean, | know there's a | ot of estinmates.

SHARPE: Eventually, we're going to run out of fossi
fuels. There are a nunber of different estinmates on that.
|"ve read sonmepl aces where it nmay be 10,000 years into the
future. | nean, say, we run out in 300 or 500 years, and CO2
begins to drop off, we don't know what that nechanismis
going to be, howthat's going to be sequestered. So, it
could end up going out 10,000 years into the future in terns
of the perturbation that we may be causing right now

BULLEN: Bul |l en, Board.

That's actually a very inportant paraneter, because
of the fact that the thermal pulse of the repository only
happens at about 1,500 to 2,000 years. So, whether or not
it's wetter at the repository horizon during that tinme frane

is kind of inportant.

But, the last question | have is with respect to
the magnitude. |s the magnitude of the gl obal warm ng effect
going to be simlar to or conpletely overridden by the

orbital changes?

SHARPE: That's a really good question. | don't have an
answer to that. | have no idea. W'I| have to see.

BULLEN: Thank you. | don't expect to be around | ong
enough to make those measurenments, but thank you very nuch
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PARI ZEK:  Priscilla Nel son?

NELSON:  Nel son, Board.

" msort of thinking about |ocal climtes, and
mcro climates. | realize this is a very large scale climate
study that you're tal king about, but |I'm wondering about the
variability within, spatial variability that's likely to
happen, or coul d possibly happen within what you m ght call a
climate state because of |ocal effects. And, | note that
you' ve got a variety of different kinds of proxy records that
are being nerged to this consideration that you're presenting
here. Are there any proxy records obtainable in the Amargosa
Val l ey that could be used to | ook at what's been happeni ng
there? And, you reported the Las Vegas Vall ey nmarsh
deposits, which are out there sort of at the end of the fans,
that area. There certainly are sone features in the Amargosa
Val l ey that could maybe be proxy. Wat do you think about
t hat ?

SHARPE: Yes, those studies have been done, or a nunber
of studi es have been done in Amargosa, primarily sedinents,
both | ooking at alluvial--or |ooking at sedinents in washes,
doi ng sone coring in the playas, and those only go back to
about the last glacial. So, you know, we're getting the |ast
15, 18, maybe 20,000 years within those sedinments, and what
that has shown is that the Amargosa did flow during very wet

and/ or cold periods. So, there is that proxy.
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Agai n, the packrat m ddens, those are di scontinuous
records, but you can go in and get a m dden, |ook at what
vegetation is there, and determ ne what vegetati on was
growi ng in the past, and get sonme kind of paraneters on past
tenperature and past precipitation. You know, your question
woul d have to be answered by | ooking at discontinuous
records, but there are records there, but they' re spotty.

NELSON:  Nel son, Board.

VWhat do they indicate overall? That this kind of
regional climte change is tracked for the Amargosa Vall ey,
or do they indicate that it's at one end of the--

SHARPE: No, it's regional. Everything |I presented here
is regional, and affects the Yucca Mountain area. You know,
essentially, it is under these controls.

NELSON: So, whatever proxies there are in the Amargosa
Val l ey agree with this prediction?

SHARPE:  Yes.

PARI ZEK:  Ron?

LATANI SI ON:  Lat ani si on, Board.

Devil's Hole seens to be a remarkably prom nent
part of the, let's say, confidence building in the eval uation
of the climte changes that are anticipated. 1Is it unique,
or are there other equivalent sites on the planet, or is
Devil's Hole a unique |ocation?

SHARPE: Devil's Hole is really unique, and we are
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really lucky to have it right here as close as it is. |It's
essentially the only well-dated terrestrial record that we
have. The dates are iron clad. There's no interpolation.
think every point, if you picture back the red dots on the
Devil's Hol e diagram each one of those enconpasses about
1,800 years, which is incredibly, you know, very, very good,
and it does correlate with other worldw de records. The ice
cores and ocean core sedinents, very few dates, they' ve been
i nterpol ated, or they've been tuned to orbital paraneters,
i ke the spec map data, which is a series of stacked ocean
core sediments were based on the obliquity paraneter, which
is every 41,000 years, and it was tuned to that. And, for a
whi |l e, people were saying, well, Devil's Hole doesn't really
correspond with that. But, they made that up. |If they had
tuned it to precession, they m ght have corresponded really
well. So, we're really lucky Devil's Hole is a great record,
and uni que.

LATANI SI ON:  Lat ani si on, Board.

Just out of curiosity, when was it appreciated?

Wien was it identified and then appreciated for what it was

telling us?

SHARPE: | think it was the md Eighties is when
published that, | think md to late Eighties.
SCHWARTZ: Schwart z.
Are there any controversies existing in the
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community regarding the relationship between gl aci al
nmechani cs and orbital mechanics, or has that gone away?
SHARPE: There's plenty of controversy that exists.
mean, if you |l ook at what we've done here with just matching,
| ooking at the Devil's Hole record and the orbital
paraneters, that hasn't been done. Mdst of the glacial
material--well, when you | ook at glacials, or noving into
glacials, that's done by nodeling, and essentially, the
nodels can't really create a glacial period. W don't have
quite the correct paraneters in there. Maybe I'moff on a

tangent from your question.

SCHWARTZ: But, | guess | was wondering how nuch
uncertainty is there? | nean, you have a theory with respect
to how orbital nechanics m ght produce sone future gl acial

sequence, what uncertainty mght be attached to that

predi ction, because you may not understand exactly how things
work, or there's alternative theories out there that we
haven't heard about this norning.

SHARPE: Right. Okay, | was kind of on track, but a
little bit right. There are alternative theories. You know,
one is the nodeling, where a nunber of nodels suggest that we
are going to be going into a long-terminterglacial state
where we have an interglacial climte for the next 50, 000
years. That's based on |I think double CO2 in the atnosphere,

and it's based on a nodel--1 nmean, | would bet on this, you
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know, if | had to stand up here, | would say |ooking at the
past climte, because the nodel, you can't really verify it,
the nodel doesn't really create climte, as we have seen it
in the past, so there's a ot of uncertainty, a |ot of
controversy in terns of who you talk to about future climate.

But, | would be willing, and | ambetting that the past is
the key to the future.

PARI ZEK: O her questions from Staff?

One question about ice core record. This is
Pari zek, Board. It shows rapid effects, and you'd think
maybe a | and-based record woul d probably be nore subdued, or
t ake | onger to respond.

SHARPE: Yes, in terns of the Devil's Hole record,
agai n, you know, each point is integrated, and that's
essentially tracking the regional hydrology. So, you have
precipitation comng in and noving through the aquifers. So,
that's getting danped a little bit, and there is a tine |ag
t here.

PARI ZEK:  Would that tinme |ag be hel pful in sort of
nodel validation in terms of flow? | nean, is that just
asking for too nuch?

SHARPE: Yes, I'mtrying to remenber, I'mthinking it
was maybe like 2,000 to 5,000 year tine lag, and | m ght be
maki ng that up, but I"'mthinking it's not that |ong.

PARI ZEK: | know one of the questions about the plot
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points for Devil's Hole, do we have Devil's Hole from 60, 000
years to the present?

SHARPE: Yes, that will be published at some point in
the future. 1ke has that material, and that information, and
it"s going to be really interesting to see if the Devil's
Hol e record actually does what | think it should do.

PARI ZEK: That would be sort of validation of other
views. Sally Devil asked what if holes reverse? Wuld that
make any difference to climate?

SHARPE: | don't know.

PARI ZEK: Leon Reiter?

REI TER: Leon Reiter, Staff.

Saxon, a nunber of years ago, the NRC sent to the
Nucl ear Waste, an analysis, did an expert elicitation on
future climate. | wonder if you' ve had a chance to | ook at

that, and how consistent is that with what you' re com ng up

Wi th?

SHARPE: Was that done about nmaybe six years ago?

REI TER  Yes, sonething like that. |'mnot quite sure.

SHARPE: Is that the one I'mthinking of? Yes, | have
| ooked at that, and | think this is a nuch better way to go.

REI TER Are the conclusions different?

SHARPE: | think, and, you know, that was before | cane
into the project, so |I'mnot exactly sure what happened, but
| think that that pronpted a reeval uation of |ooking at past
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climate, and we went into nuch nore detail, and cane up with
this met hodol ogy. Essentially, you know, this is nore fine
tuned, and it--well, it's nore fine tuned and nore specific
than the expert validation effect.
PARI ZEK:  Any ot her questions from Staff?

Thank you very nmuch. | feel better, and | think in
the 30 day weat her forecast, predictions you nake are sort of
constrained in so many different ways, so thank you very

much. We had a great talk.

We have now tinme for a break. W are supposed to
have a break until 9:55. | nmean, we start at 9:55. So,
we're a little bit ahead of schedule. So, why don't we cone

back at 10 o'clock, just to stay on track.
(Wher eupon, a brief recess was taken.)

PARI ZEK: Qur next presentation, we'll look at climate
change in Yucca Muntain unsaturated zone hydrol ogy fromthe
m neral ogi cal point of view, mnerals that are in the
mountain. It will be presented by Janmes Paces, who is a
research geol ogist in the Yucca Mountain Project Branch of
the U S. Ceological Survey, and is a nenber of the
Environnental Science Teamfor the last 12 years, has worked
on i sotopes, geochronol ogy and geochem cal studies on surface
deposits, groundwater, whole rock, fractured m nerals and
dust. JinP

PACES: Thanks, Di ck.
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| didn't get the nane, the title of this topic, and
for those who want to know everythi ng about unsaturated zone
hydr ol ogy, m ght be di sappointed, but as Dick said, |I'mgoing
to take the--one of the things that we've done in the | ast
ten years, or so, is taken a |ook at the secondary mnerals
in fractures, lithophysal cavities, and 1'd |ike to use sone
of that information to nmake a connection between what we see
at the surface, what Saxon and Eric both gave us a very nice
introduce to climate variability at the nountain, or at |east
in the region, and see what we can say fromthat perspective
for flow through the unsaturated zone.

So, there's two scales of climate variation that we
can look at in the past. First of all, we can |ook at the
transition between Tertiary to Quaternary climates, and it's
percei ved that the Hol ocene and Pl ei stocene climte
conditions were both wetter and m | der, whereas Quaternary
conditions were drier and nore seasonal, that is, hotter
sumrers, colder winters, and this transition took place
around 2 to approximately 4 mllion years ago.

On a nore recent tinme scale, we can also | ook at
variations in Quaternary climte, which is what we heard
about this norning. These are 100,000 year cycles that are
related to glaciation in the northern hem sphere. And, in
Sout hern Nevada, these cycles consist of generally col der and

wetter pluvial periods, internediate and nonsoonal peri ods,
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and then warner, drier interpluvials.

As Saxon told us, we can go ahead and extend to
future climates by | ooking at the past. And, he and Rick
Forester and ot her people have done this, so over the next
500, 000 years, based on the analysis of orbital paraneters
and anal og sites, we can expect there to be sonmething |ike
six glacial cycles, and the conditions in those, we expect
are going to be simlar to previous cycles.

W' ve made estimates of how nuch tinme we'll spend
in each one of these different climate states. There's been
estimates of tenperature and precipitation, and that has been
fed into an infiltration nodel so that there's estimtes of
what we shoul d expect in terns of future infiltration.

So, what we want to do is take a | ook at sone
various different records of climate change. W have various
di fferent surface records, which give us sonething about the
tenperature and precipitation that occurred in the past
t hrough the studi es of pal eolimol ogy | akes, either chem cal,
sedi nent ol ogi cal or pel eontol ogi cal evidence. W can | ook at
pal eobot al i cal evi dence, packrat m ddens and pollen in
particular, and as Eric told us this norning, sedinentol ogy
plays an inportant role. W can | ook at weathering, calcrete
formati on, eolian and pluvial processes.

We al so have various different saturated zone

records, and these can tell us sonething about the water
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tabl es, past fluctuations in water tablets, pal eohydrographs.
We know somet hi ng about di scharge deposits throughout the
region in general, and in the Amargosa Valley in particul ar.
There's also a very nice record at Brown's Room which is a
cavity in Ash Meadows, and tells sonething about past water
table fluctuations. It also is inportant for telling us
sonet hi ng about pal eorecharge conpositions, and |I'mthinking
in particular here of the marvel ous record at Devil's Hol e
that |1ke Wnograd and col | eagues have described, which tells

us sonet hing about variations in the neteoric water
conposi tion.

W're alittle less fortunate in the unsaturated
zone, although we have a very thick unsaturated zone. |It's
difficult to look at. W've extracted sone pore water at
Yucca Mountain where we can | ook at oxygen and hydrogen
i sotope records. There's also some chlorine-36 work that's
been done, which suggests that at |east one nodel has it that
there is higher values, chlorine-36 values, chlorine-36 to
chloride ratios in the past related to geomagnetic
variations. And, then, we've got secondary hydrogenic
mnerals in fractures and cavities, which is going to be what
|'"mgoing to talk about for the rest of the time period.

These hydrogenic mnerals are inportant because
they represent a |long, probably nore than 10 mllion year

record, of deposition fromwater that percolates through the



© 00 N o o A~ w N P

N NN N NN R R R R R R R R R R
g N W N P O © © N O O M W N B O

80

unsaturated zone. And, there's two types of information that
we can glean, at least two types of information, related to
climate change, and one of these is the growth rates of these
mnerals. Gowth is controlled by both |iquid and gas
fl uxes, and these can respond to climate-induced variations
ininfiltration and surface precipitation and tenperature.

Al so, the conpositions, both isotopical and
chem cal, can tell us sonething about climte-rel ated changes

in the conpositions of the recharging water at the surface,

and of the conditions at the tinme of deposition.

So, just a quick slide. | think you' ve probably
seen sone of these materials before, either through sone of
t hese types of pictures, or actually underground. The
secondary mneral coatings are distributed sporadically
t hroughout the unsaturated zone. |It's very nicely exposed
within the tunnels. They're generally on fracture footwalls

and cavity floors. The coatings are domnantly calcite, with
| ess abundant silica phases, and these vary substantially

bet ween nice, thick centineter scale deposits on |ow angle
surfaces to think, nore uniformthickness coatings on steep
fracture. The textures thenselves vary quite a bit fromvery
conplicated, bladed textures to nore massive structures with
internal stratification. And, then, a couple of slides just
to show the conplexity that we have to work with

As with any record that's related to past climate,
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we need a reliable geochronol ogi cal framework. And,
fortunately, these mnerals can be dated by natural

radi oactive decay. |In particular, we're lucky that opal has
a substantial anmount of uraniumincorporated intoit. W can
use this for several different dating schenmes. Uranium
series through 234, and uranium 238 nodel ages, and then |ead
urani um data dating. They all have different ranges, which
they correspond to, and because they have |arge
concentration, it lets us get away with a fairly small anount

of material.

Calcite, on the other hand, does not incorporate
much uranium so we're conpromsed in ternms of our U series
capabilities, in ternms of we need nuch |arger sanples to get
a neasurable signal. W do have carbon as a structura
el enent, though, so we can | ook at radiocarbon.
Unfortunately, we're limted to tinme scales in the |ast
50, 000 years.

So, maybe a decade ago, or so, we started | ooking
at outernost surfaces, thinking that these woul d be the nost
pertinent to the recent past. And, we were surprised,
because we started to see Pl eistocene, radiocarbon and U
series ages for nost of these deposits. W sort of expected
that we'd be hunting for a few needles in the Yucca Muntain
haystack, but in fact we started to see Pl eistocene ages al

over the place.
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There were sone probl ematic aspects with these
early date, though. There was a w de range of ages for
sanples fromthe sane outer surface in this series of
histogram It is that changing scale, zero to 50, zero to
500, and zero to 2,000 years in the past for radi ocarbon, 234
uranium U series dates, and then |ead uranium ages. And,
you can see that the |l oads are quite different for these
different systenms. W also tended to see the youngest ages,

fromthe thinnest subsanples that we were working with, and

that the isotopic systems with larger half-lives yielded
ol der ages. I'mnot going to get into the details of some of
the uranium series disequilibriumstudies, but we al so say

unexpect ed behavior that took us a little while to figure out
what m ght be goi ng on.

These problematic aspects forced us to sort of
reexam ne basi c conceptual nodels about m neral deposition,
and sort of 3-N nmenber nodels here could be viewed as
i nst ant aneous, episodic or continuous. And, in the case of--

this cartoon is just sort of thrown up here to give you a

general idea of what we're tal king about. And, in the

i nst ant aneous deposition, the entire coating is deposited at

a point intinme. 1t's honbgeneous in conposition initially.
It evolves as a closed system and it follows the

fundanment al radi oactive decay |aws, so that our little

subsanpl e, this block of mneral that we're cutting out of
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t here and anal yzi ng, should give us a calculated age that's
very close to the true age of the materi al

But, when we start to have thinner |ayers involved
here, each | ayer may have been deposited instantaneously, but
now our subsanple includes a nunber of different |ayers, each
of which may behave as a closed system and nmay have been
initially honbgeneous. But, our sanple now includes all of
this different material, and there's no way a priori for us
to figure out which atomcanme fromwhich | ayer, so we've got
sonme kind of averagi ng going on, and that can be taken to the
extreme if our deposition is continuous and |ayers are small,
we can start thinking about this in terns of an integral age,
where our subsanple may really give us sonething quite
different than what we expect. This effect is particularly
substantial when the growth rates approach the rates of
radi oacti ve decay of the systens that we're tal king about.

So, by adopting this nunerical nodel of continuous
deposition, we were able to predict a nunber of features that
gave us heart burn before. W get positive correlations
bet ween age and subsanpl e thi ckness, so that the thicker the
sanpl e, the older the age. This is sort of the observed
range here. W also predicted, although we didn't neasure
growh rates directly back in those days, we predicted that
t hey should be sl ower than about 5 mllinmeters per mllion

years, and it also gave us a very elegant way to account for
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t he di scordance between ages of different isotopic systens.

This is our conventional or cal cul ated age, our age
calculated in the conventional manner versus true average
age. One to one line would nean that we're doing a very good
job of reproduci ng conventional and true, but you can see for
these different short lived half-life systens, that's radi um
226, carbon 14, protactinium uraniumseries, and then
uraniumlead. They all seemto plateau out at younger than
true ages, this particular nodel was run with zero age
material on the outernost surface.

Al so, we saw uranium series systematics that tended
to mmc the patterns we observed. And our conclusion then
was that the neasured isotopic conpositions are m xtures of
younger and ol der materials, for the nost part, and that
thinner is better, the thinner sanples yield cal cul ated ages
that should be closest to the true average ages that we're
| ooki ng at.

We al so then noved fromjust working wth outernost

m neral surfaces. W becane curious as to what the
integrated history of deposition was, so we noved in the
direction of uraniumlead dating. W're in two year |ayers.

Basically, these uraniumlead dates are typically concordant
with the mcrostratigraphy that we see. W' re | ooking about
3 centinmeters worth of material, the base of which is about 7

mllion years. The green here is an ultraviolet |ight,
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phot ograph, so green represents uraniumrich opal. The blue
represents uraniumpore calcite. And, we see around 4
mllion year old opal in the center of this, and then around
100, 000 years for the outer surface in this particul ar case.

You can al so see that we've got a wide range in
ages for these various different materials, dating back to
around 10 mllion years. W haven't been terribly successful
at filling this gap. But, at any rate, we can use these
histories to calculate |long-term average growh rates, and
when we work out the depth/age rel ationships, we see the
average Tertiary growh rates are typically between about 1
and 5 mllineters per mllion years.

These growt h rates are maybe thousands to nore than
mllions of tinmes slower than published spel eot hem grow h
rates, but they are generally consistent, no matter where we
|l ook within a coating, those average growh rates seemto be
fairly consistent, suggesting that there is a nore or |ess
uniformlong-termaverage gromh rate in play.

At the sane tine that we're trying to date these,
we're al so | ooking at other isotopic conpositions in the
m neral coatings, and in particular, we've |ooked at oxygen,
carbon and strontiumisotopic conpositions. W see that they
vary with mcrostratigraphy. |In the crudest sense, we can
sort of break these out, categorize theminto an early and

internediate and a | ate stage depositional structure, and



86

t hen by applying uranium | ead ages to interpol ate, opal and
chal cedony, we can start working out a framework, sone

typi cal values for these different systens. |[|'ve also

i ncluded here for the early and the late. W can nove on.

| think that carbon has been particularly
informative in terns of climate variations. The histograns
on the left-hand side of the plot show that there's a general
evol ution of conpositions with plenty of overlap, but
neverthel ess, early stage is generally greater than around 2
per m. of Delta C13. The internediate stage has the
dom nant node, between about -4 and +2, and then | ate stage
is dom nated by a nice node between about -8 and -5.

We have interpreted these changes to reflect
different signals fromincomng neteoric water. Tertiary
conditions which were wetter and m | der, supported dom nant
fl oor of grasses, nost likely. They have a photosynthetic
pat hway, it's been termed C4 type photosynthetic pat hway,
whi ch ends up, the inportant thing is that it ends up with
the soil calcite that has a Delta 13C conposition of around
+2 to -5 per m. \Wereas, during the quaternary, with a
drier, nore seasonal climate, we started to incorporate nore
shrubs and desert succulents. W're |ooking at a m xed C3,
C4 photosynthetic pathway for the plant conmunity at the
surface, giving us a nore negative value, -5 to -8.

When we apply our dating and conpositional
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i nformati on together, we see that this transition occurs
probably sonmewhere around 2 to 4 mllion years ago, and it
corresponds with a major shift that we see throughout the
nort hern hem sphere with the onset of glacial conditions in
t he quaternary.

If we | ook at conpositions on a nore recent tine
scale, we can use Devil's Hole record that Wnograd and co-
wor kers have developed. It's sort of a yardstick by which we
conpare everything in this part of the world. So, over the
past 600, 000 years, oxygen has varied cyclically between
about 13 to 16 per mM. And, this reflects a change in the
mean annual tenperature, w th higher val ues bei ng warner,
| ower values reflecting colder conditions. Saxon showed this
in a much nore expanded version earlier this norning.

But, carbon also shows a simlar record. This
tinme, between about -3 to -1.5, and it's perceived that this
al so reflects sone kind of change in vegetation. But, as you
can see with the two plots on top of each other, there is
definitely a very strong negative correl ati on between the two
signal s.

If we look at this kind of information in our
unsaturated zone calcites, we see that they have sim|lar
total range of variation, about 3 per ml. for both oxygen and
carbon. What we're looking at here is the entire 10 mllion

record, but |'ve got highlighted in here the black dots are
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the late stage materials. There's not a real obvious
correl ati on between oxygen and carbon. But, we also haven't
taken into account tenperature/depth relations, which could
gi ve us sonme of the oxygen variation. W mght be able to
ultimately find a crude correl ation, negative correl ation
bet ween carbon and oxygen.

But, at any rate, we have interpreted this to
indicate that there is no real obvious control of Pleistocene
climate on the percolating water in the |ast couple of
mllion years, and that calcite deposition is not restricted
to a single climte state.

So, that was sort of the old work. Mdre recently,
we' ve been noving in the direction of mcro-records of
gquaternary climate. And, obviously, in order to get a handle
on quaternary climte variations, we need age resol utions
that are at |east on sort of a thousand year tine scale.

We denonstrated that these mnerals do grow very
slowy. So, it requires that we sanple themat nuch finer
resol utions than we've done previously, which was probably on
t he order of hundreds of mcrons to mllineters in thickness.

So, we have used two approaches. One, ion
m croprobe dating, and then in situ mcro-digestion. "1l
tal k about each of them But, in each case, we've
concentrated initially on this Sanple HD2074, which is a

thick coating on |ithophysal cavity floor, probably gets
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upwards of 4 centineters in thickness. W're at ESF Station
35+51, which is in the Topopah Spring wel ded, and we're
approximately 270 nmeters below the land surface in the
repository horizon.

First of all, lon-Mcroprobe dating, we're
utilizing secondary ionization nmass spectronetry. W've
chosen to do this at the USGS Stanford SHRIMP-RG in Pal o
Alto, where we generate a primary oxygen beamin this part of
the instrunent. W focus it to an approximately 40 mcro
spot, bonbard our opal target, generate a secondary urani um
and boriumion beam which then gets detected, goes through a
magnetic sector, several electrostatic filters, and ends up

bei ng detected at the far end of the instrunent.

And, conpared to standard net hods, we do | ose sone
precision due to the small intensity of the beanms. W're
only generating an anount of a very small active volune here.

And, so, this translates to these very large pink air

el lipses conpared to the tiny little black dots that you see
there, which are the air ellipses for our standard therm
ioni zation mass spectronetry data in the past. But, we feel
that we gain accuracy due to the finer spatial resolution,
and this is reflected in this isotope evolution plot in a

cl osed system i sotopic evolution, we should follow these
curves, and you can see that we're doing that nuch better

with our big red blobs than we are with our scattered little
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bl ack dots.

So, in particular, we've | ooked at two separate
traverses over two separate oval hem spheres. Quternost
spots consistently are yielding dates of around 50,000 years.

We have one spot here, Nunber 33, where we purposefully
over |l apped the 40 mcro spot with epoxy on one-half and opal
on the other. W got a date that was younger than the
50, 000, outernost, 34,000 years. That tells us that even at
that spot size, we're |looking at m xtures of ol der and
younger aged material .

And, then, as we proceed down into the interior of
t hese bubbl es, we get ol der ages. Basically, we're | ooking
at about 400 mcrons for that series of dots, about 600
m crons, and a total of maybe a mllineter's worth of
deposition there, and our ol dest nodel age is 1.4 mllion
years, indicating that bubble took a very, very long tine to
gr ow.

We can then conbi ne age-depth rel ationshi ps and get
average growh rates of about .6 to .7 mcrons per thousand
years, which is the sanme as mllineters per mllion years
over the last 1.5 mllion years. And, at this scale of
resol ution, analytical and spatial resolution, we are not
seeing a real discernable variation in gromh rate.

Al so, these slightly slower growth rates are a bit

| ess than the Tertiary uraniumlead data that we' ve got for
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the whole coating, in this particular case, 5 mcrons per
t housand years, or 5 mllinmeters per mllion years, and this
kind of information is consistent with a shift to the
increased aridity and decreased percolation flux that we
m ght see in the quaternary conpared to the Tertiary.

The other technique that we're using nowis an in
situ mcrodigestion, where we sort of coral the opal, and
ei ther using was dans or enbedding the grain in epoxy,
appl yi ng concentrated HF, hydrofluoric acid, directly to the
outer surface, letting it sit there for a couple of m nutes,
and then picking it back up along with the opal that it
di ssolved, we're spiking it and analyzing it by a standard
thermal ionization mass spectronetry technique. And, what we
end up seeing is instead of the 150 to 230,000 year ages that
we got when we digested that entire hem sphere, for the
out ernost surfaces, we're now seeing ages that range from
about 4,000 to 12,000 years.

We can also do this mcrodigestion technique
sequentially, and, so, we can basically peel apart |ayers,
| ook at deeper values within a single hem sphere. W've done
this in particular for one of the sane hem spheres that we
chose to do ion mcroprobe work on, and basically renoved 22
m crons of opal in a series of eight separate digestion
steps, wth each step renovi ng between about 1.5 to 4 mcrons

of opal. And, if we do the growmh rate thing here again, we
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end up seeing ages that range from 7,000 to 37,000 years.

And, if we |look at all eight analyses, they provide an
average growth rate of .68 mllineters per thousand years,
which is identical to the .69 mlIlineters per thousand years
that we got fromthe ionprobe data, although we're |ooking at
a very different part of the hem sphere. So, those two
scales are very simlar for the |ast 22 mcrons versus around
a thousand mcrons.

And, if we look at it inalittle bit nore detail,
we may find that the data define two different slopes with an
inflection around 25,000 years. So, that growmh rate is |
think .35 mcrons per thousand years, and that's around 1.2

m crons per thousand years.

We also tend to see regressions that indicate non-
zero ages for the outernost opal. At zero depth, we have a
positive age.

A couple of last slides here. Additional ion-

m croprobe studies that we're doing. W started sone initial
attenpts to | ook at oxygen in |late-stage calcite. W can

al so extend this to carbon and | ook for Devil's Hole type
records. The problemis we've got to |ook very finely for
them We're |ooking for a Pleistocene clinmate signal, a nice
squiggly line, and the initial data show a three to four per
m . range in oxygen, which is simlar to what we see with our

conventional anal yses.
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And, if you |l ook real hard, you m ght convince
yourself that we'll be able to piece together sone kind of a
systematic variation through tine. W're going next week
back to Palo Alto, where we'll try to do sone dating on this
opal. Right now, we don't have this constrained with any
urani um series ages. So, we're still actively doing this
work. And, then, we're also trying to devel op urani um | ead
dating by ion-mcroprobe, with a colleague in Wstern
Australia, Al ex Nenthin.

And, as with the uraniumseries, we are seeing--
that should be a 20 to 30 micron spot dianmeter. Again, the
results are |l ess precise, but nore accurate uranium | ead ages
for the sane reason | described before, and we see outernost
ages between .4 and 1 mllion years, with the growh rate
cal cul ated of about .92 mllineters per mllion years. 6
mllion year age for internmedi ate opal, and then 10 plus or
mnus 3 mllion years at the base. Wen we use all this
information, we get slightly larger growmh rates, 2
mllimeters per mllion years, which, again, is consistent.
The difference between the Pl eistocene growmh and the
Tertiary growmh is consistent wth what we' ve said before.

So, in conclusion then, the mnerals reflect sonme
evidence for gradual climate shifts, especially fromthe
wetter mocene and Pl eistocene, to the nore arid quaternary

conditions. There's both differences in gromh rates, as
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well as timng and conpositional shifts for at |east carbon
that tell us this.

We know that there is slow, uniformgrowh rates,
sonmething on the order of 1 to 5 mllineters per mllion
years, in the Tertiary, sonething | ess perhaps than 1
mllimeter per mllion years, or a mcro per thousand years
in the Pleistocene, and these kinds of slow growth rates are
consistent wth the UZ hydrogeol ogi cal systemthat seens to
be buffered fromextrenme events and short-term hydraulic
fluctuations. And, it also is evidence for long-term
hydrol ogic stability of the unsaturated zone.

We al so see that |ate-stage calcite has a stable
i sotope record that indicates to us deposition wasn't limted
to only one part of the Quaternary climate cycle, that
deposition was nore or |ess continuous across that span.

We certainly know that very high degrees of spati al
resolution are required in order to try to work out these
Pl ei stocene climte signals.

M crodi gestion dating inplies that in fact UZ
percol ati on hasn't been conpletely buffered fromthese kinds
of variations that we see at the surface. And, at |east
based on our prelimnary information, above-average growth
rates, which we equate with increased fluxes, could be
present during full-pluvial clinmate states. Qur record in

this particular case goes fromaround 37 to 20,000 years.
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And, then, bel ow average growth rates, which we interpret as
a decreased flux in the unsaturated zone, may be present
during the internediate climte states between around 25 and
7,000 years.

And, then, we al so have sone evidence that perhaps
interpluvial conditions, which we're experiencing right now,
the percolation flux may be too | ow to exceed what ever
seepage threshold is required to get free water into the
cavity. So, that we've got depositional hiatuses over the
| ast few thousand years in terns of both m ddl e Hol ocene ages
for the outernost mcrodigestions, as well as non-zero age
intercepts for the regressions.

So, with that, we'll take questions.

PARI ZEK:  Thank you, Jim It seens |ike the nountain
noderates the effect of these fans com ng and going, as well
as form ng, and canyons being cut and rain com ng and goi ng.

You don't find strong signal in your secondary mnerals of
that, although these little peels you' re doing may turn that
up, you're starting to showthis with regard to the oxygen
i sot ope data?

PACES: Right. And, I think we still have to admt that
we're never going to be able to see an El Nino event well
wi thin the nountain, just on the basis of the anal ytical
resolution required to see that tinme scale, but also they may

not--we don't see any evidence that we have significantly
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di fferent depositional ages, at |east on thousand year tine
scales that we're starting to look at. So, we do see what
we're thinking is noderation, sonme effect, but still a
noderating effect by the hydrogeol ogy.

PARI ZEK:  Pari zek, Board.

| guess if you find there are gaps in the record on

those thin peels, one interpretation that was no fl ow,
anot her possibility would be some erosion or corrosion of
those mnerals, it could go either way. So, in terns of the
epi sodi c nature of flow, how would you deal with that?

PACES: W think, at least in terns of calcite, there's
enough calcite in the system in the soil zones, soi
calcites, hundreds of thousands to mllions of years old, as
| ong as the water picks up cal cium carbonate very quickly.
It's very difficult for us to imagine a scenario where we're
able to get water deeper than the nountain that's unsaturated
with respect to calcite. So, | mean, it's not only got the
soil that it's got to go through, but then along these
pat hways, there's plenty of calcite in the nountain, and
we're not seeing major evidence of corrosion within the
i ndi vidual m neral deposits. W're not seeing the effect of

non-deposition. And, our fastest growth rates seemto be

associated wth the wettest periods, at least so far. So,
again, | don't think we're m ssing non-deposition because of
too nmuch water, if that was where your question was headed.
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PARI ZEK: O at |east changes in the quantities of water
with time. Thure?

CERLING  Cerling, Board.

Do you see any hope in being able to quantify
infiltration rates with your gromh rates?

PACES: W have nmade sone attenpts at determ ni ng what
ki nds of percol ation fluxes and seepage fluxes are required
to get various different records. This has been a fairly
crude scale at this point. Wether or not we'll be smart
enough to figure out ways of making that translation between
flux and growh, | think we can do it froma relativistic
viewpoint with a certain anbunt of confidence. But, whether
or not we'll ever be able to absolutely calibrate that scale
i S questionabl e.

CERLING  Cerling, Board.

| guess followng on that, if there are zones that
you suspect are sort of preferred pathways, do you find
significantly higher growh rates in those zones? And, then,
even follow ng on that, do they then plug thensel ves up?

PACES: That's a good question, and | think we have the
possibility of |ooking at focused flow. W know that the
infiltration nodel has changed. | think Alan is going to
probably tell us about the | atest versions of the
infiltration nodels. W now have a | ot nore water com ng

t hrough washes than we did ten years ago. And, in Drillhole
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Wash in particular, this is one of our line survey intervals
where we see particul arly abundant cal cite deposition.

