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PROCEEDIL NGS
(8:00 a.m)

NELSON: Good norning and wel cone back to this neeting
of the Nucl ear Waste Techni cal Review Board, Panel on the
Natural System | amPriscilla Nelson and |I'm one of the
panel nmenbers for this Board Panel. Today, we continue the
t heme of hydrogeol ogy, fluid flow, and solute transport, but
the focus now turns to how those processes operate in the
saturated zone of Yucca Mountain follow ng the unsaturated
zone consi deration yesterday. You may recall that yesterday
we presented a |ist of questions that outline the central
purpose of this two day neeting. And, here is the list of
guestions agai n.

Each of today's talks will address one or nore
aspects of these questions. At the end of the day after al
of the technical presentations are concluded, we wll have a
roundt abl e di scussion forumthat will include Board nenbers,
Board consultants, presenters, and others as identified and |
hope you' Il all stay to participate in that discussion. Tinme
permtting, we mght even allow the Board Staff a few
gquestions. | want to call your attention to the Board Staff
sitting over to ny left.

The first talk of the day will be given by Cd audia
Faunt of the USGS. That talk will present the USGS nodel of
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the entire Death Valley regi onal groundwater flow system of
whi ch Yucca Mountain is a part. And, after that
presentation, John Bredehoeft of the Hydrodynam cs Goup wl|
tal k about investigating the role that faults play in
controlling flow through the Funeral Muntains on the west
side of the Amargosa Valley, work that his conpany is doing
for Inyo County. After a short break, JimWnterle of the
Center for Nuclear Waste Regul atory Analyses will present his
nodel of the groundwater flow systemin the Yucca Muntain
area, including investigations of the effect of climate
change on the | ocal groundwater flow system The final talk
of the morning will be given by Ken Rehfeldt from Los Al anps
Nat i onal Laboratory and he will present the DOE' s concept ual
nodel of saturated zone flow and transport and i ndependent

i nes of evidence for evaluating DOE saturated zone nodel
predictions. So, we have an excellent second day for the
panel followng a very interesting first day yesterday.

As is normal, just before |unch we have set aside a
period of time for public cormment and this period is intended
for people who, for one reason or another, cannot wait until
the coment period that's scheduled at the end of the day.
Sone people may sinply not be able to stay for the entire
program | knowit's early, but is there anyone here who
al ready knows that they will not be able to stay until the

end of the day for that coment period so that we make sure
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that we have tine for them at the noon break?
(Pause.)
NELSON: | see a few hands. Well, that's great.

Pl ease, make sure to sign up so that we know who you are.
And, by signing up, we nean to go to the desk where Linda and
Alvina are raising their hands right now and sign in so that
we know that you do i ndeed want to nake a comment.

| f you prefer at any point during the day, you can
submt witten matter for the record to Linda or Alvina. You
can al so pose questions through the Board thenselves. As a
rem nder, please, silence your cell phones before we start
t oday.

And, with these prelimnaries out of the way, it's
my pleasure to introduce C audia Faunt. d audia Faunt
recei ved her degrees fromthe Col orado School of Mnes in
geol ogi cal engineering, one of ny favorite fields of study.
Dr. Faunt is currently a hydrologist in the San D ego Project
Ofice of the USGS. She is a | eader and nenber of the Death
Val | ey regional groundwater flow system project, and in that
capacity, she has studi ed water resources in southern Nevada
and California. Utilizing geographic information systens and
3-D geol ogi ¢ nodeling and vi sualization tools, she
specializes in integrating geologic information into
groundwat er studies and that's an integration we're al

interested in.
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So, the floor is yours, Caudia. Thanks.

FAUNT: Good norning. |'magoing to talk about kind of a
| arge regional flow systemnodel. It's kind of a group
effort that we've put together over a |arge nunber of years.

These are the different people on the team It's split a
l[ittle with people all over the western United States from
Denver, Tucson, Sacranento, Boulder, California, San D ego,
and a lot of people in Las Vegas, as well. [It's kind of a
m xture between people in water resources division of the

U S. Ceol ogi cal Survey, as well as geol ogic division.

Kind of an overview of ny talk, this is kind of the
topics I'mgoing to go through. I'mgoing to talk a little
bit about the conceptual nodels and the geol ogi ¢ enphasi s of

this project, the tasks that we're going through this year,
descri be sone of the regional groundwater flow nodel we've
put together, go into alittle bit of detail on one of the
particul ar uses of the nodel which is fluxes in and out of
the site-scal e nodel at Yucca Muwuntain, talk a little bit
about the report outline for the report that's com ng out the

end of the year, and then sone questions.

This is a map showi ng the Death Vall ey regional
flow nodel area. |It's a large area with pretty conpl ex
geol ogy. One of the unique features about the nodel is it's

been put together with two major funding sources. It's been

funded about 50 percent by Yucca Mountain Project and
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probably about 50 percent by the Departnent of Energy and
their different funding parts with the Nevada Test Site work
with the underground testing area program the defense
program and a nunber of different funding sources.

The nodel we're putting together now is kind of an
updat e of a nunber of previous nodeling efforts that were
done partially by the Survey and partially by consultants and
DCE to try to conbine all the data that exists fromthese
nodel s and dat abases that are put together to support those
nodel s and the different information | earned fromthose
nodel s and a | ot of new geologic work that's been done in the
| ast three or four years. |It's being constructed using
MODFLOW 2000. It's actually a transient nodel that covers
the tinme period from 1913 to 1998.

The study area, if you are famliar with it, goes
from-Las Vegas is over here on the southeastern edge, Nevada
Test Site is in here, Yucca Mouuntain is right along in here.

Death Vall ey which is kind of the ultimte discharge area
for the systemis over in here. |It's a pretty big area. The
ki nd of brown box surrounding it covers about 100,000 square
kil ometers. The nodel goes fromland surface down to 4,000
meters below sea level and it's covered by about 16 |ayers.

To kind of |ook at a conceptual nodel of the flow
system it's kind of part of the carbonate rock aquifer kind

of carbonate system But, this carbonate system has been
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interrupted by a nunber of |arge-scale basin, range style
type faults. So, there's large nountain blocks with
intervening valleys. Mst of the punping occurs in these
val | eys that are between these nountain ranges. The
carbonate rock forns a very perneabl e regional systemthat
connects a lot of the system A lot of |owperneability
rocks are also involved in this faulting and form bl ock
structures and cause a |lot of the discharge in the system A
| ot of springs, such as Ash Meadows, are situated al ong
faults and structures.

So, we've spent a lot of tinme |ooking at geol ogy
and part of that is, if you ook at Darcy's Law, you can
split it into two pieces and half of it is basically
consi dered the framework or kind of the geol ogi c conponent
and half of it is the hydrol ogic conponent. And, the studies
and why there's a large teamputting together this effort
have been split into these, you know, different subject
matters and different people are focusing on different
portions and then they're being pulled together in building
t he groundwat er fl ow nodel

The framework is where |'ve concentrated on and
it's kind of where a lot nore of this talk will be oriented.

It tal ks about sone of the heterogeneity and the aquifers
and confining units and their distribution. Hydrology is a

| ot of the water |evel data, the punping data, sone of the
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infiltration which Alan Flint tal ked about yesterday,
di scharge that Randy Laczniak did a ot of work on.

So, the geologic interpretations that support the
nodel. For the last three or four years ending about a year
ago, a |l arge mapping was done in the region and synthesi zi ng
exi sting geologic maps. These were conpiled together. There
was kind of an interpretation of the tectonics. It was
consistent for the entire region. Before, there was
different structural styles studied and mapped in different
areas and this was an attenpt to integrate those into a
consistent tectonic picture for the entire region. In doing
t hat, about 32 regional geologic cross-sections were built.
These are new ones that are about a 1 to 250,000 scale. A
nunber of geophysical studies were done, gravity and
magnetics, in particular, nostly | ooking at the area around
the test site, and sone of the magnetics and gravity were
studi ed intensively around Pahrunp Valley, as well.

Part of the extra geophysical data led to sone
stratigraphic analysis of sone of the tertiary basins and
this has been particularly helpful in some of the transient
runs where we needed nore data to |l ook at the punping
scenari os and when water |evel declines where because if we
had nore information, then nore geologic information was
necessary to support the differences. And, there was sone

wor k by Don Sweetkind and others to | ook at the hydrol ogic
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significance of sone of the structural and stratigraphic
el enent s.

The way this geologic informati on was integrated
into the fl ow nodel was building a three-dinensional geol ogic
nmodel . This is kind of a cut into the geol ogi ¢ nodel or
cross-sections through the nodel. |If you start to | ook at
bel ow the | and surface, you start to see this aqua color
whi ch represents the pal eozoic carbonate rock aquifer. And,
you can start to see where it's connected and where it's not.

In the north-central portion of the study area is this large
vol canic field of southwestern Nevada volcanic field and a
| ot of the volcanics at Yucca Mountain are part of the
southern end of this volcanic field. These are kind of
superinposed on the carbonate rocks. The browns and purples
are kind of confining. You need sone basenent rocks that
interrupt the flowin the carbonate rock systens. And then,
the yellowis the valley field and this is where a |ot of the
actually well devel opnent and punping and actually a | ot of
our head observations are centered in because that's where
the people live and it's an easy place to get sone water.

You start to fill in the nodel and you | ook at it
fromthe land surface and you get kind of a different
perception of what's in the nodel and it |ooks like there's a
ot nore valley field than there is. If you | ooked down

bel ow t he surface, you see there's not as much connective
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valley fields as it |ooked like on the | and surface. So,
this has been very inportant in formng the framework for the
groundwat er fl ow nodel

So, you have all this conplex geology. Does this
demand a conplex flow nodel? And, there's a |ot of questions
back and forth whether or not thisis, inreality, true. A
nunmber of the regional nodels we've done, so far, indicate
that the conplexity in the Death Valley region is required.
Most of this is because of the structural controls and the
scale of the geologic features in the Death Valley region.
Large faults with over 3,000 neters of flow on themrequires
sone pretty detailed geology to put the blocks in the system
and have the spring flow represented property. So, that was
the reason we put together the detail ed franmework.

This is kind of switching gears a little bit and
tal ki ng about the tasks that we've been going through in the
| ast year. As a nunber of you realize, two main players in
this project left in the last year and we still have to put
together a large transient nodel and a report and have it
publ i shed by the end of Septenber. So, what's been going on
in the last year is putting together all the datasets and
havi ng them published. All the supporting datasets are
publ i shed and out. Wat we're working on nowis the
transi ent nodel report. It's been through review. [It's had

probably about every other nonth a kind of group of people
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get together that includes the National Park Service,
representatives fromDOE. Different interested parties have
been | ooking at the nodel as it's been being built which has
made a big difference during the review processes. W've had
coments all the way along and tried to incorporate that
information all the way al ong which has been frustrating at
tinmes, but it's also, |I think, nade it a better product in
the long-run. The report went to review Those people who
were reviewers, as well as a lot of internal survey people,
reviewed the nodel. W' ve gotten reviews back and we have to
have the report with all the review coments responded to by
March 31st which is in three weeks. The nodel is transient.

It represents a lot of the things that the Park Service was
interested in in terns of boundary conditions which is a big
change in the nodel. It also represents a |lot of details on
the test site that weren't incorporated in terns of the
geol ogy and the volcanics in the last few nodels. So, in
order to be published and bound and handed out on Septenber
30th, it goes to the editor on March 31st.

| ncorporated in building that nodel, there's a

nunber of additions to MODFLOWt hat were made, nost of which
are related to the hydrogeol ogic units and incorporating |ike
depth decay properties, decreasing the perneability with
dept h, and ways of incorporating geologic information into

MODFLOW whi ch has been nice for the community-at-1large, as
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wel | as made a nmuch better nodel in this case. W worked a

| ot about nodel consistency and trying to make sone of the
framework i ssues nore consistent at both the test site nodels
and at Yucca Mountain. Mstly, in this case, identifying
areas where we need to work on that. Done sone work with
predi ctive capability and sone decision anal ysis tools which
"Il talk a little bit nore about |ater.

The report is going to be in six parts plus two
appendi ces. The appendi ces include sone regi onal boundary
wat er budget type information, as well as a regional
potentionetric surface. There's various authors on different
parts. It's an introduction, then kind of a geol ogy chapter,
kind of a conceptual nodel of the system Kind of an
eval uations--kind of a put-together of all the data that's
supporting the nodel is Part D. The framework which is kind
of the synthesizing of the geology and sinplifying it to
sonet hing we can get into the flow nodel and then the actua

text on the fl ow nodel

Here's sone details on the nodel. A lot of it wll
| ook very simlar to the older versions of the nodel. It
still has a 1500 neter grid spacing which leads to 194
colums and 160 rows. This is a satellite inmage of the area.

Spring Mouuntains are in here, Yucca Muuntain is right in
here. You can see Red Cone and Bl ack Cone from Crater Flat,

t he Amargosa Desert, and Death Vall ey.
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This grid across the nodel is the one and a half
kil ometer spacings of the nodel grid. It's 16 layers. The
top of the nodel now goes to | and surface, but this upper
| ayer is convertible now So, it can dry out and receive
water. It's wet-dry and it represents an unconfi ned
condi tion which was one of DOE s concerns at one point with
t he nodel before being all confined. The |ayers have
changed. Mst of themfollow the water table except those
upper layers in order to represent that drying system

The di scharge is represented by drains which ||
talk alittle bit nore about in the mddle. The recharge is
based on infiltration nodel that Al an tal ked sonewhat about.

It's a transient sinulation, as | nmentioned before. The
first stress period is a steady state and it replaces the
2002 steady state published nodel that was kind of a hard
mer ge between the two existing nodels.

This just shows sone of the representation of the
di scharge by drains. There's quite a bit of data
constraining the nodel that's fromspring flow and
evapotranspiration studies in the area which is kind of
uni que for a groundwater flow nodel. Mst of the nodels are
constrai ned nostly by head observations. So, we have head
observations, as well as discharge, constraining the nodel.

And, the way this dataset was put together, it was

a lot of satellite imagery was interpreted to get vegetation
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types. W had actual ET stations out in the field to neasure
the rate of evapotranspiration at the sites and then these
areas were--the nunbers collected fromthe field and the
satellite imagery were put together to determne the rate of
evapotranspiration in each nodel cell. Then, that was used
as a calibration target and then the area of each vegetation
type within each nodel. So, it was used to conme up with that
rate.

Recharge is based on Joe Hevesi and work Al an Flint
have done on infiltration nodel. This is the work that was
published in 2003 with Joe is the senior author. This is the
infiltration nodel that was put into the nodel. Hi gher
infiltration which we're assum ng basically sinulates as
equi valent to recharge. High in the nountain ranges that are
very perneable |like the Spring Muwuntains and the Sheep Range.

One thing that's different about this nodel than other
infiltration and recharge we've used is there's focused
infiltration in sonme of the channels. You can see Fortymle
Wash here in kind of a blue. And, that's a big difference in
mat chi ng sone of the head | evels, especially like UE-29, A-1
and A-2, up Fortymle Wash. People are famliar with it.

One of the things we did to help calibrate it was
to split the infiltration areas into zones based on hi gh-
pernmeability rocks and infiltration rates. So, if you had

hi gh-perneability and high infiltration rates, we nmade one
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zone which is kind of this yellow color. [If you had vol canic
rock and a noderate infiltration rate, you' ve got another
color. So, we had these nine different zones and we used
those to forma multiplier times the infiltration rate to
hel p calibrate the nodel and that worked pretty well. The
range i n change between the actual infiltration rate that was
given in Joe's nodel and what we're using in the nodel ranges
from 85 percent of what the infiltration rate is to about

115, 120 percent. So, it works pretty well, just sonme little
t weaki ng and novi ng thi ngs around.

One of the other constraining factors on the nodel
is the hydraulic head observations. W've classified the
data into kind of three categories. Kind of steady state
whi ch represents no kind of change in water |evels based on
human changes in the last, you know, 100 years, and those are
shown in yellow on this map. And, that was what was used
basically to constrain nodels in the past. There's also sone
transi ent data where the head observations only represent
changes--represent having sonme punping effects in their
observations and those were hard to use in the past because
we were trying to represent steady state conditions. Then,
there's wells that have both transient and steady state
i nformati on and those are shown in red.

So, there's quite a few points that just have

transient information, and by going to a transient nodel, we
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were able to incorporate that information and it's hel ped
constrain the nodel quite a bit which if you | ook at the
distribution of these wells, it's kind of telling of where
drilling is. [It's just the Pahrunp Valley, Amargosa Desert,
and then you have a | ot of data out on the Nevada Test Site
area, Yucca Muntain in particular right in here.

Here's sone of the transient information and the
distribution of wells in the nodel. It's the sane satellite
i mgery kind of zooned in. The punping was conbined into one
wel |l per cell. The highest punping rates down in Pahrunp and
the Amargosa Desert, there is sone punping represented on the
test site. |If you |look at the change in punping over tine,
early-on wells were pretty deep in Pahrunp Valley punped from
basically Layer 4. As you go on with tine with nore and nore
punmping, it is increased. There were sone changes in the
|ater tinme periods where we just had sone spi kes and sone
decreases and changes.

One of the ways we | ooked at the calibration over
time is to look at the head observations and the residuals to
see how well the nodel was matching. G een dots represent
pretty good matches, and as you get nore towards the warner

or redder colors, the observations don't natch the

calibration as well. W also |ooked at the changes in the
water levels with depth. In blue here is shown the contours
fromthe upper |ayer of the nodel and red is the contours of,
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| think, Layer 16 in the nodel. So, we used the G S and
goi ng back and forth in and out of the nodel hel ped calibrate
it. It made a great deal of difference. W also |ooked at a
ot of the drain data. In brown is where it is sinulated,
too | ow di scharge and yellowis too high. So, we have a

m xture of both of those. So, we're nmatching both the
evapotranspiration data and the spring flow rates.