We need to go back and | ook at that nore closely
now, and see if, one, there are differences in gromh rate,
but also differences in particular, during the isotopic
conposition of these water, has a potential to be lower, if
there's faster percolation rate. The uraniumseries
systematics may be able to allow us to identify areas of
greater and | esser flow.

So, | didn't include that story here today, but
that certainly is possible, both within the mnerals and
wi thin whol e rocks and water/rock interaction and depth.
Again, it's probably a relative record, and whether or not we
can get an absolute calibration on it, remains to be seen.

CERLING  Thank you.
PARI ZEK:  Priscilla Nel son?
NELSON:  Nel son, Board.

When you' re doi ng your anal yses, do you, we've
heard a | ot about what goes on in the |ithophysae, are you
al so able to sanple fracture surfaces, and is there a
di fference between what you observed for fractures?

PACES: Yes, we have worked with fractures. The problem
is fractures tend to |lack opal, and, so, it's nmuch nore
difficult to get ages off of fractures. They tend to be

thinner. W focused on lithophysal cavities because they're
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easier to wrk with. It's easier to get information squeezed
out of them But, the information that we have to this
point, and, again, it's on a fairly crude scale, it's just
that there aren't major differences in the ages of the
out ernost surfaces of fracture calcite versus calcitie in
i thophysal cavities.
NELSON: Nel son, Board.

The difference between the fractures and the

I ithophysaes, what does that tell you, if anything, about

what's going on with the slow noisture novenent in the
nmountai n? W have different mineralities, different
t hi cknesses, different habits, what's going on?

PACES: W have a conceptual nodel. | don't know if we

can prove this, but we have a conceptual nodel that fractures

are generally steeper. Floors of |ithophysal cavities
generally dip gently 10 degrees, or so, to the east, whereas,
many of these fractures are practically vertical, or at |east
very steeply dipping. So, that if water is noving down
fractures, as filmflow, it noves nore quickly along
fractures than it does where it allows, | shouldn't use the
word pond, because we don't see any evidence for actual

pondi ng of water, but flow sl ows down when the surfaces get
close to horizontal, and that allows us to devel op nore
m neral that is not available, and a gravitational control on

t he hydraulics.
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NELSON: Nel son, Board.

So, this m ght have an inpact on your prediction of
infiltration, because |I nmean if you've got, or your
correlation with infiltration, because you had two pretty
much different things going on, it seens, on the fracture
than in the |ithophysae.

PACES: Well, we think they're linked, and there's no
real way for us to inmagine to get water into the |ithophysal
cavities than through fracture flow |If there was sonehow
wat er was com ng out of the matrix and getting into and
causing lithophysal cavity growth, then we would expect to
see |lithophysal cavities everywhere with material in them
secondary mnerals in them W don't. Secondary minerals
only occupy a small proportion of all of the |ithophysal
cavities. So, we think that there has to be sonething to do
with the connected series of fractures in a fracture network
that's supplying the water that results in these deposits.

NELSON: Just finally, do you have a case where you' ve
actually got lithophysaes, and be able to tie what's going on
inside the lithophysae, with the fractures comng in? |
mean, SO you've got this whole picture?

PACES: You can see that relationship in the ground,
but, again, it's difficult to try to peel these things apart.

We probably don't have any situations where we coul d | ook

at, in great detail, you know, the growh rates in fractures
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and how that changes in the lithophysal cavity. You see them
at times comng into or leaving the cavities, but there are
other cavities where it's not obvious fromthe exposure we've
got on the tunnel wall, it's not obvious how water is
necessarily getting in.

NELSON: This is an interesting point. Thanks.

PARI ZEK:  Van Cenuchten

VAN GENUCHTEN: |'m fascinated by your talk. | wasn't
initially sure if you were actually tal ki ng about the
fractures. | thought you were tal king about the fractures,

so this is not necessarily representative of all fractures in

the nountains; right? 1 guess you nust have seen quite a | ot
of these coatings. Are they pretty continuous? |1'd like to
talk nore about fractures now. Are they fairly continuous,

or if they are in fractures, are they nore |ike point build-
ups?

PACES: They can be fairly continuous, although it's
common that they're patchy. One thing that we think is
required is open head space in order to have air flow and
liquid flux interact to formthese things through either very
sl ow anobunts of evaporation, or very slow anounts of CO2 de-
gassing of the liquid. And, so, one thing that you can see
fairly easily underground is a fracture that is tight, say,
above or below. It opens out because of a wenching

differential novenent, and you all of a sudden have
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centinmeters, sonme centineters worth of opening. There's no
real obvious mneral coatings on the closed fracture, but as
soon as it gets out to this open cavity, which may, you know,
may go off in a third dinmension, that's where we see these
substantial build-ups of secondary materials.

So, the slope has a very conplicated, in sone
cases, there's evidence for sort of fingering. W haven't
docunented that real well because we really are |ooking at a
two di nensional view rather than a full three dinensiona
view. But, we think that this has to do with fluid flow as
films in response to gravity, and then when you have an open
cavity, you have the ability for independent m gration of gas
phase, and interaction between the gas and the liquid with
our secondary m nerals.

VAN GENUCHTEN:. So, when you have very little deposit,

you know, not necessarily the very recogni zable |arger

species, but it still may significantly affect the hydraulic
properties, | would say, of the fractures?

PACES: | think that's probably true. Sonetines these
coatings are tightly cenented to the substrate, sonetines

they're very | oose, and they can fall down, especially sone
of these steeper fractures, it's common to see a breccia at
t he base of one of these things, where you' ve got fragnents
of coating that have dropped down, and now have been

recenented by later calcite
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VAN GENUCHTEN: Now, you're talking nostly about calcite
and opal, | guess. Have you seen any secondary mnerals, or
maybe even organic coatings? And, is there also, in a sense,
a difference between closer to the top of Yucca Muntain,
closer to where the soils are versus deeper in the nountain?

PACES: Yes, we have information on just calcite, silica
deposits is a sinplification. There are other m neral phases
that have been identified. Those are certainly the nost
dom nant. Fluorite is one that has been seen, and is
somewhat controversial. Wth regards to vertical variations,
we tend to see the greatest abundances near the surface,
| esser abundances bel ow the PTn. Again, | didn't show the
full suite of information that we've got here. | was
focusing on things that could relate to climte change. So,
| don't know if that answers your question, or whether you
want to take another stab at asking it.

VAN GENUCHTEN. No clay mnerals nostly. [It's nostly
the calcite type?

PACES: There are certainly clay mnerals, and in
particular, clay mnerals on fractures, but what we don't
tend to see are clay mnerals captured within these secondary
hydrogenic m neral coatings. So, | think that we aren't
doing a whole heck of a lot of rock weathering in this
environnment, even in the PTn with a |ot of glassy materials.

We're probably seeing little nmovenent of alum num and ot her
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things, that are required to create clay mnerals, except
perhaps very early in the history of the nountain when
tenperatures were quite a bit warnmer, and we were able to
alter and transport those other ions nuch nore effectively.
So, we see nmanganese oxides, we see zeolites, we see clay
m nerals, but we generally don't see themincorporated into
t hese younger secondary hydrogeni c deposits.

VAN GENUCHTEN. One nore question. You know, you
correlate the growth of these mnerals rather furious.

Anot her scenario | always had in ny mnd, and | guess nmaybe
it'"s wong, is that also during dry periods, you can detect
wat er evaporating fromfracture surfaces, and it wll be
matri x water, you know, and then if it evaporates, it may

| eave sonme kind of a coating or precipitate behind. Wuld
that we a plausible thing, too.

PACES: | think that there is a certain anmount of
fracture water, matrix water interaction that's going on.
And, when we | ook at the isotopic conpositions of pore water,
we see conpositions that |look very simlar to our fracture
m neral record. But, again, we don't have physical evidence
that indicates that matrix water is a dom nant source for
these m neral deposits. Oherw se, we wuld, since matrix
flowis occurring pretty much throughout the entire
unsat urated zone at sonme |evel, we would expect to see a

uni formdistribution, and not the sporadic distribution of



105

t hese phases that we see. But, neverthel ess, there nust be
some interaction going on. W have evidence that indicates--

VAN GENUCHTEN. Well, it would, | guess it would then
evaporate nore fromthe areas where you have the |arger
fractures, and you have much nore air flow

PACES: Right. | think that that's a key point, is this
i ndependently migrating gas phase may be a limting factor as
well, and growth rates nmay vary sonmewhat, because not only
fluxes, water fluxes are different, but gas fluxes may vary

fromspot to spot, and that may give us sone of the variation

as wel | .
PARI ZEK:  Thank you. Parizek, Board.
| guess you were pursuing the colloids. Wy
woul dn't the colloids that were mgrating down through the

nmount ai n be trapped in the secondary mneral s? W' ve asked
this question before. |In the comments you nmake, you still
can't say you found colloids sticking in the secondary

m nerals, other than in the case of the opal perhaps. That
was a suggestion fromthe Nevada people at one point. Mybe
that's where they end up.

PACES: Well, certainly we're tal king about high silica
here, and, so, there's no lack of silica available for
nmovenent. Al nost every water that you find out there is
saturated with respect to silica.

PARI ZEK: How cone opal only cones every now and then in



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

106

your cross-sections? You only show a |ayer, and again, you
show anot her layer, and there's sone calcite in between. 1Is
that episodic? |Is that the evidence of episodic story in a
bi gger or coarser scale? And, then, if you plot up all of

t he dates you have for the opal, do you see gaps?

PACES: From sone of the slides, there's clearly--

PARI ZEK:  Sone breaks in there?

PACES: Right. And, we don't fully understand the
system adequately to say why opal is conmon in sone sanpl es
in sone time periods, and nore or |ess absent, conpletely
absent fromother places, and it's sonething that we wi sh we
knew. We don't.

PARI ZEK:  Pari zek, Board.

At one point, we saw some cross-sections that
suggested there was sonme secondary mnerals that were
corroded out. This, again, may have been Nevada sponsored
studies. Do you see any evidence of that, vapor phased
m neral s that di sappeared? But, again, this idea that
somewhere along the |ine, foods have gotten in there and
chewed out sone minerals through tine.

PACES: Right. And, in particular, some of the bases,
some of this material is tightly cenmented to the substrate,
as | said before, sone of it is only loosely held, and it
| ooks like there's evidence for corrosion. | think as part

of an independent mgrating gas phase, as you nove gas in, it
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will respond to the thermal reginme, so as you nove gas
upwards from hotter, warnmer conditions of depth, to cool er
conditions, it will condense at sone place. And, in that
sense, you'll get an undersaturated solution that could do
sonme corrosion. That's how we prefer to think about those
situations, rather than material com ng fromthe surface that
remai ns unsaturated through the whole nountain. W don't
seemto see those records up higher in the section in these

m neral coatings. That seens to be confined to the base.

So, there could be some extra conplexity going on with
condensati on, evaporation, saturation.
PARI ZEK:  Pari zek, Board. One nore question.
Do you have sone sort of limts to where you think
you're going to go with this? | nean, you re done with the
peels, the little thin peels you' re working on now. After

that, do you recomend that you've got all you can out of
this, or you re so excited about so many different directions
you can't give it up? Do you see new | eads? Obviously, the
sci ence has gone a |ong way, and you've nade presentations to
the Board many, many tinmes, and we see a steady progress in
t he work you' ve done, refinenents and refinenents, and
t hey' ve added under st andi ng.

PACES: Right. And, |I think we, as you well know, I
t hi nk we have certain people to thank for continued interest

ininvesting init. This whole fluid inclusion controversy
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allowed us to continue to collect nore information. And, |
would say it's |ike so many things on this project, the nore
you | earn, the nore you need to know. W now al so have

evol ved techniques that let us ook at things in a conpletely
di fferent manner, and we would |love to be able to do sone
nore of this work, and we have funded projects to | ook at
some nore of this. Howlong that will |ast, and how nuch we
can get done is hard to predict.

But, | certainly think that we have to do nore than
what we've already done. W need to denonstrate that that
trend we saw for one sanple in one spot is extrapolatable to
different parts in this system W need to start to
understand a little bit nore the differences that occur in
the Tiva, where air flowis nuch nore active than beneath the
PTn. And, so, there are a nunber of things that we could
continue to do, and probably learn a substantial anmount nore
about the system

PARI ZEK:  Davi d?
Dl ODATO Diodato, Staff.

| just wanted to follow up on Dr. Parizek's
question about the colloids, colloid facilitated transporting
in the unsaturated zone is sonething that people are thinking
about. In your observations, you don't see any colloids
anywhere in any of these mnerals captured. So, that

suggests to you that even though there's clay m nerals that
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occur, they're not captured in these mnerals. So, ny
guestion is in nature in general, can these mnerals, as they
grow, incorporate exogenous materials |ike that that woul d
fall in as the mneral is grow ng, and, you know, in other
pl aces, you woul d have a chance of seeing that sonetines, or
does that not happen in nature? |Is the nature of these
m neral growths such that they could never incorporate that?
PACES: Well, that's a good question. And, getting back
to the question about the explanation for why opal occurs in
sonme cases and doesn't occur in others. W have a nunber of
really fascinating secondary el ectron m croscope i nmages where
it looks like calcite does not want to touch opal. There's
sonet hi ng about that interaction that is repelling the
calcite. They're growing simultaneously, it's very clear of
that, but we haven't really hunted for colloids. [If, by
coll oids, you nmean can we find evidence of clay mnerals in
t hese, we've done chem cal, we've analyzed themfor their
full suite of major and trace elenents, and they're very
clean calcites, they're very clean, outside of uranium
there's very little in opal
Dl ODATO  But, just in general in nature, could you
have, say, nontnorillonite, sonething like that, in snal
particles preserved in sone kind of a silica mneral, an opal
deposit, or sonething like that? Have you seen that? Are

you aware of that at all?
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PACES: Like | said, where we have | ooked at the
conpositions, you know, we see trace anounts of alum num but
not nore than that. So, we don't see, obviously, on a
m croscopi ¢ scal e, you know, maybe once you get down to a
nanoscal e, we could easily mss it. But, at |least on a
mcro-scale, it certainly isn't obvious fromour studies.

Dl ODATO I n your career, you haven't seen these things?

PACES: No. And, it could be that you're | eaving much
of this stuff, you know, you weather the PTn, the gl assy
phase in the PTn, and you |l eave the clay mnerals up there,
and that would inply, | suppose, that it's not being
transported further down. Also, you could | ook at the
fractures thenselves for evidence of clay mnerals, but what
you woul dn't get there is when were they established.

DI ODATO  Well, the question is the nmobility of
colloids, if they're nobile at all.

PACES: And, that has not been a focus of our studies.

Dl ODATO  Thanks.

PARI ZEK: Ri en?

VAN GENUCHTEN: | have one nore question. |If you take a
step back and you |l ook at all your data that you have
collected fromthe nountain, do you see any evi dence that
some of the flow pattern may have changed over the years, not
just fromdry to wet periods, but also |I guess tectonic

activity?
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PACES: Again, | don't know at what |evel we can answer
that question. But, certainly we were surprised, once you
establish an active flow pathway, it |ooks |ike you can
maintain that flow path for mllions and mllions of years,
10 mllion years. W've got single records. Again, | think
initially, we expected to have to hunt, you know, we'd see a
10 million year deposit, we'd see a 3 mllion year deposit,
we' d maybe cone across a Pl ei stocene deposit, but we woul d,
you know, really have to | ook hard.

On the contrary, we see, wherever we | ook at this,
we seemto see a very long history of deposition which
inplies stable flow pat hways, stable deposition of processes,
everything seens to point towards hydraulic stability. And,
true, you know, tectonics happens, and we m ght make new fl ow
pat hways, and | think we do have evidence that not all basa
calcite is 10 mllion years old, or 12 mllion years old, or
.7 mllion years old. But, once you establish that pathway,
it seens |ike in general, we can maintain that flow pathway
for a very, very long periods of tine.

VAN GENUCHTEN:. Can you, putting it all together, can
you trace where those pathways are then fromthe top down?

PACES: On a crude scale, I think we can. And, right
now, we've also got funding to take a look at trying to
identify flow paths, preferential flow pathways by | ooking at

water/rock interaction with whole rocks. So, rather than
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t hese secondary mnerals, we're actually |ooking at fracture
surfaces and nore fracture than less fractured rock, to see
if there's differences in uraniumseries disequilibriumin
particul ar, but other elenents, and isotope systens, as well.
And, we're |ooking at a couple of fault zones in

particular, Solitario Canyon Fault Zone, |'m sure sone
beauti ful devel opment of clays and bl eachi ng and | eachi ng.
The question is is this largely a 12 mllion year old
phenomenon, or is it a result of focused flowin that fault
zone over the last 12 mllion years. And, we do have funding
to address that situation with uraniumseries disequilibrium
We've |ooked a little bit at the Bow Ridge Fault, very close
to the surface in the tunnel. And, yeah, we can see those
differences. It |ooks as though fractures can focus fl ow,
and we can find physical and chem cal evidence of that. So,
yeah, it depends on how hard we want to | ook, too, how nuch
detailed informati on we can get.

PARI ZEK: Jim we thank you very nuch for your comrents.
And, as always, there's a lot of information that's been
very hel pful, but we do need to allowtine for the |ast
speaker, Alan Flint, before the lunch break. And, judging
fromthe nunber of viewgraphs, he'll need every second of
available tine. And, this is not, by any neans, evidence of
unstabl e science. It nmeans that the programhas allowed a

| ot of discovery that we're going to discover fromhis
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presentation. But, Alan got his Ph.D. in soi
physics from Oregon State University in 1986, and since that
time, he's been working with the USGS as a research
hydrol ogi st for the Yucca Mountain Project in Mercury, and
later, in the California District at Sacranento

FLINT: Al right, thank you. | do have a |ot of
slides, and I wll talk real slow

Basically, a lot of what I'mgoing to present has
to do with about four major papers that have conme out in the
| ast couple of years that | have witten with Lori wth Bo,
wi th June Fabryka Martin and Ed Kw cklis, noving authorship
around, but a lot of the ideas we worked on together over the
ast 10 or 15 years.

This started, the evolution of the conceptual
nodel , and how we got here, started with an NRC Council Panel
that | was on wth R en van Genuchten, and we sort of worked
t hrough the devel opnent of our conceptual nodel. W cane out
with a Journal of Hydrology article on the evolution of the
conceptual nodel that NRC |l et us publish that had sone
| essons learned init. W did a Reviews of Geophysics paper
on the hydrol ogy of Yucca Mountain. These were invited
papers that we were asked to do. And, then, Hydrogeol ogy
Journal finally was a paper on a conparison of all the
different nmethods that have ever been used to estimate

recharge at Yucca Mountain and how t hese conpared in the
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cal cul ations. And, those papers are all available in nore or
|l ess a PDF format, and |'ve provided sone of those.

This is one of the papers that was in Reviews of
Geophysics. W were |ucky enough to get on the cover and got
a wite-up in Science Magazine as an editor's choice for
CGeophysics for that particular year. And, it shows the
infiltration map of Yucca Mountain that was devel oped in ' 96.

And, this is the conceptual nodel of flow and
transport in the fractured vadose zone, quite a few papers in
here on flow and transport, and the one we did on the
evol ution paper, and al so sone very good introductory

mat eri al on devel opi ng conceptual nodels.

This is that exanple of how one woul d put
conceptual nodels together. | put it in the overhead. This
is something that came out of our panel. But, | think really
i nportant, when you look at this, if you can only see three
things in it, besides having your problemstated and data, is

that you have a conceptual nodel, a mathematical nodel, and
t hen nodel calibration that feeds back into itself. And,
it's this conmbination of nunerical and mat hematical nodel

t hat beconme so inportant, and that's what we were mssing in
the early conceptual nodels of Yucca Mountain, is we did not
have good mat henmatical nodels to try to test sonme of these
conceptual ideas, and that's where sone great progress was

made once we put that together.
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In terns of the early conceptual nodel, where were
we? Between 1983 and 1990, a |ot of work was done on
conceptualization, but this is some basic information, if you
| ook at this, 80 per cent chance that the flux was |ess than
amllimeter a year. That was what we had gai ned by about
1990, 1991. That's what the thinking was, and that was
comng froma series of conceptualizations.

W had a lot of information. W had sone deep
boreholes. W could do potentionetric surfaces for the water
table. W had our shall ow neutron hol es that Del
Hanmer nei ster had started. W had a | ot of surface geol ogic
mappi ng going on. W had sone neteorol ogy studies |ooking at
rainfall. W had geochem stry and hydrol ogi c properties of
rock core, giving us our fire insights into the nountain
itself.

The early conceptual nodels did identify water as a
critical paraneter. They described the sinple geol ogy and
t he hydrol ogic framework. They identified the rel evant
hydr ol ogi ¢ processes, and the consequences of hydrol ogic
flow. There were a |ot of conceptual nodels that all had
about the same kind of information.

This is one of the first conceptual nodels by Scott
and others. M ke Chernack was a co-author on this. And,
this nodel may be the closest to the nodel we have today.

And, very basically, all the nodels are very simlar. Tiva
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Canyon, they were estimating about 3 per cent of the rainfal
beconmes net infiltration. W have fracture flow, then matrix
fl ow through the PTn, then fracture flow again in the Topopah
Spring, and then either sone lateral flow or vertical flow
through the Calico Hlls, very, very sinple
conceptualization, but it was the first start at putting
sonet hi ng toget her of how the system worked.

The difference between this and the next nodel,
which really dom nated the thinking of the project for the
next ten years was going to be with the Montazer and W/ son.

This is Roseboom's early one when he was reconmendi ng the
unsat urated zone, and | ooking at the differences between the
two, just sinply for reference.

So, this is the Montazer and W son picture of
things. But, the main difference here is that Mntazer and
W1l son had very small flux. They had nost of the
infiltration becomng lateral flow, and not going through the
Topopah Spring across the top of the PTn, and they only had
matrix flowin the Tiva Canyon. So, fluxes were on the order
of a half a mllinmeter a year, a very inportant concept, and

very dominant in the thinking for a long tinme about Yucca

Mount ai n.

This is DCE s conceptual nodel, which is basically
Mont azer and W son's conceptual nodel. But, one of the
things to note is that there is a lot of this--the flow
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t hrough here, a lot of lateral flow across the top of the
PTn. That was sonething very dom nant in these particul ar
nodel s, and flow along the Calico Hills zeolitic rock

So, there were four mmjor conponents that really
i nfluenced the thinking, and they didn't necessary nove it
forward, they m ght have held it at a certain place for a
long tine. They had to have a fully saturated matrix to get
fracture flow The overall flux was low. Only matrix flow
occurred in the Topopah Spring welded units, and nost of the
net infiltration was diverted by the PTn. This is what's in
all the papers up through the early N neties, is how the
syst em behaved. Again, no nunerical nodel in particular that
we were using at that tine.

This is that hypothetical relation between the
perneability and matrix potential for the double-porosity
nodel , which is what |linked the two together. This canme out
of Montazar and Wlson. This is what we started using where
we had to have the fracture matrix and equilibrium and the

wetter we could get it, then we could start fracture flow.

This is Wang and Narashi mhan ' 85 concept of the
only way you get flow across fractures, but you still had to
have the saturated matrix to get fracture flow to occur

And, these were very big issues in the thinking of the
Proj ect.

|"mgoing to junp forward to about 1996, when Susan
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Al tman put together a very nice list of different ways to
conceptualize fractures. This is when we advanced our
conceptual nodel. Were we were in the early years, is back
in here. So, early on in the project, this was where we were
runni ng our nodeling and our thinking about how the system
behaved. It wasn't until later that we started separating
fractures and matrix. |1t becane an inportant contributor to
our current thinking.

So, what we did to get our current conceptual node
working, and this is our md 1990s paradigmshift in the way
we were thinking, is we finally got our three di nensional
site-scal e nunerical nodel, a najor advance on how we were
going to think. Another thing that happened that | think was
the nost inportant thing was the spatially distributed high
infiltration maps that we finally started devel oping. Al ong
with this, the higher the infiltration, the less |atera
diversion in the PTn. W started finding evidence of fast
fracture flow in the Topopah Spring, and then a decoupl ed
fracture flow That's a very inportant nodeling
br eakt hrough, is this decoupling. Robinson and his group had
done sone separation of properties between the fracture and
the matrix that started to allow higher flows to go through

The bi ggest problem we' ve had was the high
infiltration rates in all of the current nodels at the tine,

and up until about in 1993, '94, those high infiltration
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rates had to be scaled to less than a mllinmeter a year, no
matter what they were. 10 mllinmeter flux, we put on 50,
they all had to be scaled to work, because they conpletely
saturated the matrix, because of the matrix/fracture
interaction. diff Ho cane up with the idea, which | think
was a real inportant point, that decoupling the fracture so
you only had about a four order of nagnitude coupl ed between
the fracture and the matrix, so you could have the high
fluxes, you could have fast fracture flow, and you coul d keep
the matrix still up at 90 per cent saturation, that was a
maj or advance.

But, | think it was Bruce Robinson and his group
that really pushed the idea of making the nodelers start to
t hi nk about these higher fluxes, getting away fromscaling to
amllimeter a year, and starting to think how do we get 10
mllimeters a year in the nodel. That nade a major
di ff erence.

This was the 3-D site scale nodel. It was based on
two concepts. One, infiltration zones about the nountain,
and the other was faults. So, these were the grid cells we
put together. This nodel came out of a neeting between LBL
and USGS in | think about 1991, and 1992, this was the nodel,
and then Lori and | published it in '94 because it ties into
our infiltration map.

And, this was the first infiltration mp we
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produced in about 1994. |It's based on Darcy fl ux

cal cul ations fromcore and neutron |l ogs that we had in al
the maj or hydrogeologic units. It's only matrix flow, no
fracture flowis considered in this. But, we have an overal
flux of alittle over a mllinmeter and a half a year, which
is above the half mllineter everyone was thinking we were
going to have in these rock units. And flux is over 13
mllinmeters in the non-welded units in the PTn. They were
very wet, and they were high perneable units. So, using
Darcy cal cul ations, we canme up with this particular map.

Then, by 1995, David Hudson and | did sone
statistical analysis on neutron borehole data. W cane up
with the correl ation between soil thickness, between
rainfall, between the topographic areas, and canme up with the
first magjor map of infiltration, with sone fairly high
val ues.

In 1996, we used our nunerical nodel to put into
t he nodel, evapotranspiration, nore of the salt physics
approach rather than statistical approach, and cane up with
the map on the right, which is the one that becane the first
major infiltration map that was put into the system

And, I"'mgoing to talk a little bit about the
devel opment of the infiltration nodel, because | think that's
an inportant point to this whole process of understanding the

behavi or at Yucca Mountain, and howit's going to change with
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climate change. So, we're going to | ook at the devel opnent
of a conceptual nodel and how we got there.

Net infiltration is a precursor to flux. |[It's what
we need to start with. It's water entering the soil. The

net infiltration is water gets below the root zone. You need
to know that to know what recharge is going to be.
Percolation is just continued drainage. And, then, recharge,
al though it may be del ayed by 5,000 years through the
unsaturated zone, it's what finally makes it to the water
table. And for nost cases, net infiltrationis going to
beconme recharge, unless you have lateral flowto a perched
| ayer that's going to evaporate sonmewhere else in the spring.

The factors controlling net infiltration:
preci pitation, nunber one, the soil thickness is very
important, soil porosity and drai nage characteristics are
what are going to hold the soil noisture in the near surface
where it can be renoved by evapotranspiration. Deeper soils
have a little bit nore storage room

The bedrock perneability is inportant. High
permeability bedrock is going to be able to allow that water
to drain in faster. Low perneability is going to hold it
near the surface for longer. And, then, evapotranspiration
is going to have an inportant conponent, especially when you
start |ooking at the north end of Yucca Mouuntain, and you

| ook at the north facing slopes at Yucca Muntain, very
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different here. W're in the transition between the M)jave
and the Great Basin. The north facing slopes, nore |like the
G eat Basin vegetation. The south facing slopes, nore |ike
Mbj ave vegetation. And, those north facing sl opes are going
to have higher infiltration rates, especially when we go to
the north where we get nore precipitation.

So, a conceptual nodel of net infiltration is that
this arid climates make infiltration infrequent occurrences.

It doesn't happen every year, and it doesn't happen

everywhere. Wet winters allow the saturated conditions to
exi st at the bedrock interface under shallow soils, which is
what's going to get water below the root zone. The deep
soils and non stream channel soils have sufficient water
storage capacity to retain nost of the precipitation. This
is the reason arid clinmates are what they want to use for
nucl ear waste burial for |low |evel nuclear waste under deep
soils. Deep soils hold noisture, very little recharge. But,
runof f accunul ates enough water in channels to allow for
infiltration of water in these channels that can get bel ow
the root zone so we can have net infiltration bel ow channels.

Thi s becones, in response to Jims sort of
guestion, things like Drillhole Wash, under current climatic
conditions, are not nearly as critical as under past climatic
conditions. Right now, Yucca Muuntain is |ikely nore

dom nated by flow over the whole | arge area, but under other
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climatic conditions of glacial periods, the wash has becone
the major contributing factor, which is why | think they find
nore of the calcites under the wash, not because of current
conditions in infiltration, but because of past conditions.

And, this is our conceptual nodel that we put
together. Al the terns are in here. But, the inportant
thing to | ook at here, if anything, is that under shall ow
soils, the zone where you get water to to becone net
infiltration is a lot closer to the surface than under deep
soils, because these deep soils have deeper rooted
vegetation. W've seen roots down to 6 neters of creosote in
Fortym |l e Wash. So, that's an inportant conmponent to the
concept ual nodel

"' m going to show two exanpl es of neutron hol es
that we used to hel p understand what's happening. And, the
reason I'mgoing on infiltration is because all the recharge
that's going to occur at Yucca Muwuntain, for the nost part,
is going to be determined in the top 6 neters. Once it gets
past the top 6 neters, it's going to becone an unsaturated
zone flow issue, and no |onger a question of infiltration.
That's water you're going to work wth.

So, two neutron holes, and one in the | ower part of
Pagany Wash, and N15 in the upper part of Pagany Wash.
Here's an exanple of NL. This is depth versus tinme from 1984

to about 1995. We're |looking at water contents in the wash.
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What's interesting to see is these features where it's
getting wet, and it's going down and over, which is novenent
with time. That's a wetting front noving down over a couple
of weeks to a nmonth or two in tine. And, we see severa
events. Then we go through the early drought period, and
then we have here, we're in 1990 now. In 1990, renenber,
we're thinking there's no flux at Yucca Muntain, because
we're out there and there is no flux at Yucca Mountain. It's
not even raining out there. It's the driest conditions
you' ve seen

Then, we had two EI Nino years, and then finally,
the 1995 major EIl Nino year. And, what have we di scovered?
And, we hadn't had the ability to look at this data in this
way. But, once we could start to look at it this way, then
we realized what happened was back in 1984, there was a mmj or
runof f event from another EIl N no event that caused the
wetting up of the entire profile, which ended up drying out
over the next six or seven years.

So, now we can see what this historical view was of
how t he system was behaving, and it's very interesting |
think to look at that in that light. But, you can see that
for the nost part, these mgjor events in 1992 and 1993 did
not cause net infiltration. That water dissipated in the
root zones, and it wasn't until we got a major influx in '95

that we got infiltration
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This is a ook at a shallow soil now. W only have
about 70 centinmeters over on fractured bedrock, very |ow
perneability matrix, but high perneability fractures. Bel ow
that is very high perneability matrix rock. And, so, what we
see is an influx in the 1993 El Nino event and the '95 E
Ni no events, where we got big pul ses of water noving down
t hrough the fracture system You can't see it wth our
neutron approach in the dense rock because there's no matrix
imbibition. But, once it gets down into the nore perneable
rocks, we can pick up a lot of this noisture content, and we
can see it noving down with depth, and then tine to the
right. So, we're starting to see sone pul ses.

Now, we're going to cal culate how nmuch water is
going to be in here. This is going to be our first
calculation of net infiltration. This is well below the root
zone.

So, those pul ses you can see in the right axis is
the flux in mllineters, rather than seeing an average of 10
or 20 mllineters a year, what we're seeing is 200, 300
mllinmeters over a very short period of tine, because we had
a very, very wet set of conditions.

If we ook at the in between tine from'93 to ' 95,
this profile is slowy draining out of the bottom and we can
see that. If we plot that up and put a line through it and

calculate the slope of that line, it's about 20 mllinmeters a
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year. So, that's the drainage through that wel ded tuff down
at the bottomof the profile. So, this is one way to
cal cul ate fl ux.

Anot her way, independent of boreholes, was the
matric potential measurenments we made, and a profile about 10
nmeters away fromthe borehole | just showed. W' re |ooking
at a 1995 condition in which we got our instrunents in about
a week or so before the major EIl Nino rainfall event that
caused nost of the flooding and the deep percolation. This
data started early in that, but I don't have it here, but
what we see is that we see near saturated conditions at the
tuff alluvial contact, and even at about 30 centineters, we
see near saturated conditions, which neans we had about 30
centineters of standing water at the tuff alluviumcontact.
Wth that information, we can calculate a flux using the
water retention curve for this particular soil

This is change in water content for that profile.
An evapotranspiration rate at this particular tinme was about
maybe a mllimeter a day, at nost, and, so, we're seeing
fluxes, and this is a fairly flat surface, on the order of 10
mllimeters a day infiltration. One, it tells us there's a
ot of infiltration due to this process, and, two, it tells
us the rock perneability is high. These are higher nunbers,
al nost by an order of magnitude, than what we were using on

our original infiltration nodel. Wether that nmakes a big
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difference or not, I'"mnot sure. But, everywhere we've nmade
nmeasurenents in detail, we've found about that increase. So,
we can calculate a flux, we get about 200 mllineters out of
this process in this particular calculation for this data
set .

Just to show this over time, this was the early
time that we started working with in here, and then what we
see, and if you just ook at this one green one, that's the
tuff alluviumcontact, it gets fairly dry, vapor dom nated
flow, these plants can take up to about 60 bars, so we have
vapor flow even to that depth, and equilibriumat the near
surface with the vapor, but we only see two nore events in
whi ch we have a possibility of net infiltration. These are
El Nino years, and they're positive Pacific decadal
oscillation. And, the study |I've been doing all over the
desert sout hwest, negative Pacific decadal oscillation E
Nino years are very insignificant in terns of recharge. So,
it's not just EIl Nino, it has to be in the positive phase of
t he PDL.

But, we don't see that interaction, so we don't
have wet enough conditions in the fractures, so we're forced
to go only with matrix flow, and you're not going to get
matrix flow at an interface of 100 bars to any consequence.

Are there observations that support these high

fluxes? Darcy calculations in the PTn we did, there's
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tritium carbon-14, thermal profiles. In one of the papers
that | tal ked about that we published was on a conpari son of
all the different methods in estimating recharge. Here's an
exanple of the thermal profile that we used to cal culate a 10
mllinmeter a year flux, and this is nostly through the
Topopah Spring Unit, or a 1 or 2 millimeter flux in different
bor ehol es, we had different val ues.

How do these correlate with the infiltrati on node
itself? This is an exanple. The net infiltration values, |
think it's a reasonable correlation, one of the other things
this suggests is what | think is a lack of major lateral flow
in the PTn, because where we have high infiltration rates at
the surface, we have high fluxes in the subsurface for the

nost part. There are a few exceptions in this case.

We did an analysis in the north ranmp, where we had
out posts that we could drill boreholes down. | had these put
in and instrunmented to neasure water potential, so we could
go across several layers and no what the water potential is,

know what the core properties are on saturated hydraulic
conductivity properties. W' ve calculated fluxes, verti cal
versus horizontal fluxes for this area, to see if we could
support the high fluxes.

We did an analysis, and this is in a paper that
Lori published as part of her Ph.D. dissertation on |ateral

di version of the PTn, using Darcy flux calculations. She
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cal cul ated about 8 to 15 millineters of vertical flux in
t hose two borehol es you saw, and less than 1 mllineter of
|ateral flux between two of the layers that she saw in that
particul ar anal ysis.

Anot her exanpl e of | ooking at possible |ateral
di version, there's two things to | ook at here. The
borehol es, the yellow dots, the area of those yellow dots are
going to be used in calculating the estinmated net
infiltration range. And, then, the cross-drift across the
repository in terns of what the water potential is in the
cross-drift versus what the infiltration map says. So, those
are the next two things I'Il tal k about.

One, matric potential in the cross-drift versus the
di stance along the cross-drift on the left axis, and then on
the right is nodel net infiltration. Were the infiltration
is high, where we nodel it high, the rock is at its wettest,
| ess than 8/ 10ths of a bar. Were the infiltration rate is
low, the water potentials are up in a bar and a half, or
higher. So, nore infiltration, wetter rock; |ess
infiltration, drier rock.

And, this is an exanple of the chloride mass
bal ance nethod. The range of the infiltration cal cul ati ons,
t hose dots, versus chloride nmass bal ance, another indication
that there are high fluxes, and that there is little latera

di ver si on.
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And, this is the summation of all the nethods we
used. Inportant thing, point neasurenments to the left, large
scale to the right. The point neasurenents are going to be
| ocated in places where you' re going to have high and | ow
fluxes. So, you expect a big range. The larger the area
you're investigating, then the |ower the range you're going
to get, because it's going to be an average of a | ot |arger
area and a lot different tine span.

As we did this analysis, we also calculate that we

go fromthe surface to the subsurface, we get nore and nore
Pl ei stocene water in the mx, in the subsurface unsaturated
zone, and Pl ei stocene estimtes on the order of maybe 20 to
40 mllineters a year, versus current estinmates of around 7
or 8 millineters a year, which is described in the paper.

So, beyond net infiltration, what happens?
Unsaturated flowin the UZ is vertical, for the nost part.
Gravitational gradients domnate. Lateral flowin the UZ
occurs under |ocally saturated conditions. |If you have
|ateral flow, it's usually because of half |ayered barriers.

Fracture flowinitiated in the near surface can nove

qui ckly, less than 50 years travel tinme, usually to the PTn,
based on i sotope dat a.

Matrix flux in the PTn danpens seasonal and decadal
pul ses of water, except for faults, and it may increase

travel tinme. Probably 90 per cent of the travel tine is
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through the PTn. Vertical fracture flowin the TSw, latera
fl ow above the zeolitic Calico Hlls, and recharge occurring
through major faults. This is sort of where we are. And,
this is a conceptualization of that in sort of a--as a
pi cture of the sanme thing | just said.

| want to go back to one thing here. One thing I
want to point out, and | think this is an inportant key. The
fault itself can provide direct downward flow. These are our
fast pathways through the PTn. Very little of the water, |
believe, is going through there. It's a very snal
contributor in nost of the unsaturated zones. Were the
faults are the major contributor in flowis where they
provi de an opportunity for perched water to enter into the
saturated zone. Mst of the flow that goes through faults is
inthis very small area. Up here, they're not very
significant, but they do bring us fast pathways, part of the
conceptual nodel we have to work with

And, this is just an exanple you've seen before
with chloride data, where we have bonb pul se i sotopes | ocated
in faults. This is in the Topopah Spring under where the PTn
was faulted. So, an inportant contributing factor in our
under st andi ng of how the system behaves.

Qur current conceptual nodel, which you'll probably
see a little bit later, was based on the site scal e nodel

And, if we take the infiltration map and convert that into a



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

132

flux at the water table, we see nobst of the flux going
through the fault zones. So, this is just an exanple of how
this zeolitic Calico Hills has altered the flow, but that's
bel ow t he repository, not above the repository. | stil
think a lot of the flux through the repository is very
simlar to what we see in the infiltration.

Lateral diversion. Just a couple of exanples from
sonmething that's new This unit has |largely been known as
| ocation of capillary barriers. The nodeling exercises
repeatedly support the concept that PTn is a lateral barrier,
but we believe, Lori and I, and John Sel ker, the nodels have
typically used idealistically geonetry and | arge contrast in
properties. W think the nodels are not correctly
representing the PTn.

The early observations of high saturation, as we
can see over here, suggested this showed | ack of strong
property contrast, except that the bottomis the PTn. And,
so, we used anal ytical solutions to | ook at whether or not we
could get the lateral diversion.

The equation of Ross, it's described in detail in
the paper, it's just a Darcy's |log cal cul ati on between two
different nedia, contrast and core sizes, and then we have
downward flux right in the (inaudible), and the perneability
di ff erences.

Di versi on above the PTn. The fewer |ayers you
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have, the nore diversion you get, very sinple. If you want
to have | ateral diversion, don't put many |layers in your
nodel. |If you put nore |ayers, you' re going to get |ess
| ateral diversion, especially if you' re using what we believe
are realistic properties, because the contrasts are very,
very gradual. W' ve published a couple of papers on the PTn,
not just here, but in other papers describing the PTn in
detail, and, the nore layers, and we think these are real
| ayers.

Diversion within the PTn, even if we use a five

| ayer nodel, we can get a small amount in two locations. It
may not be a major contributor if we start to | ook at the
mul tiple |ayers that exist.

And, then, at the base of the PTn, and there's a
ot of information here, but basically, if we use what we
think are typically and unrealistically used properties, we
can get diversion, although little nore than 200 nmeters of
| ateral diversion. |[If we use what we think are nore
realistic properties for that transition at the base, we
don't get l|ateral diversion.

And, there are sone other issues, and these are
i deal i zed geonetry, not just the properties may be nore
realistic, but in the real world, I think there's a |ot of
i nconsi stencies in the top of the Topopah Spring that's not

going to allow |lateral diversion
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So, potential on the basis of the interpretations.
We think the early conceptual nodels did not consider the
scal e at which the nmechanics were in place. And, we don't
have date or field observations that corroborate this, we
don't think, to any great extent. And, the calcul ations and
field data support the conceptual nodel of small |ocalized
| ateral diversion, but |arge scale fluxes through the PTn.

Just a quick thing on sonme fracture
characteristics. There were sone detail ed nmeasurenents done
in the ESF. The fractures may actually exhibit this nulti-
hunp conponent, and the small fractures nmay be able to carry
hi gher fluxes in potential equilibriumwith a | ocked matri x.

That's just an idea that we're just now working wth.

An exanple of the different sized fractures that
are cal cul ated using the nethod of Kwicklis and Healy, so
these are the 25 mcron fracture, 125. These were the two
nodeling fracture sets that LBL used, quite a bit different
than these different fractures. But, we keep that in m nd.
And, then, this is the flux rate for the potential of the
matri x, and then what we would estimate the flux rate. And,
so, we can't see an equilibriumoccurring between the two.

One of the nmeasurenment points where the fractures
are highlighted in the red lines, and you can see a data set,
conductivity using a potentiometric (inaudible) versus

potential. And, the character that's kind of interesting to



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

135

see is we mght be able to see that we're using higher
fluxes, higher fractures, 125 mcron. As we get down here,
we woul d expect it to drop off, but it continues on, because
it may be noving into the 25 mcron fractures.

So, we may have a series of fracture sets that the
water is flow ng through. And, we can actually keep noving
dowmn with different size fractures until we get to a 2 1/2
m cron fracture that can carry the flux and can be potenti al
equilibriumfor matrix, kind of an interesting concept. But,
| think we need to think in terns of how these fractures
real ly behave, which | don't think we've done as well.

Ckay, final thoughts and | essons | earned. Mbdel
devel opment nust have a clear statenment of the problem and
identify the technical objectives. You can't say, well, is
Yucca Mountain suitable for a nuclear waste repository. W
can't answer that question. You can ask the question how
much water flows through the fractures, or how |l ong does it
take to get to the water table. Those are the kind of
guestions we can answer. You need to ask those questions up
front.

A variety of alternative conceptual nodels need to
be fornmulated on fracture flow, fracture/matrix interaction,
all of the different concepts. W kind of got stuck on two
or three, and we used those for about ten years. W need to

be working on other ones.
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Absol utely, nunerical nodels have to be devel oped
concurrently with the conceptual nodels. You' ve got to keep
t hese worki ng back and forth. But, one thing to keep in
mnd, if the numerical nodel does not have the concept in it,
it'"s not going to tell you that's it's an inportant concept.

So, you've got to make sure you renenber that. The data
gives us nore insight than changi ng the conceptual nuneri cal
nodel , but the conceptual nunerical nodel gives us insight
into what data we should expect to see. So, that's a very,
very inportant key. For a long tinme, we couldn't get high
fl uxes through the nmountain because we had a nunerical nodel
but it had the wong concepts in it that had to be fixed.

Eval uati on of the conceptual nodel should rely on
consi stency with independent |lines of data, and robust nodel

devel opnment depends on extensive high-quality data sets at

different spatial and tenporal scales. It's very different.
You can't | ook at neutron | og data and say, well, that
doesn't match the data | have in the subsurface, because it's

a 5,000 year travel time difference between the two, and
there are different processes and different space scal es.
You' ve got to keep that in mnd.

Summary. The early nodels had | ow flux, extensive
|ateral flowin the PTn, and no fracture flow through the
TSw. The current nodel has high flux, 5 to 10 mllineters a

year, with over 80 mllineters in sone |ocations. Mtrix-
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dom nated vertical flowin the fractures, matri x PTn,
fracture domnate in the TSw, and vertical matrix-flow in the
vitric rocks of the Calico Hills and the Prow Pass, with
extensive |lateral flow above the zeolitic boundaries in those
units.

And, | know where the conceptual nodel was in 2001
and where it may be a little bit different now, and |I'm sure
Jimwill talk about that, is in this idea of |ateral
diversion in the PTn. W think that |lateral diversion can be
calculated in the numerical nodels if you don't use the
properties that we think are nost consistent with what we see
inthe field, and that's sonething that | think needs to be
di scussed, perhaps a little bit nore in alittle bit nore
detail.

And, then, within these few concepts, we've nmade
significant strides in addressing the mgjor issues on the
behavi or of Yucca Mountain. And, this was true up unti
2001. I'mnot going to say it's true now, but it was true up
to then.

The conceptual nodel we have today evol ved over 20
years through an integrated scientific approach. W had

hi ghly notivated and creative scientists froma variety of
di sci pl i nes and organi zations that were provided a work
environment that fostered quality technical interaction.

That interaction was very, very inportant. |'mnot sure if
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it still exists the way it did back in the late N neties, but
it was an inportant conponent to our worKk.

And, then, finally, | couldn't think of everybody
that I acknow edged, so | just acknow edge people that | have
actual ly published work on about Yucca Mountain. So, this is
the list of people I've worked with.

I"msorry, | did talk faster than | thought.

PARI ZEK:  Thank you very nmuch. Well, there was a | ot of
material there, and we appreciate the overview, | nean the
kind of historical run through so many of the bases for the

change. Ron, | guess the first question?
LATANI SI ON:  Lat ani si on, Board.
" malways intrigued by the opportunity to | ook at
things that | know nothing about, and try to interpret them

in the context of things I know sonething about. And, this
is a great exanple.
l"d like to turn to your slide that shows the

Darcian flux calculation. | don't know what nunber it is.
That's it. You just passed it. That expression | ooks very
much i ke, shall | say chem stry Fick's first |aw of
di ffusion, where Q would be equal then of a fl ux.

FLINT: Yes, it's alnost |like Chms Law, too.

LATANI SION: That's a flux, Kis an effective
diffusivity, or perneability.

FLINT: It's conductivity, and then there's a gradient.
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So, a gradient, a conductivity.

LATANI SI ON: Now, when you apply this in terns of the
solid state, the inplication is that you're dealing with a
steady state diffusional phenonena.

FLINT: Right. This is assumng a steady state
condi tion.

LATANI SION:  And, are those conditions conceptually
consistent in ternms of having a constant gradient, and an

unchangi ng concentration with tine? It doesn't seemto ne to

fol |l ow.
FLINT: Well, this calculation is made within the PTn,
and in the deeper part of the PTn, and | think nost of us are

convinced that the PTn has an incredi ble noderating effect on

climate change. And, the deeper down in the PTn, we're

| ooki ng at nore steady state conditions.

LATANI SION:  But, | nean, the inplication would be that
DPDX is constant. |'msorry, the concentration gradient, or
chem cal potential gradient is constant.

FLINT: | mean, it's constant--I nean, it's neasured in
this particular |ocation, the neasurenents have been in for a
year or two, so we're in equilibriumwith the rock itself.
So, in ternms of nmeasurement, we think it's not a problem
And, in terns of how fast it's changing, |I'mnot sure, the
evi dence we have over maybe ten years suggests that it's not

changing very fast at all. So, that calculation in this
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point in time, but that's what it is, it is an issue that if
you were to cone to a different place on the nountain and

| ook at a different place, you would get a different

gradient, w thout question. The spatial gradient is going to
be very, very, variable. Under this location, this is what
we got. |If you went under the PTn, under a deep alluvial,
you would find it nmuch different than it is today, but we
don't have that opportunity. W only have the opportunity
where the ESF crosses through.

LATANI SION:  But, | nean, the affective point is that
you're treating this as a steady state.

FLINT: Yes, at this calculation

LATANI SION: | nean, what follows then is a trivial
guestion, but the unit you used to express flux are
mllinmeters per year.

FLI NT: Correct.

LATANI SION:  And, in a chemi cal transport phenonenon
case, you would tal k about sonething |ike noles per
centinmeter squared per year?

FLINT: Yes, there's different ways to make the
calculation, but it's sort of just an average.

LATANISION: MIlinmeters per year sounds nore |ike an
infiltration to ne rather than a fl ux.

FLINT: Right. | nean, you could put it into 3

mllinmeters cubed per square mllineter, and do it that way,
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per year.

LATANI SION:  But, it is a flux you' re tal king about, not
infiltration rate?

FLI NT:  Yes.

LATANI SI ON: Thank you.

PARI ZEK:  Priscilla?

NELSON: Nel son, Board.

" mgoing to maybe put some of your comments both

on paper and made here into the context of--this may be a
confusing question, so I'"'mgoing to just talk it through. W
heard from Jimand previous speakers the idea of fast paths
being |l ocated in the sanme place perhaps through tinme. 1In the
sense of decoupling the fracture flow fromthe matrix flow,
it seens to nme that it mght be linked, because where the
fracture flowis may actually have caused a nodification of
the fracture surface such that it is decoupled fromwhat's
going on in the matrix in terns of precipitation, or
sonmet hing el se along the fast path that represents a
decoupl i ng.

FLINT: | guess | tend to |ook at, since | work on the

surface and have done so much work on the surface at Yucca

Mountain, | see this huge variety of infiltration rates, and
| see a huge variety of processes. If we were to have sone
val ue, I'musing ny hands, and say that under current climte
maybe we have sone rate in which the matrix, the near
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surface, shallow soils, side slopes, ridges, are about here,
and | see the washes being down here, as we go through
climate change, we nove that up to where the washes becone
nore critical. And, the washes are very localized. And,

t hose pat hways are there because the washes are there, and
the water, the infiltration rates are there. And, so, the
pat hways are created where the infiltration rates are the
hi ghest .

And, so, | think that these pathways that we m ght
suspect that we would find are related to, one, the tectonics
and the topographic features, the faults and the washes, and
the other is the infiltration rates, which don't change that
much. They can change in quantity, but they don't change in
where they're going to occur. So, we're going to see the
calcites in the sanme place all the tinme. They're going to
see them under sone of the major washes where we have high
infiltration rates, under different climatic conditions than
today. | think that's something we can see in that sense.

On a larger scale, | think we're going to see these
differences in where we're going to find calcites, rather
than uniformy distributed. 1| don't think the flow pat hways
are going to nmake that big of a change, because the
infiltration rates are going to be the sane, the sane vol une
of water is going to be the sane, because the surface

processes are very, very nuch fixed over the last 10 mllion
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years, probably, in ternms of the structure of the site.

NELSON: Nel son, Board.

Do you think that it's possible to identify which
pat hs are conductive?

FLINT: In a general way, you can identify which ones
are conducti ve.

NELSON: At tunnel elevation.

FLINT: Well, I'mnot sure you can, because when we,
fromat |east nmy perspective, when we start to get to the
tunnel, we're starting to look at a very uniformpart of the
site. W don't have these high exchanges that we see when we
| ook at a different part of the site. | don't knowif | have
a map of infiltration that comes later, before this or after
this.

So, you're |l ooking at across the tunnel, you're
| ooking at a nmore uniformpart of the site, where we don't
have that many maj or changes, although we do have sone. W
do go fromthe |ow area here, to a high area here. And, if
you renenber, this area in that one di agram under wash today,
was sone of the driest place we saw in the cross-drift. And,
we put these instrunments in right as the tunnel boring
machi ne went through. Yet, they're really dry today, yet
t hey m ght have nore of the calcite as we go around this
bend, because under past climate conditions, those are

probably where the major pathways devel oped. And, under the
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future conditions, those are probably where major pathways
devel oped. In our work on these climte change scenarios, we
see these washes pick up a maj or anount of water

So, if you want to say where the major pathways,
where it's really wet, underneath there somewhere, where it's
really dry, not under there. So, we see this contrast. So,
that's the kind of way | can point at this in terns of
current climate versus past climate, and where the channels
are. But, beyond that, | can't do it fromthis particular
approach in finding those pat hways.

PARI ZEK: Dan Bul | en?
BULLEN:. Bul |l en, Board.

Coul d you quickly go to the current conceptua
nodel for flow in the unsaturated zone? That one.

Actually, | was interested in sort of your opinion
with respect to where we are in the repository horizon in the
wel ded tuff unit, specifically in light of a couple comrents
you made. And maybe | didn't get these coments right. But,
you tal ked about the fact that in the EIl Nino years, we had a
ot of infiltration, and then we had the repository sort of
draining, and the draining rate was kind of on the order of
20 mllinmeters per year?

FLINT: That wasn't the repository.
BULLEN: That's at the surface?

FLINT: That's in the near surface. That's the top 6 or
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7 meters.

BULLEN: Well, then, let nme ask another follow up
question. The observation you made was that there's not nuch
| ateral diversion in the regions except for nmaybe the
Pai nt brush; is that right?

FLINT: There is not nuch lateral diversion. W
calculate there's not nuch | ateral diversion, we cal cul ated
maybe up to the 200 neters, but for the nost part, we think
it's lower than that. Were | think |ateral diversion m ght
be possible is part of the matrix fl ow phenonenon, where if
you have a high infiltration rate over the PTn and a | ower
infiltration rate, you're just going to have a wetter PTn and
a drier, and so you're going to want to have novenent of
water toward the drier. But, that's a matrix flow, not a
capillary barrier effect.

BULLEN: Okay.

FLINT: For the nost part, over the repository, no, |
don't think there's enough of a capillary barrier to cause
|ateral flow. So, | think what we see in terns of the near
surface on the order of, and this is a question | think Bo
m ght have to address, too, on the order of 6 or 7
mllinmeters a year flux that nay be going through the Topopah
Spring. W only have about 6 or 7 millinmeters of flux in
infiltration above the repository horizon. So, it's hard to

say. Mybe it is, you know, 20, 30, 40 per cent is what
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their nodels cal cul ate, and maybe our cal cul ations are
correct, it's about, you know, |less than 5 per cent or nore.
The higher the flux, the less lateral diversion.

BULLEN:. Bul |l en, Board.

Then a followon question is if | put a heat
generating source in there in the tunnels, and I'mstarting
to nove water, will | have the necessary |ateral diversion
for it to shed between pillars, or will it just go up and

cone back down?

FLINT: That's a question | don't think I'"mgoing to be
able to answer. It's not a capillary barrier, because above
it, unless you' re getting above the PTn, then--and, | don't
think that's the case, so | think you're still dealing with
flowin the fractured systemin the Topopah Spring, and

you're not dealing with the contrast between the Tiva and the

PTn, which is what causes our capillary barrier.

BULLEN: So, in your estimate, the nodel that we have
for sheddi ng between cooler pillars is still accurate?

FLINT: | don't have any reason to say it's not. But,
"' m not a good person to ask that question to.

BULLEN: Thank you.

PARI ZEK: Ri en?

VAN GENUCHTEN: | have quite a few questions. [|'m not
sure where to start. But, one thing I'"'mstill concerned
about, and you raised it several tinmes, is the PTn. Past
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conceptual i zati ons suggest a lot of lateral flow. Now you
don't. And, you say when you inprove the nunerical schene
and you build in nore |layers, and so on, you get |ess and
less flow | do understand, though, that--or less |ateral
flow You still have sone preferential flow nmechanisns that
can generate preferential flowthere in the PTn; right?

FLINT: Yes, you do.

VAN GENUCHTEN: They're also, in our thinking, and in
your paper, you nentioned that there are still a couple of
fractures, or heterogeneities that can cause preferenti al
flow.

FLINT: Yes. Faults can cause--certainly faults can do
that, and then there are probably other features. The PTn is
not uniform As we go further to the north, the Yucca
Mount ai n nmenber becones welded in the PTn, | think noderately
wel ded. And, so, the PTn actually changes fromnorth to
south, so things are quite a bit different in the north than

they are the south.

VAN GENUCHTEN: So, you still do see, in your mnd, or
your view of things, still, that there is, even though it may
make the flow process nuch nore uniform that there's still

quite a lot of nmechanisns there that can general preferential
flow fromthe PTn into the Topopah.
FLINT: Okay, there's two things here. One is the mgjor

mechani sm 1 think that causes preferential flow through the
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PTn is the faults thenselves. | think we have nore uniform
flow through the PTn, the rest of the places, but what causes
the transfer of water fromthe PTn to the Topopah may be a
lot related to--if you could strip off everything above what
t he Topopah Spring | ooked |like prior to the deposition of the
first layers of the PTn, where we have this welded vitric cap
| ock, you probably are going to see a |ot of these cooling
areas, little deposits, depositions, highly fractured zones,
we saw themin the north ranp of the cross-drift. | think
it's been postulated that there are quite a few of these.

So, it's sort of nore of an undulating surface with all these
br oken zones as they cool ed quickly, and then that was

deposi ted over.

Now, these are probably going to break up a | ot of
the flow This is an issue that maybe the geol ogi sts can
address nore, but that's our understanding, is that these
features of the interface between the Topopah Spring and the
PTn, between the wel ded and non-wel ded, has a | ot of these
het erogeneities that even though if you have a uniform PTn,
it's going to be those zones that are going to allow the
water to cone in, and it's going to be those zones and sone
small faulting that are going to be what stop | ateral
di version for the nost part.

Even our idealized situation, we get this |atera

diversion, we don't have all the mcro-structure in the
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system we don't have the small faulting in the system we
don't have all of that that's going to really keep latera
di version. | nean, we have a hard tinme getting |ateral
di version in engineered barriers, let along in natural
systens.
VAN GENUCHTEN:. So, in the earlier nodels, did they have
the lateral flowin the PTn go over to the |arge hole there.
FLINT: In Scott's early nodel in 1983, they did not
think there was a |l ot of lateral diversion. They thought
nost of the flux went through the PTn into the Topopah. In
t he nodel DOE and Montazar and WIson's nodel, they thought
the water would go across the top, | think they said about 4
1/2 millinmeters of infiltration, 4 mllineters would go
hori zontally and down the faults thenselves, and that's where

the flux would go, and very little through the PTn. But,

we' ve seen how wet the PTn is. | nmean, it's alnbst a tenth
of all our water potential in parts of the PTn. It's a
fairly wet place.

VAN GENUCHTEN:. Can you go to your Figure 8 in your
paper, that review paper.

FLINT: The recharge paper or the hydrol ogy paper?

VAN GENUCHTEN:. Revi ews of Ceophysi cs.

FLINT: Hydrol ogy of Yucca Muwuntain. Wich figure?

VAN GENUCHTEN: Figure 8. That's where you had these

chlorine 36 correlations nostly with--correlations with
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nostly the faults.

FLINT: Right.

VAN GENUCHTEN: Do those things go through the PTn then
al so?

FLINT: Yes, they do.

VAN GENUCHTEN: Including these lateral barriers, and
generally preferential flows right here?

FLINT: These go through the PTn in all locations. One
of the faults actually is a very steep dipping fault, and it
goes through the PTn at quite a bit different |ocation than
t he near surface. But, it was under where it went through
the PTn that we found the bonb pul se isotopes, which gave us
nore faith in the nodel that it was the fracturing of the PTn
that allows the fast pathways to get through. W couldn't
under stand why we had bonb pul se isotope in an area that
didn't have a fault until we found the fault above it
crossing the PTn above it, and going off at a sharper angle.

VAN GENUCHTEN. When | saw this figure, | was quite
focused on these few points that are not associated with a
fault. Has there been any work done to maybe say that this
is not just happens to be a set of continuous fractures, but

maybe it's a larger structural unit?

FLI NT: It could be a different unit. It could be
anot her feature that we don't see. It could be a buried
fault or a hidden fault within the PTn. It could be a fast
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pat hway within the PTn, fingering of sone kind that we
haven't identified as a mechanismyet, and | don't know what
t hose particul ar ones happen to be. But they could be sone
feature | would guess having to do wth the PTn.

VAN GENUCHTEN: One thing | was wondering about is in
your, and again, | look at this review paper, and in here
al so you nentioned net infiltration, and you say percolation,
and then you recharge. Do you consider those in the end to
be equal ?

FLINT: Yes. And, | nmade the one exception, and this is
a paper that's comng out in A G Mnograph in a couple of
nmont hs where we tal ked about these nmechanisnms and trying to
better define the nechanisns, is that net infiltration wll
becone recharge, with the exception of sone possible vapor
fl ow taken back to the surface, which Ed Weeks has worked on,
unl ess you intersect a perched water systemand that water is
di scharged through a spring rather than into the regional
aquifer. And, that's the point at which net infiltration
wi |l not becone recharge, unless you consider recharge going
into that perched water body, which sone people could do.
But, a lot of the springs that we see in the desert system
are perched systens that are above the regional aquifer, and
that net infiltration does not becone recharge, but becones
di schar ge.

VAN GENUCHTEN:  You nentioned it yourself, | still, in
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t hi nki ng back on sonme of the tal ks of Ed Weeks that | heard,
is this vapor phase conponent that makes your percol ation or
your recharge rate less than the net infiltration rate, is
that considered to be inportant?

FLINT: It's not considered to be inportant. Well, 1've
talked to Ed about this many tinmes. He would struggle to get
a half a mllimeter a year loss of net infiltration through
this mechanism and he said it's probably an order of
magni tude | ower than that. So, if we're looking at 5, 6, 10
mllimeters a year, and maybe a tenth of a mllinmeter, .05
millinmeters in this vapor flow, it's going to be an
i nsignificant mechani sm

VAN GENUCHTEN:  Ckay.

FLINT: That's Ed's thought. And, Ed Kwi cklis's
analysis. Ed Kwicklis did a flow analysis and found the sane
thing with a nunerical nodel

PARI ZEK:  Frank?

SCHWARTZ: Yes, Schwartz. | had two questions.

The first question is I'mstill not exactly clear,
ki nd of confused, as about the physics that's involved in
accommodating the relatively high flux through the sort of
matri x part of the system | nean, do you--you have the
i ssue of potentially keeping the matrix not saturated, but
under saturated, yet at the sane tinme, provide fairly high

flows through that system Now, what is the sort of
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conceptualization that lets that all happen.

FLINT: | hope Jimw Il address it a little in his talk,
too, because it's an inportant conponent. First of all, we
think in terns of matrix saturation. W're |ooking at, just
so in the Topopah Spring, we're |ooking at about 90 per cent
saturation. I1t's only a 10 or 11 per cent porosity rock, so
it's still fairly wet. Measurenents that we have suggest
under the higher infiltration rates that it may be
eight/tenths of a bar. And, all the fractures that we've
| ooked at woul d have |ower perneabilities at eight/tenths of
a bar, so if you're going to have fracture flow as the fast
pat hway evi dence, as our fluxes fromthe thermal analysis
suggest, of our fluxes fromthe chloride 36 analysis, and the
chloride say we should have this 5 to 8 mllineters a year
we can't carry it through the matrix. The matrix isn't wet
enough to be an equilibriumw th a hypothetical fracture.

Then, we have to have a decoupled fl ow between the
fracture and the matrix, coupled in that it's going fromthe
PTn into the Topopah Spring. Then, it's flow ng through, |
think Aiff Ho suggested 2 orders to 4 orders of magnitude
decoupling, so instead of one to one, it was .0001 connection
between the fracture, the flowng fracture itself, and the
matri x, so that you wouldn't get the equilibrium

And, the work that we tried to do at this ring

analysis is we showed that you could actually get back to a 2
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1/2 mcron fracture, and conme back into equilibrium So, if
you're flow ng through that size fracture, in sone areas, you
could have that relationship exist. But, it has to be a
decoupl ed systemin which the fracture and the matrix are not
tal king to each other

Wien we | ook at the geochemi stry of the water, we
m ght find that they are different, except in the perched
wat er bodies, then the chem stry in the perched water and the
matrix seemto be nore simlar, because they have the |ong
interaction tinme. It's really, the whole idea is you have to
have a decoupled fingering, is one way they |l ook at it.

SCHWARTZ: That | was going to ask you. | nean, is
fingering one exanple that brings about decoupling?

FLINT: Right. Right.

SCHWARTZ: In other words, you're just going through a
smal|l part of this area.

FLINT: Yes, you're just going through a small--right,
exactly. Rwvulet flowis another way to |l ook at it.
Fingering is one way to look at it. But, a very small part
of the fracture is flow ng.

SCHWARTZ:  Ckay.

FLINT: Less than a per cent.

SCHWARTZ: | had one nore question. The question | had
was your conceptualization talked mainly about sort of matrix

i ssues, and the big fault issues. Could you talk about what
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you think the scales of fracturing at a smaller scale, and
how t hat scal e devel opnent may influence the kind of pattern
you see. You've probably | ooked at nore of that than anyone,
of sort of scales of fracture devel opnent at a smaller scale
may be inportant, as well.

FLINT: | didn't bring it out here, but when we started
| ooki ng at water potentials in the unsaturated zone, we found
a very strong correlation as we went through the m ddl e non-
i thophysal where you have |ithophysal and non-lithophysal
zones, and the change in water potential changed very
noti ceably within these zones. So, the fracture systemis in
contact with the matrix, the nore fractures, the wetter the
rock seens to be. The less fractures, the drier the rock
seens to be.

But, when | look at this system | think of it in
terns of a, if | was a really, really giant person |ooking at
this, it looks |like porous nedia in a sense because of the
way the fractures are, ubiquitous through a |lot of the
Topopah Spring, through these different |layers, and that the
infiltration rates | think are high enough that all these
fractures may be playing a role. But, we do see this
rel ati onship between water potential and the fracture
density. But, we're seeing nore detailed, smaller fractures
as we | ook at nore detailed studies, and a lot of our work in

the ESF early on started with only the really big fractures.



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

156

But, the work we did with these small paraneters suggested
that maybe the small fractures, the ones we don't map at all,
that we don't have nmuch record of, are what may be carrying
the flux at the same water potentials as the matri x.

But, these are just a new area that |'ve been just
working on with David for a year or two trying to just sort
t hrough this.

SCHWARTZ:  Thank you.

PARI ZEK: Ri en?

VAN GENUCHTEN: |I'msure we'll revisit some of these
issues, matrix fracture interactions, this afternoon; right?

PARI ZEK: Well, you m ght want to get himbefore he gets
away, because we can't guarantee he'll be here this
aft ernoon.

VAN GENUCHTEN: One question |I'malways interested inis
this, it connects with the earlier talk about coatings. Does
the effect of hydraulic conductivity across the matrix affect
the interfaces? And, as you know, there were sone studies
with small rock sanples that was also in the NRC book, where

t hey showed that the conductivity saturated can be decreased

by up to 6, 7, orders of magnitude. |Is that still being

| ooked at? 1Is this also an explanation for this |ack of

interaction between fracture and matrix? You know, which
goes back to the active fracture?

FLINT: Yes, the idea that the water could be flowing in
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the fractures conpletely, but that only 1 per cent of the
matri x can take in water, because of a change in hydraulic
conductivity due to fracture coatings. W know that in the
near surface, certainly, in the near surface in the Tiva
Canyon, we see fracture in-fillings, we see fracture
coatings, and we have taken those into the | aboratory, nade
measurenents |ike these on the paper in this particul ar book,
and showed that the hydraulic conductivity of the rock is
altered in and around these fractures, and can be easily
altered in and around these fractures by this near surface
weat heri ng.
| have not |ooked in depth at the deeper units and
| ooked at inmbibition rates in the nountain. W did a paper
we published a couple years--several years back now, on
inmbibition rates in Gtunnel and trying to |look at the
fracture in-fillings, and those didn't seemto be bothered at
all by the fracture coatings. It seenmed to be nore uniform
and went deep into the rock when we fl ooded the borehol es.
So, the only experinment that | have didn't suggest

that the matrix had these real preferential, high in
perneability, |low perneability areas, because of coatings.