We're al so | ooking at hydrochem cal data nore as
kind of a qualitative basis instead of |ooking at actually
doi ng hydrochem cal nodeling. There's sone chem stry data
that indicates flow needs to be comng fromthis direction or
that direction and Gary Patterson tal ks sone about that. The
nodel tends to do okay with sonme of that. W' ve |ooked at
sonme of the stuff with Ash Meadows and where flow paths are
com ng from Ash Meadows.

| f you start to conpare this nodel to the 2002
steady state nodel that was published, there's a nmuch better
match to the flows which are the evapotranspiration and
spring flow There's many nore head observations which
poi nted out and the bias and the match is a lot less. W
have sone that are high and sone are low and it's not skewed
as nmuch as the previous nodel. The boundary conditions have
been a huge change in this nodel and we've quantified the
anmount of flux comng in and out of the boundary based on

wat er budget studies. JimHerrill and Doug Bedi nger | ooked a
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ot at that information and how nmuch fl ow needed to cone in
fromlike Saline in Eureka Valley and Pananent Vall ey
(phonetic) to support water budgets in those adjacent basins.

One of the big contentions in that study is | ooking at the
Sheep Range and flow going in and out of there. Probably the
bi ggest difference and the nost painful during calibration
was converting the upper nodel layer to a convertible |ayer
and converting it to a transient nodel.

So, it's a regional nodel. It's good for answering
regional type questions. It's not neant to | ook at super
site-specific type questions and that's what site nodels are
nore geared toward doing. People are going to talk nore
about site nodels. Some exanples of things that it's planned
to be used for and is being used for are boundary conditions
for site-scale type nodels, both on the test site and at
Yucca Mountain. Looking at punping scenari os by managers
with decrease in spring discharge based on punping in the
region. Looking at changes in water |evels based on punping
over tinme. There's been sone talk about using it for climte
change and having it transient and going to |l and surface wl|
help alot intrying to do that as a possibility. But, we
need the nore site-specific nodels to address the nore
detail ed concerns.

| was asked to try and talk a little bit about how

the fluxes into the site-scal e nodel at Yucca Muntai n have
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changed over tinme. This is kind of the three nodels |'m nost
famliar wwth. So, |I've put the flowrates in and out of the
sides of the site-scale nodel on here. This black box
represents the sides of this Yucca Muntain site-scal e nodel
In blue is the first three |ayer regional nodel that Frank
D Agnese and ot hers put together about seven or eight years
ago. In green is the 2002 steady state nodel. And, in red
is a nodel run froma couple of weeks ago fromthe transient
nmodel . The arrows are scaled by the values that are in the

table for the flowrates comng in and out of the side of the

nodel. It's pretty simlar on the north. It hasn't changed
alot. |It's probably the area we know the | east about. W
don't really know how much flux is com ng dowmn fromthe

north. There's a pretty good change on the west and south
side representing how nuch flux is comng in and out of the
west ern boundary al ong the Amargosa River channel. In the
2002 nodel, the flux for that entire west side was out. And,
inthis nodel, there's nore flux comng in representing that
fl ow down the Amargosa River area.

One of the changes that affects the south and this
east is the structures down here in the Specter Range and al
the thrust faulting and broken and shattered carbonate rock
and how nmuch is com ng through that. Depending on how you
calibrate the regional nodel is where that flux actually

conmes through. | think we had a ot nore flux than we needed
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to com ng through that seven years ago and | think we've
scaled it back. The anmbunt comng out itself nowis in
bet ween the two nodel s.

One of the things about this nodel is it's supposed
to be nore than just a nodel. The Deliverable is a report on
the nodel, but it needs to be a nodel that others can use and
put together. Part of the way we built this nodel was to
have a geographic information systemin a systeminternally
kind of called GeoPro that stores the nodel and makes it nore
useful to other people. Al the data is stored in geographic
information systemformat, basically Arcinfo and Wrld
Coordi nates. W have sone analysis and visualization tools
that should make it easier for people to go use the data in
and out of the nodel.

Part of the task for this year when we transfer the
nodel over to DOE is to have the supporting databases and
this geographic information data as part of the package. So,
it'"s relying heavily on G S and access to this information.
There's sone customtools that are G S based and there's al so
sonme 3-D nodel data like Earth Vision and Strata Mdel that
w Il not be perfectly usable by everybody in the world, but
if you have those tools, at |least, you can use the files.

So, a lot of the data is |oaded in kind of commrerci al
software, especially the franmework data, which it was built

in Strata Mddel, but we're funding this year to convert it
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into Earth Vision which nmake it easier for the conmunity-at-
| ar ge.

VWhat we're | ooking at doing right now in sone of
t he out-year funding and in sone of the science and
technology funding is local grid refinement to facilitate
coordi nati ng between the nore site-scale nodels and the CAU
unit nodels. WMary Hill has been doing a |lot of research in
this area about nore integration of the head and fl ow data
bet ween the nodels so there is not as nuch of a hard just
taking flux data back and forth.

We're al so | ooking at new nethods to rank the
i nportance of new observations and nonitoring both for
geol ogi ¢ and head observations and seeing if--like if you
drill a well here and get this water |level, do you need to
recalibrate the nodel? Does it have enough information to it
that we need to recalibrate the nodel or is it just kind of
supporting what we have now? Methods to kind of | ook at the
framewor k nodel and the inportance of the geol ogic
informati on and how nmuch is that actually going to change the
fl ow nodel as opposed to putting all that information in and
having to recalibrate it just to find out.

So, that's kind of the directions we're going and
kind of a summary of where the nodel is now.

NELSON: Thank you very nuch.

Let me just ask you straight out. Nelson, Board.
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In the nodel, will you include the characterization of
uncertainty, at all, linked to your grid systen? WII| there
be sone evaluation of that or is it just going to be the
overall nodel that is nmade avail abl e?

FAUNT: It's built with MODFLOW 2000 and with paraneter
estimation and sone |ike conposite scale sensitivity
information built into it that way. The way it's set up now,
there's not like an uncertainty analysis in the mddle of the
report. There's sone of that information that's built into
the statistics that MODFLOW 2000 generates. W tal ked about
maybe next year doing sone nore details on actua
uncertainties.

NELSON: Thank you. Nelson, Board. Just one other
thing. Do you include an upward flux out of the pal eozoic
[ imestones in this nodel in sone areas?

FAUNT: The base of the nodel is |like 4,000 neters bel ow
sea level and includes nost of the carbonate aquifer system
and down to a depth where we don't think there's going to be
upward flux. But, if you look at like the flux in the
carbonates to the volcanics in sone areas there's an upward
flux and then you get up to the north of the test site and
there's a downward flux. At Yucca Muwuntain right now, we
simul ate an upward flux fromthe carbonates into the
vol cani cs.

NELSON: Thanks.
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Ckay. Thure?

CERLING Cerling, Board. If you could go to Slide 19,
| was just wondering on sone of your changes in directions of
arrows and the size of the magnitudes of the arrows, what
informati on was the nost critical in causing both directions
in values to change?

FAUNT: A lot of new data gathered by Nye County al ong
t hat southern end of Yucca Muuntain, | think hel ped define
the extent of the volcanics and that's a big change between--
the blue, green arrows both were pre-Nye County data
basically and the red was just a transient nodel that
i ncorporates that data. | think that nade a big difference
on the extent of the volcanics and where we had themin the
nodel and the new interpretations for the structures down in
t he carbonate rocks and how we had the carbonate rocks. And
then, also, | think nmatching the--they had sonme probl ens
mat chi ng the di scharge or we had sonme problenms matching the
di scharge in the 2002 nodel. | think with the better matches
in the discharge in the Amargosa area, that's what caused
this reversal in the 2002 nodel and actually the '97 node
mat ched sone of these discharge areas better than the 2002
nmodel. | think that's why you've got the correct flow in
this valley in here.

CERLING Well, and | guess then as a followon to firm

up your final nunbers, what areas do you think you're m ssing
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key information?

FAUNT: Let's see, sone new information hel ps, sone new
informati on doesn't do a |lot of good, and a lot of tines you
don't know until you've drilled a well whether it's going to
help you or not. |It's kind of a hard question to answer. W
don't know a lot with depth. |[If you start to |ook at these
wells, they're nostly shallow. They nostly go Iike 100
nmeters below the water table and that's it and then we're
trying to represent a deep system here which we're guessing
based on geophysics and a geologist's interpretation what the
distribution of the carbonate rock aquifer |ooks |ike bel ow
the I and surface and how deep these basins are. The depth of
basins are based on gravity data. Were we have wells that
go through the entire sedi nentary package down to basenent,
sonetinmes they match and sonetinmes they don't. Wat they've
done is adjusted the gravity to nmake a better nodel to nake
it match better. And so, the nore points we have that go
deeper and hel p constrain sone of the basenent information
will constrain this nodel better mainly because the main
feature represented in this is the carbonate rock aquifer
with the volcanics in the alluviumas a smaller systemthat

this carbonate aquifer kind of constrains to a certain

extent.
NELSON: Ckay. We have plenty of tine. So, | want
everyone to think up questions. Caudia talked too fast.
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So, next, Dan Bull en?
BULLEN. Bullen, Board. Actually, as a non-
hydr ogeol ogi st, first, ny conplinments on explaining a very
conpl ex nodel in sinple enough terns for ne to understand.
But then, that also raises the issue | can ask questions
about stuff that | don't quite understand.
In fact, I"'mglad we're at Figure 19 because | kind
of want to get an understanding of the respect for the
magni tude of the arrows and naybe an understanding of is
there a conservation of mass within the system specifically
with respect to water? The reason |I'm asking that is because
if you did incorporate a clinmte change and you had nore
infiltration or nore flux comng in fromeach of the surfaces
and you wanted to represent the groundwater table rise bel ow
Yucca Mountain, is this the type of capability or the type of
i nputs that you would need to do that? And then, the
foll owon question to that is that you neasured fromthe
north. There seened to be maybe a dearth of data and woul d
that be an area where you'd like to gain nore information
wWith respect to this conservation of mass?
FAUNT: Okay. Let's see if | can renenber all of these.
The conservation of mass, the MODFLOW does a conservation of
mass and the regi onal nodel has a conservation of mass and it
has an error bal ance, | think, of .2 percent right now

BULLEN: Cxay.
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FAUNT: In ternms of climate change, you' d have to get
new recharge and new di scharge information and a sense of
i ke pal eo | akes and pal eo di scharge deposits and sone kind
of "estimate" of how nuch water was com ng out those
different parts of the system You can do sone of that based
on paleo information. | think JimPaces will talk about it a
l[ittle bit or did talk about it alittle bit. He talked
yesterday, right? Sone of those nunbers are hard to

quantify. There are |ike Lake Manley (phonetic), there's

| ake |l evel stands in Death Valley, and you can use sone of
t hat .

Grady O Brien and Frank D Agnese and | put together
a nodel in 1999 that was a very sinple nodel trying to

represent climate change just by increasing recharge and
trying to match | ake | evel s and pal eo di scharge deposits.
That nodel had sone probl ens because it was a steady state
nodel and we ended up with | akes on tops of nountains and
things like that. The convertible layers on this would help
sol ve sone of that problem The nore data you have,
sonetinmes the better it is to build a nodel; sonetines, it's
har der .

| think the way this is set up, it yields itself to
climate change better because it's already set up for
transient and al so because it has the convertible |ayers on

top. It's just the data issue and it would take tinme to put
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together all those datasets and where does recharge change
and by how nuch and is it going to be focused nore in the
streans or do we need to incorporate a river package now?

The Amargosa which is epheneral now, is that actually going
to be a flowng river at all tinmes and be a perenni al strean?
The sane thing with Salt Creek in northern Death Vall ey.

So, there's a lot of things to ook at and it's not going to
be like a five mnute turn-the-crank and it woul d be

representing climte change. There's a |lot of details.

BULLEN. Bullen, Board. Actually, | appreciate that and
| al so appreciate the candor of your answer because | think
it is difficult to do the kinds of calculations that are
necessary.

You did nake one comment with respect to
infiltration and recharge. And, in this nodel, did the
recharge essentially equal the infiltration or were there

other losses in the infiltration that didn't necessarily make
it all the way down to recharge?

FAUNT: W didn't--what we took was the infiltration
nodel and then we nmade these nultipliers that were either
like--they ranged fromlike .84 to 1.18, | think, in the
current version right now. That may not be the final figure
in the final nodel, the fraction of that infiltration, nore
or less, that went into the nodel. |In sone areas, we had to

increase the infiltration rate that the infiltration nodel --
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whi ch increased the recharge which we're using the
infiltration nodel. W didn't do anything to redistribute
it. At one point, | did sonme averaging and spatially
distributing it out and it actually matches better if we keep
the recharge rate where the infiltration nodel is.

One thing we have done in a couple places where we
have sone really tight rocks near the land surface in the
framewor k and we're getting ponding of recharge, we basically
zeroed out the infiltration rate or nade it very small in
those areas and increased the rate around the edges of those
cells. So, that helped redistribute it alittle bit. So, it
was a little bit of redistributing only where we had really
tight rocks and we were getting this nounding effect.

BULLEN. Thank you.
NELSON:. Pari zek?
PARI ZEK: Parizek, Board. On this particular figure,

woul d you go so far as to say that you could do nore work on

just the fluxes? As one of the things, if you had to have
new data, obviously not one drill hole, but if you were
trying to confirmthe red arrow to the south or any of the

arrows to kind of build confidence, would that be a
wor t hwhi | e cause?

FAUNT: Sure, | think you' d also spend nore tine |ooking
at hydrochem cal data and seeing like if the hydrochem cal

data--1 know Gary's tal ked about the conpartnentalization
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nature of the flow system and different chem cal signatures
in different areas. |If you start to |look at that to nake
sure where the fluxes are going are matching sone of that
hydrochem cal data, that m ght add to sone nore certainty in
this. This is a conposite of the entire side of the nodel
You could start |ooking at the variations with depth and
maybe |ike the variations of the flux com ng in through the
carbonate versus the volcanics in the alluviumin the system

| haven't done that, at all. I, quick and dirty, did this
one afternoon after it was requested that | kind of put this
t oget her summarizing it.

| nmean, yeah, there's a |lot of work you could do

with that and | think you probably could get a better
under st andi ng of the system and maybe a better understanding
of sonme of the limtations to how things are represented
because you have to renenber it's one and a half kil onmeter
spacing so it's--1 think, it's 20 by 30 cells.

PARI ZEK: Right. Parizek, Board. And then, also, what
happens in the Funeral Muntains, the next speaker will give
us nore insight about that and that may hel p constrain it
further. So, these are the kind of experinments that can give
you additional val ue.

FAUNT:  Yeah.

PARI ZEK: Figure 16 shows the punping distribution.

Now, if you | ook at the Pahrunp area, there's an awful |ot of
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wat er com ng out of the system Do you put any of that water
back in or is it all consunmed by your nodel? You assune you

consune it. Were is--is a lot of that sewage affluent going
back into septic tanks?

FAUNT: We didn't look a lot at like return flow. The
punpi ng rates that Randy put together assunmed a little bit of
return flowin themso that the anmount of punping was
decreased by a fraction to kind of quasi include return fl ow,
but we didn't do a lot in detail withit. Partly timng and
partly what we were able to sinulate with the system the
data isn't detail ed enough to--

PARI ZEK: But, it is partially captured by--

FAUNT: It's partially captured.

PARI ZEK:  What about springs? Like the Ash Meadows area
and el sewhere, again there's a high evapotranspiration | oss,
but 1'msure sonme of that water probably reenters the
groundwat er system Have you been able to put any limts on
that or estimations or does the nodel consider that?

FAUNT: Randy Laczni ak would be a nuch better person to
answer this, but what he did when he cal cul ated the
evapotranspiration in the spring flow rate, he | ooked at the
fact that you' ve got these springs flow ng out and a | ot of
evaporation is actually fromspring flow And, | can't
remenber if he decreased the spring flow rate or decreased

the evapotranspiration rate to take that into consideration,
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but it was thought about in the process of determ ning those
di scharge areas. The way those drains are set up is nost of
themare in Layer 1 representing evapotranspiration, but
where there was significant flux froma spring and it was
warm tenperature so it was thought to represent the regional
system the actual drain |ocation was put at the top of the
carbonate systemto represent flux out of the carbonate

aqui fer.

PARI ZEK: Parizek, Board. How faults may have been
handl ed--say, principal faults or sonething that you m ght
real ly think have hydrol ogic significance nore so than
ot hers, can you give us sone idea how that was done?

FAUNT: Uh-huh. Some of the faults act as conduits and
sone act as barriers and sone act as both. The way they were
explicitly put into the flow systemand into the nodel was as
barriers using the hydrol ogical flow barrier package, HFB
package. This nodel didn't need as many of those barriers as
ot her nodel s because | think the juxtaposition of the units
was represented nore accurately so you could have the | ow K
rocks juxtaposed agai nst the higher K rocks and that
j uxt aposition causes a lot of the discharge. A few of the
barriers were needed and those seemto represent faults that
have |i ke a core of inperneable material fromlike the
basically Las Vegas Val |l ey sheer zone is a good exanpl e of

t hat where you have |i ke probably sonme | ow perneability
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material fault gouge that's actually blocking the flowin the
actual structure.

The carbon aquifer--actually, alnost all the
aquifers were zoned based on their structural province they
were |l ocated in and how fractured or shattered they are and
i ke whether they're coarse-grained or fine-grained. So,
they're kind of highly faulted, highly shattered. Carbonate
rocks tend to be very perneable rocks and those were
represented as zones in the carbonate aquifer. So, in a way,
structures are represented that way by like kind of a
shattered zone in the carbonate. So, those would be kind of
nmore conduits. Those were very inportant in the carbonate
system especially--and in sone of the vol canics--to kind of
be kind of conduits to flow. The location of the Eolian and
the clastic confining units kind of controls the flow system
and those barriers and where those are in the franmework nodel
so structures kind of that way are inportant.

So, they're kind of represented partially by the
framewor k nodel which has the juxtaposition of the units,
partially by flow barriers which actually act as a |inear
barrier between nodel cells and represent a fault, and then
partially by the zonation of the different aquifers and
confining units in the nodel.