VAN GENUCHTEN: These coatings woul d be especially
preval ent where the flow paths are.

FLINT: Right.

VAN GENUCHTEN: And, that's what | understand fromthe
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earlier talk. And, so, how do we know when you take these
sanpl es and bringing in and doi ng your centrifuge nethods,
whatever it is, that those are fromthe areas where you have
t hese preferential flow paths?

FLINT: The neasurenents of what, now? Are you talKking
about pernmeability of the rock itself?

VAN GENUCHTEN: Yes.

FLI NT: Because we're not |ooking at--we did sonme matrix
i mbi bition experinments on rocks, and we did show that the
arnoring of the rocks due to weathering or due to
deconposition, the weathering at the surface where the
fracture was exposed to air flow, those did have a | ow
perneability, w thout question. W showed that very, very
clearly. Deep down where they don't have the coatings, |'m
not sure, where they do have coatings, mnmy guess woul d be yes,
they would be. But, they tal ked about a | ot of the coatings
that they're tal king about, a |lot of themare occurring in
these lithophysal cavities. And a lot of the smaller
fractures, where they don't see coatings nmay not have this
problemat all. They may not have any coatings. | don't
think overall that you' re going to be able to do that. |
think it's still going to have to be a decoupl ed
fracture/matrix nodel that's going to make this work. But, |
probably will be here this afternoon.

PARI ZEK: Pari zek, Board.
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That present illustration still |eaves the el evated
chlorine values in there. But, we're really in a state of
flux in that regard, are we not, in terns of just trying to
val i date the presence of elevated chlorine? | nean, suppose
all of the points above the shaded horizontal zone there
di sappeared because you couldn't justify them

FLINT: 1'd have to put up the tritiumgraph then, the
bonmb pulse tritium

PARI ZEK: Yes. So, it wouldn't change. Your
conclusions would still be simlar?

FLINT: Well, | nmean, you know, the tritiumdata, the
technetium the chlorine would be very simlar. Froma
practical standpoint, | don't see why you would have a
feature that goes all the way through fromthe surface of
Yucca Mountain to the Topopah Spring that breaks up the PTn,
and we' ve been through sone of those faults and | ooked at
them that you wouldn't be able to carry flow through those
over 50 years. So, ny conclusion would be the sane.

PARI ZEK: The PTn has an unbrella on this, or tin roof,
was al ways a kind of pleasant thought. But, if |I was to do
the shaft, or say for confirmation testing, a shaft down into
that zone, and if | actually had perched water during
pluvials, would I not have secondary minerals that were on
top of fractures within the voids, growing in, so that from

time to tinme, it actually was 100 per cent saturated?
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FLINT: Onh, we do show the top of the PTn as havi ng been
100 per cent saturated.

PARI ZEK: But not necessarily serving as lateral flow?

FLINT: It could have served as lateral flow It
doesn't today into the flux rates. There's sone |ateral
flow, certainly. W do see alteration. Dave Aneman and Lori
did a lot of work on alternation of mneral zeolites.

There's zeolites in the top of the PTn because of the high
saturations there. So, there's been a | ot of weathering.

Whet her that high saturation, | shouldn't go so far as to say
that's going to cause lateral flow, because the transitionis
so gradual across there, so we may not see that. And, |

don't know if we have evidence for that at the top of the PTn
certainly. But, under weather conditions, renenber now, the
higher the infiltration rates, the less lateral diversion
you're going to get as a percentage of the flux. So, the

hi gher rates cause us to have less lateral diversion. The

| ow rates, we get nore.

PARI ZEK:  Any ot her questions? W have two nenbers of
the public that would like to ask questions. Maybe if we
restrict their time to just a couple mnutes each, we have
Jacob Paz. Yes, we do thank you very nuch for staying, and
maybe you will be here this afternoon, but we appreciate the
chance for the questions. W'Il let you off.

| f you could keep your remarks brief?
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PAZ: 1'll be very short. Nunmber one, | received a
letter fromthe Environnental Protection Agency, and I'd like
to thank the Board for suggesting that | conmunicate.

Generally, the letter states the follow ng. That I
suggested the EPA should take a second | ook for its standards
for the Yucca Mountain repository in light of recent
research. | understand that your concern that Yucca Muntain
standards shoul d be based on up-to-date scientific
i nformation.

Abbrevi ated, that the EPA now is a co-sponsor wth
the NRC, National Research Council, and will review all the
rel evant data contained risks at the | ow dose, and publish
recommendations within the next year. Once the NRC conpl etes
its study, it will review the radiation risk methodol ogi es
and rmake appropriate nodifications as warranted.

| think this is significant. | wait to see how
they're going to address it scientifically. Thank you.

PARI ZEK:  Thank you, Paz. Sally Devlin?

DEVLIN. Good norning, everybody. And, as usual, | want
to wel cone everybody to Nevada. Thank you so nmuch for
comng. | hope we'll be hearing that your neetings in the
future wll be in Pahrunp. But, | did have sonething to say,
and | want to say thank you, | see Russ is here, but John
Arthur and Madam Chu are not here, and | did want to thank

them for the six KTl books that they gave ne. And, at the
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| ast neeting | gave you ny report on the first three. | have
not conpleted the other three. They're a |ot harder, and al

| can say is that I'mstill reading the in drift chem ca

envi ronment and t he waste package designs.

And, | do have to let everybody know that | don't
under stand t he exchangeabl e term nol ogy for coupons for
speci mens. Russ, where did you cone up with the coupon word
that's in your report? And, it seens that there hasn't been
a test of any of this stuff, I'mtalking about the Al oy-22
and the drip shield titanium which goes from1l to 24, that
has been tested for nore than five years. And, it was
suggested that since | was here, and ny friends in Pahrunp
said why haven't they actually dug the hole and done a
prototype and really done sonme science.

So, as far as | amconcerned, and this is ny
personal point of view, that the prototypes and the |ynch
pin, and so forth, have not been done, and here next year,
you're going to licensing. So, | don't think that's very
ni ce.

The other thing is on the nmenu today, and that is
when we tal k about hydrol ogy, to ne, the nost inportant
thing, and again, with the alluvial fans and all that that
the DOE is praying for a lot of clay. Well, I"'msorry, but
you are not doing a proper job with nmy colloids or ny bugs.

And, MC, you are ignoring. It is nentioned, it is not
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explored, and I don't see how you can do |icensing w thout
it.

And, the one thing I |earned, and you know I know
nothing, | go to people who are netal lurgi sts and engi neers
and all kinds of stuff, and that is if you have the titanium
drip shield and you nmake it with some palladiumin it, and
then you have the coupon of the Alloy-22, which emts
hydrogen, you're going to have a big boom And, | don't know
i f magnesi um chl oride has anything to do with that, too.

But, it really disturbs ne because you are not doing in situ.
You have no prototypes, and so on. And, | think after
el even years, that you shoul d have.

But, anyway, | do want to tal k about, and Dr.
Flint, who I just |love, because | love all those USGS guys,
and he says about the fractures and the fissures and the
ponds, and so on, and | know that that is Yucca Muntain.

And as Jacob told you, you know, we're going to go to that
nmeeting on Monday with Senator Reid to find out about the
terrible stuff fromthe silicosis, and what have you, that
can be present in the five mles of rock that are sitting out
t here.

This is terribly inportant because | really don't
feel that you consider, and in that letter fromEPA we the
peopl e that are being investigated for these problens are

cal |l ed bystanders. So, now we've got coupons and we've got
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bystanders, and |I've never been called a bystander in ny
life. And, if anybody thinks I'mgoing to stand by, they're
crazy.

But, | do want to get back to one of ny reports
fromthe last time, and that is it hasn't been nentioned, and
it should be nmentioned, and that's ny vol cano, ny Ingrid
Bergman. Does everybody renenber Ingrid? And Ingrid is only
12 miles, 25 kilometers, fromwhere the proposed repository
is to be placed, in that 18 kiloneters, or whatever it is.
And, if Ingrid does blow, and the repositories are there, of
course the world will be destroyed as we know it, except for
the DOE, and they will all live. And, when they decided that
the ash cannot go to Beatty, cannot go to Death Valley,
cannot go to Pahrunp, and they put this in witing, that in
35 years when the DOCE repopul ates Amargosa, that this is what
it's going to | ook Iike.

PARI ZEK: Let the record showthat Sally is show ng two
posters at this tinme, which is not on audio.

(Sally Devlin's poster says, "Wen Ingrid

Bergman the vol cano erupts and both repositories

are destroyed, as well as the whole world's

popul ati on, except for the DOE, they wl|

repopul ate Amargosa with.." and there is a

picture of a volcano and a two headed man.)

PARI ZEK: Sally, are we done?
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1 DEVLI N: | ' m done.
2 PARI ZEK: Ckay, thank you very nuch
3 Now, we're about ten mnutes |ater than what we

4 were going to be, so for lunch, let's be back here no |ater
5 than 1:25. Let's say 1:20, because | guess ny tine is two
6 mnutes too fast.

7 (Wher eupon, the lunch recess was taken.)
8
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AFTERNOON SESSI ON

CERLING Good afternoon. W're going to start the
afternoon session now. W're running a little bit late, so
we' d better get going.

Wel cone back to this nmeeting this afternoon on the
Nucl ear Waste Techni cal Review Panel on the Natural System
|"'m Thure Cerling, and a Panel nenber. This afternoon, we'll
continue with the theme of the Unsaturated Zone Fluid Fl ow
and Radi onuclide Transport.

This nmorning, we presented a |ist of questions that
outlined the central purpose for this neeting, and the talks
will continue to address those aspects of those questions.

The first talk of the afternoon will be presented
by Bill Murphy at California State University, Chico, and
he'll talk about the role that secondary mnerals play in the
transport of radionuclides fromthe natural (inaudible) and
deposit in Chi huahua, Mexico known as Pena Bl anca.

"' mjust making sure |'ve got everything right
here, and in the right direction. The Pena Bl anca anal og
site is being used by DOE and Ardyth Simons of Los Al anps

will make a presentation follow ng Bill Mirphy.
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There's a slight substitution in the schedule, and
Russ Dyer will give a short presentation before Janmes
Housewort h, and Janmes Houseworth will then speak on DOE' s
conceptual nodels and i ndependent |ines of evidence from
nodel s in the unsaturated zone.

Then, we'll take a break, and we'll follow on, and
George Moridis fromthe Berkeley Lab will discuss the
transport processes, absorption, matrix diffusion and colloid
facilitative transport, and how they're represented in DOE
nodels. And, then, finally, Bruce Robinson from Los Al anps
wi || discuss nodeling predictions for the transport of
radi onucl i des through the unsaturated zone, and how t hose
predictions are abstracted for the total system performance
assessnent, al so known as TSPA.

After that, we'll have a public comment period, and
if you wish to speak at that tinme, make sure you see and sign
up with Linda or Alvina in the back. W'Ill|l attenpt, as
al ways, to accommopdate all who wi sh to speak, but we may have
tolimt the tine, depending on the nunber of people who w sh
to speak. And, as always, we welconme witten testinony for

t he record.

And, last of all, please shut off your cell phones,
or we'll get sonme other sort of call fromour AV people.
And, with these prelimnaries out of the way, it's ny

pl easure to introduce the first speaker, Bill Mrphy. Bill
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take it away.
MURPHY:  Thank you very nuch
| would Iike to thank the TRB for this invitation.

It's ny pleasure to contribute sonme of ny ideas and also to
share work that was |argely, alnost exclusively, conducted on
behal f of the Center for Nuclear Waste Regul atory Anal ysis.
But, | nust note that I'mnot representing the CNVRA at this
nmeeting. |'mrepresenting nyself at the invitation of the
TRB. There are other Center enployees here who can represent
the Center. But, nevertheless, nuch of the work, or al nost
all of the work, I"'Il talk about today was conducted by the
CNVWRA, and with their support. And, | need to acknow edge
that contribution and the contribution of nmy many col | eagues
there, and friends, you'll see their nanes scattered around
this information.

"' mgoing to speak primarily about Pena Bl anca and
al so about those aspects of studies at Pena Bl anca that seem
nost inmportant to ne, with regard to the performance of the
proposed repository at Yucca Muntain.

These are organi zed by a set of key observations.
The first set of observations regard secondary mnerals, and
secondary minerals are an inportant part of the system at
Pena Bl anca, particularly secondary oxidi zed hydrated urani um
mnerals. And, | think it's widely accepted, at |east |

firmy believe, that radionuclide rel eases at Yucca Muntain
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will be controlled in large part, not exclusively, but in

| arge part by the properties of secondary phases after spent
fuel, which is dynamcally unstable in that oxidizing
hydrated environnent, comes in contact with the environnental
condi ti ons.

And, through the years, there has been, in ny view,
a favorabl e convergence of information fromtheoretical
studi es, thernodynam cs and kinetic studi es, experinental,
| aboratory studies, and natural anal og studies, in
particul ar, from Pena Bl anca, a converging set of evidence
for the role of these secondary uranyl, that's oxidized
uranium mnerals, in controlling radionuclide rel eases.

Here is a picture of the adit at the O neter |evel
at the Nopal | ore deposit in the Pena Blanca district, and
here we see highly brachiated silica tuffs. There are many
remarkable simlarities between this site and Yucca Muntain,
the chem stry of the rocks, the relatively arid climate, the
unsat urated hydrol ogic conditions. The big difference, of
course, is that there's a big uraniumdeposit at this site.

The genesis of the deposit was under reducing conditions,
and the primary ore mneral was uraninite, and that uraninite
has been al nost entirely oxidized, and the rate of that
oxidation is clearly rapid, or was clearly rapid relative to
the renoval of uraniumfromthe system because nuch, or

nost, of the uraniumis still there in the formof secondary
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uranyl mnerals.

There are remarkable simlarities between the Nopal
| site and Yucca Mountain, and there is fantastic access to
the site. 1It's exposed right at the ground surface. It was
mned for uraniumfor a while, but then the m ning was
abandoned, leaving it available for study. It's a remarkable
site in the context of Yucca Muntain studies.

There are also inportant differences between the
sites that have always to be kept in mnd in interpreting
data fromthe site. There are sulfite mnerals that are not
typical. Yucca Mountain, there is silicification of the ore
zone. W don't know precisely the tenperature conditions,
formation, or for that matter, the tenperature or saturation
conditions for the alteration or the uraninite and the
formati on of the secondary phases.

Neverthel ess, it provides a very special case for
study of properties and systens |ike Yucca Mountain on tine
scales, in particular, that are long relative to any
accessible in | aboratory studies.

This is a picture of a thin section. [It's just a
phot ograph. It shows one of the remarkable features of the
site. On the right side of this diagram there is uraninite,
along with silica in the black portion of this rock. This is
a very silicified portion of the rock, the sort of brownish

area is highly silicified. 1It's this silicification that's
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protected sonme uraninite fromoxidization at the site, |
believe, limting access of oxidants and water.

So, we see preserved at the site an entire suite of
m neral ogy, fromprimary uraninite, which has the same
structure and largely the sane conposition as spent nucl ear
fuel. 1t's about 5 per cent other conponents, other than
urani um di oxi de, like spent fuel is, the conponents aren't
the sane, but it's unlike other analog sites, uranium

deposits that are very old and dom nated by decay products

like lead, of uranium This is a young deposit. The ore
deposit itself is about 8 mllion years old, by our rough
chem cal uraniumlead data. And, so, it's not dom nated by
decay products.

There is a whole suite of secondary uranium
m nerals which I'Il describe in sone detail in a nonent.
There's the yellow materials in this figure, and it's hosted

by a silicified tuff where the ore occurs. There's paolanite
alteration of feldspars in this area. So, the rock has been
altered in the vicinity of the ore deposit, and there's quite
an abundance of secondary urani um m nerals.

Here's one nore picture that shows weeksite, which
is a potassiumuranyl silicate hydrate mneral, the pretty
acicular crystals are this uraniummneral formng in
fractures close to the vicinity of the primary uraninite

deposit. And, obviously, here precipitated in a fracture.
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The matrix is nostly feldspars and quart z.
This is a slide that illustrates part of this
convergence of ideas, and it's one that's been well
recogni zed by the Project. The colum on the left shows
m neral ogy at Nopal, and the columm on the right shows
m neralogy in very long-termexperinments. These are
experinments that were a decade |long, or so, that were
designed to mmc Yucca Muwuntain conditions. They were J-13
type water was dripped onto synthetic urani um di oxi de, and
secondary mnerals forned.
And, the sequence of secondary mneralization in
the two sets of conditions, with wdely differing tine
scal es, were very simlar. First, uranyl oxide hydrates, and
then uranyl silicates, and this converging pattern of
secondary mineral paragenesis in a way bounds conditions that
we coul d expect potentially to happen at Yucca Muntain.
It's inportant always to recognize there are
di fferences between the systens. There's a general
progression in both of these sets of data of increasing
i ncorporation of environmental conponents in the secondary
phases, first just uranyl hydrates, and then silica gets
i nvol ved, and then the al kaline earths and the al kal i ne
netal s get involved. That shows up in the experinent.
think that could al so be a consequence potentially of pro-

grade alteration, changing tenperature conditions, in the
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case of Nopal. There are still lots of uncertainties with
regard to the timng and the conditions precisely of the
alteration at Nopal, and |I'm pl eased that work is being
conducted at this site still.

So, the timng is of great interest here. W have
uraninite that may be 8 mllion years old. W have uranium
| ead data on uranophane at about 3 mllion years. W have
young secondary phases that are the latest form ng materials
at the site. And, the latest formng materials are the ones

nost relevant to the tine scale of the repository. W have
opal and calcite that are both rich in uranium and they've
been dated at about 50,000 years. There are a nunber of
dates that suggest sone kind of mneralization event at
50,000 years. There's data fromthe DOE Los Al anps
suggesting that some of the iron oxyhydroxide alteration
phases are ol der than can be dated by uranium decay series
anal yses.

But, we have a geologic tine scale here, short, as
geologic time scales go, but it's certainly long relative to
even extrenely long experinments. Here's the tinme scale of
t he Argonne experinents, and the bars show the timng of the
formati on of these various secondary phases.

The second key observation has to do wth alternate
performance assessnent nodels. W have found, indeed, that

if we can take account of the role of secondary minerals in
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performance assessnent, at |least there's the potential to
showi ng that the predicted performance is inproved.

And, we've tested a couple different scenarios that
expl ore data from Nopal and Pena Bl anca. The first was an
estimate of dissolution rate of fuel in performance
assessnent nodels, based on a limt on the oxidation rate of
uraninite at Nopal. Cbviously, the oxidation rate places a
[imt on releases fromspent fuel. So, we've nmade a nmaxi mum
estimate of the oxidation rate of uraninite at Pena Bl anca

using the 3 mllion year date for the uranophane, and |arge

conservative estimtes of how nmuch urani um has actually been
removed fromthe system by water |eaching through the system
And, we've introduced that in a performance assessnent nodel

as an alternative for the source term for the reaction rate

of uraninite.

W' ve al so considered an alternative performance
assessnent nodel in which we considered the coprecipitation
of radionuclides in secondary phases. |In the nodel, we used
schoepite, which is uranyl hydrate, as a secondary phase of
concern. In the absence of good data for the distribution of
trace el enents between, or especially actinite and fission

products, between aqueous sol utions and secondary uranyl
m nerals, we just guessed that the ratios would be the sane
as they are in spent fuel as a matter for conparison, and

assunmed that as schoepite grows as a product of alteration of
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uraninite, it also includes those radionuclides that are in
the matrix of spent fuel in its structure. And, then,
subsequently, those species are released as controlled by the
solubility of schoepite in the waters that flow by.

So, this is a CCBF show ng these performance
nodel s, and we see inproved, but conparabl e performance
nodel I ed or estimated in these cal cul ations, considering this
curve represents the schoepite nodel, in which the
radi onuclides are included in schoepite. This curve shows
t he Nopal oxidation rate Iimt. And, for comparison, this is
uraninite or spent fuel dissolution rate, interpreted from
PNL data by the NRC and the CNWRA, and this was the
di ssolution rate estimated from experinental studies in one
of the DCE perfornmance assessnents.

So, we see sone inprovenent in performance by
considering these alternate nodels that aren't better or
wor se, but a useful conparison, in ny mnd. | think that
given the recognition that secondary uranium mnerals wl|l
play a role in the alternate rel eases from Yucca Muntain
it's reasonable to consider themin perfornmance assessnents.

And, that's what we attenpted to do here.

| nmentioned coprecipitation. This is the
i ncorporation of actinite and fission products in secondary
products. This has been wi dely discussed, and a to a certain

degree, it's been studied experinentally. There is still a
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ot of work to be done for this problemto be judged very
guantitatively, in nmy opinion. W just guessed at nunbers
for our distribution coefficients in our studies. There have
been conflicting results from-not conflicting, but differing
interpretations of results in spent fuel dissolution studies,
in which, in particular, neptunium has been | ooked for in
secondary phases, that one set of studies by one
spectroscopi ¢ techni que showed perhaps ten tinmes nore
neptuniumin the schoepite than there was in the spent fuel
relative to uranium

And, then in the last year, there's been another
techni que applied to studying the sane ki nds of phenonenon,
and found very nmuch less than that. And they went and re-
interpreted the original interpretations. | think there is
still a great deal of uncertainty. There have been studies
t hat have been anal yzed by Eugene Chen, in particular, for
the Yucca Mountain project, in which he's |ooked at relative
rel eases of uranium and neptunium and coincidentally, |
t hi nk, concludes that the distribution coefficient is about
the sane as we guessed, a distribution coefficient of one
based on data for releases. But, the data thenselves are
rat her scattered, and the experinents that those good ideas
were extracted fromweren't really designed to neasure the
phenonenon that's been extracted fromthem

So, | think that equilibriumsolubilities and
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di stribution coefficients are quite uncertain fromboth a

t hernodynami ¢ and a kinetic perspective. There are good data
in the geochem stry literature that shows that the actua
coprecipitation in calcite and in sone other phases is a very
strong function of how fast the mnerals precipitate. And,
there's a very strong potential gradient, chem cal potential
gradient, driving spent fuel oxidation in an oxidi zing
environment, and there's certainly the possibility of
kinetically controlled growmh of these secondary phases, and
t he actual distribution of actinides and fission products in
secondary uranyl mnerals may well be controlled by kinetics
as much or nore than by thernodynamic relation. So, this is
a great subject for nore work, in ny opinion.

The next observation regards radi oi sotope
constraints and effects, and there are really two topics that
| wll talk about here. One is the use of uranium and
t horium decay series isotopes from Nopal to place tenpora
constraints on mgration of these radi onuclides.

And, the second is the observation from Nopal and
el sewhere that the daughters of al pha decay tend to be
preferentially released in water/rock interactions. And,
there are potential performnce consequences of this notion
that to this tinme, have been largely neglected, or nearly
conpl etely neglected, in performance assessnents. |'l|

address that in a nonent.
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So, here are data from Nopal. This is the uranium
234 activity over the uranium 238 activity. These are
radi oactivity ratios, not concentrations. For a system
that's closed for a tine period that's long relative to the
half |lives of the daughters, this ratio goes to one.

We see val ues that DBA from one at Nopal suggesting
that the system has been open on tinme scales relative to the
half life of these species. And, particularly in the waters,
perched water and seep water from Nopal, and here, we see
el evated U234, U238 ratios. This is a consequence of the
preferential release of al pha daughters. U234 is |ike the
great grand daughter of U 238, and U 238 decays by al pha
decay.

So, the reason that U234 is elevated in natural
water is because it finds itself in damaged sites due to
al pha K, or in cases actually ejected into solution. And,
SO0, we see evidence here, it's somewhat a function of the
concentration of the uraniumin the rocks, or in the water,
and this preferential rel ease phenonenon woul d probably be
nore inmportant under reducing conditions where solubilities

of uranium are very | ow.

Here are sone nore urani um decay series data.
These are all data fromthe Nopal | site, and they
predom nantly are fracture filled materials. And, so, to the

extent that the fracture fill nmaterials show the val ues of
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these activity ratios that differ fromunity, indicates that
the system has been open on a tine scale that can be conputed
based on the half lives of the species. There are data here
that have fairly large uncertainties. Sone of themreside in
this zone that's called the nulti-stage history zone in this
figure. David Pickett, who is the principal author on this
wor k, has interpreted these data to indicate that there's
been mobilization of uranium and then re-nobilization. W
have a conplex history of nobilization and re-nobilization of
uraniumat the site, as indicated by these data.

There are also sone data on this slide from Los
Al anpbs using nmuch nore precise analytical techniques. They
tend to fall on this line of equal activities of Thorium 230
to Uranium 234. In contrast to the CNARA data, this may be a

consequence of a variety of things, or a conbination of

things. | don't know why this discrepancy exists precisely.
The Los Al anps sanples were provided to them by the Center
for Nuclear Waste Regul atory Analyses. So, in sonme cases,

they were actual splits of the sanme materials. And, in many
cases, there's a close overlap between the data set, although
there are none off this equal activity ratio |ine anong the
Los Al anps dat a.

We're concerned that this may be a reflection of
uncertainties in the data, and haven't found any reason to

believe that that's necessarily the case. ['ll point to this
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figure that's not often cited or observed. It's published in
a rather obscure place in Proceedings of the Seventh EC

Nat ural Anal ogue Working G oup Meeting from 1997. And, it
shows this sanme thorium 230, uranium 234 activity ratio, and
for fracture fill materials, in particular, there seens to be
a systematic variation in that ratio with respect to di stance
fromthe boundary of the ore deposit, which indicates to ne
that there's a systematic deviation fromunity in this ratio,
and that maybe it does indicate open system conditions.

Now, |'m going to back up and use this
constructively this time. M second point with regard to
radi onuclide release issues has to do with this preferenti al
rel ease of al pha decay products. This is widely recognized
in natural systens. It would not be recognized in spent fuel
di ssol ution studies, because it takes tinme for the al pha
decay process to occur, and for the radionuclides to find
t henselves in the sites of the al pha decay. So, it's not
sonet hing that woul d be observed in experinental studies, and
it is observed in nature. And, to this point, it's not
i ncluded in anybody's performance assessnents explicitly,
however, | invite you to a talk by David Pickett, ny

col | eague, and ne at the upcom ng MRS neeting, where we'll

show those calculations. | can't show them now because they
are not published yet, and we're still working on it.
But, in any case, in an MRS paper a couple years
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ago, David and | published a table that illustrates that in
the long term a very large fraction of a nunber of inportant
radi onuclides will in fact reside in al pha decay sites. And,
essentially, all the |lead and radium 226, actinium thorium
t hese daughters wi Il al nbost exclusively, or exclusively,
reside in al pha decay sites.

Sonme of the other inportant, potentially inportant
ones include neptunium 237, which is a decay product of
anericium and it, at its peak, 71 per cent of the neptunium

237 resides in al pha decay sites. And, so, we think there's
a potential for preferential release of these species, and
potentially a high effect on performance if this augnented
rel ease is taken into account. And, we're doing cal cul ations
to test that at present.

So, in summary, | think that secondary mnerals
will control releases of many radi onuclides at Yucca
Mountain. The alternative performance assessnent nodel s that
have been generated taking their role into account show t hat
taking theminto account inproves nodel repository
per f or mance.

Coprecipitation data presently are inconcl usive.
The data are sparse, and the data have not been fully
devel oped. Thernodynam ¢ and ki netic data would help
certainly.

Radi oi sot opes at Pena Bl anca denonstrate system
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openness at the site, and in particular, can be used to
constrain the timng of system openness, which is very
i nportant.

And, finally, alpha daughters are released
preferentially. This is widely recognized in natural
systens, and we believe that performance consequences shoul d
be recogni zed as wel|.

Thank you.

CERLING Thanks. And, we'll take sone questions. Ron?
LATANI SION:  |'m wearing ny geol ogi st hat again. This
i s Latanision, Board.

|"mvery interested in your slide that describes
alternate PA nodels. And, your point here is that the
di ssolution of spent fuel based on estimates of oxidation
rates--the dissolution rate of spent fuel based on a
uraninite anal og. These dissolution events are al so what |
woul d describe as structure property dependent, neaning that
the mcro-structure of the uraninite and the mcro-structure
of spent fuels nust be simlar enough that you can nake sone
wi th sone confidence that sort of statenment. And, so, |I'm
wondering are the grain size, the phase distribution, all of
the sort of characteristics of the petrography, | suppose, of
the m neral and of the spent fuel, are they enough alike that
you can feel confident with that?

MURPHY: They're not identical, of course, and | would
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not enphasize that they are. | pointed out the simlarities.
Spent fuel has a cubic structure like natural uraninite
does. So, they have structural simlarities. Spent fuel, of
course, has been through a reactor and has a | ot of
radi oactivity, and it's suffered danmage in that regard.
Uraninite at Nopal has about 5 per cent inpurities,
which are different than the 5 per cent that occur in spent
fuel. So, there are certainly chem cal and physica
di fferences between them There are lots of other
differences that would affect the oxidation rate as a limt
on dissolution rates, hydrologic setting, the salification.
Where uraninite is stabilized at Nopal, it's due to this nore
or less inperneable salicification that's encased it. That's
a different condition. There are a |ot of differences, and,
so, | would not carry this too far. | think it's,
recogni zing those differences, it's remarkable that there's

anything as close as there is.

LATANI SI ON:  Lat ani si on, Board.
| was about to make the sanme comment. |In fact, if
we go two slides forward, | think you showed this is actually
quite inpressive, even on the sane figure.

MURPHY:  Absol utely.
LATANISION: I'mquite serious. |I'mvery inpressed, and
perhaps in a macro-scopic sense, they are simlar enough that

they do belong in the sane ball park. And, perhaps, as well,
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with the subtleties that we've just been tal king about, phase
di stribution, volume fraction, et cetera. And, perhaps those
two becone much cl oser than they are now

MURPHY: Maybe, but they are different systens, and |
think we need to recognize that there are big uncertainties
in the PA nodel s based on dissolution experinments, as well as
on the Nopal. You know, the uncertainties in these curves
aren't confined to the alternative nodels.

LATANI SION: Right. Thank you.

CERLI NG Richard.

PARI ZEK: Bill, if you' d look in the groundwater part of
this system do you think you can nmeasure things in
groundwater in quantities enough that woul d give you sone
idea of the rate at which things are | eaching out of this
mountain? O is it maybe the flowfield is contam nated with
ot her sources, because there are other deposits in that area
that raise a question, | know, talking about these same
det ai | s.

MURPHY: W can certainly neasure uraniumand its decay
series products in the unsaturated zone groundwaters at
Nopal. W have such data, and | showed sone of those uranium
data. So, can we estimate the | eaching rate based on those
concentrations? Well, we'd have to quantify the flow through
the system which we can estimate, but isn't quantified

particularly well right now W' ve used the data to try to
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exam ne whether or not the systemseens to be at equilibrium
wWith uraniummnerals. There are big uncertainties in the

t her nodynami ¢ properties of the secondary uranyl m nerals.
So, | think there's the potential to gather a | ot of relevant
data at the site. And, one of the sources of uncertainty
that we faced in our studies has been that all the sanples
were fromthe surface, fromthe ground surface, and, so, they
weren't only affected by natural underground processes.
They're part of a mned surface, and they were very close to
t he natural ground surface, even prior to mning. And, so,

" mvery pleased that they' re now core sanples taken from
depth, and |I think those will be a step nore realistic in
their representati on of what may happen at Yucca Mountai n.

PARI ZEK:  Pari zek, Board.

The inpressive thing is that fromthe tinme of rock
faulting and raising this up above the water table and
allowing for corrosion, and so on, how many years have these
deposits been exposed to weather and | eaching, right at the
grass roots level, for one hell of a long tinme?

MURPHY:  The vol cani c coast rocks are about 44 mllion
years old, and the uraninite deposit itself, by our best
measurenent is about 8 mllion years old, and |I'd be
delighted to see nore accurate estimate of that. The nunber
we use as an estimate of the mninumtinme that the site has

been exposed to oxidizing conditions is about 3 mllion
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years, based on uraniuml ead dating of uranophane. 1It's been
oxidizing at least 3 mllion years.

At one stage, we nade sone very gross estinmates of
uplift grades, and specul ated on groundwater table and the
hei ght of the deposit above the groundwater table, and tried
to estimate what a limt was to howlong it's been in
unsaturated conditions, and we canme, | forget the exact
nunber, it was sone tens of thousands of years, as | recall.

PARI ZEK: If you realize the water table is in the

carbonate, and so | guess the |lower body is elevated in
tuffs, but on the other hand, |eached down through there,
you're going to run into unsaturated carbonate rock. Is that
likely to cause sone difficulties in how this would conpare
wi th Yucca Mountain?

MURPHY: | think that at this site, the tophaceous
silicic rocks are deposited on top of cretatious |inestones.

And, are you referring to those carbonates?

PARI ZEK: Yes, the water tables of the contacts.

MURPHY: Yes. M personal viewis that the systens are
al nost conpl etely di sconnected. The unsaturated processes in
t he tophaceous rocks involving neteoric waters, and the
present day inter-basinal aquifer that's probably primarily
in carbonates, | think are separate systens, quite distinct
from one anot her.

Now, in the geol ogic past when this site was bel ow
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the water table, there may well have been circunstances of
m xing. M personal view of the genesis of the ore deposit
is one that involves mxing of waters derived from
carbonat es, reducing waters derived from carbonates, with
oxi di zing waters bearing uraniumderived fromtophaceous
rock. So, | envisage their interactions in the geologic
past, but the present circunstances | think the present

conditions are very much di sconnected. There's a little
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trickling of water through the Nopal site, and eventually
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into the carbonate aquifer system but | don't think you can
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see it, its chemcal signature. W haven't been able to in

[EEN
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data we've seen
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And, particularly, the relevance in ny view of

=
N

Nopal and Pena Blanca is the |atest effects, what's happened

[EEN
a1

there in the nost recent geologic tinme is the nost rel evant
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»

to what will happen in the next 10 or 100,000 years, or half
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\l

a mllion years at Yucca Muntain.

CERLI NG Frank Schwartz?

I
©

SCHWARTZ: Yes, Schwartz.

N
o

| had several questions. | enjoyed your

N
=

presentation very nuch. The first question, at the anal og

N
N

site, what was it geochem cally, what changed geochem cally,
23 actually triggered the precipitation of the secondary
24 mneral s?