PARI ZEK: Pari zek, Board. So, when you say sone faults

have both roles, it m ght depend upon the depth of that
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particular fault where it's serving one role in another part
along the line or another depth position would have anot her
role, but not both roles at the sane |ocation. Do you have
any field evidence where you coul d have damm ng effects, say,
on a foot wall and maybe shattering on the hanging wall and,
as a result, have both a drain and a damm ng effect on the
sane fault in the same horizon or sane hydro structure unit?

FAUNT: There's sone data |ike | ower carbonate aquifer
when it's in the upper thrust plate, it's been shattered nore
and it would have a higher perneability. And, that was put
in as like a zone. And then, that zone happened to abut
against a flow barrier which it probably does down in the Las
Vegas Val |l ey sheer zone. You kind of have that situation,
but it's not represented explicitly like that.

PARI ZEK:  Pari zek, Board. One nore question about now
havi ng gone to the transient nodel, you've obviously had to
do a lot of things to calibrate it using transient data in
different parts of the nodel domain. |If you then go back to
a steady state nodel, say, back for programuse, that's a
better nodel as a result of having gone through this
transi ent nodel ?

FAUNT: | think so.

PARI ZEK: Can you give sonme sense of inprovenent, how
much better inproved it is?

FAUNT: There are a lot nore different ways you coul d
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represent the alluviumand basin fill deposits, basically the
fine-grained and coarse-grained gravels and sands and cl ays.
Wth just the steady state data, you could get very

di fferent hydraulic conductivity values in those units, in
particular. And then, when we put the transient data and you
put in the punping, that really constrains and limts those
values and it nmade a much better separation between the
conductivity values between those aquifers and confining
units. So, | think, in that way, it helps inprove the data
even in the steady state nodel. | think that's partially
what hel ped i nprove matching the spring flows and the drains

because nost of those are located in the valley field

deposits, as well, as well as along structures.

PARI ZEK:  Thank you very nuch.

NELSON:  Frank?

SCHWARTZ: Yes, hi, Schwartz. C audia, one of the
things I wanted to ask you was the bal ance between recharge

and discharge in the steady state nodel. Obviously, they
probably bal ance. Recharge seens to be sonething that you
define fairly rigorously and so probably, although you tuned
it alittle bit, it sounds |like the nunbers you started with
were sort of fixed. D scharge, | understand, you determ ned
sort of independently. | nean, you have a nodel estimate,
but you also have a sort of a field estimte of discharge.

The anobunt of discharge you actually get out of the nodel,
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when you first came up with your independent discharge
estimates, field estimtes, | nean, how close were they? D d
they match or was there a discrepancy and you ki nd of said,
well, we've got to find sone nore di scharge here and went
back out there in the field and | ooked? | nean, how well did
the di scharge actually nmatch your best estimate of recharge?
FAUNT: It matched pretty well. A lot of care was taken
to make sure that the discharge rates weren't affected by
punpi ng that we were trying to establish. W actually went
back and took old reports where there was photos and
di stribution of freataphytes (phonetic) in the past and used
those to distribute the amobunt of evapotranspiration areas in
Pahrunp, in specific. W did have problens matching
di scharge in Death Valley and Pahrunp. Actually, during the
| ast year and a half, the anount of discharge estimted from
Death Val |l ey doubled fromwhat their initial estimte was.
And, the anmount in Pahrunp changed by a factor of a third and
| can't remenber if it went up or dowmm. Most of the punping
--and | thought the punping would be a relatively snal
feature in this systemand not a | arge anount of vol une, but
t he anobunt of punping actually ends up being about a little
over a third of the anmount of discharge com ng out of the
system It's a lot of water com ng out of this systemfrom
punpi ng. Mst of that is com ng out of storage, but there's

a lot of water that's been taken out of this system by
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punpi ng.

SCHWARTZ: Because where | guess | was going with the
question was | ooking at the whol e probl em of uni queness of a
nodel of this kind. And, clearly, if recharge and di scharge
are not too constrained, | nean, you can nmake them anything
and just adjust Ks and, you know, the nodel will give you the
sane head distributions. So, do you feel confident that
that's your major proof that--or tendency toward uni queness
is this balance between recharge and di scharge or are there
other things, as well, that you think that would | et you sort
of believe that this is the uni que nodel ?

FAUNT: | think, the fact that the boundary conditions
change so significantly, they didn't affect the internal part
of the systemvery nmuch. It helps constrain that it's
sonmewhat of a separate area in the internal parts. A |lot of
work went into those evapotranspiration and spring flow
studies and putting together that information. |In general,
nodel s don't tend to have that nuch discharge information to
calibrate to. And, the fact that |like, especially in
Pahrunp, we have changes in discharge over tine where the
springs actually dry up and then start flow ng again and we
tend to match that with the punping data, | think that helps
constrain it alot. | think the fact that we have head
observations in nultiple | ayers where you have gradients

upwards and downwards, | think it nmakes it a | ot nore unique,
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especially adding the transient data and the di scharge
changi ng over time. Pahrunp is the only place we actually
have data where the discharge fromthe ET areas i s changi ng
over time, where we have an estimte of what we thought it
was before devel opnent and we have a devel opnent estimte and
t hen we have where they decreased the punping and springs
started flow ng again and trying to sinulate that change. W
don't match the actual nmagnitudes exactly, but we match the
kind of general trends. And, | think that's encouraging.

SCHWARTZ: Good, thank you.

NELSON: And, van Genuchten?

VAN GENUCHTEN:  Yeah, van CGenuchten. | was intrigued by
your Slide 20. You know, | don't know if we can get that,
but I"'msure in this inpressive study, you guys put a |lot of
time and effort and sweat and tears in this and you want to
get sone credit out of this also. So, | can understand you
want to protect all the stuff you devel oped. But, at the
sanme tinme, you hint here, you call it know edge exchange,
that sonme of the data may be avail able in conmerci al
software. Personally, | think it's great because we have
this available in the wder scientific conmunity and all the
peopl e kind of scrutinize and use or may m suse whatever you
devel oped. Could you comment on that? 1Is there a certain
conpany or how do you do this and is it expensive? It is

going to break the bank for us to get this?
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FAUNT: We worked hard at trying to find ways to
transfer the data in | ess expensive systens. Most of the
data is stored in Arcinfo types of grids. Al the nodel
information that goes in and out of the nodel actually is
stored in either ASCI| tables or ASCII arrays for MODFLOW
input. And, also, those representations are stored in
Arcinfo grids, arrays, Vectra coverages or Point coverages,
and al so |i ke Access database tables. So, Mcrosoft Access
is relatively cheap. Probably, we'll release the G S data,
shape files, as well as grids. A lot of software can read
that. So, depending on what software you have, you can | ook
at that.

The kind of sticking point wwth rel easing of the
data is kind of the 3-D geol ogy data and how you represent
that and how you give that to sonebody. It can have arrays
w th thicknesses and tops of units and it can be used or
m sused or represented correctly or not. Even going from
Strata Model to Earth Vision which are two 3-D geol ogi ca
nodel i ng packages, they're very high end, they're very
expensive. They're built originally by--one is (inaudible)
| ndustry and one is kind of environnental. They are tens of
t housands of dollars. They even don't conmuni cate exactly
the sane and you can't just take the arrays and pl ot them out
of Strata Model and plot theminto Earth Vision and have the

sanme | ooki ng nodel. W have the arrays represented in
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MODFLOW and putting those into Rock Ware which is a
rel atively inexpensive visualization package. And so, we're
rel easing the framework nodel that way. The graphics aren't
as pretty as Earth Vision, but the data is there and you can
look at it to a certain extent. So, that's the one that
probably has the biggest sticking point of how accurately you
accurately want to represent the 3-D geol ogy data.

Actual ly, the geol ogical arrays are in Arclnfo.
You can use ArcScene which is kind of a pseudo 3-D thing and
| ook at the geology init. And, | actually spent a | ot of
time re-representing the geology in Arclnfo so other people
could look at it easier and you can put basically the
equivalent to a well in each cell and then you can see the
geology in each cell by clicking on it and stretching it and
maki ng the unit stretch to the thickness. So, there's tricks
and ways of getting it out and looking at it in relatively
i nexpensive software. A lot of it is hinged around Arclnfo
and Arcinfo isn't cheap, but it seens to be a pretty big

standard and a | ot of people have access to it.

NELSON: One last thing. Nelson, Board. Well, just
followng up, I think you may find in the future open source
capabilities here that happen very fast, | think, wthin the

next year. So, it would be really great to try to get this
avai |l abl e through open source. To what extent did you use

any information, thermal information, in this nodel?
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FAUNT: We haven't used tenperature data hardly, at all

| nmean, there was talk originally about trying to do it and
we haven't done it. There was a |lot nore of starting to | ook
at it with the site nodel and | think soneone is going to
tal k about the site nodel later. |'mnot sure how nuch--|I
haven't been involved with that enough to know how nuch it
was incorporated. | nean, qualitatively, we |looked at it in
terms of the spring discharge and figuring out which were
regi onal springs, but we're not representing it as part of
the fl ow system

NELSON:  Nel son, Board. That woul d be one area that
there is information that's not yet been captured.

FAUNT: That's true.

NELSON: Ckay. And, just finally, does your nodel tel
you anyt hing about the style of faults' behavior
hydrologically in the tertiary volcanics? Are they typically
per meabl e, inperneable, or is there anything typical about
t hent?

FAUNT: Nothing is typical in those volcanics. The
wel ded rocks where they're shattered tended to behave nore as
aquifers. W did a pretty detailed kind of |ike gridding of
i ke where things were altered or non-altered by
zeolitization, where rocks were wel ded versus nonwel ded, and
made categories and zonations based on that. 1In general, the

wel ded, shattered areas tended to be nore aquifers and hi gher
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perneability and the altered, nonwel ded rocks tended to be
nore of the confining units and | ower perneability. And,
that actually was nore true that those properties controlled
the flow nore so than the unit. Like the Calico Hlls
formation is one formation, but it was definitely an aquifer
in some areas and a confining unit in other areas. That was
based nore on the properties. | know Dave Bush is going to
be on the field trip and probably talk sonme about that and
|"ve talked with himin the past about this may not be the
unit so nmuch, but the properties of the units that are the
actual factors that control the perneability.

NELSON: Thank you very nuch.

FAUNT: Sure.

NELSON: Thank you, C audi a.

We're on schedule, at least, by my clock. So, our
next speaker is Dr. John Bredehoeft and he is an extrenely
wel | -known researcher and scientist. He accunul ated 32 years
of service in the USGS where he held both research and
managenent positions and his expertise is in water resources,
especially regarding groundwater. He's testified before
Congress on issues fromnational policy to the use of
nuneri cal nodel s and managenent decisions. He's served on
many National Acadeny and National Research Counci
commttees and panels. He, hinself, is a nenber of the

Nat i onal Acadeny of Engi neers and he has received nunerous
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prestigious awards. In 1995, having retired from USGS, Dr.
Bredehoeft established the Hydrodynam cs G oup. One of the
projects of this group with Inyo County is what he wll be
tal ki ng about today.

Wel cone, Dr. Bredehoeft.

BREDEHOEFT: Thank you. Thank you very nuch.

As you said, ny partner and | have been engaged for
I nyo County as their oversight consultant al nost for eight or
nine years at this point in tinme. And, | want to tal k about
I nyo County's concerns, but before I do that, I want to make
a few phil osophical renmarks about the whol e i ssue of nodeling
and what we're doing.

If | have sone claimto fane, part of it is due to
the fact that George Pinder and | devel oped the first wdely
used flow nodels and the first w dely used contam nant
transport nodels for the saturated zone. And, we did that in
approxi mately 1970. So, we've been engaged in the nodeling
busi ness--1've been engaged in it for nore than 30 years.

So, it's been one of ny principal activities. And, |'ve been
concerned about the whole idea of how we nodel and the idea
of the philosophy of nodeling and I want to spend a few

m nutes just tal king about that. As | do that, | want to

di sassociate that fromInyo County. These are ny ideas.
They're not in any way associated with the--1 nean, these are

really ny ideas; Inyo County didn't pay for these activities
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and so, as | say, they're ny ideas.

Ckay. Next slide, please? Al right. So, about a
year ago, | published a paper in G ound Water which you can
see the title there, "From Models to Performance Assessnent;
t he Conceptualization Probleni, and that's what | focused on,
t he conceptualization problem Now, you know, the whole
basis for any nodeling we do is the conceptual nodel. That
conceptual nodel is an a priori decision by the anal yst.

Now, the anal yst deci des what the conceptual nodel is going
to look like. And, certainly, we say we have sone ideas in
sci ence on what the prevailing conceptual nodels are, and
anong those, you select what the conceptual nodel for the
particul ar problemis.

Now, as a result of that, certain things, it seens
to me, happen and the next slide is the result of the

consequence of selecting the conceptual nodel by the anal yst.

Now, these are the points that | nmade in that earlier paper
and 1'Il just read themoff. One of the things is that
usual |y you select a conceptual nodel and you stick with it.

So, once you've selected that conceptual nodel, that's

generally the conceptual nodel unless sonething el se happens

and I'll talk about that in a mnute. But, usually, the idea
is that 1've got a conceptual nodel and |I'mgoing to stick
with it. Now, when you start to |look at how well did we do

predicting wwth these nodels--and I'll talk alittle nore
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about that in a mnute--you find out that in many cases the
errors associated with the predictions are associated wth,
in fact, the selection of the conceptual nodel itself. So,
the errors result fromthe conceptual nodel

The next thing is that, nore often than not, you
can take your dataset and fit it to your conceptual nodel.
Whet her the conceptual nodel is right or not, you don't know,
but nore often than not, you find that you can take the data
that you have and fit it to the conceptual nodel and now we
have a | ot of automated procedures to do that--tests,
MODFLOW P, various things--which will reduce the error
bet ween the observations and the nodel predictions and you
get what you think is a reasonably calibrated nodel. That
doesn't nean just because | calibrated it that |I got the
right conceptual nodel. Al it neans is | got a good
cal i bration.

Al right. Now, the last thing is that these other
things that we do in PA which is probabilistic sanpling of

t he paraneter set does not assure that you have tested the

appropriate conceptual nodel. Al you're really doing is
| ooking at the possibility that there are errors in the
paranmeter set itself. So, it doesn't nean that you have, in

fact, tested the conceptual nodel itself.
Al right. Next slide, please? Now, as | said |

publ i shed those i deas about over a year ago in G ound Water
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and | got into a discussion with Shlono Neuman. Shl ono
didn't disagree with ny concl usions, but the question is what
do we do about it? How can we solve this conceptual problenf

So, Shlonp's idea is that what the analysts should do is, in
fact, set up a set of conceptual nodels, then | ook at the
data, and try to select anong that set of conceptual nodels
what is the appropriate conceptual nodels or what is the
appropriate set of conceptual nodels for the particul ar
problen? Now, if you follow along with Shlonmp's argunent, it
means that the analyst then has to set up this set of
conceptual nodels and the question that | asked is, you know,
how good are we at selecting this set of conceptual nodels,

ei ther the individual conceptual nodel or a set of conceptual
nodel s? So, | tried to ook at the data that we have and the
data is extrenely sparse at how well we do at setting up the
concept ual nodel

Now, this led nme to another sort of phil osophi cal

di scussion and that is the whole idea of surprise. And, the
idea is relatively sinple. You have a conceptual nodel. Al
of a sudden, you collect sone nore data and that data says
t he conceptual nodel that we have is invalid. So, then

you' ve got to go back and readjust your conceptual nodel and

create a new conceptual nodel. And, we all know that that
happens. | nean, you start with sonme idea. Alan Flint
tal ked about Yucca Mountain yesterday and you can see that
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t hi s happened al ong the way at Yucca Muntain, but it happens
all the time, | think

Now, probably | ooking at sort of what are these big
surprises, you know, the one in geology in the |last century,
in the 20th century, was plate tectonics. You know, Alfred
Wegner cane along in 1912 and said the continents are noving
and the geol ogists said, no, no, no, that can't be right.

The continents can't nove. And then, we cane along in 1960
and we neasured remant magneti smon the ocean floor and we
found these stripes on the ocean floor. Al of a sudden, we
realized that there was sea floor spreading at the oceanic

ri dges, and as a consequence of that, the plates have got to
move. So, you know, really what happened was you had a
conceptual nodel --the conceptual nodel in this case was that
the continents can't nove--all of a sudden, you find this new
data, and it says, hey, wait a mnute, the conceptual nodel

is all wong.

Now, as | said, we all are aware of those kinds of
things which I"mcalling a surprise in this case. And, you
know, we think about these things and we say to ourselves,
wel |, they happened--and big problens. You know, they're big
probl enms. W have big scientific problens, and all of a
sudden, people cone along and get sone new data and it throws
out the original hypothesis. The question is how often does

t hat happen sort of in the routine investigations that we're
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engaged in? Does it happen and how frequently does it
happen?
Now, ny two exanples sort of in the nuclear waste

business is, first of all, at WPP, the idea--let's back up
Wiy did we go to salt as sort of the primary storage nedi a?
One of the reasons, at |east, was there was a Nati onal
Acadeny commttee in the 1950s in which there were very

prom nent hydrol ogists. C. V. Theis and King Hubbert were
both on the panel. And, they said, you know, salt, that's
the nmedia of choice and it's going to be dry. So, we'll put
the radi oactive waste in salt. And, that was the conceptua
nodel when we started on the WPP site. You know, the
conception was that the salt at WPP was dry. And, it wasn't
totally dry. It was known that there were vesicles in the
salt and those vesicles contained brine and there was about a
hal f of one percent brine in the vesicles. Everybody
admtted that. However, we went underground and, all of a
sudden, we find that the mne is wet. Not wet, but it's, at
| east, danp and, you know, you saw indications of this when
you went underground. The first real data we had was they
ran a heater experinment. Were they turned the heaters on,
they circulated dry nitrogen in the holes and, of course, the
nitrogen canme out wet. So, it was imediately realized--or
not imrediately, it took sone period of tinme, that this

conceptual nodel of dry salt was, in fact, not right; that
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there was one to three percent brine in the interstices and
that brine would nove to the repository and the repository
woul d be danp, at |east; so, a new conceptual nodel

And, | think, you see the same thing at Yucca
Mount ai n.  You go underground and you find chlorine-36 and
then, all of a sudden, you have to say to yourself, well,
there are fast paths and the fast paths suggest that our
conceptual nodel of what's going on in the unsaturated zone
is, in fact--we've got to throwit out--it's invalid. W've
got to create a new conceptual nodel of what goes on. So,
t hese things happen.