25 MURPHY:  Oxidation of primary urani um di oxi de.
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SCHWARTZ: Ckay. The second question | had had to do
wi th you tal ked about both an equilibriumand a kinetic
nodel . And, what | was wondering is the reason you're
interested in this kinetic fornulation is an inplied sl ower
process to bring this about, or what is it about this kinetic
nodel that makes it sort of different and special ?

MURPHY: The secondary phases are to play a big role in
sequestering actinides and fission products. Those actinides
and fission products need to be incorporated in their
structures, and there are fundanental thernodynam c relations
t hat describe the distribution between neptuni umand an
aqueous phase and neptuni um di ssolved in a solid schoepite,
for exanple. The data to support that are sparse, but one
can formulate that relationship formally with thernodynam cs.

What one finds, however, is that in effect, the
effective distribution of trace el enents between aqueous
solutions and mnerals can be very strongly a function of how
fast the mnerals grow. And, the faster they grow, the |ess
fractionation occurs, whether the trace elenents are excl uded
or included preferentially in the solid. And, so, in fact
t he degree to which actinides and fission products wll be
i ncorporate in shoepite or urani phane at Yucca Muntain my
depend as nuch on how fast those secondary phases formas to
what the equilibriumdistribution is.

SCHWARTZ: Ckay. In your talk, you tal ked about Kd
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nmeasurenents. Are those sort of Kd's for the newy forned

secondary mineral surfaces? |Is that what the Kd's refer to,
so you're | ooking at sort of a sorption kind of nechanism as
a scavengi ng device as those secondary mnerals are fornmed?

MURPHY: |'mnot sure where | used--1 used the value for
Kd in the schoepite solubility nodel. Was that the context?

SCHWARTZ: \Well, yeah.

MURPHY: It wasn't a sorption phenonenon. It was used
as a distribution coefficient between a bul k phase and--a
bul k solid and a bul k aqueous phase. It wasn't a surface
phenonenon. It was just a distribution coefficient.

SCHWARTZ: |'ve got one question left, if | mght.

The | ast question is how woul d you go about sort of
devel opi ng nore confidence experinmentally or physically in
the attenuation benefits that you m ght get through these
processes you tal ked about ?

MURPHY: That's a problem|'ve been working on for a
long tinme, and one of ny other colleagues, JimPrikryl, at
the CNWRA, and | will be presenting data on uranophane
di ssolution and solubility experinments that are being
conducted at the CNWRA. | think that |I'mgathering the basic
t hernodynami ¢ data for these secondary phases first,
eval uating the rates at which they grow, and eventually
eval uating the equilibriumdistribution coefficients of

per haps actinides and fission products or surrogates for
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those, and any of them those are all legitimte potenti al
experimental prograns.

CERLI NG Dave D odato?

DI ODATO Diodato, Staff. Thanks for your talk, Bill.

| wanted to follow up on sonme questions Dr. Parizek

rai sed, and then you responded to. You said, according to
your estimates, this deposit is probably on the order of 8
mllion years old. And, then it had at least 3 mllion years
of experience in oxidative type geochenmi cal state, and then
at | east several tens of thousands of years in unsaturated
hydr ogeol ogi ¢ conditions. According to your best estimates,

how much of the original mass of the original deposit is

still present right in this imrediate vicinity of the Nopal
deposit?

MURPHY: In calculating ny Nopal oxidation date [imt
for the PA nodel, | did that calculation, and I don't have
the nunber on the top of ny head, but 1'Il look it up for you
in papers | have with ne. And, it was, I'll guess at ny own
hazard, | guess, it was sonething |like 20 per cent has been,
an upper limt was something like 20 or 30 per cent has been

renoved within that 3 mllion year period.
DI ODATO So, 70 to 80 per cent mght still remain?
MURPHY: That's a nunber that pops in ny head, but |ike
| said, 1"'mgoing to have to look it up to know for sure.

DI ODATO  Thank you.
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MURPHY: Pardon ne, let nme reiterate. That cal cul ation
was a maximumlimt on how nmuch. The effort that | nade was
not to try to calculate the precise oxidation rate, but to
set alimt, maxi num possible rate, and that includes all the
uraniumthat's been oxidized and departed the system

DI ODATO Diodato, Staff.

Just help ne to understand what that neans in terns
of how much remains, what's the inplication of that?

MURPHY: The inplication is that the oxidation rate
places a limt on the dissolution of spent fuel. So, spent
fuel dissolution is faster than that.

DI ODATO  Ckay, thanks.

CERLING kay, thanks, Bill. And, we'll nove on to our
next speaker, Ardyth Simmons from BSC, Los Al anps Nati onal
Lab, Science and Technol ogy Program Wrk at the Pena Bl anca
Anal ogue Site.

SIMMONS: |1'd like to thank the Board for inviting ne
here to this nmeeting to give a presentation on our plans.
FromBi || Murphy, you heard a | ot about the work that the

Center for Nucl ear Waste Regul atory Anal ysis has done, and

that Bill hinmself is continuing.
About 1999, the Yucca Muntain Project decided to
do sonme studies that would | ook at the possibility for

transport in the third dinmension by drilling sone wells.

And, that programis comng to an end right now, with this
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year, we'll be publishing results of our studies and an
update of the Natural Anal ogue Synthesis Report, and that
will be comng out in Muy.

So, there will be a lot of data in that that I'm
not going to be touching on at this neeting. Instead, I'd
like to tell you about the plans in the next three years for
the work to be continued in the Science and Technol ogy
Program that arises out of DOE headquarters.

The teamthat is involved in this new effort
i nvolves three national |abs, five universities, and a
conpany. So, it's a larger group of people that have been
involved in the past. And, in ny presentation today, |'m
going to touch just very slightly on the work that's been
done to date, go over the objectives of our work in the
Sci ence and Technology Project, and a little bit about each
of the subprojects.

| believe that the Board has received a copy of the
plan that we wote for this work back in January, and that
will provide nore details.

As Bill already told you, just to give you a
picture of the site and the location, the study area is right
about here in Chi huahua, with reference to Yucca Muntain
Basin and Range. This is what the Nopal | site mne | ooks
like on this escarpment in Pena Blanca. Here's sone

statistics about the ages of various events that occurred.
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He al ready tal ked about that.

And, in our previous work, this is the work that
was done up until this year, let's say 2003, the DOE
researchers have shown that uranium protactiniumand thorium
have remai ned undi sturbed in fractures in the unsaturated
zone near the deposit for at |east the |ast 200,000 years,
wher eas, radi um shows nore recent open-system behavi or.

So, if you were listening closely, you'll detect
that there's sone differences in interpretation between the
results that Bill showed on that one diagramof his, and what
our fracture filling studies have shown.

We have coll ected water sanples in conjunction with
this work, and we've found that there's been a difference in
behavi or in radiumconcentrations, and the relative nobility
in the unsaturated zone as conpared to the saturated zone.
And, we feel that this difference in nobility may be due to
differences in either solubility conplexation or kinetic
effects over long transport distances. So, this is sonething
that we're going to be trying to investigate further

Now, in 2003, three new wells were drilled, and
we' ve obtained core and cuttings and water sanples fromthose

wells, as well as water sanples from other neighboring wells.

I n addition, geophysical |ogs, description of the core
collected fromthe PB1L well, and characterization of rock
sanples. This gives you an idea of the |ocation of the
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wells. PBl1l, this one right here, is |ocated on what's called
the plus 10 |l evel on these various escarpnents that | showed
you in the previous photo. And, it's right about here where
there's this sort of gray aura where you woul d have seen the
ore deposit exposed at the surface.
PB2 is roughly 50 neters away, that sane |evel

PB3 is 10 neters down at the plus O | evel, but also roughly
50 neters distance, and PB4 is an old mne supply well that
we refurbished, which is roughly 1 1/2 kilonmeters away. So,

t hat gives us sonme additional data.

This is a map view and a photograph of the adit at
the plus 0 level. The map shows various | ocations where
we' ve sanpl ed water, and this collection system has been

refurbi shed. Sanples have been taken on approxi mately a
gquarterly basis over the |ast couple of years, but obviously
depends on precipitation events as well.
Now, nmoving to the Science and Technol ogy Project.

The objectives for our three year study that we're begi nning
just now are to evaluate Yucca Muntain total system
performance assessnent nodel by testing it against field
observations and process nodel results taken fromthe Pena
Bl anca site. A big part of this is going to be the

devel opment of a nore refined conceptual nodel than what we
have at present. And, we're going to be focusing on both

positive, or confirmative types of information, and al so
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things that we mght find that may be different or negative.

For exanple, Bill, in his talk, nentioned that you
find sulfite mnerals at Nopal | that aren't seen there at
Yucca Mountain, and this can have a potential difference in
mobility as well.

Sone targeted Yucca Mountain questions that we'l|l
be | ooking at are per cent or volune of active fractures in
t he unsaturated zone, and the extent of fracture matrix
interaction. Transport behavior associated with the adits

and drifts. And colloid transport. These are anong the

qguestions we'll be asking.
The project has been divided into eight
subprojects, and fromtop to bottom you can see that the top

ones are nore characterization oriented, rock and hydrol ogic
properties, seepage, colloids, radionuclide transport,

i sotopi c systematics in mnerals. W have this study here,
assessnent of transport at the prior high-grade stockpile

site will allowus to look at transport in a very near-hby

location. So, it will be a conpletely different site from
the Nopal | mne. But, it should give us sone idea of
transport in that region, and the materials here were taken

fromthe mne. And, then, noving into flow and transport
nodel i ng and TSPA nodel i ng.
Now, each of these topics is explained in nore

detail in your backup material in the handouts, but | don't
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have tine to go into all of these. | want to show you here,
however, how the subprojects are related. These four
subprojects at the bottomare the nore, shall we say, process
oriented, or characterization oriented, and they will provide
information to Subproject 4 on radionuclide transport.

Toget her, Subproject 4 and 6, the one | just
menti oned to you about transport at the prior high-grade
stockpile site, will provide information into Subproject 7 on
flow and transport nodels. This is a nunerical nodel. And,
then, it will roll up into Subproject 8 on TSPA. So, this
type of a diagram should | ook very famliar to you from sone
of the Yucca Muntain worKk.

Focusing primarily now on the TSPA aspect of this
study, our goal is to use the TSPA nodel to attenpt to
predi ct uranium and technician 99 transport at Nopal |I. W
are going to sanple waters in, we hope, sufficient quantities
so that if it is possible to detect technician 99, we wll be
able to. At the present tine, we don't have any data on it.

But we will use all the ground truth that we've
collected fromthe nore characterization oriented studies,
calibrate the nodel to Nopal I, evaluate its sensitivity to

uraniumsolubility, infiltration rate, dissolution area, and

di stribution coefficient. And, I"'musing this in the same
sense that Bill did previously. And, then, scale the results
to Yucca Mountain and conpare it to inprove confidence in
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TSPA predictions.

This is a working conceptual nodel at present, and
it's very prelimnary and very sinmplified. Here, you see the
ore body, and it's not particularly to scale. The estinmated
water table, nowit's not estimated anynore actually, beneath
the PB1 well, the depth is about 238 neters to the water
table. We'IIl be looking at precipitation and infiltration in
a nore quantitative sense than we have previously, and trying
to get an estimate of transport fromthe unsaturated zone to
t he saturated zone, as well as getting a regional picture of
groundwater flow in the saturated zone.

So, here are sone of the steps that are part of
that process with TSPA. | guess |'ve already nentioned sone
of themin the context of that previous diagram But,
including precipitation, inventory, flow through the ore
body, release fromthe ore deposit, groundwater gradient.
We're going to be getting sone water |evel data periodically
fromthe four wells | showed you, plus seven others in the
region. Goundwater flow of contam nants. Here, | nean the
urani um series nuclides. Setting up a Nopal | sinulation
using the same code as is used by Yucca Mountain TSPA, that's
GoldSim predicting the transport of Tc-99, as well as the
ot her uranium series products, not the other, the uranium
series products, and repeating the anal yses for these other

daught er radi onuclides of uranium
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So, within our first year, and we have about six
months left in that right now, these are the tasks that we're
going to try to acconplish. Many of these continue into the
second and third years, and we have building on activities in
t hose second and third years. But, npost of the
characterization work for subprojects 1 through 4 will begin
this year, and in the case of the rock properties and the
seepage and the colloids work, much of that wll be
conpl et ed.

Now, this slide shows what we anticipate to be able

to deliver not this year, but at the end of the three year

project. In our reports, and we'll have sone peer review
publications, certainly, we'll be producing a rock and
fracture properties data set, an archive of water and rock

anal yses, standards for mapping U-series elenents in
m nerals, a three di nensional gamma spectroscopy map of this
prior high-grade stockpile site, a hydrol ogic gradi ent and

potentionetric map, and the TSPA anal ysi s.

The rest of this material is backup, and if you
have any questions about it, I'd be glad to try to answer
t hem perhaps later as to the specific activities of the

project. |'ve sort of glossed over a |lot of the details
ri ght now.
CERLI NG Ckay, thank you. Sone questions from nmenbers

of the Board? Rein?
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VAN GENUCHTEN. A mixture of this is, | guess, future
activities; right? 1'mcurious what kind of nodels you
envision for the unsaturated zone. Are you using any
exi sting nodels, maybe sone of the ones that are being used
at Yucca Mountain? Wat's your plan?

SIMMONS:  Yes, for the unsaturated zone nodel, this
will--let me see if | can go back to the little--here, this
Subproject 7 wll be a nunerical flow and transport nodel,
and it will include both the unsaturated and the saturated
zone, and we wll be using TOUGH 2 nodel for that, for both
t he unsaturated and the saturated zone. So, the sanme sort of
tools will be used as we're using for Yucca Muntain now, and
t he sane sort of nethodol ogies, recognizing that we will not
have the sane | evel of detail for characterization of all the
paraneters at Pena Blanca as we do for Yucca Muntain,
because we're not trying to do a parallel site
characterization study. But, we will be using the sane

appr oaches.

VAN GENUCHTEN: All right. Are you doing initial kind
of nodeling studies? | nean, you're already electing data,
you know how those data fit in with the nodel s?

SIMVONS: Yes. We've been able to benefit, obviously,
fromthe fact that the Yucca Mountain Project has already,
for several years, allowed us to collect data on this site.

And, as we've gone along, we've been conparing our state of
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under standing at Pena Bl anca to Yucca Mountain. W wll be
maki ng sone predictive nodels at the beginning of this
activity also, and calibrating and updating themas we go
al ong.

CERLI NG Dan Bull en?

BULLEN:. Bul |l en, Board.

Actually, you just led into ny question. You said

you were going to do sonme predictive nodels. And, along
t hose lines, what do you think are the nost significant
di fferences between the two sites, and how will you deal with
themas you try to devel op your nodels and anal yze your data?

SIMVONS: Well, certainly, you have a scaling issue to
start out with. So, you have to deal with that. Also, at
Pena Bl anca, we're dealing conpletely with the natural
system So, there's no waste package or anything |ike that
there, and that has to be recognized. Now, that said, you
know, as far as the differences between the two sites per se,
we have a nunber of different mnerals that are present at

t he Pena Bl anca site, which we wouldn't expect to have in

spent fuel, and | think Bill already touched on that.
And, another thing that | wouldn't characterize
necessarily as a difference, but it's a dearth of

under standi ng at Pena Bl anca, and that is how t he nei ghboring
uraniummnes, this is in a uraniummning district, how they

may have an effect on the groundwater system So, | think
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it's going to be challenging to uniquely identify the
signature that could be derived from Nopal I, and, in an
anal ogous sense, Yucca Muuntain is not in that type of an
envi ronment .

BULLEN: Thank you.

CERLING Richard Parizek?

PARI ZEK:  Pari zek, Board.

Col | oi d experinents that you plan, can you

el aborate a little bit on those, because it really is kind of
a necessary subject matter area, because you're in that
unsat urated zone, but you could also do colloidal work in the
saturated zone. Perhaps expand on your experinmental design.

SIMMONS: Sure. The colloid study is going to be done
in kind of, let's say, it will evolve as we go along. 1In the
first year, we will be sanmpling the waters for the
determ nation of the colloids that are present in the sanples
that we take. W'Il do that for sanples that we derive from
the adit in the unsaturated zone, as well as the water
sanpl es that we take fromthe wells

VWhat we may do in the second year, and we will be

pl anning this as we go along, we may do sone testing using
m crospheres to try to see about transport pathways for
colloids, and we will be doing, if we detect, which we
probably will, natural colloids in the waters that we

collect, we'll be doing sone further characterization of the
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colloidal particles as to their conpositions. Are they
natural colloids? Are they colloids that, thoriumcolloids,
for exanple, or, you know, what their constituents are?

So, then, based on that information, we'll be able
to put that into a radionuclide transport nodel that wll
i nclude colloids. But, that step depends on what we find in
t he previous tests.

PARI ZEK:  Pari zek, Board.

Again, with regard to the stockpile, that's on
al luviun? That was stockpiled out in the desert environnent
al luviumat a known date. So, you have | eaching | guess of
this ore storage pile?

SIMMONS: Exactly. [It's not in alluvium It was
actually stockpiled on the bedrock on that surface.

PARI ZEK: Ckay, so different. 1t was another place down
the road where there was stuff stockpil ed.

SIMMONS: R ght. It wasn't that site, though. But,
you're absolutely right. W have a very firmdate when this
stockpil e took place. So, we have a starting point, and we
can see how nmuch has been | eached over that period of tine
since the md Eighties.

CERLI NG Ckay, thanks, Ardyth. 1'mgoing to try to
keep on schedul e, and we have a substitute talk right now
So, Russ Dyer is going to give a short presentation at this

point, and then we'll nove on and get back to our regular
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schedul e.
DYER  Thank you, M. Chairnman.

| appreciate the indul gence of the Panel for
allowing us to insert this presentation. M task is the
respond specifically to one of the questions that were posed
for this neeting, and to set the stage for this afternoon's
remai ni ng presenters.

The session organi zers requested informati on about
the nedian travel tinme for a nolecule of water in the
saturated zone and unsaturated zone fromthe repository
horizon to the regulatory boundary. That's not sonething we
routine calculate. And, the reason is that such a
calculation is not a meaningful paranmeter for our risk
assessnment calculation, nor is it part of the regulatory
basi s.

Several of the subsequent presenters will address
radi onucl i de transport nodels, and abstractions that support
t he existing Total System Performance Assessnment for License
Appl i cati on.

| want to make a point that these presentations do
not directly address the expected travel tinme of water
nol ecul es, either in the unsaturated zone or the saturated
zone.

Now, in order to be responsive, we were trying to

figure out howto do this, a non-sorbing, diffusing
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radi onuclide with a | oad effusion coefficient, |ike
technician, could be used to approxi mate the expected travel
time of a water nolecule. And, in the past, we've done a
coupl e of exam nations |ooking in both the UZ and the SZ at
such an approxi mation. W haven't redone these cal cul ations
in a while, but exam nation of current information suggests
that the results using this approach would not be
significantly different fromthose devel oped several years
ago.

And, this is what we get. And, if | could get the
poi nter here. There are three breakthrough curves on here,
and let nme talk a little bit about this curve, or this suite
of curves.

First, this is looking at travel tine fromthe
repository horizon to the 18 kil ometer conpliance boundary.
This is a determnistic calculation. O course, all the
nodel s that go into the TSPA have a range of paraneters. For
this, what we did was pick the single value best estimate for
each of the independent input paraneters.

A coupl e of other caveats. This uses the current
present climate, and it allows for matrix diffusion. O the
pertinent points, the black curve is the saturated zone
curve. The blue dashed curve is the unsaturated zone curve,
and then the total is this red curve here. And, if you | ook

at, say, the nedian value, that would be of about 50 per cent
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here, it's about 10,000 years. There's the tinme scale on the
bottom 10,000 years for a cunulative travel time, about
8,000 to 9,000 years for the unsaturated zone, and a little
over a thousand years, 1,200 or so, for the saturated zone.
Now, just to set the stage for the follow ng
presenters, JimHouseman, George Moridis, and Bruce Robi nson
their presentations will use radionuclide breakthrough curves
to illustrate predicted transport behavior of the calibrated
UZ nodel s and abstractions. These radi onuclide breakthrough
curves do not represent expected travel tinme of water
nol ecul e. The breakt hrough curves do portray a range of
paraneters to characterize uncertainties, and these
br eakt hrough curves are devel oped with conservative inputs to
fully assess the inpacts of uncertainty.
And, ny task is conplete. 1've set the stage for

the follow ng presenters. Questions?

VAN GENUCHTEN: In your Slide 4, it's a determnistic
predi ction, which nodel did you use for that?

DYER |I'mgoing to have to | ook for Bob Andrews to
stand up and hel p ne here.

ANDREWS:  Yes, these calculations, this is Bob Andrews,
BSC, these cal cul ati ons were done sone three years ago,
want to say, using the calibrated site scale unsaturated zone
flow and transport nodel that you're going to hear a little

bit later that's been updated a little bit from Ji mand
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ot hers, and the sane for the saturated zone.

As Russ said, it's a determnistic case. So, it
was the expected value realization froma suite of a range of
realizations that the subsequent presenters are going to talk
about. So, it's one case.

BULLEN:. Bul |l en, Board.

Along the lines of the sanme type of question, you
said it was a single value best estimate, and you nentioned
that it had matrix diffusion associated with it. But, in a
transport case, | nean, if |I was |ooking at a plume of these
wat er nol ecul es, did you have di spersion also, or this is
just a slug flow kind of characteristic?

DYER. | don't think it was a slug flow.

BULLEN: Sort of a slug flow, kind of pipeline flow?

ANDREWS: | nean, it was a spatially distributed, Bob
Andrews again, spatially distributed source region at the Uz
across the whol e repository domain, simlar to what you're
going to see later on. And, so, there are different flow
paths, if you will, associated with that spatially
di stributed source region. And, the sane is occurring in the
saturated zone for the particles released in the saturated
zone. So, fromthat sense, there's a spatial distribution of
fl ow paths, which ends up having the dispersive type
phenonena, as you're describing.

BULLEN: Ckay, thank you.
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NELSON: The way these are treated by, are they just
added together, those two curves?

ANDREWS:  Yes, | think they were sanpled separately and
t hen added.

NELSON: Now, is there not an interdependence between
t he two?

ANDREWS: | believe in the way this one was done,
al though 1'd have to verify it, to be honest with you, is
t hey were sanpl ed i ndependently.

NELSON: Is there not an interdependence? | nean, in
fact, you have flow paths com ng down through the unsaturated
zone, spatially distributed, contacting a spatially variable

saturated zone, they woul d depend, one upon the other, would

t hey not?

ANDREWS:  They could, yes. In the saturated zone, |
believe, and Bill Arnold or Stephanie can correct me if I'm
wong tonorrow, they had four regions that they were

capturing, if you will, the particles, and then rel easing

them fromthe saturated zone the rest of the way through to

the 18 kil ometer conpliance boundary. |'mnot sure that
there was any correlation, if you will, which is | think what
your question is, between where in the saturated zone the

i ndividual particle trajectories arrived, versus how t hey
were added to the additional transport tinme in the saturated

zone. | woul d need to eval uate how the cal cul ati on was
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actual Iy perforned.
NELSON: Fair enough. [|'msorry, that was Nel son.
CERLI NG Ckay, thanks, Russ, for getting this kicked
off. And, the |last presentation before the break will be by
James Houseworth, Conceptual Mdels and | ndependent Lines of
Evi dence for Eval uati ng DCE Unsat urated Zone Model
Cal cul ati ons.
HOUSEWORTH:  Thank you.

I"d like to acknowl edge that this presentation was
put together jointly between ne and Bo Bodvarsson, and al so
acknow edge the work of numerous scientists on the Yucca
Mountain Project, which this talk is based.

The outline of the talk, the subject matter here,
we' || be going through a series of conceptual nodels, and
along the way, 1'Il be discussing the independent |ines of
evi dence for those conceptual nodels. Starting off with
future climte projections, which have a major inpact on the
hydrol ogy in the unsaturated system Then, we'll tal k about
nodel s for percolation and runoff for net infiltration.

Then, the geology for the unsaturated zone in terns of how
that's represented in the UZ nodels. Then, 1'Il get into
sonme issues related to flow and transport in fractured rock,
both in terns of fracture/matrix interaction and
representation of flowin fractured systens.

And, then, later, I'lIl be going over sone topics
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that relate to sone of the larger scale effects in the UZ

fl ow nodel, episodic transient flow and associ ated fast flow
paths, as well as larger scale lateral flow. Then, 1'Il be
going into sone topics that are nore directly related to
transport phenonenon, particularly the matrix dom nated fl ow
patterns in the Calico Hills non-welded vitric that lies
bel ow the repository horizon, the topic of matrix diffusion,
whi ch has a major effect on transport. Also, some issues
related to the radi onuclide source term how radi onuclides
initiate transport in the rock after com ng out of the

enpl acenment drive, and tie that in with the drift shadow
concept. Then, 1'Il put this together, in terns of the main
sensitivities found for transport tinme of a passive tracer,
and summarize with concl usions.

So, the main processes involved in the unsaturated
flow systemare, first of all, climate, which sets the
precipitation and tenperature, which is a very inportant
control then on infiltration. Infiltrationis primarily
bal anced between precipitation and evapotranspiration, with
smal l er el ements of the water bal ance being runoff and net
infiltration

The flow then enters the unsaturated zone, and goes
t hrough a series of rock units, fractured rock units, and the
character of that flow changes rather significantly as we

nmove between the different units.
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There's also a lateral flow phenonenon that is
antici pated, based on the nodeling work and the field data,
bot h above the repository and nore significantly, below the
repository.

Perched wat er bodies are known to exist bel ow the
repository and are a major factor in the overall l|ateral flow
process below the repository horizon. And, the effects of
| ateral flow also | ead to an enhancenent of flowin faults,
especially below the repository horizon, flow and transport
in parts of the repository are dom nated by faults.

A key concept in the climate nodel is the climte
cycles, and Saxon Sharpe went into this in great detail this
norning, so | won't go over this in too nmuch detail. The
graph in the upper right shows the cycles of climte as found
in the delta oxygen 18 record for Devil's Hole. And, the
correlation of that cycle, those 100,000 year cycles, with
the earth orbital cycles is a key piece of information that

supports this idea of a 400,000 year climate cycle.

|"d point out that additional information is needed
for describing the specifics of the climate magnitudes. In
terms of the fossil record that was taken fromthe ostracod

data at Omens Lake, there's, first of all, if you |look at the
bottom of the graph, you'll see that during the nodern
climate, which starts about 400,000 years ago, there's very

little growmth of any ostracods in the system
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And, then, as we nove beyond that tinme, we cone
into the nonsoon climate, and in that climate, there's
several species which show strong growth patterns. And,

t hen, after about 2,000 years, we end up here in the gl acial
transition cycle of the climate, and that is dom nated by
the--so over here, you can see that this is a strong ostracod
signal of the glacial transition climate.

Then, tenperature and precipitation ranges
associated with this Onens Lake data are used to sel ect
analog climate sites and to represent future climte. And,
this map shows the sites that have been used for these anal og
climate data. And, Saxon went into this also in a fair
anount of detail, so | won't go over that here.

The nost inportant thing to recognize is that these
upper and | ower bound anal ogs define the clinmate uncertainty,
and that is propagated into the Uz flow and UZ transport
nodels. And, it's an inportant source of overall uncertainty
in the UZ system

So, the percolation and runoff for net infiltration
are two of the elenents of the infiltration nodel that are
treated using approximation to the physical processes that
are typically used.

Percolation is treated as a vertical, piston flow
process in this nodel, which, to a |large extent, ignores the

unsaturated flow and capillarity of the system wth the
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exception of a residual that's defined by the fuel capacity.

Runof f patterns are shown here in this diagram
Wherever runoff is generated, then it flows fromcell to cel
based on the nearest neighbor, the | owest el evation nearest
nei ghbor, and that is a geonetric approximtion to the runoff
pr ocess.

The durations of this runoff process are based on
runoff observations at Yucca Muntain, which are very short-
term and in the nodel are set at two hours for the summer

storms, and 12 hours for w nter storns.

The average present-day net infiltration ranges
fromapproximately 1 to 11 mllinmeters a year, with an
expected value of about 4 mllinmeters a year. And, the
evidence for this, as a reasonable prediction for
infiltration, cones from geochem cal data and gl oba
t enper at ure dat a.

So, here we have the chloride data, which is shown
fromthe ESF, and the nodel was run as a chloride nass
bal ance type of cal culation, and shows a reasonabl e agreenent
at least for the present day nean, which is the red curve,
and the present day upper infiltration scenarios. The green
curve, which is the lowinfiltration scenarios, those foll ow,
but off that chloride data.

The gl obal tenperature data, which is shown in the

| ower curve here, was taken from a borehole H5, shows al so
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reasonabl e agreenent of the borehole tenperature profiles are
sensitive to the percolation flux, and basically provide
confidence in the infiltration nodel

The geol ogy controls the character and fl ow
patterns in the unsaturated zone, and, so, it's inportant to
capture that in a realistic way. The geol ogy has been
defined through extensive surface mappi ng and trench studies.

And, the stratigraphy of tuff |ayers have been eval uated
fromover 60 deep boreholes, and nore than 10 kil oneters of
tunnels. These two diagrans give an idea of the |evel of
detail that's captured in the 3-D UZ fl ow and transport
nodel s.

So, this information, in conbination with detailed
hydr ol ogi ¢ neasurenents, have resulted in hydrol ogic
stratigraphy with 32 hydrogeologic unit. Properties within
the units are honogeneous, except for zeolitic alteration.
So, you can see, for exanple, in this unit, through the
Topopah, we have honobgeneous properties through those |ayers.

The major faults are also included as vertical or
inclined discrete features, and you can see the green lines
that run along this plane view of the UZ grid that includes
t hese features.

Vertical dinensions in the repository, or
t hroughout the nodel, actually range from1l to 20 neters, of

a 5 neter grid dinmension within the repository horizon
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itself.

The horizontal grid dinmensions in the repository
are on the order of 100 neters, and outside of that, the
hori zontal dimensions are sonmewhat | arger.

Gid sensitivity studies, which will vary these
di mensions by up to a factor of four, found the variations in
transport breakthrough times have been on the order of 10 to
20 per cent. That provides sonme confidence that the | evel of
detail in the griding is sufficient.

Anot her issue that's related to this assunption in

t he nodel of honobgeneity within the | ayers has been

investigated using a fine scale two di mensional cross-
sectional nodel. And, these color contours over here show
the geostatistical nodel that was used to populate this fine

grid nodel with heterogeneous properties for matrix
perneability, matrix al pha, the capillary pressure paraneter,
and for the fracture perneability. These geostatistical

vari abl es were taken frominformation derived fromdifferent
calibration runs.

The results of the nodel are shown down here in
this flowright in here. There's the matrix flow And, Case
A is a case where we use the sane assunption of honpbgeneity
within the units. Case Bis a case where only the fracture
pernmeability is heterogeneous. And, Case C allows full sets

of parameters to be heterogeneous. And, what's found is that
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in the matrix flow case, when you have a change in just the--
or heterogeneity in just the fracture perneability, the flow
inthe mitrix is affected very little. Wen you have al
three varying, then you do get sone variations occurring
within the matrix flow patterns.

In the fractures, however, there's really very
little variation for any of those cases showi ng insensitivity
to this kind of heterogeneity. This is also studied in terns
of the effects on transport, and this graph shows the
br eakt hrough curve for these three cases, and an additi onal
case. Then, Case A, B and C, as | described, Case Ais the
base case, and here's Case C, the dotted curve, where we have
all three paraneters varying. And, when you see that there
is sone sensitivity in the early breakthrough, the
sensitivity is not large. For exanple, in conparison with
this curve where we varied the matrix diffusion coefficient
in Case E.

And, another--this graph on the right also provides
kind of a calibration in terns of the range of uncertainty in
the nodel to be conpared with this type of uncertainty. This
shows the breakthrough curves for technetium under a | ow,
mean, and upper climate scenarios for present day clinmate.

So, that's basically the climte uncertainty.
G ven that we're tal king about the fractured rock

system wth a porous rock matrix, there needs to be a
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conceptual nodel that connects the flow and transport
behavior in the fractures with that in the matrix. And, this
series of diagranms shows the connection, they're connection
di agrans for fracture and matrix, and different conceptual
nodel s. And, Alan Flint went over sone of these earlier when
he was di scussing some of the historical devel opnents in
terms of a conceptual nodel

We did begin with an equival ent conti nuum nodel ,
whi ch assumed equilibrium between the fractures and matri X,
and, so, there's only a single variable required to describe
the flow conditions in the fractures and matri x, because of
the equilibriumassunption. And, the black arrows here
denote a global flow pattern then through this fracture
matri x equi val ent conti nuum system

However, capillary disequilibriumis expected based
on the fact that we do believe that there's fracture fl ow
occurring, in conjunction with an unsaturated matrix. And,
furthernore, the perched water and pore waters in the matrix

appear to be in chem cal disequilibrium again, leading to

the idea that the equival ent conti nuum nodel may not be
sufficient.

Anot her conceptual nodel is this dual-porosity
nodel , which allows for fracture/matrix disequilibrium

However, as shown here, here's the red arrows are the

fracture matrix interaction, black arrows are the gl obal
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flow. The dual processing nodel does not allow gl obal flow
in the matrix, and this was never considered a particularly
good nodel for Yucca Muntain where global flowis expected
inthe matrix, and in fact, it's domnant in sonme units.

An extension of this then is the dual-perneability
nodel , which allows non-equilibriumfractured matri x exchange
and global flowin both the fractures and the matrix. And,
this is the current conceptual nodel used.

One issue that remains with this is that it my
under-estimate fracture/matrix interaction for transient
problens. And, to address that particular type of issue,
there was a nore conplex nodel called Miultiple Interaction
Conti nuum Model, or M NC nodel. And, this nodel allows for
di sequilibriumand also a nore discretized representation of
the fracture/matrix interaction, allowing for a better
representation of these kind of conditions, particularly for
transi ent problens.

Finally, discrete fracture nodel is probably the
cl osest to the physics of the system but would require data
and conputer nodels that are sinply not available at this
time for a nount scal e nodel

And, | just wanted to point out what the effect of
the M NC versus the DKM nodel s have on transport, because
they are fairly large. |If you focus, this graph has a nunber

of curves with different sensitivity calculations, if you
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focus on the red curve, which is the curve for the

br eakt hrough DKM nodel , and the bl ack curve, which is the

br eakt hr ough curve for the M NC nodel, you see that there is,
in fact, a fairly large difference in breakthrough behavior.
This is a two di nensional cross-sectional nodel, which is
consi stent wth what we woul d expect fromthese different
conceptual nodel s.

The actual differences nmay be exaggerated, however,
because al t hough the DKM nodel has been calibrated to the
flow date, the M NC nodel was not. And, furthernore, in the
2-D nodel, we found, as conpared to higher dinensional 3-D
nodel s, differences tend to be exaggerated, based on these
kind of different process descriptions.

The dual perneability nodel requires a treatnent of
unsaturated flowin fractures, and that is a continuum
representation. This is still sonething of a research topic,
primarily because there isn't a great deal of data on it.
It's actually the flow and fracture networKks.

Smal | scal e discrete fracture network nodel s,
however, have been used to give us a theoretical |oo0k,
essentially, at how fracture network behavi or may conpare in
the discrete systemw th a conti nuumrepresentation. So,
here, we show a discrete fracture nodel, two di nmensiona
di screte fracture nodel, that was used to investigate the

capillary pressure of relative perneability characteristics
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of the system And, this was investigated by placing
constant capillary pressure conditions on the upper and | ower
boundaries, and those |oad conditions on the side boundari es.

And, then, by changing the capillary pressure, you
can evaluate the capillary pressure curve for this kind of a
network. And, this was fitted to a van Genuchten expression
for the capillary pressure and found that it did a fairly
good job in matching the data.

Then, the parameters fromthat were then taken over
to the relative perneability curve, which then had no further
adj ustabl e paraneters, and this lower gray line is the
relative perneability curve that results, which under
estimates over nost of the saturation range the relative
permeability. However, it does a fairly good job at | ow
saturations, and this is the range of saturations where the
nodel in the natural systemis expected to primarily reside.

There are sone field data, and this is sone of the
same data | believe that Alan Flint showed for the disk
infiltrometer experinments conducted in bench tests in the
south. And, what this shows is that when you put this system
in place and establish a steady state condition under
controlled capillary conditions, the relative perneability
curve drops off as a function of capillary pressure.

One thing you don't get fromthis kind of an

experinment is how these things vary as a function of
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saturation. And, another caveat on this is that the test
data is limted to what we believe are higher saturations, or
at | east under capillary pressure conditions that we suspect
are at higher saturations.

Wel |, another elenment that has to be captured in
the fracture network nodel, or in the fracture flow nodeling,
is that preferential flowin single fractures, and in
fracture networks, have been observed in the | aboratory and
field tests, so there has to be sone way to account for this
type of phenonenon in the flow nodel. W don't expect the
flowto just proceed uniformy through the fracture networks.

To account for this, there was a nodification of
t he van Genuchten formnulation, which is called the active
fracture nodel, and the active fracture hypothesis, which is
shown down here, is that the active fractures is proportional
to the fracture saturation to an enpirical power, gamm
And, as that nodel is inplemented in the relative capillary
pressure curves, what we see is that the, as the ganma val ue
runs fromzero to .9, of course, the value of zero gives
active flowmng fracture of one. So, that's just uniformflow
that woul d represent the original van Genuchten curve. And,
as the flowis essentially packed into fewer and fewer of the
avail abl e fractures, this capillary pressure drops, or heads
towards a condition where it would be nore |ike a saturated

condition, which is what we woul d expect.
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In terns of the relative perneability curves,
there's kind of an interplay between a reduction in the
nunber of fractures that are flowi ng, and yet the fractures
that are flow ng have a higher saturation, the net effect of
those two results in an increase in the relative perneability
with this flow focusing. So, you get higher effective
pernmeabilities with the flow focusing.

Probably the nost significant effect of this
overall active fracture nodel is that it does affect the
fracture/matrix interaction. Wat we show here, it's a plot
of the fracture/matrix interaction factor, which is a
function of the wetted fracture/matrix interface area, and
the flow ng fracture spacing. And, what this shows is that
as we nove froma gamma of zero, shown up here, down to a
gamma of .9, which is a very high ganma, there is a

significant reduction in the fracture/matrix interaction.

And, |ikew se, there's a reduction in the fracture/matrix
interaction factor with saturation.

There have been sone sensitivity studies carried
out to |l ook at the effects of this paraneter, gamm, on

radi onuclide transport. These studies were conducted with
the 3-D site scale flow nodel and transport nodel. And, the
red curve is the calibrated nodel curve for breakthrough

The green and the blue curves show the effect of changi ng

gamma, a reduction by a factor of 1/2. So, as you reduce
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gamma, it reduces the--the one curve reduces gamua in the
Topopah only, and then the other one reduces it in all the
units below the repository horizon. Wat you find is that
nost of the effect is seen by changing the gamma in Topopah.

And, this is a result of the larger scale flow and
transport patterns, which focus nost of the transport into
fault zones bel ow the Topopah, or it's noving through the
Calico Hills non-welded vitric, which is matrix dom nat ed
fl ow and transport system

The active fracture nodel is needed to match water
saturation and potential data. Wuat we're showing here is a
mat ch between the fl ow nodel and saturation data at SD-12.
And, wi thout the reduction in the contact essentially between
the fracture and the matrix, it's very difficult to match the
Topopah zones in particul ar.

| ndependent evidence for this active fracture
concept cones from frequency of secondary calcite coatings on
fractures in the Topopah Spring welded unit. 1In those units,
the fracture coating frequency is on the order of about 10
per cent, and the active fracture nodel for current climate,
or even for future climate conditions, gives val ues of
flowing fractures, the fracture of flowng fractures, in a
simlar range, roughly in the order of 10 per cent.

Now, |I"'Il be tal king about sonme of the |arger scale

flow patterns, nountain scale flow patterns, that relate to



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

223

episodic flow and | arge scale | ateral flow

The infiltration, which is a very transient
process, is expected to penetrate through to the canyon
wel ded unit as a fairly episodic transient type of
phenomenon. But, upon entering the Paintbrush non-wel ded
unit, the flow is honpgeni zed, both tenporally and spatially.

And, this is due to a high perneability matrix of the
Pai nt brush unit's walls, its capillary characteristics.

Sone lateral flowis expected in this nodel. W'l
go over why we believe this is true in the Uz fl ow and
transport nodel s.

In the Topopah, then there's a relatively uniform
steady flow pattern that passes through the repository
hori zon, then encounters in the northern part of the
repository, perched water zones, which represent perneability
barriers. And, at those locations, there's clearly a factor
that would drive lateral flow and flow focusing in the
faults.

In the southern part of the repository where the
Calico Hills is not altered, the process is domnated by this
Calico Hills non-welded vitric matrix flow pattern

So, episodic transient flowis the initial pattern
that we expect in the upper part of the nmountain. However,
nodel cal cul ati ons denonstrate that these transients are

danped out by the high perneability and capillary properties
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of the PTn.

These set of graphs show a cross-sectional nodel
taken through here, which is just a small piece of this
overal |l cross-section, was used for this transient flow
study. And, down here, what we see are the influx at the
surface, which are these bl ack spi kes, which are an
infiltration of 250 mllineters per year, of 5 mllineters
per year, all entered into the unsaturated zone in a period
of one week. So, you have these 50 year pulses that are
going into the system and the flow response below the PTn is
shown here. Both a 1-D and a 2-D nodel were run here, and
both show fairly little di sturbance based on this rather
hi ghly transient boundary condition.

And, along here, this shows the flux pattern com ng
out of the PTn as a function of the cross-sectional distance,
and it shows again simlar, with tinme, you get sone
perturbation to the flow, but it's not particularly
significant.

So, the evidence that we have for this danping out
of transient flows cones from sone of the isotopic data that
have been taken, both above and in the repository horizon,
and sone information from bel ow as wel | .

Carbon 14 data, which is shown in this graph, shows
the age of the pore waters are on the order of a few thousand

years. And, chlorine 36 data, which have sone controversy
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associated wth them but still suggest that the fast flow
paths, at |east are associated with faults, shown here, or

| ow angle features in the Topopah Spring welded unit. So, it
| ooks like there's not a pervasive pattern of episodic
transient flow penetrating the PTn.

And, furthernore, |ack of bonb pulse in chlorine 36
and perched water suggests that the quantity of fast flowis
smal | .

Anot her significant, the flow pattern that evol ves
out of the UZ flow nodel is a large scale lateral flow In
the PTn unit, it has been found that capillary barrier
bet ween different sublayers of the PTn do generate sone
degree of lateral flow This shouldn't be | ooked at as a
conplete barrier to that flow, but it's really rather a |eaky
type of barrier where there's |ateral diversion, and, yet,
quite a bit of the flowstill penetrates through the PTn into
t he underlying repository horizon.

So, in sone sense, this is consistent with what
Al an was presenting earlier, although the actual scal e of
|ateral flowin ternms of the distances are somewhat |arger in
this nodel as conpared to what Al an was presenti ng.

And, this is a two dinensional nodel in which we
show the patterns of infiltration, and then the patterns of
fl ow com ng out of the bottomof the PTn. And, what you see

is that there is a relatively |arge degree of snoothing of
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the flow created by this lateral diversion. This shows the
two | ayers where significant lateral flowis occurring, and
that this fl ow noves over two fault zones, and then in the
two di nensional nodel, would stop at that point, and is
forced downward

To a |l arge extent, the water does not enter the
fault zone directly, though, because of the capillary barrier
presented by the fault itself.

This plot shows the sensitivity of the lateral flow
toinfiltration, and the paranmeter used to denonstrate
|ateral flow here is the flux in fault zones, or near fault
zones, which is shown on the pink curve. As the infiltration
i ncreases, the capillary barriers break down, and the |evel
of lateral flow decreased.

Chloride data is one of the primary sources of
information that we are using as evidence for lateral flow
This profile was taken at SD-9, and the dots represent the
nmeasured chl oride values. What we see is this decrease in
chloride concentration as we nove down through the PTn. And,
the green, red and black curves are the current baseline
nodel in which we have |ateral flow occurring in the PTn.

And, the base case, or the nmean case, shows that it fits this
in an approxi mate way.

The dashed curves are an alternative nodel which we

do not have nuch lateral flowin the unit, and you
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therefore, don't see nmuch of a decrease or an effect of
|ateral flowin that profile.

And, simlarly, there's data taken fromthe ECRB
and this data shows, the dots, is conpared with both the
basel i ne nodel, which contains lateral flow, the solid
curves, and the dashed curves, which do not include a |ateral
fl ow component in the PTn. And, there's a slightly better
fit of the data with the nodel containing lateral flow

There's evidence for perched water from several
borehol es at the site. And, the existence of this perched
water, fromthis, we can infer that there's a perneability
barrier at those | ocations.

Lateral flow, due to these perneability barriers is
expected bel ow the repository horizon, and these primarily
lie along the | ow perneability zeolitic units in the northern
region of the repository.

The main effect of this is that this diversion
tends to mnimze contact of flow or transport com ng out of
the repository with the zeolitic tuffs.

These three contour plots show kind of the
progression of the flux field as you nove fromthe surface.
Here's the infiltration map. Then, here's the map of flux at
the repository horizon. Wat you see is that there's sone
hi gher infiltration zones kind of along the western edge, and

that kind of gets snoothed out, and so you have a nore



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

228

uni form pattern of percolation flux at the repository
hori zon.

Then, below the repository horizon, there is al nost
an exclusion of flowin the north, where nost of the flow has
been focused in the faults. And, in the southern region,
where there's the Calico Hills, is primarily unaltered vitric
rock. You have primarily downward flow, matrix dom nated
pr ocess.

These two curves present kind of the inpacts of
this lateral flow on radionuclide transport. There's sone
ot her things going on in these curves, but if you focus in
this plot on the right, you have the blue and red curves,
which are the two nodels for flowwth lateral diversion in
the PTn, and without |ateral diversion in the PTn. And, what
you see is that the effects on transport are relatively
m nor .

In this plot, there were sonme different perched
wat er nodels that were investigated, and for the present day

climate, it's this trio of black, red and blue curves, solid

lines, for a non-sorbing tracer.

The one curve that does show sone significant
differences is what's called the no-perched water nodel, in
which we sinply ignore all the perched water and | et

everything go vertically, and that did show sone nore rapid

breakt hrough. But, the two nodels that were consistent with
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the field data showed very little difference in terns of
transport behavi or.

Now, |I'Il be tal king about processes that are nore
important for the actual transport processes bel ow the
repository. These are the flow behavior in the Calico Hlls
non-wel ded vitric, effects of matrix diffusion, the source
term drift shadow effects. And, then, sorption and coll oids
| won't go into, but will be covered by George Mridis in the
next tal k.

Busted Butted field test sites, about 8 kiloneters
sout heast of Yucca Mountain, presents an outcrop of the

Calico Hills vitric unit, which was tested over the |ast few
years. The tests were conducted using nulti-tracer solutions
of water and tracer injection, and water and tracer
collection, as well as geophysical neasurenents, including
ground penetrating radar, and electrical resistivity

t onmogr aphy.

And, one of the main findings of these tests was

the definite matrix dom nated flow patterns that were found.
Thi s upper picture shows fluorescent dye that was injected
into a single borehole, and injection points are in the

m ddl e. So, what you can see is that the injection was

dom nated by capillary phenonenon, and spread out nore or

| ess uniformy fromthe borehole w thout substantial effects

of fractures, or of gravity.
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Then the Phase 2 tests show injection into a series
of boreholes that activate a | arger portion of the block, and
these injection holes are on this part, and this is a GPI
imge of that test. The red shows the flow that was
injected, essentially. And this series shows the tine
devel opnment of that flow pattern.

What you see is a strong matrix type flow pattern
where the water is pulled laterally, and even up, and this,
agai n, shows a strong porous nedia flow behavi or.

| nvesti gati ons were conducted at Alcove 1 in terns
of flow and transport behavior in welded tuffs. Alcove 1 is
the first alcove in the ESF which lies just 30 neters bel ow
t he ground surface, as shown in this figure. Then, the tests
wer e conducted by pondi ng water over the al cove and then
collecting the water in this al cove.

The tests were initiated wwth water and were
allowed in two phases, and the flow patterns were allowed to
stabilize, and then tracer was added to the injected water,

Li t hi um brom de tracer

One of the observations fromthe surface part of
the test was that the water uptake rates were on the order of
30 miIlinmeters per day, indicating, as what Al an Flint
di scussed earlier, that the surface fractures are
significantly | ess perneable, because this rate would be nuch

higher if it was just in the open fractures.
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The data was then used to calibrate a fl ow nodel
The M NC nodel was used in this case, because as | was
di scussing earlier, it's believed to be a better nodel for
transi ent phenonena, and, so, we used this to match the
transient flow and transport experinments in this alcove test.

The calibration is shown here, so we have the data
inred, and the calibrated flow nodel shown in green, which
can match nost of the behavior of the water collected. This
is the seepage data that entered the niche.

Then, there was the transport test, and what we
show is the transport breakthroughs, these green dots, and
there were three curves here that checked the sensitivity out
with the transport predictions relative to, in this case,
tortuosity factor, which is sonmething that affects matrix
di ffusion in general.

And, what was found with it was there was a
significant anount of matrix diffusion that was needed to
fit, in fact, the additional fits with even higher
fracture/matrix interaction was found to fit this profile
better than the existing plots here.

The nodel i ng studi es have been conducted with
regard to how flow and transport occurs in the vicinity of a
wast e enpl acenent drift. For drifts wthout seepage, we get
this kind of a flow pattern, where the flowis diverted

around the drift, leaving the zone beneath the drift
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relatively dry, and anal yses of the transport behavior in
this kind of system have shown that the radionuclide
transport is considerably slower on exiting the drift in the
drift shadow environnent.

There's two main effects that are significant for
the drift shadow problem One is that radi onuclides |eaving
the drift predomnantly enter the rock matrix. That's
because the shadow is nuch stronger in the fracture conti nuum
than in the matri x continuum so you still have a | ot of
matri x water below the drift, but very little fracture water.

Secondly, the radionuclides enter a zone in which
fracture flowis negligible. 1t's not exactly the same as
this. This just says where things start, but this says the
ki nd of hydrol ogi c environment that the radionuclides enter.

So, it turns out the first itemmy be the nost significant.

This part which | showed earlier now shows sone of
the effects of this matrix release. So, the red and the bl ue
curves are the base case and alternative nodels for rel ease
into fractures. The black and the green curves represent the
same cal cul ation, but releases into the rock matrix. So,
there's a significant sensitivity to the initiation of
transport, however, there was no drift shadow per se in these
curves. This was done just releasing into matrix in an
unperturbed fl ow system

| should point out that this type of effect will be
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included in the TSPA, but the full drift shadow effect has
not been worked out such that it could be included in the
TSPA. But matrix release is sonmething that will be included
i n TSPA.

So, kind of in summary, the main sensitivities that
we found in transport were, first of all, climte, as shown
here, has a major control on uncertainty for tracer
transport. This shows the variation, tracer transport tines
for technetiumunder the different |ower, nedian and upper
bound climte scenari os.

Fracture/matrix interaction also has a major effect
on the differences in transport, and at the present tine, is
nodel ed both in ternms of the active fracture paraneter, but
also in terns of diffusion coefficient. Uncertainty in the
di ffusion coefficient is included in the TSPA nodel, however,
uncertainty in the active fracture nodels is represented
t hrough boundi ng val ues at this point.

And, then, the effects of the radionuclide, how
radi onuclides initiate their transport, is shown here, which
is the last slide I just went over. It shows again this
relatively |l arge effect.

So, in conclusion, we have effects of the key
conceptual nodel for climate is supported through the
pal eoclimate data and correlations with the earth orbital

behavi or.
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Predicted net infiltration rates using the water
bal ance nodel and sone of this process sinplifications used
in that nodel have been found to be in general agreement with
percol ati on data, including chloride data and borehol e
t enper at ure dat a.

Representati on of heterogeneity based on
hydr ogeol ogic units is generally found to be appropriate for
flow and transport at the nountain scale. That was based on
those sensitivity studies that | showed, both in terns of
good sizes and snmaller scale heterogeneity.

The dual -perneability nmethod is the baseline
nodel ing. W have captured the main features of flow in
fractured rock. But, it likely does under estinmate
fracture/matrix interaction for radionuclide transport.

The unsaturated zone flow in fractures using the
van Genuchten continuumrel ati onship appears to be adequate
for low fracture saturations. This is based on the
t heoretical study using the discrete fracture approach.
However, the data at |ow water saturations, it's currently
not available. In fact, there's very little data on flowin
fracture networKks.

Active fracture nodel accounts for reduced
fracture/matrix interaction, and is found to be qualitatively
consistent with the fracture coating data.

Epi sodic transient flow and fast flow paths are
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likely playing a minor role in the overall flow at Yucca
Mountain, and the line of evidence suggesting that this is
true, is fromthe carbon 14 and the chlorine 36 data.

Large-scale lateral flowin the PTn is consistent
with chloride data. However, it's not, again, not a conplete
di version of flow, and, in fact, is found to have relatively
[imted i npact on radionuclide transport.

The matri x-dom nated flowin the Calico H Ils non-
wel ded vitric is showmn to be consistent with the hydrol ogic
properties and observations at Busted Butte.

Matrix diffusion played a significant role in
transport through welded tuffs, as shown in Alcove 1 tests,
and we have additional tests at Alcove 8 and N che 3, which
show t he same basic conclusions. At |east under these kind
of stress conditions where we're putting water in at high
rates, we seemto get nore matrix diffusion than we really
anti ci pat ed.

Transport tinmes are sensitive, found to be

sensitive to infiltration, climate uncertainty, essentially,

fracture/matrix interaction, the diffusion coefficient in the
active fracture paranmeters, and the initial conditions in
terns of initiation of transport in the fractures or in the
mat ri Xx.
So, that's the end.
CERLING Questions fromthe Board? Rien?
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VAN GENUCHTEN: Yeah, | have a few questions. The
active fracture nodel, actually, maybe you can go back to
Page 31, or Slide 31. | think |I conpletely agree with the
basi ¢ phil osophy, we see that in soils also, that in mcro-
pores, you have a lot of preferential flow w thin mcro-
pores. And, the sanme | would find occurs in fractures.

The next question | guess would be how do you
i npl enent that, and, so, in the active fracture nodel that's
done as an exponent effect of saturation?

HOUSEWORTH:  Correct.

VAN GENUCHTEN: Which seens to be working well and
actually these figures are froma paper by Leo, et al, and |
happened to go through that before the neeting. So, the flow
data initially matched quite nicely, the multi-transport
data. And, then, of course, you guys point out that matrix
di ffusi on sonehow has a problem and then I think one of the
things was to kind of artificially increase the contact area
between fractures and matrix; right?

HOUSEWORTH: That's correct.

VAN GENUCHTEN. O, | don't know if that goes into the
tortuosity factor here. That nmay be anot her thing.

HOUSEWORTH: Well, yeah, if you have that paper, you'l
see that there was an additional fit wth an even treater
enhancenment of fracture/matrix interaction. It goes beyond

what you would normal ly--tortuosity, you don't go over 1, but
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this would actually, if you just put an end to the
tortuosity, would drive you to a factor higher than one.
But, there's other things that influence fracture/ matrix
interaction other than just the tortuosity.

VAN GENUCHTEN:. | want to go back to the discussion this
nor ni ng about hydraulic contact between fractures and matri X.
And, this is sonething that | always believed in, and ny
feeling is that this is where it's again also testing it for

fractures, is where we know that there is very little contact

sonmetinmes with what we call Qtens, or these clay deposits on
aggregates, and there is a very, very slow contact between

t he macropores and the mcropores. 1In fact, | was born in
Hol land. They still find Iittle aggregates that have sea

wat er type soil conposition, you know, after several hundred
years.

So, in this case, if there is a saturated
conductivity, perneability problem between the fractures and
matri x, then you still can, without going to the active
fracture formul ation as being used in this paper, you can

explain this lack of interactions between the fractures and
matri x by a |l ower conductivity of the coatings of the skin.
This al so would then not necessarily, because of
this, you don't necessarily have to go to a larger area for
matri x di ffusion, because matrix diffusion, soil diffusion

will be | ess effective by your porosity than fluid flow |
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think this will be, I don't know, I'd Iike to have your

f eedback or maybe of sone of the others, but | think this is
sonmething that is worth investigating. The basic phil osophy
will be the sanme, except sone of the physical processes wll
be slightly different in terns of inplenenting a nodel |ike
t hat .

HOUSEWORTH: Well, it's clear that there's a nunber of
factors involved in this fracture/matrix interaction.
There's the hydraulic conductivity of the connection between
them as you point out, maybe inhibited by calcite coatings.

There's the diffusion coefficient itself, and the effects of
tortuosity. There's the flow focusing, the geonetry of the
flow, and all of these things are kind of put together into
this one kind of description, and all the details of what
various factors are causing the effect are not necessarily
known.

So, yes, | nmean | agree that there could be sone
additional investigation. One of the inportant sensitivities
that we would like to run, we have a planned experinment with
a block of fractured rock fromthe ESF, and with that bl ock,
it would be possible to |ook at nore directly the
rel ati onship between flow and the active fracture paraneter,
and transport and the active fracture paranmeter, and in fact
the fracture flow behavior in fracture networks, where we

could have a greater control over the system And, so, we
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kind of look forward to that as providing sone additional
confidence for how we're treating this.

CERLI NG Dan Bull en?

VAN GENUCHTEN: | have anot her question related to in
this TSPA nodel, you use a Bucket type nodel for flow in
basically the alluviumtop; right?

HOUSEWORTH: I n the infiltration nodel, yes.

VAN GENUCHTEN: Yes, right. Have you tested that
agai nst the vitreous equation, a nore conplete description?

HOUSEWORTH: No, | don't believe we have. Alan Flint is
here, and if he would Iike to coment on that?

FLINT: Yes, Alan Flint. W have done sonme conpari son
between the Richard' s equation and the Bucket nodel, and
that's how we did our original calibrations, probably four or
five different papers on the R chard's equation applications
and infiltration values. Wen we devel oped the Bucket nodel
application, we did it to try to match the results we saw,
because we couldn't use the R chard's equation over the
extent of Yucca Mount ain.

So, for sone limted cases, we did a fairly good
j ob mat chi ng, but we have sonme other issues we'd |like to have
gone back and redone that wth nore Richard' s equation, and
|"mactually working on a Richard' s equation version now, and
we may try to incorporate that into tuff at sone point, take

an infiltration nodel to do that.
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So, we have done sone and had good success with it.
But, we haven't done as extensive as we'd |ike to.

BULLEN:. Bul |l en, Board.

Could we go to Slide 32? This is the drift shadow.

Basically, the effectiveness of the drift shadow is

predi cted by the nodeling studies. Do you have any actual
natural anal ogs or any real world scenarios in which the
drift shadow has been observed, and in which you could
support the claimthat the radionuclides are predom nantly in
the matrix and as radi onuclides enter a zone where there's no
fracture fault, do you have an exanple of where a drift
shadow actually exists in nature?

HOUSEWORTH: |1'd have to say at this point we don't have
any supporting data for that. |'d point out, though, that
what we're utilizing in terms of the PA nodels that are going
forward is sinply that sonme radi onuclides enter the matrix or
the fractures, depending on the conditions of water flow
through the drift, and the conditions of undisturbed flow
beneath the drift. And, it seens |like a reasonable way to
treat it. But, as far as kind of real world data to support
drift shadow effect, we're still basically |ooking for that.

BULLEN: Bul |l en, Board.

Then, can we go to Slide 34? This is sort of a
suite of transport tinmes for tracers. And, | guess the first

question | have is which of these curves would best represent
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the type of curve that Russ Dyer showed us just before your
presentation?

HOUSEWORTH:  Wel |, our base case nodel, |ike for
technetium would be here, this nean present day clinmate
curve.

BULLEN: Ckay. And, that would be basically the Uz
transport for technetiumbasically fromthe release point to
the top of the saturated zone? O is that all the way out to
t he- -

HOUSEWORTH: No, no, that's just to the saturated, the
water table; right.

BULLEN: To the water table. ay. Then, | guess the
foll ow-on question for all this famly of curves is if the
drift shadow effect isn't as preval ent as you expect, how
woul d you expect these curves to change? What kind of
results woul d you expect to see?

HOUSEWORTH: Well, this one has only fracture rel ease.

BULLEN: Ckay. So, that's the worst case scenario for
if the drift shadow doesn't exist, it will |ook |like that?

HOUSEWORTH:  Ri ght .

BULLEN: Ckay, thank you.

CERLI NG  Frank?

SCHWARTZ: Yes, Schwartz.

Jim as | was | ooking at your presentation, | sort

of noticed that you seened to accentuate |ateral diversion
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that it seened that your | ateral diversion enphasis was, say,
stronger than Alan's this norning. | wonder, | nean, is that
just the way the nodel conmes out? | nean, how do you sort of
reconcile the two sets of--

HOUSEWORTH:  Well, | think the thing that was driving
our nodel towards the inclusion of |ateral diversion was the
chloride data. And, it seened to be better fit by the node
with lateral diversion. | think it's a relatively weak
effect, and like | said, it's not the old conceptual nodel
di version where nothing is getting through, and virtually
everything is diverted into faults. This is nore of a
snmearing out of infiltration patterns over the block. And,
it seens to be somewhat nore consistent with the chloride
dat a.

CERLI NG Ron Latani sion?

LATANI SI ON:  Lat ani si on, Board.

W' ve been tal ki ng about analogs to a certain
extent, and | continue to be inpressed by the anal ogs that
appear in geology and the anal ogs that appear in solid state
chem stry, and once again, there's another. I'd like to turn
to the breakthrough curve that Russ Dyer showed in his
presentation. That sort of data is very, very simlar to the
ki nds of data that would be collected if one were interested,
for exanple, in studying the transport of hydrogen through

netals, which is of relevance if you're interested in the
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phenonmenon known as hydrogen enbrittlenent of netals, which
has occupied a |l ot of ny research attention over the years.

These trenches can be used to determ ne such things
as effective diffusion coefficients, or in this case,
effective perneabilities, perhaps, and al so equilibrium
concentrations of solute, |ike hydrogen. And, so, ny first
point is | think you could actually mne these kinds of data
for information that | haven't, and maybe you have done this,
but I think you can determ ne such things as effective
transport characteristics, dissusivities. On that basis,
what is typically done is used the half rise tine as a nmeans
of deconvoluting this data to get to an effective diffusion
coefficient.

So, on this basis, | wuld interpret those data to
show that the effective diffusion coefficient of water in
this systemis actually faster for the solid curve, which is

the saturated zone, than it would be for the unsaturated

zone, which nakes sonme sense, | nean just based on the
| ocation of the half rise tinme, and the deconvolution of this
dat a.

It's also interesting to me that in treating this
data, those two curves have been added, and |'mjust curious

to know why they've been added. | nean, one possible way of
interpreting that, and maybe |I' m answeri ng your questi on,
since I've asked it, I'll go ahead and do it, but if you were
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to take the position that in order to achieve the consequence
that was of interest to you, for exanple, in hydrogen
enbrittlement, you're less interested in the breakthrough
time than you are in the time required to reach a | evel of
concentration of hydrogen that causes enbrittlenent in a
given netal, and the concentration level will be different in
di fferent systens.

So, for exanple, you could argue here that if you
wer e addi ng--you m ght argue the case for adding these two
t oget her by saying that perhaps there is sone |evel of water
which is being transported through the saturated zone to the
repository level, and another distribution of water being
transported through the unsaturated zone to the repository
| evel , and when those two accunul ate at the repository |evel,
you may achi eve sone | evel of concentration that is of
consequence fromthe point of view of whatever, whatever
phenomenon m ght be of interest.

|"mjust wondering if that's the logic involved in

that in these two together?

HOUSEWORTH: Well, actually, this isn't really a strict
addition process here, at least for the conmbined curve. It's
nore of a convolution of what's com ng out of the unsaturated

zone, and then that--into the saturated zone as a source
term which is a distributive source termover tine. And,

so, what you see is that one curve represents what happens
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when you put sonething into the saturated zone, but the
conbi ned curve allows for the tine distribution of rel eases
entering the saturated zone to affect the overall curve.

LATANI SION:  This is just water though?

HOUSEWORTH: Yes, in fact, this curve is alittle
di fferent than what you see for the technetiumcurve. This
one used a higher diffusion coefficient that was nore |ike
for tritiated water. Technetium has a sonmewhat | ower
diffusion rate.

LATANI SI ON:  Lat ani si on, Board.

Let me ask what | just said a little differently.

Is it your opinion that the transport of water through the
saturated zone is faster than it is through the unsaturated
zone? 1s that a conclusion that you woul d- -

HOUSEWORTH:  Yes.

LATANI SI ON:  You woul d?

HOUSEWORTH:  Yes.

LATANI SION:  And, you're confortable on the basis of
this data, or other data?

HOUSEWORTH: Well, this isn't data. This is a nodel

LATANI SION: | understand. |If you had data.

HOUSEWORTH:  Yes, and, of course, we don't have a | ot of
data at the nountain scale that we've been able to utilize.
It's kind of inferred fromthings |ike the isotope signals

that we've been able to neasure, you know, other evidences
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that are nore indirect. W haven't had the opportunity, nor
do we have the tinme, to put in the tracer at the repository
| evel and see, you know, how fast it cones out at the water
table. So, anyway, this is strictly a cal cul ation.

LATANI SI ON: Ckay, thank you.

CERLING And, | think we're running about 15 m nutes
behind tine, or so, and I will reconvene at--in ten mnutes,
so 3:55.

(Wher eupon, a brief recess was taken.)

CERLING  Qur next speaker is George Miridis from
Lawr ence Berkel ey National Labs.
MORIDI'S: Good afternoon.
There's a whol e host of processes that we will try
to discuss. We'Il| discuss the radioactive species and
transport processes, the nodel validation and confidence

bui | di ng, using various tests, field tests of various scal es.
Mount ai n-scal e solute transport studies, including
radi onuclides with different sorption affility to the host

rock, the different climatic reginmes, as well as different

| evel s within each regine, also different ways to rel ease the
radi onucl i de, both instantaneous and conti nuous rel ease.

We will discuss colloids. Qur discussion wll
focus on four different colloidal sizes, and different
filtration behaviors, and we'll conclude with a discussion of

uncertainties, as well as concl usions and coments.
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It's inmportant to note fromthe begi nning that
transport is not in itself, standing by itself, is not a
sel f-supporting type of study. W draw extensively upon a
nunber of other areas that have been researched and have been
al ready presented here earlier today.

For exanple, | can show you over here, that we rely
very nmuch on climate and infiltration, degradation, very nuch
on the saturated zone flow. Actually, we will conme back and
di scuss this issue a little bit nore. Engineered barriers,
the radi onuclide, the colloid transport, the radionuclide
rel eases.

In a sense, |1'd like to point out that in the whole
chain of the transport processes, or the processes that
affect transport at Yucca Muwuntain, we're near the bottom of
the chain. In that respect, all the uncertainties that exist
in the outer processes cascade, propagate through the system
into the issue of transport.

And, that is extrenely inportant, especially in the
case of hydrogeol ogy, which is the dom nant factor affecting
transport. 1In essence, perhaps | may be excused if | use the
expression that the performance, the transport perfornmance of
the whol e system the UZ system arises and falls with the
unsaturated zone fl ow system

You have seen quite a few depictions of the

subsurface at Yucca Mountain. |['ll show you this one here
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just to help point out a couple of inportant things in the
ensui ng discussion. First of all, this is the, in terns of
the position of the repository, it is |located TSw, nostly
TSw. Below the TSw, which is the Topopah Spring, there is
the, in the northern part, there is the Calico Hlls z, the
zeolitic, which is characterized with extrenely | ow
perneabilities in the matrix, and the fracture
perneabilities, nmuch, nmuch larger than that in the matrix.

In the southern part, we have the vitric Calico
H1lls, which is characterized with rock inperneabilities in
the matrix and in the fractures. The inportance, again, of
hydrogeol ogy in the issue of transport cannot be over-
enphasi zed, as you will see in the follow ng di scussion.