Next slide, please? So, | said to nyself, al
right, how frequently has this happened in ny own experience?
So, |I've been consulting for roughly nine years. |'ve been

involved with 21 nodel studies, nore or |less. And, out of
t hese nodel studies, | find that four to six tinmes, sonething
of that order, we had to change the conceptual nodel. W
started with a given conceptual nodel and that conceptua
nmodel had to be radically changed. And, it's not just that
we have a new paraneter set, we've got to change the
conceptual nodel itself, not just change the paraneters.

That led nme to say to nyself, well, that's ny
experience. Wat is the experience associated with post-
audits? You know, we have been nodeling now for 30 years or

so and the question is how well did the nodels do? So, there
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have been, as you know, a series of post-audits to | ook at
what are the nodel predictions and how good were those nodel
predi ctions? And, the nunbers of these are not very | arge,
seven or eight, something like that. It turns out the nodel
predi ctions weren't very good.

And, | went back to look at that information to
say, okay, not just where the paraneters were changed, but
where was the conceptual nodel itself bad? Were did we have
to really ook and say to ourselves that the errors in the
predi ctions were associated wth the conceptual nodel ? And,
it turned out that--you know, it turns out that 20 to 30
percent of the tinme, the conceptual nodel itself was bad.
So, ny total dataset then turns out to be 29 studies
including nmy own. And, out of those, the conceptual nodel
was changed seven tinmes significantly and then there were
another two or three that were questionable.

So, what it's suggesting is that we have trouble
sel ecting an appropriate conceptual nodel, at |east, the
first tinme around and that many tinmes the conceptual nodel--
oh, many times--20 to 30 percent of the tinme, the conceptual
nodel we select is not the conceptual nodel we end up with
Now, of course, we've got this other three-quarters of the
studi es where we accepted the conceptual nodel and we went
ahead with it. W don't know how many of those are w ong.

So, ny point is that selecting the appropriate
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conceptual nodel is not so easy and we nmake m stakes rat her
comonly. And, those mstakes, | think, are often--1 nean, |
go back again to ny initial slide saying that, you know, even
with a bad conceptual nodel, you can calibrate this thing.
That doesn't nean that it's--just because you calibrate it
doesn't nean you've got the right conceptual nodel. So, this
is adifficult problemand I think it's a very sticky problem
i n nodel i ng.

Next slide, please? So, | think |I've nmade those
poi nts that, you know, ny experience suggests that 25 to 30
percent of the time we have problens. Al right. So, it
seens to nme that this leads to uncertainty and this kind of
uncertainty is not covered in the sort of performance
assessnment that we nornmally do. W |ook at the problens
associated with the paraneters, but we don't | ook at the
probl ens associated with the conceptual nodel itself. Al
right. So, so much for phil osophy.

Now, next slide, please? Sonme nore comments about
the idea of surprise, and even though Shl onb was sayi ng--you
know, even he admts that it's not uncommon to find new data
t hat says the conceptual nodel is wong.

So, anyway, the next slide, please? Al right.

Now, getting on to Inyo County and what are the concerns of
I nyo County? As all of you know, the |ower carbonate aquifer

is thought to discharge in Death Valley, into the big springs
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in Death Valley. You know, if we get contam nants to the

| ower carbonate aquifer, that's where the stuff is going, so
I nyo County is concerned about the discharge fromthe | ower
carbonate aquifer. That's howit gets into Yucca Muntain
really. So, what we have been trying to do then is to | ook
at the discharge area in nore detail in California,

basically. And, basically, since nost of it happens in Death
Vall ey, we're | ooking at the springs in Death Valley and what
happens to those springs.

All right. The next slide, please? Now, you're
all famliar wwth this. There's the test site. This
facility is the closest and we end up with these mgjor
springs in Death Valley.

Okay, next slide, please? Now, we have been
supporting sone work at the USGS to map the carbonate aquifer
in the Furnace Creek Mountains. And, Chris Freidrich of the
USGS has been doing that. And, so this is Chris' geologic
map of the Funeral Muntains. And, you can see the carbonate
aqui fer exists. The carbonate bl ocks are these pinkish
bl ocks which exist right in here. W don't see themtoo well
fromhere. Oay. And, there is--these blocks are al
faulted, and right in the center here, the carbonate aquifer
is actually faulted out. So, there's a big bl ock of
carbonate sitting in here and then another bl ock of carbonate

which exists in this area of the Funeral Muntains. So,
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Chris has mapped that in fairly detail ed--as detail ed as he
can fromthe observation. What happens is that since those
bl ocks are faulted, you can only see certain exposures of the
fault. So, you' ve got to project the fault into the

subsurf ace.

So, the next slide, please? So, there are
different interpretations of what the bottomof this fault
zone woul d look Iike. So, as you can see here, these are the
carbonate blocks and they're faulted in here. So, what Chris
has done is prepared a contour nmap on the base of the
carbonate aquifer and this is that contour map on the base of
the carbonate aquifer. This is the Funeral Muntain Fault
here along the front of the Funeral Mountains. And, the
maj or springs discharging are the springs in this area here.

The three big ones are Nevares, Texas, and Traverti ne.
Then, there are sone smaller ones, two smaller ones up here,
and anot her one down here. And, you know, the reason we
t hink those springs are discharging fromthe carbonate
aquifer is based on their geochemstry. You know, it | ooks
i ke carbonate water chem stry.

Al right. So, this is Chris' bottom of the
aquifer and right in here is this area that's cut out that's
faulted out. So, we have an area in here where there is no
carbonate aquifer. This area right here, there's no

carbonate aquifer. And, when you |look at this map, the



© o0 N oo o A~ w NP

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

364

el evation of the bottom of the carbonate here is about 1600
feet above sea level, if I'"'mreading that correctly. | think
that's a 1600 foot contour. So, we have sone information.

We know that the springs here exist in this area. W have a
pretty good estimate of their discharge. They discharge
approximately 5 second/feet. Qur best estinmate is that it's
5 second/feet. And, we have sone areas over in here where
the Amargosa River looks like it's very wet. There's
vegetation along the Amargosa River and it appears that
there's discharge fromthe carbonate aquifer to the Amargosa
River. The elevations here are about 2200 feet. The Devil's
Hol e which is back up in here has an elevation that's
somewher e between 2100 and 2200 feet. So, it |ooks like the
head in the carbonate aquifer is around 2200 feet in this
area on the east side of the Funeral Mpuntains. Gay. So,
this is Chris' bottomof the aquifer with the sort of
shal | onest fault zone. |In other words, you can only see a
portion of this fault zone. So, you project it into the
subsurface and you picture this plane as relatively | ow

di pping. You get this bottom of the aquifer.

Next one? And, this is another realization where
you say to yourself, well, these faults are a little steeper
and when you neke the faults steeper, of course, you get a
different bottom and the bottom here is considerably deeper

and we get sea |level sonewhere right around in here. So,
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this area that we're concerned about right through here where
nost of the water has to cone through is considerably |ower.
So, instead of the bottom being around 1600 feet, we're now
about 500 to 1,000 feet |ower.

So, the next slide? So, what | did then is to say
to ourselves, okay, let's see if we can nodel the flow
t hrough the carbonate aquifer and we're going to assune that,
you know, it behaves at a continuum You know, we're not
doi ng anything exotic. W're sinply saying to oursel ves
we've got to use the general flow nodels and | used MODFLOW
actually to nodel the system This is a nodel representation
of flow through the carbonate aquifer. It has a constant
head boundary up here along the Amargosa River and then we've
got these discharges of the springs here and we know what the
el evation of those springs is, as well. So, we have sone
constraints on what the elevation of the springs are and what
their discharge is. Fromthat information, we can put
toget her a nodel of the aquifer and conpute a head
distribution in the aquifer.

Now, what's interesting about this is that right in
here, the nodel suggests that the elevation of the water
table in the carbonate aquifer would be about 1600 feet. So,
what it's saying is that that shallow realization that Chris
put together is probably not, at all, feasible because

basically we're saying that there is no aquifer thickness in
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here. The nodel is fairly interesting because you see all of
the flowin the carbonate aquifer has to cone through this
area and then conme down here to discharge in the big springs
inthis area. And, there is sone discharge right here, but
it looks like there is discontinuity fromthe carbonate
aquifer. This spring is considerably higher. [It's sonewhere
around 2,000 feet. So, it appears to be pretty nuch

di sconnected. The flow for that spring has to cone sort of

t hi s pat hway through here.

So, basically, what we've done is put together this
nmodel of the aquifer system It suggests to us that, you
know, this shallow realization of the fault systemis not
really feasible and so it |l ooks like the faults are nuch
steeper than Chris would have predicted with his shal |l ow
fault nodel. And, we can fit this thing pretty well to the
di scharge. | nean, we can nake the nodel reproduce the
di scharge in the major springs here, particularly, as | said,
Travertine and Texas and Nevares. So, the nodel does
reasonably well.

Now, one of the interesting things is that this
fault doesn't seemto have very nuch effect. So, | played
with the idea of, you know, suppose the fault is nore
per meabl e, suppose it's less perneable. | didn't get any
better results with less or nore perneable. So, it appears

that the fault is in this case playing no particular role in
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the flow system The flow is going basically through the
fault zone.

Al right. So, this leads then to what are we
hoping to do? Wll, we're hoping to drill sone holes to the
carbonate aquifer over in this area here. So, on the east
side of the Funeral Mountains, we would like to drill to the
carbonate aquifer, get head information, geochem cal
information, and establish the fact that the head that we get
over here is consistent wwth some kind of flow systemthat
| ooks like this and that the geochem stry of that water
resenbles the water that we're seeing discharged at the
springs. So, basically, establish--well, get sone
confirmation for our conceptual nodel of what the flow
t hrough the carbonate aquifer |ooks Iike. W have noney to
drill. W are hung up sonewhat |ogistically by the
contracting procedures in Inyo County. This is a kind of new
ball gane for Inyo County and we are having sone | ogistica
problens in getting the county to nove, basically. W've
also drilled sonme holes over here in the discharge area and
we' ve got one nonitoring well also in the discharge area.
But, the nore neani ngful observations, | think, are those of
the carbonate and over in here and we've done geophysics to
try to |l ocate spots where we think we--where we're pretty
sure we can get the carbonate aquifer, get saturation within

reasonable drilling depths. So, that's where we are.
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The rest of the slides sinply sunmarize that. You

know, and I m ght nake one nore coment. You know, because
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we have head distribution, we have discharge fromthe
springs, we can calculate a transmssivity of the aquifer.
Now, you're not quite sure what that transm ssivity nmeans
because you're not quite sure what the thickness of the
aquifer material is that's really transmtting the water.
So, out of the full nodeling, we can get a transm ssivity,
but you know, converting that to a perneability depends on
how t hi ck you think the aquifer material is that is
conducting the water. And, as | said, it's fairly
insensitive to the perneability of the Furnace Creek Fault.

| think I'll stop here. There's one or two nore
slides, but I think I've covered everyt hing.

NELSON: Thank you very nuch.
Questions fromthe Board? Dan Bullen?

BULLEN: Bul |l en, Board. Could we got to Slide 13 first?

| guess, the first question that | have based on the initial

part of your talk was that this is your estimte of the
novenent of the groundwater. So, | guess, | have to ask if
you think it's correct, and if it's not correct, where m ght
it not be correct?

BREDEHOEFT: Well, let's back up a second. There is

every indication fromthe geochem stry of these springs that

the water we're getting fromthe springs is comng out of the
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carbonate aquifer. So then, you say to yourself, okay, we've
mapped that carbonate and the distribution of the carbonate
is pretty well-known. So, you say to yourself, well, there's
carbonate water com ng out of the springs and the water has
got to cone through the Funeral Muntains. Then, this is a
reasonabl e picture of what that's got to look like and it's
pretty hard to change that thing dramatically.

Let me back up. One of the things | did in here
was to put in the uniformperneability for the carbonate--or
uniformtransm ssivity for the carbonates through the entire
Funeral Mountains. So, you could cone back and play ganes
with making different perneability distributions or different
transm ssivity distributions, but it seens to ne you don't
have nuch data to do that with. So, you know, you cone back
and say to yourself, well, what's the sinplest nodel? Well,

the sinplest nodel is to use a uniformtransmssivity. The

pi ctures kind of |ook something like this, | think.
BULLEN. Bullen, Board. Basically, as a followp, on
Figure 11, you show the proposed wells that would go in that

region and I guess | just wondered why there weren't wells

near where the spillway is? Wuld that not give you the

information that you need or is that too hard to get or--
BREDEHOEFT: It's pretty hard to get to, first of all.
BULLEN:. Ckay.

BREDEHOEFT: Then, there are | ogistical problenms because
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you're right in the center of the National Park. National
Park doesn't want us drilling. You know, they're not anxious
for that, although we have drilled sonme wells over in the

di scharge area. So, you cone back and you say to yourself,
wel |, where can you get that carbonate, you know, wi thin
reasonable drilling distance on the other side of the Funeral
Mount ai ns on the northeast side. And, these are the sites.

It turns out that when you start |ooking at the logistics of
where the park is, you know, where is it possible to drill,

it comes down to a fairly limted set of places.

BULLEN. Bullen, Board. Thank you. Actually, | had one
ot her question. Based on the previous talk and trying to
understand sort of the regional nature of the groundwater
noti on, how does your information feed back into the process
or is there a nechani smwhereby this information can be
utilized by either the GS or the Yucca Muntain Project and
what kind of information feedback do you have?

BREDEHOEFT: Well, particularly in the nodels that we
did here, we were |l ooking only at the carbonate and we're
| ooki ng at the carbonate, you know, sort of this is the water
table in the carbonate in the Funeral Muntains. That's
basically what you're |ooking at. How nmuch saturation is
there of this carbonate material in the Funeral Mbuntains,
itself. So, you're looking at only one unit and we're

| ooking at it over a fairly limted area. And, we're saying
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to ourselves that the discharge fromthat system are these
maj or springs in Death Valley. So, we've got a very--a nuch
smal |l er picture, a nmuch smaller piece of this sort of
regi onal nodel that C audia was talking about.

BULLEN. Thank you.

NELSON:  Ron?

LATANI SI ON:  Latani sion, Board. | enjoyed very nuch
your commrents, philosophical coments on nodeling. And,

certainly, ny experience in nodeling bonding interactions in

solids resonate with the comments you nade. But, I'd like to
turn to Slide 3 and ask you one question. It has to do with
the use of the word "calibration". |In ny experience--and |I'm
just curious of your reaction to this, but in ny experience

in bonding interactions, we often attenpt to--after
devel opi ng a conceptual nodel to use it to calculate

sonething that is known; for exanple, an elastic constant.

BREDEHOEFT: Ri ght .

LATANI SION:  And then, to treat the nodel in order--1I
hate to--maybe tweak or force, I'mnot sure which is the
right |anguage. But, to make the nodel fit and then to use

it to calculate sonething that is unknown with hopefully sonme
degree of confidence based on what | woul d descri be as not
calibration, but verification or validation. Are we using

t he sanme | anguage?

BREDEHOEFT: | don't |ike those words, but that's okay.
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LATANI SI ON:  Ckay. Are we using the sane | anguage or is
it just semantics here?

BREDEHOEFT: Yes, | think we're using pretty nuch the
sanme words

LATANI SI ON: Ckay.

BREDEHOEFT: Let ne back up. You have a concept ual
nodel . You have sone observations. And, you adjust the
paraneters within your conceptual nodel to fit the
observati ons.

LATANI SI O\ Ri ght.

BREDEHOEFT: Ckay.

LATANI SI ON: Well, we use the nodel to calcul ate
sonething that's known. |--

BREDEHOEFT: Ckay. But, that's what we do, too. W say
to oursel ves, okay, we've got a bunch of water |evels.

Cl audi a tal ked about it. W' ve got a bunch of water |evels
out here. W're going to use the nodel to cal cul ate those
water |evels and see how well we do. W accept the fact that
we've got to cone back and adjust the paraneters to nmake a
better fit to those cal culated water |evels. Ckay?

LATANI SI ON:  Ri ght.

BREDEHOEFT: But, what |I'mtal king about here is in sone
of these cases you cone back and you say to yourself, hey,
wait a mnute, |I've got data here which says that | can't fit

this conceptual nodel. M conceptual nodel doesn't work. So
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that, to nme, is a very different situation than where you say
to yourself, we've got observations, we're going to change
the paraneter set to fit the observations, but we didn't
tinker wwth the conceptual nodel.

LATANI SI ON: Yeah, yeah. Well, | wonder about the
inplications of this short conversation on very conpl ex
engi neering problenms in which we adopt, for exanple, the TSPA
approach to dealing with all the many variables that are
involved. | nean, I'mnot quite sure how you could do it
otherwise. But, | do wonder about the fact that there is
such an overwhel m ng i ndependence on nodeling. How good is a
calibration when you're dealing with a very, very conpl ex
system as opposed to sonething which | consider on the scale
of things to be very sinple and |I'mtal ki ng about bondi ng
interactions in solids? So, what's the inplication for TSPA

based approaches to | arge engineering systens? Am| putting

you on the spot? |'msorry.

BREDEHOEFT: No, |'ve been on this spot before. Let's
| ook at the PA for a nonent. Wat you do in the PAis you
say to yourself we're going to accept the conceptual node

over here. \What we're going to |look at is suppose we nade
errors in our paraneterization? So, we will run a range of
paraneters through and | ook at what the nodel predicts with
this variation of paraneters. But, we have not tested the

conceptual nodel. What was the conceptual nodel? | nean,
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| " m sayi ng the conceptual nodel is wong 25 percent of the
tinme. You haven't tested that. And, you haven't tested that
with the calibration. You can calibrate to a bad conceptua
nmodel . So, what you're saying to yourself is--you know, the
inplication of this is that you didn't test the conceptual
nodel and that conceptual nodel may easily have errors of
sone significant anount associated with it.

LATANI SI ON:  Lat ani sion, Board. The operative word from
my perspective is confidence. | nmean, how nuch confi dence
can we attach to the calculations that follow the evolution
of a nodel and calibration and so on? Once again, | don't
know how to answer that, you know, on the scale of things
we're tal king about, but it seens to ne to be a very, very
i nportant issue.

BREDEHOEFT: Let me try to answer it another way. It
seens to be one of the things you want to do is when you get
t hrough, you want to be sure that what you're doing for
society is robust and as robust as possible. | think that's
where you' ve got to look to yourself. You know, you do al
the cal culations. You say, okay, but then you say to
yourself, well, you know, is this systemsufficiently robust
to accept the fact that we may have made sone errors?

LATANISION: Al right. OCh, 1'll buy that. Thank you.

NELSON: Ri chard?

PARI ZEK: Pari zek, Board. John, you could have added to
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t hat answer what you actually published and that is in terns
of Yucca Mountain application, one way to enhance your
confort |level would be to perhaps | eave the repository open
| onger. Wuld you want to kind of add a little bit to that?

BREDEHOEFT: You can do all these cal cul ations and do
all the PA and so forth. | think there's still a reasonable
chance that we've made errors. You know, that we didn't get
everything right. So, one of the things, it seens to ne, is
| eave the thing open and watch it as |l ong as you can before
you close it. | nean, you know, what's the rush to cl osure?

Particularly, when you get into a systemlike this where

you' re presunmably going to put hot waste in there and you--|
mean, | don't know. You ask yourself how much confidence do
you have in these cal cul ati ons when you now start getting
things at 130 degrees, 140 degrees C. | don't have nuch
confidence. But, that's just ny bias.

PARI ZEK:  Thank you. That's a published statenent so we
can track that one down. The other thing--

BREDEHOEFT: |'ve said 1,000 years, Dick. GCeorge
Hor nberger was arguing with me that the 1,000 years is too
| ong because we don't know what society is going to | ook |ike
in 1,000 years. But, assum ng we had a reasonabl e society,
what is the rush to closure?

PARI ZEK: One ot her question about the National Park

Service, as an exanple, as a constraint to try to understand
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sonet hing that could be quite vital to the Park Service, as
well as to kind of a national understanding. So, here's a
case where there may be tinmes when perhaps you have to
violate pristine lands for the purposes of addressing
nationally critical issues. And so, again, you don't have to
respond to that, but it seens to me we really as an agent, at
times, need to know sone answers to sone critical things.
And, if the spillway is really kind of inportant to the
backup of water in Claudia s nodel, then the site-scal e nodel
and a lot of things cascade fromit, I, for one, would think
that there's ways to gain access that woul d be not

particul arly damagi ng perhaps. Again, other people have to
weigh in on this, but |I feel strongly that there are tines
you' ve been kept out of certain terrain where nmaybe you ought
to be allowed in that terrain in a very controlled way in
order to get this job done.

BREDEHOEFT: Dick, | would conme back and say to you that
the Park Service has been nobst supportive. W have all Kkinds
of very good cooperation with the Park Service. And, you
know, their concerns are that they don't want sone drilling
rig sitting out there for two or three nonths where the
public is going to be--you know, it's going to be obnoxious
for the public. But, they have been very supportive. So,

t hink we can work those probl ens out.

PARI ZEK: Thank you. That's a political answer, |
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t hi nk, but thank you.

BREDEHOEFT: One thing | would say, you know, one of the
things at the nonent is the one hole we have at Yucca
Mount ai n shows this upward gradi ent fromthe carbonate
aquifer into the overlying tertiary material. Now, that's a
protection for the carbonate aquifer. You know, as |ong as
that flowis upwards, you're going to have a hard tine
getting waste to nove into the carbonated aquifer. However,
if you think about sort of water supply and then we're going
to go to that carbonate aquifer as a big source of water
particularly for Pahrunp where we have water problens, they
begin to | ose that hydraulic head and you're going to | ose
sonme protection fromthe aquifer as you reduce that hydraulic
head. And, the other inplication of what we tal ked about is
that those springs are also going to be very sensitive to
| osing hydraulic head in the Amargosa Desert. So, if we have
devel opnent in the Amargosa Desert, you can see where the
springs are going to be inpacted. You can see where this
upward gradi ent at Yucca Muntain would al so be di sturbed.

So, to the extent that Nevada devel ops that water, you can

see very big changes with respect particularly to carbonate

aqui fer.
NELSON: Nel son, Board. Let nme ask you one question
rel ated maybe to bring the two parts of your tal k together

that has to do with the idea of designing experinments to test



© o0 N oo o A~ w NP

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

378

conceptual nodels so that specific sets of observations get
made that actually are addressing the conceptual nodel
uncertainty separate fromthe calibration issue of an

exi sting nodel. Do you think that that strategy has been
used appropriately on this project? Is it a strategy that
shoul d be used?

BREDEHOEFT: OCh, yeah, of course, it should be used.
mean, you know, if you go back to the philosophy of science
and you say to yourself all we can do is invalidate which was
Pauper's view of science, you know, then you say to yourself,
wel | --set up these experinments to try to test that conceptua
nodel . You know, is it right or not? |'mnot sure | want to
say whether we did that well in this case or not. |'mnot
sure.

NELSON: Nel son, Board. M experience has been that
this is--with the reductionist framework that we've noved
into in many areas of science, we tend to get a calibration
or a testing of one nodel at a time with one set of data so
we don't have this possibility and it's a shortcom ng across
t he board.

But, let ne ask you about maybe the vulnerability
of this water systemif there's a climte change or a
significant water table change in the region. Wat are the
potential inpacts that this conceptual nodel would predict?

BREDEHOEFT: You know, fromthe point of view of Inyo
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County and Death Valley and so forth, you know, if you get
nmore water in the system that's helpful. W're going to get
bi gger spring flows, probably increase the head in the
carbonate aquifer, those kinds of things. That would be

hel pful. And, | think, nost of the climate change--1 sat
there yesterday, | don't know. It seens to ne that we're in
a nore dry period of the climate at the nonment. So, probably
what you're looking at is winter conditions. And, as far as
t he carbonate aquifer, that's probably beneficial.

NELSON: Nel son, Board. Does your nodel indicate any
vul nerability for loss of that upward gradient to flow that
protects that resource?

BREDEHOEFT: Well, it seens to nme if you conme to the
nort heast side of the Funeral Mountains and you say the
hydraulic head at that point is controlling the flow through
t he Funeral Mountains, if you reduce that hydraulic head with
devel opnment, that's going to be detrinental as far as the
springs are concer ned.

NELSON: Ckay. Any other questions?

(No response.)

NELSON. Staff?

(No response.)

NELSON: No. Well, we thank you very nuch.

BREDEHOEFT:  Unh- huh.

NELSON: We are three m nutes ahead of schedule. You do
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get that three mnutes on your break. So, we wll reassenble
here to the tune of sonme nusic at 10: 10.

(Whereupon, a brief recess was taken.)

NELSON: Regardl ess of whether Richard Parizek is back,
we're going to start. So, grab your coffee and have a seat.

| want to just nake one clarifying statenent and
where | was coming fromin ny question regardi ng conceptua
nodel testing and | think it perneates many, many fields of
sci ence and engi neeri ng.

There's a major project at the National Science
Foundation right now called the Network for Earthquake
Engineering Sinmulation. And, in the field of earthquake
engi neering, perhaps reinforced by National Science
Foundation's grant policy, has been a long string of snall
awards given to single investigators to investigate their
nodel in their context and gather their data through their
experinmental setup. Wth the Network for Earthquake
Engi neering Simulation, what's going to be set upis a
conpl ete col |l aborative environnent where data, visualization,
tools, and anal ytical codes are all available to the entire
community where each project that cones forward wll be
pl aced on the Wb and anybody in the community can propose
parts to the experinment, piggyback opportunities on the
experinment, that will actually allow many nodels to be tested

with one experinent. |It's going to be a culture change and
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it's probably going to be sonewhat painful, but | think that
it's where the future of many aspects of engineering is. So,
that's where | was comng fromin that specific exanple.

But, it's ny pleasure to reconvene this session and
to get alittle bit nore up close and personal towards the
site. And, it's ny pleasure to introduce JimWnterle. Jim
recei ved his bachelors and masters degrees in hydrol ogy from
the University of Arizona at Tucson and he cones to us as
Seni or Research Scientist wth the Geohydrol ogy Group at the
Center for Nuclear Waste Regul atory Anal yses in San Antoni o,
Texas. For the past six years, he has been a principal
i nvestigator on saturated and unsaturated flow i ssues rel ated
to the proposed high-level waste repository at Yucca Muntain
under contract to the U S. Nucl ear Regul atory Conm ssi on.

H's work at the Center allows himto apply his broad variety
of hydrology interests which include interpretation of

aqui fer punping tests, aquifer responses to earth-tide and
baronetric effects, contam nant transport in porous and
fractured nmedia, groundwater flow nonitoring, multi-phase
mass and energy transport nodeling, recharge estimation, and
the interpretation of groundwater tenperature patterns which
are of particular interest to ne.

So, | invite Jimto the podiumto nake his
presentation. Thanks.

W NTERLE: Thank you. Thanks to the Board for inviting



382

me and to the Staff and technical people for putting on such
a great set of presentations.

I"mreally glad to follow John Bredehoeft's
presentation not only because he's such a distinguished
scientist, but because his philosophical comments on
conceptual nodel testing lead nicely into what |'m about to
present .

| thought before |I start that, 1'd offer a few
phi | osophi cal coments that |1'm borrow ng froma recent
article in the latest issue of the Gound Water Journal by
Amat Hussan of Desert Research Institute. He argues that the
term "nodel validation", which inspires a lot of ire in sone
hydrol ogi sts, is acceptable, but as long as it's understood
that we're referring to confidence building. And, sone of
the statenments borrowed fromhimis that nodel validation is
a process, not an end result. That is that the process of
nodel validation cannot insure acceptable prediction or
quality of the nodel. Rather, it provides an inportant
saf eguard agai nst faulty nodels or inadequately devel oped and
tested nodels. |If the nodel results becone the basis for
deci si on nmaki ng, then the validation process provides
evi dence that the nodel is valid for the decisions, not
necessarily a true representation of reality.

And, | think we see that a lot in the Yucca

Mountain Project. It's when we have a set of conpeting
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conceptual nodels, we often pick the nore conservative one if
there's no data to support any one over the other. In cases
like that, we're pretty sure we're not reflecting reality,
but we're pretty sure we're building a sound basis for
deci si on maki ng.

The purpose of this nodel that | devel oped of the
Yucca Mountain site is to test conceptual nodels and |'|
start off with the usual notes that this work was funded by
t he Nucl ear Regul atory Comm ssion, but nothing | present here
necessarily represents their regulatory position. And, that
t he nodel scenarios and results |I'm about to present are
exploratory in nature and intended to gain a better
under st andi ng of what affects the fl ow system and not hi ng
shoul d be considered as a preferred nodel.

"1l get into the outline. I1'mgoing to talk about
how t he nodel is based on the hydrogeol ogic framework, the
effects of hydrogeologic interpretation on the nodel
calibration and how that affects groundwater flow paths.
Then, I'll go into a second set of analyses on effects of
| ocal recharge in the repository area and how that drives
flow paths into different portions of the aquifer. And then,
a third set of analyses that |'ve heard inklings of interest
inis the effects of increased recharge and water table rise
possibly due to a future climate on the nodel flow paths and

travel tinmes of groundwater.
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The hydrogeol ogi c framework nodel that we start off
with is devel oped independently at the Center. So, we're
starting off wth a conpletely independent interpretation of
the geology as the basis for this nodel, although one of the
data sets did go into this interpretation was the USGS GFM
Model 3.1 which was also an input to the DOE's nodel. It's
one of our inputs and we interpreted that nodel sonmewhat
differently by lunping hydrostratigraphic layers with simlar
properties that are adjacent to each other into single units.

So, that interpretation is also different fromthe DOCE
approach. Then, we extended the nodel region based on the
Center's interpretati ons of geol ogy and geophysics. And
then, | took that as the basis, extracted a region fromthat
nmodel and assi gned hydrol ogi ¢ properties based on the
correspondence to units.

There's al so several faults and structural features
in the nodel. You can see pretty nmuch everything on this
graph is in the nodel, all these different faults. There's a
cal dera zone in the hydrogeol ogic framework nodel. This red
line shows where | had to actually extend that region of the
cal dera southward in order to obtain a better calibration.
That woul d correspond to sonmething in the DOE nodel that they
al so had to do that they called a northern region or northern
zone. | forget the exact nane of it. And then, the other

nodi fication is | had to extend the H ghway 95 fault zone
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just a little bit fromwhere it was in the original nodel and
then pretty nmuch everything else is simlar.

| think I mssed a couple points here. Yeah, sone
of the other changes were the Bow Ridge, Mdway Valley Fault
zone, Paintbrush Canyon Fault zones here in the mddle of the
mountain. These faults are all so close together that | just
di scretized that into a single fault zone and then | nmade a
separate fault zone for the entire area between the
Pai nt brush and Fortym | e Wash Fault as part of the nodel
construction. Then, that was all discretized into a 300
meter horizontal grid size. Vertically, the smallest grid
sizes near the water table is a 15 neter vertical grid
di scretization. That's that.

And, this shows you a conparison of the underlying
hydr ogeol ogi ¢ framework nodel and then how that ends up in
the flow nodel. This is a cross-section through the m ddle
of the nodel domain that goes through about the repository
area, east-west. And, you can see the different nateri al
colors that | used to incorporate faults. | didn't extend
the faults all the way down to the bottom of the node
domain. | just keyed theminto the underlying perneable
unit. This brown unit here is a |lowperneability vol canic
confining unit that extends over a good portion of the
domain. The pal eozoic carbonate units, the | owernost unit.

The | ower volcanic aquifer. This blue |layer is an upper,



© o0 N oo o A~ w NP

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

386

what we call, a confining unit, but it's actually sem -
confining. It's alittle bit perneable conpared to this
brown vol canic confining unit. Then, the upper volcanic
aquifer in gray and then the alluviumis in the |avender
col or.

The nodel domain, you can see in the square box
over the satellite map and then | used the interpretation of
wat er table based on water |evels and heads to get a starting
point for the top nodel boundary. The top boundary is
sonething | used in MODFLOWN It's called a
confined/ unconfined flow boundary. It allows--if there's not
enough flowinto a cell to keep that cell saturated, it
allows it to go dry and becone inactive. And then, if you
shoul d i ncrease recharge during a run, theoretically, it lets
it re-wet and becone active again during a sinmulation. So,
set the top seven nodel layers in that node because those

were within the range where the water table m ght becone

active or inactive in a cell. No-flow bottom boundary. The
size of the domain is 28.5 by 41.4 kiloneters. |t extends
from 1500 feet below sea level to 1200 feet above sea |evel.

And, 70 wells used for calibration points. Recharge points
were in the north area and al so considered in the Yucca
Mountain area and Fortym le Wash area for certain scenari os.

There's an oblique view of the nodel that you can

see how the top of the nodel tapers down in active cells
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where the water table drops down to the south. You can al so
see certain faults in the nodel and the different
configurations of the material types.

The first analysis I'"'mgoing to present is how we--
so the question we asked is--the DOE has got their nodel and
it's got a certain amount of calibration error. Sonmewhere
about the nmeans® error in their nodel for 80 or so wells is
about 30 neters which, you know, 30 neters a head off in a
well could be a lot. So, our question was is that sonething
that's drastically going to affect flow paths where trave
time is comenced? So, we set out to take a standard nodel
and calibrate it as best we could and then to take an
alternative nodel and shift things around a little bit to get
the calibration even better.

In this nodel, we didn't necessarily constrain
ourselves to having features supported by data. For exanple,

you know, along these fault zones, you have big head drops in

sone areas and that seens to be where you get a | ot of your
errors in the nodel. So, one of the ways to fix that is to
take a nodel cell and shift it over to the right one or nake

your fault zone two nodel cells w de instead of just one
nodel cell w de and you can reduce a |l ot of error that way.
Anot her thing we did was to scul pt the shape of this cal dera
zone. Anot her adjustnent we nmade was in sone areas between

the alluviumand tuff interface, we put transitions on that
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had a | ower perneability. And, there's conceptual bases for
all of these, but they're not necessary supported by data and
that's why we're calling this an alternative scenario. The
contours on here show the different cal cul ated water table

el evations and they're not that different between the nodels
to | ook at.

But, when you |l ook at the calibration, the original
nodel had an RVS error of 27 neters, very simlar to what the
DCE. That was the best we could get using a trial and error
approach. The biggest errors were up in the north area where
heads are high. So, they're not necessarily problematic
because they're off at the flow paths. Then, the second zone
of high errors is what we found nostly along fault zones
where there's a steep change in the water table gradient.

So, that's where adjusting the fault zones left or right cane
in handy. And, if you look on the right, we were able to get
our RVS error down to 1.1 neters on average with 70 wel s
just by noving things around a little bit. And, that was all
trial and error and adjustnents. It took one person ful

time about a nonth to do this which if you had to set a PESS
simulation up, there's just so many paraneters, it probably
woul d have taken it a nonth to run anyway. So, we were happy
wthit. The error is down in the range of what the water
tabl e measurenent error is. So, we decided that's a good

stopping point. W're really not going to get any better
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t han that.