The processes we are discussing are the follow ng.
Advection, this affects both solutes and colloids. Matrix
diffusion. W have quite a bit of this. This can occur in
t he unsaturated zone in the fractures, or in the presence of

perched water bodies, and also in the matrix. D spersion,

which we're finding plays rather a mnor role. 1In the case
of solutes, we have sorption. 1In the case of colloids, we
have a coupl e of mechanisns. One is pore size exclusion,

whi ch is mechanical straining, and also fromfiltration and
attachnment, which is a physical chem cal process, and
radi oacti ve decay, which, of course, affects al

r adi onucl i des.
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The radi oactive species that we are di scussing
today in ternms of solutes include species that have various
Kd's, various sorption of native rocks, fromnon-sorbing, to
very strongly sorbing. In the case of colloids, I'Il just
show you three classes. The first class is consists of
different kinds. The one is a true colloid, in essence,
colloids from supersaturation, and al so waste from col | oi ds,
whi ch are fornmed fromradi oactive substances. The inportant
thing about Class | colloids is that, in essence, the whole

colloid is radioactive.

Then, we have Class Il and Cass IIl colloids. In
Class Il colloids, we have the native colloid, for exanple,
native oxide or clay, into which the radioactive isotope has
been sorbed irreversibly. By this, | nean it's becone part
of the structure. And, in Cass IlIl, the sorption is
reversible in the sense that it's on the other surface of the
system and can be exchanged wi th environnent.

In the process of validation or confidence
bui | di ng, we had nmuch nodel, with field tests, which covered
various scales. The first one, which is Test 1, and Jim
Houseworth al ready presented to you the information about
this test at Busted Butte. W matched the fluorescent plune
at Busted Butte. This is Test 1-A. And, also, we matched
t he concentration of brom de that was al so injected.

What we see is that what we saw in this effort is
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that the conparison between predictions of field data was
quite good. The next scale, which is a mllineter scale,
i nvol ved the conparison between field data and nuneri cal
predictions for the Test 1-B, again at Busted Butte. And,
here, this scale is about, as | said, about 1 neter, and the
conpari son between predictions and observations is quite
good.

Moving up the scale, the left scale, in Test 2-C
al ways at Busted Butte, the scale is 2 to 3 neters, and when
we conpare the concentrations of both bromde and |ithium we
do see a pretty good agreenent between observations and field
dat a.

And, the largest scale that we had avail able for
this type of confidence building was the Al cove 8, N che 3
test, where the scale is about 20 to 30 neters. In this
particul ar case, the ability to match observations and
predictions, with the use of the active fracture/ matri x
nodel , and what you can see is that we can get a pretty good

mat ch between the two.

Now, | would nove in the discussion of the 3-D
nountain scale transport studies. 1'd like to highlight the
obj ectives of this study, because | want to avoid

m sunder st andi ngs regarding the followi ng results. The
objectives of this work was to stress the system under

i npossi bly aggressive, possibly attenpt to use inpossibly
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conservative conditions, in an effort to determ ne the main
pat hways of potential radionuclide transport to the water
table; identify the dom nant processes which affect the
transport and retardation; evaluate the relative inportance
of processes and phenonena; and, finally, determ ne the
relative transport behavi or of general types of species,

sol utes versus col |l oids, nonsorbing versus sorbing. 1In
essence, the focus is on the relative performance, not on the
actual prediction.

If I can use an analogy, it is roughly anal ogous to
over-inflating a tire suspected of |eaking, and subnerging it
under water to see where the leak is comng from It's
exactly what we did. W over stressed the systemtrying to

find the weak | eaks, the mai n pat hways, the early pathways of

transport. Again, as | said earlier, it's not an attenpt to
predict travel tinmes to water tables under any plausible
rel ease scenari o.

| said that we have a conservative. Wat do | nean
by this? Well, there is a sequence of very conservative
approaches with that. First of all, would not consider drip
shi el ds, and we assuned that whenever a drop of water falls

fromthe ceiling of the drift, it flows down through the
canisters. That's a pretty serious assunption. As |long as
wat er does not cone into contact with the radionuclides, we

do not have a transport problem period.
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So, as long as there are drip shields, effective
drip shields, or as long as there is a canister that's not
bei ng conprom sed, then we don't have a transport problem

By the way, each one of those cannot--to hundreds
of thousands of years in ternms of delay in the onset of
rel ease.

Al'l the radioactive packages in the entire
repository, | nean, the whole footprint, are assune to
rupture sinultaneously. The radionuclides are rel eased
directly into the fractures, and we do not consider
retardation effective of the invert or the invert which has
porous nedia properties, or actually we don't consider
anything like an artificial barrier, which can be maybe
present.

The effects of the shadow zone are ignored in this
study. The vertical fractures are open and continuous
t hroughout the UZ top to bottom all the way through the
repository. There is no retardation either for solute
sorption or colloid attachnment in the fracture walls. So,
the fractures are assuned to be open. They do not sorb, and
colloids do not attach there. W do not account for sorption
or attachment, properties of fracture mnerals, which we know
to be considerable.

The horizontal fractures are nodel ed as

i nterconnected, and they're al so connected, directly or
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indirectly, with the vertical fractures. The distribution
coefficients were estimted over |onger concentration
intervals, | mean, this is an approach which results in
m | der Kd's, which is even nore conservative. W do not
consi der any potential chem cal stabilization of soils, for
exanpl e, through precipitation. W do not consider the issue
of colloid stability, which is, you know, anything but
assured, especially near the release points. There's al
ki nds of chem cals, thermal processes that can easily
stabilize the colloids. It can delay their onset, their
appearance in the fractures by thousands, tens of thousands,
or even nore, for years.

So, it's inportant also to indicate that in all of
this work, we are fairly perched on the shoul ders of the
exi sting hydrogeologic nortal. So, whatever certainties
there are, they are immediately transmtted in the transport
nodel .

Starting with technetium Technetium has the
rat her unpl easant behavior of not being sorbing. In this
particul ar case, we are assum ng sonetinmes rel ease. And, by
this, what | nean is that we put a mass throughout the
repository footprint. And, the interesting thing to see here
is the effect of various climatic regi mes on the breakthrough
curves.

VWhat we see on the left is, of course, sone of the
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mass that has caused the bottom bound area, has got to the
water table. For present day infiltration condition, and
keeping in mnd that the inportant thing is the relative
performance, is that for nean present day, we have an
arrival, relative arrival, at about 100 years. |If we have
the I ower and upper limts of the present day infiltration,
then transport can--arrival of 10 per cent of the

radi onucl i de, which is a good sign.

Actually, 1'd like to step back and expl ain that
what | usually use is two nunbers. One is T-10, which is the
time it takes for 10 per cent to cross the bottom bound area,
and this is an indicator of the fast arrivals. And, then T-
50, which is the tinme for 50 per cent to cross the bound
area. And, that's an indicator of the average overal
per f or mance.

In terms of fast arrivals, we see that when the
upper, the present day climate is assuned, we have the
reduction in the tinme for 10 per cent of the mass to arrive
at the water table, by about an order of magnitude. However,
if we assunme that we have the drier present day clinmate, then
the arrival goes from about 100 years to 10,000 years.

So, the inmportant thing to see here is the direct
effect that infiltration, the climatic regi ne has on
transport. W see the sanme thing in the assunption of

infiltration, and glacial infiltration, both of which are far
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nore wetter, far wetter than the present day infiltration.

It was very interesting to us, or inportant to us,
to find out the transport patterns of technetium So, we
| ooked at two particular places. One is at the bottom of the
TSwu, which is the hydrogeol ogic unit where the repository is
| ocated, and the other is right imediately above the water
t abl e.

As early as 10 years, |ooking at the bottom of TSw,
we' re beginning to see sone, very |low, concentration of
appearance of technetium This is in the fractures. Keep in
mnd that what |'msure is relative concentration, so these
results translate directly to things |ike concentration, or
dosage, or whatever

In the matrix, we see a sonewhat different picture,
actually, a vastly different picture. Here, we see that
we're beginning to see things of nmuch, nuch | ower
concentration in the southern part of the proposed
repository, and the reason is that here, there is a

perneability between matrix and fractures, so this is the

reason why we see things as far as fracture is concerned, the
north is where we have the dom nant fracture flow, so we do
see stronger, we see the presence of radionuclide only in the
nort h.

At a hundred years, we're beginning to see a
somewhat different, things are beginning to becone nore
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interesting. Looking at the distribution of the
concentration in the fractures on the left side of this

vi ewgr aph, we are, in essence describing the presence of the
faults, the distribution of the radionuclides here, in
essence, coincides entirely with the two faults, this is the
Drill hole Wash Fault, this is the Pagany Fault. And, here,
we're beginning to see the appearance of another fault. This
is at 100 years at the bottom of the TSw.

Conversely, near the matrix, we are seeing that the

concentrations are in the southern part. Again, the reason
i s because here, we do have matrix flow

What is even nore interesting is what's happening
at the water table level. As early as ten years, we can
easily outline the three major faults over here, the Pagany

Wash Fault, the Drill hole Wash Fault, and |I forget what this
one here is, and the appearance of the presence in this place
here, which also identifies another fault.

In terns of matri x concentrations, the thing we see

at ten years is that we're seeing sone faint signature over

here of the glacier, but this corresponds to the fact of the
main faults. In essence, what we're seeing is that the water
tabl e, assumng the validity of the hydrogeol ogi c nodel

transports the presence in the matrix i s through the
fractures, in essence, as the radionuclides conme down, they

get into the matrix only through the fractures of the fault
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over here.

Thi s becones even clearer in the case of 100 years,
and we do see here very clearly the signature of the faults.
We | ook at the concentration of the percolation at 100 years
in the matrix, in the fractures, and we can identify the
faults. And, the interesting thing again, is that at the
water table, unlike at the--the concentrations in the matrix
follow very closely those in the fractures, which indicates
that the main transport conduit in this case to the water
table are the faults, which is not inconsistent at all wth
t he previous discussions.

How does this correlate to the deep percol ation?
Well, the relationship is one to one. There is direct
correlation of water flowto the UZ On the left, you see
the infiltration or the deep percolation at the repository
| evel, and here, the water table. |If we conpare the
patterns, the transport patterns, and the flux of the water
fluxes, we see that the correlation is direct.

In essence, that's a sharp rem nder again that
what ever certainties exist in our hydrogeol ogi c nodel, they
can start automatically, undiluted, into the transport nodel.

Moving to neptuniumfor a second. The main
di fference between neptunium 237 and technetium99 is
sorption. The main difference in ternms of behavior between

the two is the fact that this one here is a mld sorber. | t
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doesn't sorb very strongly. But, even so, this is sufficient
to increase D-10, again, the tine it takes for 10 per cent of
the rel eased master course at the bottom bound area, it
sufficient, you know, this mld sorption, to increase it by
about an order of magnitude. And, this is persistent in al
the cases, different infiltration scenarios, and al so
different levels within the infiltration scenario.

So, what we're seeing here is the effect of
sorption, and this is the second inportant retardation
mechanismin the case of radionuclide transport.

As far as the transport pattern, we see the exact
same thing we saw earlier. Again, at the bottom of the DSw,
we see that in the fractures, the main transport conduit is
the faults, whereas, in the matrix concentration indicates
the matrix flowin the southern part where we have a
sufficiently high matrix perneability.

And, we see the sanme thing actually at 100 years at
the water table. W see the exact sane thing as before at
ten years, we can take a | ook at the concentration,

di stribution of the neptunium you can identify the faults,
and, again, we don't see any matrix flow, evidence of matrix
flow The matrix concentrations here indicate that the
source is the radionuclides, that they' Il arrive in through
the fractures. And, this is even stronger at 100 years.

Moving to a really strong sorber, such as plutonium
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239, plutonium here, we see a different picture. This is
sufficiently strong that in quite a few cases, not even 10
per cent of the radionuclide ever reaches the water table.
O course, we have seen the sane bottom as before. The
wetter the climate is, or the higher the infiltration |evel
is, the nore radionuclide arrives with the water table.

By the way, plutoniumhere is indicative of a whole
cl ass of very strong sorbers, and it's actually the one with
the | owest sorption anong the class of the strong sorbers.
So, in that respect, the system appears to be a pretty good
barrier to plutoniumtransport.

Up to now, we've been discussing instantaneous
rel ease. Now, we're |ooking at continuous release. In
essence, we have radionuclides being rel eased continuously
t hr oughout the whole footprint of the repository. Now, we
cannot conpare masses. W conpare fluxes, because the mass
keeps increasing, you keep adding nore and nore nmass to the
system so we conpare the flux at the bottom of the
repository versus that at the water table.

And, again, the inportant thing to see is the
rel ati ve behavi or of technetium versus neptuni um versus
plutonium As before, fromtechnetiumto neptunium which by
the way the fall roughly in no nore than the sorption,
neptuni um being a mld sorber, we have an increase in the T-

10 by an order of magnitude. Wat | ooks quite good, | ooks
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apparently good, but may not be so, is the plutonium which
shows extrenely low arrivals at the water table. However
one needs to look into the systema little bit further,
because the problemw th radionuclides is, of course, with
daughters, what the daughters do.

In the case of plutonium we |ook here at the
relative mass fractures of the rel ease point, and what we see
is after about roughly 100,000 years, we don't have any
pl ut oni um bei ng rel eased, because the source has decayed into
urani um 235. What's very, very interesting, though, is at
the water table, if we conpare the mass fractions of the
radi oactivity arriving, we see that it only takes about
10, 000 years, and practically everything is uranium 235.

Now, this is pretty nuch what's happening to the
rel ative masses. Now, it's not how nmuch is arriving down
there, and for this, we go to the third figure over here, and
you see that we have very slow arrivals at this point.
mean, very low arrivals. But, after about 10,000 years, we
have very large arrivals. The reason is two-fold. Uranium
235 has a nuch higher half life, a much |onger half life,
about 100 mllion years, and the other problemit has is it's
a mld sorber, as opposed to plutonium 239, which is a pretty
strong sor ber.

So, in essence, this is shown over here to indicate

t he i nportance of the need to account for daughters in the
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study of change.

Moving to colloids now W considered four
colloids of different sizes. W give the products of
pl ut oni um di oxi de, and what we're | ooking at over here is
just nean present day climate. |In the left, what is terned
Case 1 is the case of very slow decl ogging, in essence,
filtration is a--straining is a nechanical process, in
essence, the colloid is too large to get through the force.
The clogging or filtration is the physical chem cal process,
and it's a kinetic process, and here, we assune we have a
sl ow decl oggi ng process.

Here, we have a fast decl oggi ng process. So, in
essence, they are attached, and it takes a long tine for them
to be detached in here, and then they are detached relatively
earlier.

The very interesting thing is that relative to the
radi onucl i des, the very, very early arrivals of colloids, in
the case of larger colloids, smaller colloids appear to be
very effectively dotting by the system The reason is that

they are sufficiently small for themto be able to diffuse

into the matrix. However, the larger the colloids, the
earlier the arrival. | nmean, there are three reasons for
that. Nunber one, the larger it is, the small diffusion

coefficient, so it becones harder to diffuse into the matri x.

Second, the larger it is, it has mechanical problens in
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getting to the matrix, because it's too large to get into the
pores. The third reason is that when a larger colloid
becones confined nore and nore toward the center of the
fracture where the velocity is about 50 per cent higher than
the average water velocity, so they travel faster

So, we see this consistently in both the case of
the fast decl oggi ng and sl ow decl ogging. So, the inportant
observation fromthis is the effect basically of colloid size
and transport.

In terms of fractures, they're kind of interesting
to ne, too. If we use a 6 centineter colloid and we | ook at
1,000 years, again, the distribution in the fractures
indicates, clearly identifies the major faults that occur at
the site. If we |look at the matrix distribution, we see that
that, too, follows the fractures. |In essence, the pathway to
the matrix is through the fractures. The colloids nove down
through the fractures because they're sufficiently snmall
they can get through the matri x.

W see a different pattern in the case of the
| arger colloid, the 450 nanoneter colloid, at the sanme tine,
a thousand years. |In essence, what we see here, that every
fracture, not just the faults, is a conduit here. The reason
is the fact that there's very little retardation in the
fractures, nunber one. Nunber two, they cannot get to the

matri x. So, that's why we see all the fractures here



263

transmtting. And, when we |ook at the matrix, the highest
concentration is not to the north, because, again, they
cannot get through the matrix, but there is sone, although
quite small, actually very small, matrix flow.

We have discussed, directly or indirectly,
uncertainties up to now. The nost inportant uncertainty, of
course, is that in the hydrogeol ogi cal nodel, and al so the
uncertainty in the infiltration. And, we' ve seen how this
af fects our predictions.

We al so | ooked at some uncertainties that can
affect sonme other issues. So, what we see here is the effect
in the diffusion coefficients, how easily the radi onuclides
can diffuse into the matrix. Wat we did was we arrange the
di ffusion coefficient up and down an order of magnitude, and
actually on the upper part, we gave it the diffusion
coefficient of the chloride ion, and trying to see what kind
of effect it has. Roughly speaking, we get, by doing this,
we get about plus or mnus |less than an order of magnitude
change in terns of T-10 or T-50. This is both the case of
t he technetium and the neptuni um

In the case of plutonium because it's such a
strong sorber, we have a different picture there. W do have
early arrivals, but the quantities are nuch, nuch, nuch
smal | er.

In the case of uncertainty of the sorption
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coefficient, we'll first focus on the m ddl e one over here.
This is neptunium We're not |ooking to technetium because
we al ready know it's non-sorbing. In the case of plutonium
it's such a strong sorber that the sorption coefficient did
not have very nuch of an effect.

VWhat we did here was the followng. W used the
hi ghest and | owest val ues that were neasured in | aboratory
experiments from Yucca Muntain rocks, and based on this, we
see the uncertainties there, and we covered the whol e range,
can probably change the T-10 or T-50 by about an order of
magni t ude.

However, the interesting thing was when we tried to
find out what is inportant in ternms of geologic formation in
transport retardation, one part of the horizon of the
geologic profile is the one that's really nost effective in
provi di ng retardation.

So, what we did was we | ost sone relations by
setting the Kd's to zero for the three main rocks, the TSw,
the CHz and CHv. And, what we found were, at least to ne it
was pretty nuch of a surprise, was the TSw seens to be the
main culprit. TSw seens to be the unit, the rock, that
provides the lion's share of retardation. W see this in the
case of neptunium here, and we see this even stronger in the
case of plutonium

CHz seens to have the |l east effect, while it's to
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be expected, because nost of the flow goes to the fractures,
where we don't have an absorption, at |least in our
assunptions, and CHz has sone effect, but, it's mnim
conpared to that of the TSw.

The uncertainties, of course the issue at the
fracture matrix, Jimhas already touched on this, so | wll
not expand on the subject.

A very interesting thing to ne was, in trying to
figure out why we have these relatively early arrivals, so,
one of the assunptions was that, well, we do this because we
have rel eases t hroughout the repository footprint, including

the gridlocks that include the fault. So, we run an
additional set of sinulations where we did not rel ease
directly to the faults, and we did not release in the
gridlocks that straddled the fault. So, in essence, we
created a kind of three cell plan that foll owed the faults,
where we did not rel ease anyt hi ng.

The interesting thing is that at the bottom of the

TSw, we did see quite a bit of difference, however, when we

saw arrivals at the water table, as described here, by the
br eakt hr ough curves, the effect was mnimal. In essence,
that seens to indicate that there is enough lateral flow, a

| ateral conductivity of the fractures, or possibly the issue
of lateral diversion, that, in essence, by the tine we get to

the water table, the effect of not releasing directly into
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the faults is nore or less conpletely circunvented. And,
t hat was consistent in the case of what is the tines

rel eases. We tried that before, we tried technetium

nept uni um urani um 235 and plutonium and we get the sane
consi stent picture.

So, I"'marriving at the end of this presentation,
and 1'd like to reiterate the extrenely conservative approach
we took on this one here. This is alnost inpossibly
aggressive approach in starting this subject. However, I'd
like to reiterate once nore the inportance of very
significant uncertainties we have in both the flow and nodel
our hydrogeol ogi c nodel, as well as the aspects |I've already
di scussed. And, these can change the picture drastically,
because the transport nodel, there is also, |I showed you, if
you rely directly on the hydrogeol ogi ¢ nodel.

I n concl usion, we do see the radionuclide
transported, dom nated and controlled by the faults, which
provi de fast pathways for downward migration to the water
tabl e, used in the current hydrogeol ogi c nodel always. But,
those flow patterns follow the infiltration, percolation and
di stributions, and the relationship is one to one.

There is direct relationship between increased
infiltration, water climatic reginme, and shorter arrival
times at the repository. Radionuclides nove faster and reach

the water table earlier, which is characterized by the
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presence of highly zeolitic CHz | ayers, as well, of course,
as the faults.

The highly conductive Drill hole Wash and Pagany
Wash Faults are the main pathways of transport in the
northern part of the repository. Diffusion into the rock
matrix is the only nmechani smfor non-sorbing sol utes.
Mechani cal dispersion is expected to be m ni nal

Hydr ogeol ogy is the nost inportant factor affecting
transport. | cannot over enphasize that. Sorption and
matri x diffusion are the main retardati on processes in the
transport of sorbing radi onuclides.

The unsaturated zone of Yucca Muntain appears to
be an effective barrier to the transport of strongly sorbing

radi onucl i des. W discussed plutonium 239, but it also

applies, actually even stronger, in the case of strontium
radon, thorium and the recent protactinium

Under the conditions of this study, the
effecti veness of the unsaturated zone of Yucca Muwuntain as a
natural barrier decreases with a | ower sorption affinity of
t he radi oactive solutes, and |longer half lives. In
eval uating the barrier efficiency, the entire radi oactive

chai n nmust be consi dered.
And, finally, under the conditions of this study,
t he unsaturated zone of Yucca Muntain appears to be an

effective barrier to the transport of small coll oids.
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However, the barrier effectiveness decreases very rapidly
with an increase in colloid size.
Wth this, I'd |ike to conclude my presentation.
I f you have any questions, |I'll be delighted to answer them
But, please be gentle.
CERLING Priscilla?
NELSON: Thank you. Nel son, Board.
| liked the consideration of the daughters, that
was good and well presented. | have a question, just off the
top, though, | nean, you nodeled Drill hole Wash as highly
conductive, and then it shows up as highly conductive, so,
t he questi on becones how do you know it's highly conducti ve.
MORIDIS: This is a great question, which nust be
addressed by the hydrogeol ogi st in charge of the
hydr ogeol ogic nodel. 1'mthe consumer of this information.
Actually, let me suggest sonmething. This is a very
i mportant question, and although |I'm co-presenter and
famliar with the subject, I'"'mnot at the level that is
commensurate with its inportance. My | ask that Bo
Bodvarsson, who is intimately famliar with this, answer this
guestion? Bo?
NELSON: He may be too shy to cone up
BODVARSSON:  Priscilla, you always nake ne bl ush.
How do we know that they are (inaudible)? W don't

know for sure that they are, because we have done it only on
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a limted amount of testing. But, sone of the indications
like fromJimPaces, results that show that there is a | ot of
calcite in sone of these washes seens to indicate that there
is alot of water flowi ng, and seens to agree w th what
CGeorge just said. But, we don't know that for sure.
NELSON:  Thank you, Bo.

This seens to be, what | take fromyour study is
t he paranount inportance of this particular assunption in how
the nountain is working, and, therefore, | know the Board
said this before, and many people on the Board have said this

before, but it seens inportant enough to actually do sone
work determning directly perneability of faults.

Thanks.

CERLING | think Dan was next.
BULLEN: Bul |l en, Board.

Could you go to Slide 11? Actually, | was very
interested in the data that were shown in first the original
interface area prediction, and then the increased interfaced
area of prediction for the confidence building in the
transport here. Could you explain to ne, | nmean | understand
how you can nodify the paraneters to fit the data, can you
explain to ne the justification for the original prediction,
and then why the paraneter had to be nodified?

MORIDIS: Well, | can explain why the area has to be

increased. In the case of flow, which is the primary reason
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why the shift, the active matrix fracture nodel is devel oped,
there is a trigger, and that is there is an irreducible,
beyond whi ch we cannot nove. However, in the case of
transport for diffusion, the only thing that needs to be
there is a continuous wet face. As long as it's wet, it
will, regardless if it's reducible or not, you know,

(i naudi bl e) and noisture will occur. So, it makes sense why
we need to increase the size for that.

BULLEN: Thank you. Bullen, Board. One nore quick
guestion on Slide 13. And, actually, it's not a question.
It's nore of a conment. | wanted to conplinent you on the
very explicit explanation of the conservative approach. You,
in ny estimate, effectively noved any masking effect of any
ot her cal cul ation you would do, and then you got to the point
of | can take a | ook at the paraneter, | can | ook at the
transport, and | can under the phenonmenon w thout having to

worry about whether | had drip shields, or whether | had

i ntact waste packages, or if |I had any other types of flowin
the matrix. And, so, | want to conplinent you on this,
because it nmade the presentation that followed very clear.

MORI DI S: Thank you very nmuch. | have to tell you
flatly, it never hurt ne.

CERLI NG  Ron?

LATANI SION:  Latanision, Board. And, | have to add that

that's a rare conplinment fromDr. Bullen
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Thr oughout your talk, you used | anguage that refers
to, and this is in the discussion of the breakthrough
transients, shorter arrival tinme at the repository. Well,
wait, hold on. What is actually the nost inportant criteria?

Is it the arrival tinme at the repository, or is it sone
measure of the dose which is a consequence?

MORIDIS: In this particular case, because | used
relative concentrations, | nean, as |long as you know what is
being rel eased at the top, then what you get at the bottom I
mean, it's relative. 1In essence, it's direct. Oay? Wat
you see, it's not masking anything. It is the actual dosage,
or whatever, just multiplied by whatever is released at the
top. However, I'd like to reiterate the fact that what's
nore inportant in this presentation is not the arrival tines,
which are used for |lack of a better term it's the relative
magni tude of the quote, unquote arrival tinmes, sorbing versus
non-sorbing, colloid versus solute, in this particular case.

| f sonmebody puts a gun on one's head and says,
well, ny head, and says, well, what does this represent, |
could say that this is the possible, and possibly, actually,
conservative approach that would define, w thout a doubt, the
| ower part of the envelope, the |ower solution. So, that's
why | feel confident we state in there for strong absorbing
radi onuclide, this is an effective system under these

absurdly, insanely conservative conditions, we still get a
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very good retardation, plutoniumand that type of thing.

But, the inportant thing is how they conpare to
each ot her, because even if things, because of a noralistic
description, which is what this does, even if things appear
to have different actual arrival tinmes, or prediction |evel
times, the relative sizes | think will persist. The relative
marketers wi Il persist regardl ess of what the absolute is
going to be. That's the inportant thing.

LATANI SI ON:  Lat ani si on, Board.

No, I wll buy that. | think you're right. |'m
sinmply making the point that in a really pragmatic sense,
what you're interested in is sone neasure of the dose, or
tol erance that the systemallows you

MORIDIS: The results transmt directly into dose. You
just multiply this by the rel ease, and you get the dose.
It's relative.

LATANI SION: | woul d just suggest naking that statenent
conceptually, so that it's clear that you' re neasuring
relative paranmetrics, but on the other hand, the ultinmate
point is related to sonething |ike the dose.

Thank you.

CERLI NG Frank Schwartz?

SCHWARTZ: Yes, Schwartz.

CGeorge, you released the entire inventory.

Actual Iy, what proportion of that whole inventory turned up
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at the bottomof the fault at the water table?

MORIDI'S:  You nean what crossed the bottom boundary;
right? |In sonme cases, all of it. You know, in the case of
the technetium all of it. And, you just |ook at the tines,
and you figure out how nuch, | mean, what can show up.

SCHWARTZ: Well, | guess | was thinking of the early
arrival, you know, the hundred year tinme frame.

MORIDI'S: You look at the fracture. | mean, can | go to
14, please? Okay, on the left side is the fracture, the nass
fracture. This is a very regul ar breakthrough curve. The
fracture has crossed the bottom boundary. So, in essence,
for 10 per cent or 20 per cent or 50 per cent, you just can
get it straight fromthe curve.

SCHWARTZ: | guess | was thinking of your, for exanple,
your red figures where you could see the outline of a
fracture vaguely represented there.

MORIDIS: This is different because this is a cunulative

effect, and over there, it's a snapshot in tinme, what happens

on this particular tine. |In essence, if we degrade--we get
to that. [It's not--

SCHWARTZ: Yes, it's Nunber 16.

MORIDI'S: So, at the hundred years, roughly about 10 per
cent, | nmean, we saw fromthe breakthrough curve, about 10
per cent has crossed the bottom boundary.

SCHWARTZ: | guess the second question | had was how was



274

that proportion of the inventory able to find that fracture?

Because, | guess, you know, sonme of the conceptual nodels
are that these fast pathways, the fractures in particular my
be fast, but they're not carrying a |large proportion of the
water, yet it seens like a large proportion of the mass turns
up here.

MORIDI'S: This is an excellent question. But, the only
answer | can give you is this is inexorably tied to the
hydrol ogi ¢ nodel that we have. Based on this, in essence,
can see that the hydrol ogic nodel has lots of latera
connectivity of the fractures. So, in essence, it appears
that these faults drain in a nuch |arger area than the
footprint, which is pretty small. Based on this nodel, the
hydrol ogi ¢ nodel, which appears to be the best we have right
now, this appears to be the case. Actually, these are
washes, so, in essence, these are drainage basins. It nakes

sense that they would drain in a |larger area of the

footprint. 1 don't want to perjure nmyself. 1'mnot so
intricately famliar with the flow nodel, but this appears to
be the case using these tracers.

VAN GENUCHTEN:. | have a couple of questions about your
colloid parts. Have you done sone sensitivity analysis, and
especially actually in Slide 25, if you were to excl ude
colloid transport, did you try to--yes, 28--25is just fine.

MORIDIS: This is not colloid. This is plutonium
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VAN GENUCHTEN: Did you include colloid facilitative
transport with the plutoniunf

MORIDIS: No. The reason is sinple. This applies to
Class | and Cass Il, in essence, either 100 per cent
radi oactive colloids, or irreversibly sorbed colloids. The
probl em when we get into colloid facilitated transport, is
the followng. That we don't have a pretty good handl e of
what the natural colloids, oxides plus clays, are going to
be. That's one uncertainty. And, in addition to this, the
problemis that although we've been able to use linearized
equations up to now, so we can have relative concentrations,
there, we have, in essence, the product of two
concentrations.

So, the problemis not only linear. W can solve
it, but it's all functional what we put there, and we don't
have substantially reliable data about natural colloids or
even the concentration of the soils that m ght be of the
radi oactive particles that will be sorbed into the coll oids,
because we have two uncertainties, and we cannot |inearize
it. It would be unwise to use that |ike that.

VAN GENUCHTEN:. So, could you hypot hesize how t he
colloids mght affect especially the plutoniumcurves?

MORIDI'S: Easily. Okay, anything that you see over
here, what you see over here is the colloidal particle going

down. Okay? And, the green curve over there, that describes
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basically the decay at the source. But, after about a
t housand years, or even 10,000 years, this will be about the
same thing as a clay particle comng down the fracture.
There's absolutely no difference. The behavior at this point
where the half |ife has not really taken much of a toll is
not, you know, it's roughly the sane.

VAN GENUCHTEN: Now, your colloid transport, colloid
facilitated, so you nention size exclusion.

MORI DI S:  Yes.

VAN GENUCHTEN: So, you |eave the colloids nostly in the

fractures?

MORIDI'S: Yes. The size exclusion varies with the
various units, | nean, based on the particle or the pore size
of the various units.

VAN GENUCHTEN: And, then, the other one you nentioned
is filtration, attachment, detachnent?

MORI DI S:  Yes.

VAN GENUCHTEN:. Do you run those together, or do you
separate these?

MRIDS: It's a kinetic equation, it has an attachnent
and detachnent part. It's a kinetic filtration, the K+, K-.

VAN GENUCHTEN:. Do you use the--

MORIDIS: | used the full kinetic nodel for this,
because |I'm not convinced that we can use an equilibrium

nodel for colloids, not yet anyway. And, | have to tell you
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sonet hing el se. You touched on the subject, which is, you
know, a very sore point wwth ne. W don't have any idea at
all how the nodels that we have describe how well they
describe colloid transport, especially in saturated nedi a.

We don't know what the kinetic paraneters are, and we don't
know how t he way that we descri be mathematically by using the
product of tortuosity, all of these, we don't know how well

t hese describe the system The way we try to work out this
by using the wide variations in the possible reported
paraneters, | use sonme of the data from Chris Ecopolis, who's
come up with sonme attachnment and detachnment paraneters.

VAN GENUCHTEN: You're sticking with this first kinetic-

MORI DI S:  Yes.

VAN GENUCHTEN: Which may or may not be, you know- -

MORIDI'S: That's very possible, entirely possible. The
only way | try to account ny (inaudible) on the subject, is
by varying trenendously the range. And, what this is, it
doesn't make very nuch of a difference here. One is very
fast attachnment, the other is very slow, and we reference
per f or mance.

VAN GENUCHTEN:. There's sone alternative fromrelation,
because this gave you an exponential distribution versus
depth, especially when you start out with textural

di scontinuity. That's where the problens are.
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MORIDI'S: Right.

CERLING Richard, the |last question?

PARI ZEK:  Pari zek, Board.

| have two daughters, and |I'm not havi ng any

problemw th them How long do you have to keep your
daughters in the house, nore or |ess, before you have a
probl emin performance?

MORIDIS: M daughters live in Berkeley. Let nme put it
this way. | nentioned this, but probably did not give it
enough enphasis. This assunes that the colloid sonehow

manages to be stable and gets in the fracture and starts
novi ng. However, there are near field chem cal

t her nrophysi cal reasons for why this colloid cannot be stable
for a very long tinme. Okay?

For exanple, if there is concrete sonmewhere near
the rel ease point, this is going to stabilize entirely and
conpletely the colloid. There's going to be fluctuation. O
changes in pH, all of these things have not been accounted
for. | just say all right, somehow colloids manage to
escape. This onset may be a potential for hundreds of years.

| don't know. | don't have this information yet. Okay?
Once it manages to get there, and when we assune this very,
very aggressive approach, then we see these relatively fast
arrivals at the water table. But, | don't know what happens

as it travels down, has it encountered chem cal physica
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directions which further stabilize this, then it becones far
| ess of a problem This, again, is a very, very conservative
approach, especially for colloids.