So, let's conpare the results of the two nodels.
On the left, you see the original nodel has flow paths going
pretty nmuch to the south. \Wat happens is they start flow ng
east and then they hit a zone where Bow Ri dge, Paintbrush
Canyon Fault zone, it's nore perneable than where they
started out and that's |like a streamgoing into a river and
it just makes the turn when it hits the river and then it

just flows straight south.

In the alternative nodel, the distribution of
perneability is going east to west. It didn't really change
drastically until we hit the Fortym|e Wash Fault zone. So,

they go a little bit farther to the east before they al so
make a quick southward turn and essentially end up in the
sane spot. | should say about this alternative nodel, along
the way we did several analyses of flow paths when we were
adjusting different features and there's a | ot of
calibrations that are nearly as good or al nost as good that
didn't go as far east as this and pretty nmuch | ooked the sane
as the original nodel. So, you could view this alternative
as the farthest east we could get those flow paths to fl ow
and it really happens to be a very good calibration at the
same tine.

And, conparing that to the | atest DCE node

predi ctions that we have access to, you can see they're
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generally in the range of between what these two nodels are
predicting and also end up in essentially the sanme point at
the end. So, you know, starting with a conpletely different
nmodel , conpletely different approaches, and conpletely
different |levels of matching your calibration data, there's
not a big variety in flow paths. So, that's the end of this
interpretation before | nove on to the next one.

" mnot going to show you the travel tines for
these two fl ow paths because there were sone things | didn't
| i ke about that that will come up in the next analysis. But,
just to say that the travel tinmes didn't differ too nuch
bet ween these scenarios. So, that gives us confidence that
we don't really need to go in and col |l ect enough data so that
we can get our calibration down to one neter and still accept
the results for the purpose of the nodel.

So, the next thing | wanted to | ook at was the
effects of recharge in the |ocal Yucca Muntain area because
when these flow paths fromthe unsaturated zone hit the
saturated zone, the anount of recharge affects the downward
gradient and it's going to drive theminto the system and
hence the flow paths. So, we wanted to know how i nportant it
is to get that recharge rate on the saturated zone fl ow
paths. So, Case 1 only has recharge in the area to the north
whi ch they assune to be 10 nmyr for this analysis and

nowhere else. Case 2, | added the yellows on of 5 nmyr
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which is pretty close to the average infiltration rate base
case that the DCE is using. For a later sinulation, |'lI
tal k about recharging Fortyml|e Wash, but that's not in the
ones |'m about to show you.

For the case with no recharge in Yucca Muntai n,
the flow paths are pretty nmuch the original case |I showed you
fromthe last analysis. And then, with 5 miyr recharge in
Yucca Mountain, they don't |ook very different, at all, until
you |l ook at it in the vertical view. And, you can see that
with no recharge, they stay very shallow near the top of the
aquifer. And, with alittle bit of recharge, they go down
quite a bit deeper down to about--nost of them are no deeper
t han about 300 neters, although there's a couple of
stragglers that go deeper. That |engthens the flow path sone
and then al so spreads out where they arrive at the 18
kil ometer point.

In terns of travel tine, there's a big difference.

| think I should show you that for the original case, it's
sort of a binodal distribution. The earliest tinmes cane from
the south end of the repository and then the |ongest tines
stretch out beyond 10,000 years for quite a few of the flow
paths for alnost the whole northern half of the repository;
whereas the case with only 5 mmyr recharge in Yucca Muntain
significantly shortens that. So, even though the travel

distance is a little longer for these deeper flow paths with
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the recharge, the nmean travel tinme in this scenario--
remenber, we're not talking about reality here; this is a
nodel --is 1,000 years going up to a couple thousand at the
nost; whereas this has travel tinmes going up into the 40,000
year range.

So, what's the deal with groundwater travel tine
bet ween these two sinulations? Wiy are they so different?
That gets into what | had to nmake assunptions about for the
porosity. In ny sinmulations, | assigned a value of .001 for
wel ded tuff units, and then for nonwel ded tuff units, such as

t hat upper volcanic unit which corresponds to the Calico
Hlls, | gave it a value of .1. M basis for that was that
there's quite a bit of well data that shows that's a
relatively unfractured porous type of formation and so we
m ght expect a different flowreginme in that unit than in the
tuff units. So, as nost of the hydrol ogi sts know, for a
given flux, the average groundwater velocity is going to be
inversely proportional to that porosity.

In the sinulations where | had no recharge at Yucca
Mount ai n, the shallow flow paths travel ed a nuch greater
di stance through this upper vol canic confining unit and that
is the main reason why you had a distribution of flow paths
t hat went beyond 10,000 years to the range to several
thousand. And, it's solely because |I'm assum ng a val ue of

.1 for that upper volcanic unit. If I did as the DCE assunes
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in their performance assessnent and set all volcanic units to
the sane value of .001, in that case it nmakes very little

di fference whether | have recharge or not in the Yucca
Mountain area to the flow paths. So, take away fromthis is
t hat al t hough nobody is currently doing it in performance
assessnents, there's a possibility that this UVC, upper

vol canic confining unit, the Calico Hlls unit, could have a
porous flow regine that would add a ot of tinme to the
groundwater flow path. And, | already nentioned that

hi storically nost of the performance assessnents have been
conservative in their assunptions about that.

The next analysis |I'mgetting into is the potenti al
effects of climte change and | guess | should say a little
bit about ny thinking process that went into what's going to
happen to the water table when climte changes. You know,
this all went on inside ny head, and one afternoon in ny
office, | decided that here m ght be a good way to approach
it, and by the end of the afternoon, | had nodel results that
|"m presenting to you today.

So, what | thought about was would it be a uniform
water table rise? In that case, there was really no point in
runni ng the nodel because it's not going to change the
gradient if everything rises the sanme anmount. The hydraulic
gradients are all going to be the sane. And then,

considered that, well, what's really probably going to happen
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is you're going to get nore recharge in sone areas and that's
going to be the area where the water table rises the nost is
in the areas of higher recharge. So, in the original nodel
t he hi ghest recharge areas had the highest starting heads on
t he boundary. So, | decided rather than raise the heads by a
fixed anmount, to raise themby a fixed proportion. So, that
way, the groundwater table rise was higher in areas where
t here was hi gher recharge and hi gher boundary heads.

So, | arbitrarily picked 5 percent as ny first
anount and that happened to work. What | used as a
constraint was this |ocation of approximately around Nye
County Well 9S. In that |location, there were sone evaporate
deposits where historically you can infer that water table
has intersected the groundwater surface in that area and that
| should constrain the nodel by rising the water table enough
so | just initiate sone groundwater flow in that area.
used MODFLOW as a drain package where you put a cell in
there. And so, | raised it by 5 percent and it just happened
at the elevation of those evaporate deposits, it was the
first portion in the entire nodel domain where the
groundwat er table intersected the surface. And, at that
anount of increase, there was just a trickle comng out of
that drain cell, about a nmeter cubed per year, which is
consistent with the formation of the evaporate deposits, a

sl ow seep com ng out that can evaporate and | eave deposits
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behind. So, that was ny constraint and | got |ucky and
nailed it on the first try of water com ng out of there.

The other thing |I changed was | doubl ed the
recharge in the north region, doubled the recharge in the
Yucca Mountain region, and added 200 mmi hr recharge in the
Fortym |l e Wash region. That is arbitrary and if anybody
woul d like to suggest to ne different values of recharge
increase, |'d be happy to test them But, in the neantine,
"1l show you the results for this particular scenario.

And, that is that | got a water table rise
constraint here at 9S that was equal to the ground surface of
about 30 nmeters and that increased to the north. In the
repository area, the water table rise was between about--|
didn'"t wite it on here--1 think, it was between about 70 and
150 neters--70 to 120 neters was the water table rise. And,
that just happens to be very close to what the Departnent of
Energy nodels are assumng for water table rise in their
nmodel . And, you can see it increases fromnorth to south
which mght--if any future nodifications should take that
repository horizon farther north, you can see the water table
rise could be in this nodel scenario nuch higher than that 50
to 100 neters. So, that mght be a factor to consider if
there were any changes in that footprint area.

The ot her thing we consi dered was how does t hat

change flow paths? The Departnent of Energy, the |ast nodel
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version that | had access to, treated climate change by just
i ncreasing the fluxes through the nodel by, | think--Bil
Arnold can correct ne--1 think, a factor of 3.9. And so,
what we wanted to know was how nuch do the fluxes change in
an alternative scenario where we actually raise the water
tabl e el evations. And, you can see that the flow paths don't
change nmuch, at all, for the before and after scenario. |If
you study it closely, there are some mnor differences, but
not hi ng that we woul d consi der significant.

The case wth travel tinmes is also not that nuch.
There's a few particles get there a little bit earlier with
t he higher water table. Again, in this scenario, I'm
considering the porosity distribution that | presented
before. There's that thin tuff layer with higher porosities
than the rest of the tuff. And, you get one flow path that's
alittle bit longer than the | ongest flow path for the
present day case, but on average, they're not that different
in ternms of travel tine.

So, those are the three analyses | wanted to
present today. And, the conclusions that | cone away with
are that the nodel calibrations can be significantly inproved
by relatively mnor adjustnents to interpreted geonetries and
hydrostratigraphic layers and structural features, but the
variability of the flow paths and travel tinmes for the two

scenari os was only nodest.
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Consi derations of small ampbunts of recharge to the
potential repository has a significant effect on the depth of
the flow paths and vol canic units through which they travel.

However, the further increases in recharge above that 5
mm yr did not appear to add to that effect. Wat |'m saying
isinthat climte scenario when | had further doubling of
the recharge in the repository area, those travel tines
didn't change nuch fromthe present day or the flow paths.

The coment | made on the porosity of the upper
vol canic confining unit can have a dramatic effect on the
groundwater travel tinmes to the conpliance boundary. |f data
collection efforts or perhaps mning of existing data were to
focus on evaluating that porosity, it mght inprove the
under standing of the effectiveness of the saturated zone
barrier.

An assunmed 5 percent increase in the boundary head
values to account for a potential water table rise results in
initiation of nodel groundwater rain flow near the Nye County
Well 9S which is consistent wwth the | ocation of the spring
deposits. That 5 percent boundary head scenario resulted in
a water table rise beneath the repository of--oh, here's
where | had it--50 to 150 neters, increasing fromnorth to
sout h, and those potential effects should be considered if
repository footprint is extended to the north.

The scenari o of conmbined water table rise and
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i ncreased recharge including additional recharge at Fortymle
Wash did not significantly change nodel groundwater fl ow
paths or travel tines to the conpliance boundary.

And, that's the end.

NELSON: Thank you, Jim

Could we | ook at Slide 14 just for a mnute? |
guess, | was really struck by the apparent inportance or
i npact of having recharge right on the Yucca Muntain area on
the flow paths. But, I'mnot sure | understand the
di fference between these two figures in terns of what the

subsurface stratigraphy is show ng because they are a bit

different.
W NTERLE: Okay. Wthout the recharge, you see this
bl ue | ayer here? That's that high porosity unit. And,

there's nothing to really drive them down through that unit.
So, they tend to stay up there and travel very sl ow ng,
especially the ones initiated in the north end of the
repository. That's why | had that binodal distribution on
the travel tinmes where sonme of themwere getting there

qui ckly, but you know, the north end of the repository was

t aki ng an excess of 10,000 years travel tinmes. And, it was

all due to this significant difference here. And, in the

| ower scenario--these are actually the sanme nodel, though you
see different stratigraphy. | made a m stake and took a
slice fromthe next cell over in this nodel. But, you can
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see that that recharge drives it down through that zone and
then at that point it's into the perneable unit with | ow
porosity where for a given flux it just flies along at a
hi gher velocity.

NELSON:. Ckay. Nelson, Board. Wiat's the tota
t hi ckness of these sections?

W NTERLE: In the upper zone here where |'m pointing,
the top 10 layers or so, each of those grid cells is 50
meters. There's a 7 to 1 vertical exaggeration here. So, it
| ooks exaggerated as to how far those are com ng down, but it
adds maybe 200 neters to the flow path which isn't much in

ternms of an 18 kil onmeter transport distance.

NELSON: Ckay. Bullen?

BULLEN. Bullen, Board. Could we go to Slide 13, the
previous slide? | just had a quick question for you because
one of your conclusions stated that if the repository is

shifted a little farther north that you nay be getting close
to the water table rise. That would be a problemif, for
exanple, you did the 5 percent increase in recharge rate.
But, what repository footprint did you use for the

calculation? Was it the SR footprint or is it the nore

recent- -
W NTERLE: It was, | believe, fromthe SSPA which | ooked
slightly farther north.

BULLEN: Bul | en, Board. Actually, the nobst recent
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footprint we see has the north ranp and, you know, four
different panels and the |ike. Have you seen that | atest
| ayout and does that actually overlap with sone of the areas
that have |ike the 250 neter rise?

W NTERLE: That's a good question. | can't answer it.
| have seen drawi ngs of that. They haven't filtered down to
our database to the point where they can be incorporated in
the nodels. But, | would say if they're getting up into that
north area around where Wll G2 is or even just a little bit
south of that, then it m ght be sonething to think about how

close that water table could get.

BULLEN. Bul |l en, thank you.

NELSON:. Pari zek?

PARI ZEK:  Pari zek, Board. Thank you for your
presentation. It was very interesting. On Page 21, it's
sort of surprising that when you turn on the pluvial again,

you end up with a rise about 30 neters at the paleo spring
deposit and from50 to 150 neters under the footprint. That
gi ves you a steep gradient and yet that didn't seemto change
the travel time. You' ve got a nuch steeper gradient. So,
you'd think that you ought to get a greater velocity out of
this. Can you explain why that--

W NTERLE: The real steep gradients are nostly just
north of the repository area and in |ow perneability units.

And, also, they're steep because the recharge was increased
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in that area and it's a |l owperneability zone. So, there
actually may be sone conceptual problens with ny
interpretation there where the zone where |I'm show ng severa
hundred, |ike 300 neters, of rise in the far north portion,
the rock there m ght not be able to accept that nmuch water.
So, it mght actually be nore runoff and | ess of a water
table rise in that area.

PARI ZEK:  Parizek, Board. Wth regard to the
precipitation anmount to get the springs, | guess at the
Horsetooth formation, the paleo spring to just begin to seep,

there are several other paleo spring deposits in that area.
How much nore precipitation would you need to maybe ki ck
those in or would that be another trivial anount or not? |
mean, it's good that you got themto cone out, first of all.

W NTERLE: Yeah, it's actually the whole zone around
there. The 9S area was the first one, but there was just
north of there on the other side of those hills, that little
corner of Crater Flat that tucks down behind the H ghway 95
area, there was--very close to the ground surface, hydraulic
heads there. And, | believe, down in the southeast corner of
the nodel, they were getting pretty close to the ground
surface which is--Ash Meadows isn't in the nodel domain, but
you're getting down towards that area at that point in the
nodel .

PARI ZEK:  Pari zek, Board. They're going in the right



© o0 N oo o A~ w NP

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

402

direction. So, that's encouraging.
Figure 14, you had sone black dots in the upper
diagram | don't know what those are.

W NTERLE: Those were the calibration points.

PARI ZEK: Okay, |'msorry.

W NTERLE: Yeah, a point | should have nade was that the
calibration points cover a variety of depths, not just
horizontal distributions. So, we're matching upward
gradients in our calibrations, as well.

PARI ZEK: Does the nodel require anisotropic properties
inthe role of faults built into here in order to get--

W NTERLE: | assune- -

PARI ZEK: | mean, your calibration is so fantastically
exciting, you say, maybe | shouldn't believe it. But, |
mean, what did you do with your faults and ani sotropy?

W NTERLE: Every nodel cell was assunmed honpbgenous and
isotropic here and it's just | played around with the
position of themand it's sort of |ike scul pting a statue.
It's like, well, that doesn't quite look Iike I want it to.
Let's nove that cell this way or that way. You know, to ne,

that's a little nore defendabl e than getting an inverse code

i ke PESS and say, well, you decide where the perneabilities
need to be highest. At least, you know, I'min control of
the conceptual basis for where | nove a cell. And, |I'msure
a PESS simul ation could have given ne a heterogeneity pl ot
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that | ooked |i ke a shotgun blast and maybe come up with as
good a calibration, but I wouldn't be able to defend where to
assign the perneabilities.

PARI ZEK: Parizek. One other question. That's on the
Fortym |l e Wash. You had a green |line that you were going to
put into another run. VWhich run actually had the Wash
rechar ged?

W NTERLE: That was the water table rise scenario. |
doubl ed all the recharges in the north and Yucca Mountain
area and added 200 to Fortym | e Wash.

PARI ZEK:  Yeah, and again you were asking for chall enges

to what's better than 200 or--

W NTERLE: Yeah, that is arbitrary.

PARI ZEK:  You're not sure where the chem stry or
isotropic data mght help put some limts on that?

W NTERLE: Yeah, | thought to maybe include a river
package in MODFLOWfor that. | don't knowif the Fortymle
Wash woul d be a perennial streamin a future clinmate.

There's different ways to look at it, but | thought 200 nm yr
is a pretty good slug of water conpared to what's going
t hrough there now. And, if that's not going to nove it--

PARI ZEK:  And, unli ke O audia, you didn't have any | akes
on top of any nountains, did you, in your runs?

W NTERLE: No.

PARI ZEK: (Okay, thank you



© o0 N oo o A~ w NP

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

404

NELSON: Thure and then Ron and then one from Staff.

CERLING Cerling, Board. | guess this gets into the
i ssue of calibration versus validation. So, in one of your
nmodel s, your wetter nodel, you increased in the distal
regi ons groundwater by 30 or so neters to have it conme out
the same as a pal eo spring deposit, and then further up, you
proportionally increased the groundwater table.

W NTERLE: Ri ght.

CERLING And so, what |I'mwondering is there any
evi dence that you can use to corroborate that higher level in
drill cores that has to do with petrographic evidence, stable
i sot ope evi dence, etcetera? Have you |ooked for that to see?

W NTERLE: That would be good to have sone data. It
woul d be nice to have sone access to wal k around in those
hills up there and | ook for old spring deposits perhaps as a
constraint on how high water table has gotten in the north.
You know, based on what | have, all | could do was nake sone
arbitrary assunptions.

NELSON:  Ron?

LATANI SI ON:  Latani sion, Board. O the long |ist of
KTls that are of interest in discussion between the project
and the NRC, are any of those enconpassed by the work you are
doing, and if so, can you give us sone indication of what the
state-of-the-art is?

W NTERLE: Oh, the KTlI, this work was all done on the
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unsat urated/ saturated fl ow under isothermal conditions, KTI
The status is we've--what we're focusing on now is the
agreenents that were made back in the 2000-2001 technica
exchanges where based on our review of the site
recommendati on and our prelimnary review of the SSPA
docunent, we had given DCE an indication of what we had
t hought were the extra things they needed to provide to
defend their nodel and to nove toward LA. Since then, a |ot
of nodel s have changed and, you know, we've got a whol e round
of these technical basis docunments to review now. | think,
in alot of cases, you know, the changes have been nore
defensible. In sone cases, the changes, as far as we can
tell, so far, are not defensible. | don't know what's goi ng
to happen when an LA cones in, if there's going to be another
round of technical exchanges. You know, | can't speak for
the NRC. | would inmagine there's going to be sone. | find
it inmpossible to think that there won't be any comments on an
LA that haven't already been raised, but where we're at now
is we're probably--part KTl is about hal fway through
resolving the agreenents that we have nmade. There's maybe 15
or 20 left, | think.

LATANI SI O\ Thank you.

NELSON: Dave Di odat 0?

Dl ODATO Diodato, Staff. Thanks for a very nice

presentation, Jim | wanted to |look at Slide 15 first just
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for clarification. The Case 2 on the bottom that woul d be
for a conserved species, right, with no--

W NTERLE: Yeah, that's a Mod Path particle tracking
simul ati on which is designed to go where the groundwat er
goes. So, think of it as a water nolecul e.

D ODATO Al right, thanks. So then, there are none of
t he phenonena of - -

W NTERLE: Yes, no matrix diffusion, no dispersion. The
only dispersive effect would be the nmacro di spersion of the
various flow paths com ng through

DI ODATO  Thanks. So then, if we back up to Slide 14
and | ook at the path |links, you tal ked about the inportance
of porosity in the volcanics in terns of determ ning the
velocity of that water nolecule. And then, also, the path
that it follows, you have this in cross-sectional view and
you had the other sinulation aerial view. Could it make a
difference then in terns of how nuch matrix diffusion would
occur during sorption depending on if you're in the vol canics
or if you're in the alluviumand that sort of thing, adding
those things in? Do you think that then that m ght
potentially be sonmething that woul d make you | ook at your
conclusion that it doesn't make a |ot of difference in travel
tinme? | nmean, if you add that other l|ayer of conplexity into
it, could it potentially then make a difference, the path of

groundwat er fl ow?
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WNTERLE: |1'mnot sure | understand the question
Coul d- -

Dl ODATO The question is |ike--yeah, | worded it
poorly. So, let nme rephrase it. So, if the path of
groundwat er fl ow -your conclusion initially was that trave
tinmes aren't all that nmuch different. You know, they're al
about 1,000 years for the water nol ecules, the particle
tracking sinmulations. But then, if you consider the effects
of matrix diffusion and sorption, would that potentially
cause you to alter your concl usions about one nodel versus
anot her nodel ?

W NTERLE: Yeah, | would think that if | had to pick a
nodel to believe in, I'd take the one where they're going a
little bit deeper because we can be pretty sure there is sonme
recharge. So, even with those deeper flow paths, they do go
t hrough a portion of this upper volcanic unit and I would
think that, you know, the porous flow regime would nmake for a
| ot nore sorption capacity than just matrix diffusion
occurring in the fracture flow parts of the domain. So,
woul d say not so nuch the case of whether or not there's
recharge would make a difference in that, but the case of
whet her or not you consider porous flow in that particul ar
| ayer could make a big difference and even a bi gger
di fference when you take into account radionuclide transport.

Dl ODATO  Thank you.
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NELSON: One question reserved for ne. Can you tell ne
what your studies tell you about what the pernmeability of the
faults nust be?

W NTERLE: What the perneability of the faults nust be?

NELSON: Is it high? Are they high-perneability, |ow
perneability--

W NTERLE: No, well, just to get a calibrated nodel
pretty nmuch--1 can't see how you can get around it. You have
to assune that the Solitario Canyon Fault is |ow
perneability. | haven't |ooked at anisotropy if it's
directional perneability matter. But, you also have to
assunme that in the Bow Ri dge, Heepress Canyon (phonetic), and
Fortym |l e Wash regions that those faults are high-
pernmeability. And, you al so have to assune that whatever
that structure is in the H ghway 95 zone, whether it's a
fault or just sonme altered rock region, you have to assune
that's | ow pernmeability.

NELSON: Nel son, Board. So, nost of the flowis
actually running al ong--nmuch of the flowis captured by the
fault zone?

WNTERLE: It's not really captured in that in the case
of Hi ghway 95 and- -

NELSON: Oh, I'msorry, | was thinking about east of the
Yucca Mount ai n.

W NTERLE: Onh, east? Yeah, because it's higher
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pernmeability, the gradient runs toward it. Once it hits
there, it turns abruptly south. Now, the difference between
reality and ny nodel is that that transition is probably not
quite so abrupt as, you know, one mnute it's in | ow
perneability and the next second it's in high-perneability.
So, those turns to the south could be a little nore gradual
is maybe one difference.

NELSON: And, the exit point fromthe fault zone or from

the rock into the alluviumis simlar for your nodel than to

DOE' s nodel ?
WNTERLE: It's simlar. The DOE nodel is--we don't
really have a lot of cross-sections out of their

hydr ogeol ogi ¢ framework nodel to understand so much the
geonetry that's incorporated into their nodel. That's one of
the agreenments we have is that we're trying to get cross-
sections of the alluvial basin and conparisons to their
nodel. We don't have that information yet. That's a key
uncertainty we want to explore also is the nature of the
tuff-alluviumtransition and that's probably sonething we'l|
use this nodel for in the future is to |ook at different
versions of that.

NELSON. Ckay. O oseout question to Richard?

PARI ZEK:  Pari zek, Board. On Page 7, you show sone
contours that are kind of wiggly up near the footprint and

" mjust wondering what the basis for that contouring is?
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The di agram shows a pretty snooth contouring interpretation
in that sane general area.

W NTERLE: The interpretation is that's--you' ve got to
wiggle themlike that to match the--if you assune that those
hydraul i c head ops or water table elevations are within 10
centineters of the true values, you have to wiggle themlike
that. Potential explanations for that could be that there's
a couple of areas where sone flow | eaks through the Solitario
Canyon Fault causing those two bul ges that come out through
the side there.

NELSON: This really is the |ast one.

PARI ZEK: | mght alert Ken Rehfeldt |ater on that when
we get to his Page 19, we conpare the two and see whet her
he--his is snmooth, yours is not. So, we just want to
understand the basis. Thank you.

NELSON: Thank you very nuch, Jim |It's very hard to
corral the senator from Pennsylvani a soneti nes.

kay. W nove into our final talk of this norning
and |'ve been asked by Russ Dyer to have an opportunity to

make a preenptive statenment before we ask Ken Rehfeldt to

come up.
DYER: Thank you. Before we nove into the next four

presentations, |'ve been asked to repeat a disclainmer

associated wth a topic on here, the expected or nedi an

travel time of a water nolecule. The talk I'mgoing to give
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is exactly the sanme talk that | gave yesterday except for the
|ast slide. | just want to highlight a couple of things.

Again, | want to repeat that the presentations that
you' re going to hear do not address the expected travel tinme
of a water nolecule either in the unsaturated zone or this
af t ernoon, you--or subsequently you'll hear about the
saturated zone.

Secondly, we don't routinely do such a cal cul ation.
We have done such a calculation in the past which I'll show
you on the next slide, the sane slide that was shown
yesterday. W don't think that any of the information that's
been garnered in the resulting several years would change the
results much. We showed this yesterday and tal ked about it a
bit. Wat you'll be tal king about today primarily would be
the saturated zone part of this.

The final thing 1'd like to point out is that for
the four remaining presenters--that's Ken Rehfeldt of Los
Al anos, Gary Patterson of the U S. Geol ogical Survey,
St ephani e Kuzio and Bill Arnold of Sandia National Labs--in
the information that they present, they'll be using
radi onucl i de breakt hrough curves to list a predicted
transport behavior of--just a mnute--of calibrated saturated
zone nodel s and abstractions. Those breakt hrough curves
don't represent the expected travel tinme of water nol ecul es.

They portray a full probabilistic sanpling of input
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paraneters. And, as you probably picked up from George's
presentation yesterday, they' re often devel oped with very
conservative inputs to fully assess the inpacts of
uncertainty.

Thank you very nuch.

NELSON: Al right. W'Il nove on and invite Ken
Rehfeldt to come up to the podium Dr. Rehfeldt received his
PhD from M T, that place where sone peopl e know about, in
civil engineering. So that he's one of the good guys; no
bias there. Ken works on saturated zone groundwater flow and
transport studies for the Yucca Mountain Project. He has
nore than 20 years experience in the field of groundwater
hydrol ogy including nore than 10 years in the assessnent and
nodel i ng of groundwater flow and radi onuclide transport from
t he underground nucl ear tests at the Nevada Test Site.

And, we are very interested in hearing you.

REHFELDT: All right. Thank you very nmuch. 1It's a
pl easure to be here.

What | want to tal k about just before |unch here so
we can let you go and have sone lunch is to briefly talk
about the conceptual nodel of the saturated zone fl ow and
transport at the site-scale, but primarily to concentrate on
sonme of the independent |ines of evidence that we use to give
us nore confidence in those nodel cal cul ations.

| want to point out that this was a coll aborative
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work with a great many of the researchers both at Sandi a and
at Los Alanps. In fact, this is their work. The nodeling
that 1'mgoing to present is not the work that |'ve done
mysel f, but it is the work of these fol ks here.

So, the outline of the presentation is I'mgoing to

very briefly tal k about the conceptual nodels of groundwater

fl ow and radionuclide transport and you'll hear nore about
that a little bit later this afternoon fromboth Bill Arnold
and Stephanie Kuzio. And, I'll show you sone of the site-

scale flow and transport nodel cal cul ations, sone of which

you' ve already seen this norning and then work primarily to
present the independent |ines of evidence to support those

cal cul ati ons.

Here is the outline of the site-scale nodel that's
sitting out here. And, as Caudia pointed out earlier this
nmorni ng, the site-scale nodels sits inside of a nuch | arger
fl ow system the Death Valley regional flow system And so,
what goes on in the site-scale is not independent of the
regional. In fact, the Death Valley flow system provi des a
fair amount of control over the site-scale nodel. It defines
general flow directions, recharge, discharge. For exanple,
there's nmuch nore recharge to the north of the site.

Di scharge is primarily to the south in Death Valley and al so
in the Amargosa.

O her features that control flowin the site nodel
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are the |local geology, as O audia pointed out, at the
regi onal scale. You have the spatial |ocation of the
different geologic units, their material properties, and then
there's also the role of faults which can change that.

And, finally, on top of all this, then you' ve got
the I ocal conditions such as | ocal recharge and what nay be
going on at Fortymle. So, these were all features that were
considered in the flow nodel

In transport, several key features here to keep in
mnd. First of all, we've got potential radionuclides
mgrating fromthe repository, down along the water table,
out into the alluvium and the Amargosa here. Wthin the
vol canics which is primarily the |ongest part of this flow
path, we've got several different properties that we need to
consider. Those woul d be advection, of course, and matrix
diffusion. Wthin the matrix, we allow sorption to occur.

In the alluvium then it's considered a porous nedium fl ow
system And then, you have on top of this, sorption can
occur to the alluvium |In addition, there are processes that
we consider--let's see, over here, down here, some other
processes woul d be radioactive decay, of course, because

t hese are radionuclides and then the role of colloids and how
the transport of colloids may influence the transport.

Now, what | want to show you is very briefly sone

of the results fromthe site-scale nodel and then we'll get
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into sone of the other lines of evidence. You' ve seen the
|l eft hand side of this picture before. These are the flow
pat hs that were cal cul ated based on the calibrated i sotherm
site-scale flow nodel. And, again, they start at the
repository, mgrate to the southeast, and eventually are
drawn into the Fortymle flow system and then head on to the
sout h.

The other thing to point out here on the left side
is a cross-sectional view of those flow paths. So, you're
| ooking fromthe side and we can see here that again sone of
the fl ow paths because there is sone recharge a |lot at the
site, sone of these flow paths do go dowmn. This is about 300
meters or so of displacenment in the vertical. At sonme point
in the flow system you see that the flow |lines converge in
the vertical as they're going through a very narrow aquifer
and they again spread out as you get further to the south.

This is an exanple of sonme of the flow |ines--or
these aren't flow lines. These are transport cal cul ations
along the flow paths that you saw in the last slide. These
are breakt hrough curves of radionuclides at the accessible
environment after release at the water table beneath the
repository. These breakthrough curves include all of the
processes that | spoke of earlier which would include the
advection, diffusion, and in the case of Neptunium sorption.

And, you're going to see nore of this information later in
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Bill Arnold' s presentation, but | just wanted to give you a
flavor of the kinds of results that are com ng out.

The left figure here represents the transport of
radi onucl i des that are considered conservative or
nonreactive. So, it would sonething |like carbon, technetium
or iodine. And, these calculations were made al |l ow ng
uncertainty in nodel paraneters including the specific
di scharge as a result of different recharge scenarios and
ot her nodel paraneters including the transport paraneters.

Then, if you |l ook over on the right side here with
neptunium it's the sane uncertainty paraneters in terns of
flow, but we've added in a noderately sorbing radi onuclide,
neptuni um and you can see the significant difference that
sorption nakes.

Now, what | want to go over is the different |ines
of evidence that we use to give us sone confidence in these
nodel predictions. And, I"'mgoing to step to four different
sources of evidence and I'I|l start with the first two on this
sl i de.

The first part of this is correspondence to neasure
data and that's both through the calibration process and
t hrough sonething that we're calling validation. But, during
calibration, of course, the nodel is matched to observe
potentionetric data and we use al so hydraulic conductivity

data. So, as we're adjusting hydraulic conductivities in the
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cali bration process, we're conparing back to our neasured
hydraul i ¢ conductivities.

| f you | ook down at the bottom here, when | say
correspondence to regi onal observations, this represents the
boundary fluxes that C audia presented earlier. And, what we
were using in this calibration of the flux is fromthe 1997
regional nodel. W did not calibrate to the [ater versions.

If you |l ook at the calibration data for heads and

conductivity and the fluxes--and those aren't going to be

presented just here really as a matter of tinme, but the
calibration was actually pretty close. 1In other words, as
you woul d expect, the nodel ers kept working with their nodel

until they got the calibration paraneters to match closely to
what was neasured. And, there's really no surprise there.
And, | don't really consider the calibration data truly

i ndependent |ines of evidence because, in fact, you use that
in the nodeling process.

However, we do have sone validation data. This is
information, for exanple, water levels in the Nye County
wells. During the calibration, we had sone water levels in
sone of the wells, but during that process and afterward,
other wells were drilled and other water |evels were
collected that were not used during the calibration. So, we
can conpare our nodel predictions to water |levels collected

after the fact as a way of checking to see how well we did in
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our sinmulations. The other thing we did is we have sone
cross-hol e hydraulic conductivity data fromthe Alluvial
Testing Conpl ex which again was down near Fortym | e Wash near
the conpliance boundary or the accessible environnent. That
information was collected after the calibration, as well.

The other two types of evidence that | wll
present, the first is corroboration with hydrochem stry. W
| ooked at the water chem stry in actually the whol e Yucca
Mount ain regi on and used that to assess potential flow paths
| ooking at either the chem cal evolution or, depending on the
particul ar isotope, the lack of evolution as an indicator of
flow paths. Used that information to address m xi ng of
different water types and, in fact, depending on if you | ook
at sonething |ike carbon-14, you may be able to get sone
sense of how long the water has taken to get fromthe | and
surface to its present location. You' re going to see nore of
this type of information later this afternoon from Gary
Patt er son

Finally, we also | ooked at groundwater tenperature.
We did sonme what we call validation sinulations where we
tried to sinmulate the tenperature of the groundwater and to
see how well we did again because tenperature is sonewhat
i ndependent of the flow process. You can | ook at that
information, as well, to get sone credence to your

cal i bration.
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So, let's start off by |ooking at the new water
| evel s that were collected at the Nye County wells. This is
H ghway 95 to the south. The values that ['ve listed here in
the blue represent the water |level residuals, the difference
between the calibrated value and the neasured water |evel.
These were obtained during the calibration. So, this is data
that we had at the tinme of calibration; here, over here at
the Washburn Well, Well #2-D, and several of the wells up
here to the west. The data in red represent water |evels
that were either neasured later in different conpletion
intervals than we had earlier or in wells that were drilled
after the calibration was conpl et ed.

And, several things | want to point out in here.
I f you look at this region down at the bottomof Fortymle
Wash, there are certainly differences between what was
measured and what was observed, but the nmagnitude of the
di fferences here based on this new water |level data is in the
sanme range as what we saw during the calibration. So, in
other words, we weren't getting any surprises fromthat. As
we noved further to the west, you can see that the difference
bet ween neasured and observed values is increasing. W're
not doing as good a job of matching observed water |evels,
but again they're in the sane range as the calibration. So,
in other words, the new water level information isn't show ng

us anything we didn't know al ready. So, that gives us sone
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confidence in what we had earlier.