PARI ZEK: The idea that you release all the waste al nost

when you put it in, and that's not realistic, so the waste

packages- -
MORIDIS: Not only that. | mean, sonething very sinple.
Okay? | did not showthis, but | have results where | put

just 1 per cent of the fractures occupied by a matri x

material, so the porosity is 100 per cent, of which 99 is

air, and 1 per cent is matrix material. So, there is a very,
very small mnor partial fill, and this is sufficient to
increase the arrival at the water table by an order of

magni tude, 1 per cent.

Now, the fractures, we assunme, are not clean. |If
we have anything |ike 30, 40, 50 per cent fill the fractures,
this is delayed by four or five orders of magnitude.

PARI ZEK: I1t's |like you have an open el evator shaft.
MORI DI S: Exactly. Exactly.
PARI ZEK: That's not probably the architectura

character of fault zones.

MORIDI'S: Exactly. And, there is no fill. There is
nothing in the fractures. GOkay? | nean, this alone is
enough to push plutonium solutes by an order of magnitude in

terns of arrival at the water table. | mean, increase the
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arrival tinmes, okay? Again, this is very, very
unrealistically conservative. TSPA has got ne running far
nore in a realistic sinmulation. This is trying to find
what's inportant. \Were does the over inflated suspicious
tire leak. That's the question we're trying to |ook to.
CERLING I'mthinking in view of keeping a little bit
close to schedule, thank you. W'Ill let you off the hook.
And, the next talk is Bruce Robinson on the unsaturated zone
radi onucl i de transport predictions and abstractions for total

syst em performance assessnent.

ROBI NSON: Good afternoon. O, | should say good
evening. |It's been a long day, and | hope to get you through
the final presentation of this day. |'mgoing to be talking
about the unsaturated zone abstraction nodel for UZ

transport.

What | would like to do first, however, is to
acknow edge ny col | aborators, who were instrunental in
devel oping the nodel that I'mgoing to be presenting you
today. Chunhong Li of Framatone; Jim Houseworth was invol ved
from Law ence Berkel ey National Laboratory; from Los Al anos
Nati onal Laboratory, Hari Viswanathan and Zora Dash and the
| ate Peng Tseng; and TSPA nodel ers and anal ysts, Don
Kal i ni ch, Dave Sevougi an, Barry Lester and Bryan Dunl ap.

This is a summary of the topics I'"'mgoing to talk

about today. Wuat | want to do first is to go over the goals
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and requirenents of our abstraction nodel for the unsaturated
zone radionuclide transport. | think that will hopefully
bring into fuller focus some of the things that have been

tal ked about at various points today.

This nodel essentially integrates a |l ot of the work
that's been presented today, and incorporates it into the
total system performance assessnent. And, so, therefore, the
extent to which we're able to do that with fidelity to the
original nodels is really key.

"1l then go into nodel formulation, how we are
conmputing radi onuclide transport through the unsaturated
zone, show how this nodel is connected up to other parts of
the total system perfornmance assessnent, TSPA subnodel s, both
upstream and downstream of the UZ, get a little bit into
val idation of the abstraction nodel to prove that it's valid
for the intended purpose, which is as the UZ conponent of the
TSPA anal yses. Then, I'll talk about sonme transport
processes and paraneters, and how they are represented in the

nodel , and how their uncertainty of key paraneters and

processes is incorporated, and then I'Ill concl ude.

First, I"'mwant to tal k about the overall goals of
a TSPA abstraction nodel for UZ transport. |f you consider
the problemof TSPA in ternms of calculating a dose, and then

wor k your way back to the Uz, that's what's depicted here.

If we take, basically, our regulatory requirenment is to | ook
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at how much mass of radionuclide is crossing the conpliance
boundary, and then we mx that in a given volune of water,
3000 acre feet of water, and that gives you a concentration.

So, in terns of calculating a concentration, which
is directly related to dose, what we have is a radionuclide
mass flux, M crossing the conpliance boundary, divided by a
flowrate of 3000 acre feet per year, which we've set by
regulation. So, what's really key here, is the arrival mass,
radi onuclide mass flux. That's what eventually will get to
t he conpliance boundary, unless it decays or is retarded in
either the UZ or the SZ.

So, what does that nmean for the UZ transport nodel ?

Essentially, the UZ transport abstraction nodel needs to
predict travel times of radionuclides, not necessarily
concentrations, although as George showed, it's a very good
di agnostic to be able to tell how the UZ nodel s are behavi ng.
Qur real goal here is to predict travel tinmes, rather than

in situ concentrations in a plume or concentrations in a
perched water zone or what happens when the UZ water m xes
with the SZ water. Those are concentrations upstream of the
final concentration which matters to performance, which is
basically the mass flux arrival divided by that 3000 acre
feet per year.

Anot her key point in a systemas conplex as this

for the UZ is that we're not tal king about one travel tine.



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

283

We're tal king about a distribution of travel tines through
t he unsaturated zone because of a variety of processes that
have been tal ked about here today.

So, basically, because our goal is to predict
distribution of travel tines through the UZ, we used a
particle tracking nodel in the TSPA nodeling effort in order
to achi eve the goal

Now, |I'mgoing to talk about the nodel fornulation
for the abstraction nodel. Basically, this nodel builds upon
the flow and transport nodeling that has been presented here

today. Basically, the current nodeling approach is a dual K

or dual perneability nodel. CQur particle tracking nodel is
al so a dual K particle tracking nodel. It's cell based in
the sense that particles are routed through the conputational

grid of the nodel in proportion to where the water goes. So,
where the water goes, the radionuclides go.

Now, they al so spend a certain anmount of tinme in
each of those conputational cells, and that residence tine in
a particular cell is determ ned probabilistically, and it's
based on a sinplified subnodel for how we roll up all the
conpl ex processes that occur at a scale belowthe grid cell.

| f you consider a conputational grid cell, it's basically
tens of neters by tens of neters, and we have to capture al
of the processes that occur at a scale smaller than that in a

particle tracking type of approach.
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And, what I'mgoing to go intoin a mnute is how
we do that. Now, we use particle tracking, but associated
with those particles, which are just conputational points
that you send through the system we associate radionuclide
mass with that. So, when they reach the water table, they
are then converted back to radionuclide nasses.

This is alittle nore detail on how we handl e the,
essentially what it amounts to is an upscaling problem
transport at the subgrid scale, we conceptualize as a system
of parallel flowin the fractures and matrix, so this little
di agram here shows slow in the fracture, parallel flowin the
matrix, particles are able to travel either in the fractures,
in the matrix, or transfer between fractures and matrix due
to advection. That is water novenent brings the particles,
just like they would bring radionuclides into the matrix, or
back into the fractures.

Mol ecul ar diffusion, as well, is a process which
spreads contam nant fromfracture into matrix, or matrix into

fracture. And, then for sorption, we use the |inear

reversi ble equilibriumsorption nodel, so-called Kd nodel for
sorption.

|"d like to touch briefly on how this nodel hooks
up with the other nodels in the TSPA anal ysis, upstream and

downstream of the UZ.

As Ceorge pointed out, the unsaturated zone flowis
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critical to any prediction of transport. Wat we do in the
TSPA nodel is inherit directly steady state flow fields from
the calibrated three dinmensional flow nodel. This is a map
of infiltration. Associated with that infiltration and a
calibration to available data is a flow field through the
unsaturated zone, based on the dual perneability formnulation.
And, what we do in this nodel, is use those fluxes directly
to send our particles through the system

Now, the uncertainty in infiltration, and how t hat
plays out in terns of transport has been nentioned. W
capture that uncertainty in the TSPA nodel by using different
infiltration scenarios. Different calibrated nodels can be
devel oped that have different infiltration maps associ at ed
with it. W carry those through to the TSPA | evel by
sanpling fromdifferent infiltration scenari os.

Climate change was tal ked about this norning. W
incorporate climate change in the TSPA nodel in general, not
just for the UZ, but in general, by shifting to a different
climate state after a prescribed period of tine. Wen that
happens in the TSPA nodel, the UZ fl ow nodel that |I'mtalking
about here shifts to a new steady state flow field when the
cli mate changes.

So, when wetter climate occurs, we shift to a flow
field that presumably has, in fact does have nore rapid

transport. And, so, when the climte changes, the flow field
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in the TSPA nodel changes.

Anot her aspect of climte change that we consi der
is water table rise. W have sone indications to believe
that the water table in the past has been higher than the
present. W assune that that will be the case in the future
by essentially raising the bottom boundary of the UZ
abstraction nodel to account for the fact that the water
tabl e probably will be higher under a wetter climte
scenario. So, that gives you a shorter travel tinme through
t he unsaturated zone before reaching the water table.

Now, that's UZ flow and climate. Now, how does the
engi neered barrier system s radionuclide releases fit into
this? Essentially, we do a lot of sinmulations of the sort
t hat George presented in which we rel ease radionuclides
across the whole repository. But, that's not howwe do it in
the TSPA nodel. In the TSPA nodel, radionuclide rel eases
occur at single grid points, so that if, potentially as smal
as a single grid point, so that if a sinmulation calls for a
singl e package to fail, and of course there's always one
failure that occurs first in any nodel, even if severa
eventually fail, we do those releases at individual grid
points, and we al so correlate those release rates to the
percol ation flux, since obviously where there's nore water
flow ng, the TSPA nodel predicts greater releases. So, we

correlate and get that dependency into the TSPA anal yses by
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rel easing things at individual grid points.

Radi onucl i de nmass then is added to the UZ transport
nodel as particles with specified radionuclide mass, and it's
done in a point source type fashion. Now, if many waste
packages fail, then it starts to ook |like a rel ease across
the entire repository after a while.

Now, finally, when mass |eaves the UZ, it enters
the SZ. The location of that radionuclide mass is
identified. W know where particles | eave the system W' ve
been then into essentially these four different quadrants
that |'ve drawn here at the water table.

And, the mass flux versus tine, not just in total,
but in each of these four quadrants, is fed to the Sz
transport nodel. That nodel uses point sources within the SZ
within these quadrants. Essentially, we're trying to retain
some of the spatial variability in these nodels at the TSPA
| evel .

Onto validation of the abstraction nodel. W have
to show that the nodel is appropriately handling the
processes that we need it to. W do a series of sinulations
to prove this in one, two and three dinensions. 1'mgoing to
wal k t hrough those now.

First, in one dinensional transport, we have a
single fracture with a connected matri x, and we do

simul ations using a particle tracking nodel, and conpare that
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to a different nodel fornulation, which is basically a
di screte fracture nodel in which we actually grid the thing
up and do the conputation

These are conparisons for a variety of different
di ffusion coefficients, ranging fromno diffusion, to very
hi gh diffusion coefficients. For a case where it's basically
all fracture flow, and then I'lIl provide a case where it's a
nore even distribution flow between fracture and matrix, in
both cases, over a w de range of these diffusion coefficients
for non-sorbing tracer, we see adequate to excellent
agreenent between the particle tracking nodel and the
di screte fracture nodel. That's an initial test of the
nodel 's ability to handle diffusion.

This is an additional set of 1-D cal cul ations, that
i ncludes sorption. So, we're going to very high Kd val ues,
and ensuring that the nethod that we used in the particle
tracking to handle sorption in the matrix is adequately
handl| ed.

So, we tested the nodel in one dinension over a
wi de range of sorption and di ffusion paranmeters, and it
conpares favorably to the discrete fracture nodel

What |'ve done so far, therefore, is to ensure that
it's sort of the building block that you base a nore conpl ex
two or three dinensional sinulation on is adequately

represented with the particle tracking technique.



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

289

This is a two di nmensional sinulation, which starts
to get into nore of the conplexity about how the UZ system
works. It's got the layering of the Yucca Muntai n nodel,
but it's only a two di nensional nodel, and it's not the TSPA
nodel. 1'Il get to that in a nonment. The releases, as in
Ceorge's case, are over the entire repository domain, and
what |'m showing you is a series of sinulations and
conparisons to the T2R3D process nodel, and the abstraction
nodel. The red curves are the process nodel. The bl ack
curves, the abstraction nodel.

For the no-diffusion case, what we're showng with
no diffusion is that the particles are appropriately being
routed through the systemin a conplex flow domai n, because
we're showing a good match with a totally different numerica
technique. Wth diffusion, the curves, sort of in the mddle
here, we're confirmng that diffusion, when you add it in
with all the other flow processes that are occurring in this
two di nensional system agrees also with the process nodel
quite cl osely.

And, then, for reference, |I'mshow ng a high
di ffusion case that kind of shows the envel ope of how
di ffusion affects the nodel results.

Now, on to 3-D, and this is sort of a validation
test, but it also launches us into a discussion of how the Uz

behaves, and we've seen a lot of that as well today in the
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previ ous sinulations.

This is, for testing purposes, a release over the
entire repository domain, although renenber, | did say that
in the TSPA nodel, for the real calculations, so to speak,
we're going to do point releases. This shows, for the
various infiltration scenarios, a good agreenent in three
di mensions for the actual three dinensional nodel. So, a
conpari son of the process nodel again with the abstraction
nodel .

The plot, in terms of how the UZ behaves, really
shows a large inpact of the infiltration uncertainty. And,
we' ve tal ked about this in previous sinulations. The key
point here in ternms of validation of the nodel is that the
abstraction nodel, despite the fact that it's particle based,
and it's very fast conputationally, it's doing a good job
over a wide range of infiltration scenari os.

Now, |I'm going to nove to the transport processes
and paraneters, starting with colloids, and how those are
represented in the abstraction nodel that's going to be the
basis for the total system perfornmance anal yses.

What | show here on this plot is a series of
br eakt hr ough curves for that same uniformrel ease over the
entire repository of a variety of radionuclides, both aqueous
and col | oi dal .

In the TSPA nodel, we're handling colloids by
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maki ng sone assunptions about how they transport. W assune
there is a fraction of the colloid inventory designated with
these I F239 for plutonium and 1241 for anericium 241, we
assune that there is a fraction of colloids that travelled

t hrough the unsaturated zone unretarded and with | ow

di ffusion. W nodel these with |ow diffusion, so
essentially, as George was pointing out, you're basically
flowi ng down fractures with no ability for those colloids to
diffuse into the matri x.

And, in TSPA, assumng a fraction of those actually
travel unretarded, in keeping with sort of sone field
evi dence that there does seemto be a fraction of colloidally
bound radi onuclides, such as plutonium at the Nevada Test
Site, that do tend to travel so-called anomal ously far
di stances. But, it's a very small fraction in sonme cases of
the total anmount of mass that you have there.

So, a key point in |looking at these travel tines,
which are very short, a nedian tine of about 20 years for
this colloidal species, a key point is indicated in this note
here, and that is that the dose, the inpact of that on dose
is going to be controlled by things other than just that
travel time. You' ve got the SZ, for exanple. But, nore
importantly, how many radi onuclides are really going to be
attached to particles that travel in this fashion. That is

essentially a source or a release rate part of the equation
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that really is going to control, ultimtely, how much of an
i npact this has on dose.

Now, noving on to the aqueous species and tal king a
little bit about sorption and dispersion, you' ve got rock
properties that influence transport, such as porosities, and
that sort of thing. Those are obtained, and we have those
fromthe process nodel, so, just as we have the flow fi el ds,
we al so had the rel evant processes that we're tal ki ng about
here--rock properties that are required in transport, such as
porosities.

For sorption, probability, or stochastic
di stributions of Kd have been devel oped for all the key
radi onuclides, and it's segregated on the basis of the three
main rock types that are present in the unsaturated zone,
devitrified vitric and zeolitic tuffs.

A brief mention of |ongitudinal dispersivity. It's
in the nodel, but we set it constant because it tends to have
a very low sensitivity in any of the calcul ations we've done.

Wiy is that? Because the distribution of travel tinmes is
much nore controlled by matrix diffusion effects and where
the radionuclides are released. A little bit of |ongitudinal
di spersion over a 300 neter flow distance in the unsaturated
zone really doesn't have that nmuch of an added inpact on how
the radi onuclides spread. So, that's the reason dispersivity

tends to be uninportant to performance predictions.
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And, again, the note that the dose here, this is
not a calculation that can in any way be used for dose at
this point, until you fold it into the full TSPA nodel that
i ncl udes radionuclide rel eases, SZ transport and bi osphere
nodel s.

Matrix diffusion is another process. Wthout
matri x diffusion, we showed how col |l oi ds nove and how any
speci es would nove without matrix diffusion. You're
dom nated by rapid transport through fractures and faults,
but when matrix diffusion essentially allows its
radi onuclides to sanple slow noving fluid in the matrix. So,
that's what slows down releases. That's why matrix diffusion
tends to sl ow down the rel eases.

Now, the paraneters that influence diffusion in the
TSPA nodel are represented stochastically. D ffusion
coefficient, we have | aboratory neasurenents that formthe
basis of the paranmeter distribution for diffusion
coefficient. But, in addition to those, there are geonetric
paraneters in this nodel, such as the fracture spacing and
aperture, and that's based on a conbination of field
observations of things |ike fracture frequency, as well as
fl ow nodel results, which try to get a handle on things |ike
the fracture porosity based on pneumatic testing, and that
sort of thing.

Now, the final aspect of the diffusion issue has
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been tal ked about previously, and it's the active fracture
nodel . The fact that not all fractures are assuned to fl ow,
and | wanted to show a little bit nore on that.

This schematic kind of shows it. If that was in
any way to scale, those flowng fractures are quite a great
bit w der spaced than going into the tunnel and counting
fractures in the tunnel. So, basically, the active fracture
nodel gives a w der spacing between flow ng fractures.

What that does in transport, as it's been seen in
the past, is first of all, the AFMfor transport is
i npl enented in the TSPA nodel. So, just to nake that point
clear, we're incorporating the AFM nodel into the TSPA
anal yses as wel | .

The result of wi der fracture spacings, all else
being equal, is shorter first arrival times for the fastest
nmovi ng portion of the radionuclide plune.

Now, in addition to that uncertainty and what that
spacing is, there's also a conceptual nodel uncertainty in
terms of how one actually conputes the interaction between
fracture and matrix, and that's what's depicted on this
slide. There's essentially a couple of different ways that
you can conceptualize the gradient in concentration between a
fracture and matri x.

Qur nodel s are dual K nodels, and, so, if you just

take that literally and say that the concentration gradi ent
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fromfracture to matrix is based on that single grid bl ock,
t hen you' ve got a concentration difference divided by the
fracture spacing. That's how the gradient termis
represented in the dual K fracture/matrix interaction nodel.

But, an alternative is to take a discrete fracture
nodel approach, and really explicitly nodel that
concentration gradient close to the fracture. That's an
alternative way to handle the fracture/matrix interaction
term | call this a conceptual nodel uncertainty. It's a
nore mat hemati cal conceptual uncertainty than the sorts of
things that Alan Flint was tal ki ng about, which are true
physi cal, you know, conceptual uncertainties.

But, nevertheless, different ways of conputing that
termgive you different results. Essentially, the dual K
nodel --wel |, basically, the particle tracking nodel that
we' ve devel oped does allow us to test either of those
conceptual nodels, so that's a nice feature of this nodel, is
that we're able to really assess how nuch this would matter

And, the bottomline is that the dual K fornulation
for the fracture/matrix interaction gives you shorter first
arrival tinmes for the fastest noving radionuclides. So,
these solid curves without the synbols are those for the dual
K. Wth the synbols, that's the discrete fracture
formul ati on.

Now, at |onger tinmes, the curves match up and give
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you the sane prediction. So, this is really an early tine
behavior that's different for the discrete fracture type
formul ati on.

In TSPA, we're using the dual K fornmulation for two
reasons. One, it's a little bit nore conservative, and if we
have uncertainty in the conceptual nodel, we could have
ei ther propagated both of those nodels through the system or
just go with the one that's a little nore conservative, and,
so, we chose the latter. Also, it's consistent with the way
the process nodels that George presented are put together.
And, so, we wanted to maintain a consistent train of thought
in ternms of the assunptions of the nodel, right through the
TSPA level. So, we're using the dual K fornulation for those
reasons.

So, in conclusion, | didn't get into conputational
efficiency, but basically, we're nodeling, you know, dozens
of radionuclides using this particle tracking nmethod. It's a
conputationally efficient version of the original process
nodel. It uses the UZ flow fields directly. W include
climate change. And, for transport, we have dual
perneability sorption and matrix diffusion in colloid
processes, just |like the process nodel.

So, we tried as hard as we could to really get all
of that detail into the TSPA nodels, and we did that through

t he nodel |'m presenting here.
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| showed you validation runs in one, two and three
Dto confirmthat the nodel is acceptable for its use in
TSPA. The abstraction nodel is coupled to the other TSPA
nodels in a way that retains the spatial variability of
radi onuclide transport. Releases in one area will be
different than releases in another area of the repository,
and that's included in the TSPA anal yses.

As far as the predictions of what this nodel is
going to give us in the TSPA-LA, clearly, there's a wde
range of travel tinmes fromthe abstraction nodel and the
process nodel, for that matter. Representative tines that
show up on the plots that | showed, let's talk about the
medi an UZ travel tinmes for present day conditions and the
mean infiltration scenario.

Colloid facilitated radi onuclides, very rapid. You
know, very rapid travel times through the UZ. For the
nonsor bi ng speci es such as technetium 99, about 6,000 years
for the nedian. And, for strongly sorbing radi onuclides,
greater than 10,000 years.

But, it's inportant to point out that future wetter
climate conditions will give you shorter travel tinmes, and we
will go to those wetter climate conditions in the course of
t he TSPA anal yses.

So, the paraneter uncertainties, | nmentioned in the

flow and transport processes have been quantified and they
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wi || be propagated through the TSPA nodel. And, | showed you
alittle bit on conceptual nodel uncertainty for the
fracture/matrix interactions, and how that can al so be
exam ned with this nodel
Thank you.
CERLING Priscilla?
NELSON:  Nel son, Board.
Slides 13 and 19, the figures |ook exactly alike.
ROBI NSON:  They are alike. | used the sanme figure to,
in the first one, denonstrate how coll oi ds behave, and the
second one, how sone of the aqueous species behave. So, if
you | ook at plutonium or cesium sorbing radionuclides, |'m
giving you a basis for conparing a strong sorbing

radi onuclide with one that nay be attached to coll oi ds.

NELSON: Ckay. Tell ne why neptunium 237 is nore than
one?

ROBI NSON: That's basically an artifact of the way the
source termwas put in. It's in growh. Basically, we have
nept uni um being put in at the repository as neptuni um 237,

but you're also getting in growmh fromthe decay chain, and

some of those are adding up to nore than unity. It's a good
point. | didn't explain that.

NELSON:  Thanks.

CERLI NG Dan?

BULLEN: Bul | en, Board.
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Maybe just a clarification. WII you go to your
first conclusion slide, which is 23, | think?

When you tal k about validation, specifically for
the validation runs for 1, 2 and 3-D, | understand as a
nodel er what you want to do to validate, but is this
val idation also the sane type of validation that you need for
val idation and verification of a code for NQA-1, approval and
acceptance by the Nucl ear Regul atory Comm ssion?

ROBI NSON: W have gone through that process for this
conput er code, and adhered to QA procedures for that. This
validation that I'"'mreferring to specifically is validation
of a TSPA abstraction nodel, and for that, we're obligated to
conpare favorably to an underlying process nodel. To carry
that a little bit--to carry the chain a little bit further
that process nodel is obligated to be validated agai nst, you
know, avail able data, and shown to be an adequate
representation of reality. So, that's the chain, backwards
fromthe abstraction

VAN GENUCHTEN. One little question about the steady
state fl ow and the dual K nodel, and, 1've asked it to many
ot her people. |If you have steady state flow, how do you get
then still an advective conponent from let's say, a fracture
into matrix, or does that go then nore down gradient, and it
conmes out again, or how does that go?

ROBI NSON:  Steady state flow does not nean pressure
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equi l i brium between the fracture and matrix. It just nmeans
that the flow is obtained as steady state, in which, you

know, pressure differences are, you know, have reached a
constant non-changing value in a conputation. So, you can
still have flow going fromfracture to matrix, and in fact,
this happens in space, that the interfaces between units,
when you go through the TSw, if you have a Calico Hlls
vitric non-wel ded right belowit, you get a rapid
transformati on of that water from predom nantly fracture fl ow
into the matri x.

VAN GENUCHTEN:.  Thanks.

CERLING Dave D odato?

DIODATO | guess I'Il ask if we can get back on tine
practically if | pass; right?

CERLING We're doing fine.

DI ODATO Slide 13 then nmaybe. On the people that have
issues with this validation termin terns of nodel
validation, |ike nodel testing, | think you can only
inval i date nodels, but that's not what I'mhere to talk to
you about .

Can you help me to understand this | eft-hand
experinment that you' ve got going here, the 1-D thing and how
t hese different curves, what's changing with the experinental
set and what happens as you increase the diffusivity from 10

to the negative 20 to 10 to the negative 9?
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ROBINSON:  So, if a discrete nodel in which mass in the
case of the particle tracking nodel, particles are put into
the fracture. GCkay? And, if you have no diffusion into the
matrix, such as the ten to the mnus 20 case, it shoots down
the fracture, and arrives very quickly at the outlet.

What we're plotting here are breakthrough curves at
the outlet to a mass input at the inlet. Now, as diffusion
coefficient increases, you have a matrix sitting there that
has a | arge volune of water conpared to what's in the
fracture, and, so, as diffusion coefficient increases,
essentially matrix diffusion, what's always called matrix
di ffusion, occurs here, and thereby slow ng down the
radi onuclide, or the particles in this case.

Now, there's alimt to that. |If you get to such a
high matrix diffusion coefficient that the nmass is
essentially sanpling the entire space, fracture and matri x,
it essentially reverts back to an equivalent conti nuumwth
matri x-1i ke properties once again.

So, on the left is a continuumnodel with just a
fracture, and no matrix, since you're not allow ng the mass
to get into the matrix. On the far right, the highest

di ffusion coefficient, you essentially have a system where it

doesn't matter that all the flowis occurring in the
fracture, you're still sanpling that matri x, and you have
essentially an equival ent conti nuum nodel with a nuch higher
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effective porosity, that is, the porosity of the matrix is
what matters then. And, this is just a test over that entire
broad range of conditions.

DI ODATO  Thanks for hel ping me to understand that,
because | was |ooking at that. | thought it |ooks |ike plus
flowon the left practically, all advection, and then you
have the diffusion comng in, and then towards the end, it
| ooks nore like it's getting back to an advective case, but
with retardation kind of added in.

ROBI NSON:  That's exactly what it is. And, in fact, the
effective porosity for the far nost right curve is
essentially the matrix porosity. The effective porosity for
the left nost curve is the fracture porosity.

Dl ODATO Interesting. Thank you.

ROBI NSON: It spans that whol e range.

DI ODATO  Thank you.

CERLI NG Thank you for your conments, and we' ve got one
public speaker, or one nenber of the public who signed up for
comment at the end of the day. That's Tom M:Gowan.

MCGOWAN:  Thank you, M. Chairman. Tom McGowan, Las
Vegas resident since 1954, and candidate for election as U S.
Senator for the State of Nevada in 2004. That's a downgraded
position for me. As a matter of fact, for sonme of you, it
m ght be a (inaudible). It's been said also, and this is

hypot hetical, until and unless we've proven otherw se,
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i ncludi ng your exhaustively demandi ng studi es and wor k-
product, if any, and insight, | should indicate ny deep
appreciate for all these fabul ous presentations today, and |
know you' ve said colloids were a principal, or at |east
conversations many years ago in the very begi nning, so they
apparent are still sonewhat.

But, this is nerve racking, M. Chairman. Do you
mnd if | snmoke, M. Chairman?

CERLING  Snoking is not allowed.

MCGOMWAN: | think we'll have no snoking. | get your
pardon. Thank you very much. You' ve just established the
unequi vocal standard of the release of second-hand snoke
within these neeting prem ses here at the NWIRB's Cr owne
Pl aza Mountain, so to speak. And, it took you less than a
m cro-nan second to do that.

So, how did you arrive at that inportant scientific
conclusions without reviewing all of the rel evant techni cal
factors that do or may apply? For exanple, how |long would it
take for a second-hand snoke nol ecule to travel the distance
fromthe snoker to the nearest human receptor, or the
farthest, or to all those in between? And, how do you make
that determnation? Did you rely on Brown's Law for Gaseous
Diffusion Wthin a C osed Contai ner?

But, this nmeeting premses isn't a perfect vacuum

al t hough sonme may think it is. But, others think it's an
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intermnable treadm || in precipitous decline toward an
ultimte end-state of self and nutual confoundnent, and
termnal non-viability. 1 don't know whether there's plenty
of noney to support this for another several decades.

But rather, and simlar to the other Yucca
Mountain, it's conprised of a proliferation of fast pathways
and infinite densities, naturally-ordered as in a state of
variabl e dynam c flux, evolving in continuumfromits
inception and to date inclusively and, foreseeably, for the

rest of human/geologic tinme, in both iterations. God forbid.
And, none of these will be as dangerous to human el enments as
toxi c radionuclides. And, death is irreversible and few
woul d argue ot herw se.

Comes now a series of pertinent questions for those
sel f-evident as securely confined between a welded tuff and a
hard place, with the rem nder that your federally nmandated
charter and by-laws cannot require you to respond to
technical scientific query fromthe interested and affected
public: to wit--1"mgoing to go by that, by the way, so |
cl eaned nost of this up.

What's the deadliest toxic radionuclide contained
in high level nuclear waste?

What's the total cunulative term of radioactive
half-lives with the |ongest |ived and deadliest toxic

radi onucl i de contained in high | evel nuclear waste?
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What's the arbitrarily inposed and federally
mandat ed term of secure contai nment of high | evel nuclear
waste within an underground repository?

Were's the accurate, conplete and invariable four
di mensi onal hydrogeol ogi c map of the underground environnent
beneat h Yucca Muntain regional area and all of Southern
Nevada?

WI1l the deadliest and | ongest lived toxic
radi onucl i des inevitably be rel eased, nobilized and

transported from an underground repository into and
t hroughout the human accessi bl e under ground environnent and
t he anbi ent bi osphere?

And, by extrapol ation, do you concur with the
reasonabl e conclusion that on naturally ordered axi omatic
grounds, it's scientifically and technically inpossible to
guarantee the safe, secure, human intrusion inpervious
per manent under ground storage of high | evel nuclear waste, by
any conbi nation of natural and artificial means, either at

Yucca Mountain, Nevada, or elsewhere nationally, or anywhere

on the planet? Sonme of you may take exception to that.
Don't talk all at once. But, you can get on the public
record.

Consequent |y, the underground enpl acenent of high |evel
nucl ear waste constitutes a direct injection of deadly toxic

radi onucl i des into and throughout the human accessi bl e
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environment, where it's destined to cause the illness and
death of thousands of as yet unborn future generations, and
ultimately, it's potentially causal of the premature
extinction of human consciousness itself. And, these victins
will not be aliens froma distant planet or strangers froma
foreign | and, but rather, irrefutably, they will be our own
progeny, for thousands of generations to cone, and thereas,
we shall have been the purportedly advanced, sophisticated,
current generations of Americans self-labelled as having

oxynoronically failed oursel ves, each other and posterity, in
sight of Almghty Cod.

Therefore, the fundanental crux issue that
perneates these neetings and proceedings to date and in
projection, isn't about nuclear waste per se, but has a
greater significance and enduring inpactive consequence,
concerns the human capacity to reason, and the question of
integrity, notw thstanding the federally mandated m ssion,
and above all, conscience, in sight of a suprene being, on
the deeply personal and introspective individual |evel, as
wel |l as on the human universal scale, and there is a historic
precedent for that inportant decision nmaking process, with
your indulgence, I'll relate it.

More than 60 years ago, the inpeccably uniforned,
wel | - educat ed, and seem ngly innocuous and benign SS O fi cer,

Adol ph Ei chman, who never personally forced anyone into a
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concentration canp, a gas chanber, or an oven, but was
hundreds of mles distant and tenporarily renoved fromthe
ghastly scene of man's inhumanity to man, neverthel ess
dutifully signed the executive order that carried out the
unwitten but wi dely recognized wi sh of the mani acal fuhrer,
which resulted in the i nhumane deaths of mllions of innocent
and defensel ess nen, wonman and children in the hei nous gas
chanbers and ovens in the death canps of Nazi GCermany.

But, despite Eichman's protestations of innocence,
and the fact that he was sinply carrying out order froma
hi gher authority, as you are doing, the International
Tribunal at Nurenburg ruled that separation by time and
di stance fromthe consequences of his official action, and
the carrying out of an immoral order was not a conpetent
| egal defense for the crine of mass genocide on an
unprecedented scale. And, Adol ph Ei chman was found guilty,
and was hanged by the neck until dead.

And, if you think there's any significance

difference, and with all due respect and deference, every

singl e one of you people--I should clean that up, shouldn't |
inance wy, If youthink there's any significant
di fference between the nuclear waste pertinent president and

Congress of the United States, the NAS, the DCE, the EPA, the
NRC, the NWRB and Adol ph Ei chman, and his ethically and

i mor al |y bankrupt higher authority, you're quite m staken.
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And, in fact, you wll each and all, however
post hunously and in absentia, will be held accountabl e,
responsi ble, and liable for the inpactive consequences of
your official acts and om ssions in the court of universal
wor | d opinion, and in sight of Almghty God.

And, | thank you for your tine and interest. And,
by the way, your m ssion--you are anong the world' s | eading
scientific, psychol ogical, and academ c m nds of our tine. |
respect and admre every single one of you, all of you,
wi t hout exception. Therefore, you are beyond excuses. You
know better. You really do. And, it's your ethical and
noral duty and responsibility to all mankind to report back
to your Congress and tell themthe truth, that this can go on
for the next 40 years w thout any neritorious concl usion.

The concl usion was known to very first day. It's inpossible,
and so aml. | don't go away. |I'mlike a radionuclide

colloid. [I'll be com ng back. However, |'ve got to go back
to the VA (inaudible). [I'mthe only one that wanted a second

hel ping of it. But, this may be even nore effective.

Ladies and Gentlenmen, | love you. | will mss you
and be with you. [1'll give themto your staff here, and they
will make sure that it's inserted sonewhere, hopefully, in

t he proceedings of this public record.
Thank you very nuch

CERLI NG Thank you, as we adjourn until tonorrow.
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(Wher eupon, the neeting was adjourned, to be

concl uded on May 10, 2004.)
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APPENDI X

Letter to Dr. Jacob Paz from the Environmental

Protecti on Agency.

2.

Witten comments by Tom McGowan.

309



- N M < W