Anot her piece of data is the hydraulic conductivity
values fromthe Al luvial Testing Conplex. There was a cross-
hol e test conducted at the Testing Conplex after the
calibration in the alluviumand we obtained a value of the
permeability, intrinsic perneability, of 2.7x10" nf. That
value is 19 percent |ower than what we used in the nodel
So, the nodel was using a slightly larger value. But, again,
we didn't have any neasured conductivities in the alluvium
down here at the tinme. So, this was actually a pretty good
fit.

| f you take the water |evels that were neasured at
the ATC, the Alluvial Testing Conplex, and the new hydraulic

conductivity and cal cul ate what the Darcy flux would be,

you'll find that the nodel calculated Darcy flux at that
| ocation at about 27 percent |arger than what we get fromthe
data after the fact.

The third Iine of evidence that we can use to give
us sone confidence in our nodel predictions is the
hydrochem stry. And, again, Gary Patterson will be
presenting nmuch nore detail on this later, but what | want to
show here are the red lines or the red arrows which represent
fl ow paths that were obtai ned based on | ooking at the water
chem stry data. Then, over here, you'll see the black |lines

represent the nodel predictions. And, in general, we see
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that there's a pretty good correspondence that the chem stry
does support the calculations that were nade based on the
hydr aul i cs.

Anot her aspect that we | ooked at with the water
chem stry, we did a chloride mass bal ance approach to
estimate what the recharge rate m ght be, particularly in
sone of the wells in the northern part of the nodel area.
And, based on that mass bal ance approach, estimted the
recharge somewhere between 7 and 14 mmyr. Now, the
cal i brated nodel uses a recharge rate of about 4 to 5 miyr.

If you recall fromthe presentations yesterday, the
unsat urated zone studies, they estimate that infiltration
rates sonmewhere in the range of 1 to 11 mmyr. So, again,
this chloride nass bal ance approach gives us recharge val ues
that are in the sanme, really pretty close, or maybe slightly
above the value that was used in the calibration.

And, | did want to point out that, at least, in the
version of the nodel that we were doing, the entire site-
scal e nodel recharges less than 5 percent of the total flow
t hrough the whol e system W have nmuch nore boundary fl uxes
than we do | ocal recharge, at least, in the version that we
wer e using.

The |l ast set of data | want to talk about is this
what we called validation-thermal nodeling. And, what we

were doing here, we were going to nodel the distribution of
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tenperature in the saturated zone assum ng both conducti on
via the natural geothermal gradient and convection caused by
groundwat er novenent. And, this was done in two steps.

The first step was to |l ook just at therma
convection. So, we didn't allow groundwater flow. It was
sinply a thermal nodel. So, you allowed heat to rise up
through the different geologic units. W had different heat
properties, different thermal conductivities for the
different units. W took into account the topography,
etcetera. Then, calibrated that convective nodel and what we
found is that we had 94 observations of tenperature in 35
wel l's, tenperature ranged from22 to 62 degrees Cel sius and
we were able to account for 80 percent of the variability in
tenperature with this conduction nodel al one.

On the right is a figure that shows the residual
di fference between the cal cul ated and observed tenperature
fromthis conduction nodel. And, you can see that, in
general, nost of the observations fell within a range of
roughly -6 to +6 degrees C

Then, we did a second step where we took that
cal i brated conduction only heat nodel and conbined it with
the calibrated isothermal flow nodel which | presented
earlier and we used those two pieces of information to define
speci fied pressure and tenperatures at the boundary of the

nodel area. Then, we did a coupled heat and fl ow sinul ation
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and ran that to steady state. Now, what | want to point out
is we did not make an effort to dual calibrate that nodel
It was sinply one run, did an independent heat conduction
nodel and essentially an isothermal flow nodel. Even w thout
calibration, we were able to obtain 85 of 94 observations
within 10 degrees Celsius; not a great fit, but it isn't
terrible, as well.

This figure on the left represents the tenperature
resi dual s based on the conduction nodel al one w thout

groundwater flow. \What we can see in here is to the north
and out here primarily to the west, even a little bit to the
south, the nodel is under-predicting tenperature and this is
tenperature at the water table. So, what this is showng is
that the conduction nodel is predicting tenperatures a little
| ower than it should be in this region and then it tends to
over-predict tenperature a little bit right here at the Yucca
Mountain site itself. Wen we bring in the effect of
groundwater flow, in sone areas it doesn't change nuch. For
exanple, in the north, there isn't nuch of a difference, and
over here all the way to the south, there's a little bit of a
difference. But, we do see a difference here in the region
of the site where now in sone cases, especially to the south
where we nmay have been under-predicting before, we're over-
predicting a little bit now. Wat this shows us is that

there clearly is an inpact of the groundwater flow. The
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groundwat er does and can change the tenperature distribution
that you woul d have gotten fromthe normal geothernal
gradient. But, even without calibration, we're stil

getting, | think, a match to observe tenperatures that are
reasonabl y good.

So, in sumary, what | want to tal k about is that
we had multiple, what we believe, are independent |ines of
evi dence to corroborate the cal culations of the site-scale
nodel and increase our confidence in these nodels. W | ooked
at calibrated data; water |evels, conductivity, and boundary
fluxes. But, again, those aren't really independent because
you woul d expect those to be matched pretty well. W have
sone validation data; new water |evels and new hydraulic
conductivities that weren't available at the tine of the
nodel i ng. The hydrochem stry which was an i ndependent way of
| ooking at the water information. So, we didn't use the
hydraulics; we were using the chem stry. And then, finally,
the thermal information which is going to tell us sonething
about vertical flow probably nore so than horizontal flow

So, |'m done.

NELSON: Thank you, Ken.

Can you tell me--this is Nelson, Board. |s your
water noving in the fault predom nately, the fault zones, or
is it noving through tertiary volcanics as fracture flow or

by what ever, predom nately?
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REHFELDT: Yeah, it's primarily through the tertiary
vol cani cs through this dual porosity nmedium And, we have
sone faults in there, but they're primarily barriers to flow,

Solitario Canyon, the H ghway 95 Fault. There is a
structural zone which could be a fault that's in the nodel
under Fortym | e Wash which, of course, is nore of a conduit.

NELSON: Ckay. Questions? Dan?

VAN GENUCHTEN: I n the sense--van Genuchten.

BULLEN:. GCh, I'msorry.

NELSON: | think the problemis when | say Dan, it's
al so van, van Genuchten. Can you wait, Dan?

BULLEN:  Sure.

NELSON: Ckay, thanks. Go?

VAN GENUCHTEN: On Slide 7--van Genuchten. So, on the
lines of the earlier question, the one breakthrough there
after 10 years, what--you know whi ch pathway that went?

REHFELDT: No, | don't--1 couldn't tell you exactly what
pathway that was. | don't knowif it's a fair question to
pass off to Bill Arnold, but Bill will be presenting these
results, anong others, later this afternoon

VAN GENUCHTEN: Ckay.

NELSON: Bul | en?

BULLEN: Bullen, Board. There's always a risk with
gi vi ng backup slides because, you know, sonme of us actually

go and ook at them So, if you' d go to Slide 22, | just
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have a quick question. Based on the results that we saw this
nmorni ng fromthe new regional scale nodel, could you explain
the results that you see here and, in fact, | like the fact
that you actually gave us sone real flux nunbers here. So, |
was just wondering if you could sumrarize the results here
and say how do these relate to what we've heard already in
previ ous presentations?

REHFELDT: Okay. To start out just to give everybody an
expl anation of what's shown here, this again is the site-
scal e nodel boundary. Wen we were doing the calibration to
the regional fluxes, we actually broke that boundary into a
series of segnents. So, these different red and bl ack
regions represent the different segnents. So, we calibrated
to those segnents individually rather than just to the entire
nodel boundary. But then, over here on the right, what |'ve
done is |'ve sumari zed the conpari son between what cane out
of the 1997 regional nodel and the values that we obtained
fromthe calibration sunmed over the whol e boundary. So, |
t hi nk what you're asking is know ng that these particul ar
boundary fl uxes, say, summari zed over the whol e boundary have
changed substantially between the '97 version and 2002, and
of course, the current transient version.

A couple of things | want to point out in here. W
are currently doing an alternative nodel calibration with the

site-scal e nodel using the 2002 boundary fluxes. So, we're
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usi ng the updated geol ogy at the regional scale and the
updat ed boundary fluxes. So, we will by the end of this
fiscal year have a conparison for that, as well. So, we'll
be able to see what the differences are.

Anot her thing to point out here along this eastern
boundary. Wat you see is that the majority of the flux in
the '97 nodel was down here in the southeast corner. That
cones froma little triangle of carbonate rock that was in
that version of the regional nodel. And, what's happening
here is you' ve got water comng into the carbonate fromthe
east, bypassing that corner, and going out the south. So,
you see |l arger fluxes through the south and fromthe east,
but it's really just flowin the carbonate down here in this
corner and it doesn't inpact nuch, at all, the flow that we
see com ng off Yucca Mountain and into the alluvium above it.

So, | don't know what the results are going to be
|ater this year, although | woul d expect that we probably
won't see trenendous di fferences between this version and the
newer version because, you know, a lot of this boundary fl ux
difference is beneath the flow system of interest.

BULLEN. Thank you.

NELSON: Ckay. Ron?

LATANI SI ON:  Lat ani sion, Board. | should just preface
this comment by pointing out the symretry in what |'m about

to say and that is that since we're tal king about the
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saturated zone and |'m personally beginning to feel a little
bit saturated on the information, this question nmay be a
little odd, but I want to make sure | have the perspective
clear. If we could turnto Slide 7, if we were to | ook at

t he equi val ent breakthrough tinme for water as opposed to
radi onuclides, aml correct in ny inpression that we would
find that water is likely to rise before the radi onuclides
and the breakthrough tinme for individual radionuclides nmay be
a function of such things as their own transport
characteristics and ion interactions or colloid interactions
or maybe magnetic fields or whatever? Do | have the correct
perspective or am|l mssing a point here?

REHFELDT: | guess I'mnot quite sure how to answer that
guestion. | know and | think you got--the second part of
that is, yes, for each individual radionuclide, you' re going
to have differences as a result of the size of the nolecul e
and its diffusion characteristics, in addition to how it
m ght sorb or not sorb to either colloids or the aquifer
mat eri al .

LATANI SI ON:  Yes.

REHFELDT: As far as the transport tine of water, |
think that's a nore conplicated problemthan it first
appears. You still have this whole issue though if you think
of tritiumas representing water because it can be part of

the water nolecule. | nean, the transport of tritiumitself
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has sone conpl exities because of diffusion in and out of the
matrix. So, I'mnot sure really how to answer your question
internms of really what is the velocity of the water itself.

LATANI SI ON:  Latani sion, Board. There's a tenptation to
think and maybe it's a zero order expectation that if water
is transporting these radi onuclides that when water appears,
radi onuclides appear. Al I'mthinking is that that's not
necessarily--in fact, it's obviously not the case because the
transport of the radionuclides is going to be a function of a
| ot of variables that are different than--

REHFELDT: Right. Yes, it wouldn't necessarily--this is
not necessarily representing the velocity of the water.

LATANI SI O\ Ri ght.

REHFELDT: Yes, that's correct.

LATANI SI O\ Thank you.

NELSON:  Thure?

CERLING Cerling, Board. |If we could go to Slide 167
So, you sort of have two scenarios here, one of which you
i ncl ude the convection and one which you don't include the
convection nodel for heat. And, sone of the circles, a |lot
of the circles, are still between 3 and 10 degrees Cel sius
of f and sone of themactually switch signs and are now in the
opposite direction.

REHFELDT:  Yes.

CERLI NG How do you anticipate using this information
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to i nprove what you have or can you use this infornmation?

REHFELDT: No, | think we can use this information. One
of the primary effects we'd expect to see fromflow ng
groundwater in a situation like this, if you have essentially
hori zontal flow of water with sort of a natural geothernma
gradient, you really don't expect to see--at |east, |
woul dn't expect to see--nuch of a disruption in that
geothermal gradient. And, where | see large differences
between the water tenperature indicates, at least, tone it's
nore of an indicator of vertical flowinfluences or potenti al
vertical flow influences. So, either downward fl ow of
recharge or upward flow of warnmer water will disrupt that
geot hermal gradient. So, | think that using the tenperature
i nformation gives us nore confidence in how we've
characterized the vertical flowthan it will in how we
characterize necessarily the horizontal flow

CERLING Ckay. Well, | nean, just to follow on that,
do you anticipate using this to significantly inprove your
understanding of the flow paths itself or is this kind of
just going to be used as a calibration or a validation of the
nodel ?

REHFELDT: At this point, what we've done is to use it
to give us a little nore confidence. If you |ook at the flow
paths that | showed earlier, they're primarily horizontal

There's a little bit of vertical novement and then these
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things tend to skirt along near the water table. What we
were using, the tenperature information, was to help us and
gi ve us confidence that, in fact, we weren't m ssing

sonet hing that mght indicate a significant vertical novenent
ei ther upward or downward. You know, the overall tenperature
range in this systemis around 40 degrees Celsius. So, if we
had significant and rapid dowward novenent or upward
nmovenent somewhere, |'d expect to see much | arger tenperature

differences than what we're seeing here. That's what it was

used for.
NELSON: Ckay. Al right. W have three nore; Richard,
Frank, and then Leon.

PARI ZEK: Pari zek, Board. | like the approach of trying
to pull all the pieces together with all sources of data.
That sort of helps on one hand with the calibration
confidence building, but also where you can, you add to the
val i dati on process and you've shown us a whol e range of
approaches that were used. | was just rummagi ng t hrough ny
pile for the technical basis docunent that tal ks about Figure
19 or, at least, gives another alternative. So, if you could
go to your 19 here? There's an interpretation that the nodel
result is on the right. The observed contouring is on the
left. But, in the technical basis docunent, there's another
interpretation of contours of head that | ook nore |like the

nodel sinulation. The coment here is that you have the



© o0 N oo o A~ w NP

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

432

finger-like projection at that 775 contour. You know, it's
off inthe--it's a |long nose that conmes down--

REHFELDT: Are you--

PARI ZEK: To the left, to the left, to the left.

REHFELDT: Ch, down here.

PARI ZEK: We have a ridge in there.

REHFELDT: Ckay.

PARI ZEK:  And, conceptually, that ridge requires sone
interpretation. One, it mght be the result of contouring,
say, perched water in which case the ridge doesn't exist
here. It would |ook, nore or less, |like the contours on the
right. And then, also, another interpretation that was drawn
based on head data, not the nodel runs, but the actual
interpretation. Then, that would ask for higher perneability
patterns that m ght be damed to the south, east, and west
with flow concentrated and then kind of |ocked in, sort of
i ke | eaking under a dam Another possibility would be
hi gher recharge rates in that area relative to the areas on
either side, sanme perneability or |ower perneability east and

west of that ridge. But, in any event, there's different

ways to ook at this. And, you say, well, howcan | get a
ridge like that in the conceptual nodel? | mean, it requires
sone perneability effects in the system And, there are two

fault zones that are either side of that nose. And, danmm ng

on the nose could be the H ghway 95 Fault on one hand;



433

there's also volcanics in that area, the basaltic units, that

could also be | ower perneability. So, | just need--either
the nose is there or it's not there. |If it's not there,
wel |, then your nodel sinulations conme out | ooking better.

If it is a nose, then the nodel simulation has mssed it and
conceptually why does it mss it?

REHFELDT: Wel |l --

PARI ZEK: What do we do about that?

REHFELDT: Well, | guess, what | want to point out here
is that this version of the observed water |evels was a
contouring that we did just based on sone of the observed
val ues and was machi ne contoured. So, | think, sone of what
you're seeing in here is an artifact of concentration of a
couple of data points right down in here and then very little
data above it. And, what | really should have used here was

the contour map that was devel oped by the U S. Geol ogi cal

Survey to represent all of this information. So, | think--
you know, | may be m sl eadi ng peopl e because | don't think
this represents what woul d be the general consensus for the

water table. This was done primarily just to give us a
general sense, are we capturing the sane general directions
of flow fromthe nodel, but wasn't intended to | ook at
specific contours. So, | don't think--or, at least, | don't
believe that we consider this to be a definite feature that

we had to calibrate to. | think it's an artifact of the



© o0 N oo o A~ w NP

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

434

cont ouri ng.

PARI ZEK:  Pari zek, Board. It does, neverthel ess,
represent one alternative interpretation. And, given the
fact you have two and then John Bredehoeft rem nds us how
easy it is to sonetines get caught up in one and say, well,
maybe they' re equally likely. Unless the programcan really
throw out this one on the left for legitinate reason--it's
just like the chloride-36 thing. You can't just throwit
away now. You're got to sort of convince yourself that

there's error or there's sone difficulty with the dataset.

Ri ght ?

So, here, if it's perched water and it's based on
that, that's one thing. 1If, on the other hand, it may be a
coequal |y useful interpretation, it gives you an alternative

nodel. It's a groundwater ridge and it has a divide in it
and then you can create--1 have about five different ways |
can create it conceptually. Then, | say, well, | think
have to track it down and elimnate each of the alternatives
before I can feel good about it because it does affect flow
or could affect flowif, in fact, that's the correct
interpretation.

So, with all of the other contributions that were
made through the review showing all the different |ines of
evi dence you use, this is one that sort of junps out beggi ng

for sone interpretation. |If you throwit out, you ve got to
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justify doing so. Ckay?

REHFELDT: Ckay.

PARI ZEK: O if the programthrows it out.

NELSON: Ckay, thank you. Frank and then Leon.

SCHWARTZ: Schwartz. Could you go to Slide 7, please?
Ken, one question | had about Slide 7 there on the |left panel
where it | ooks at, say, carbon, technetium and iodine,
there's one breakthrough curve that's really short there, you
know, 10 years. What conditions in the nodel actually have
to cone together to produce that fast a breakthrough?

REHFELDT: Let's see, |I'd actually have to defer to Bil
Arnold to give you the exact answer. | nean, in the general
sense, what you're probably looking at is the tails of a
whol e series of distributions; you know, the nost rapid
velocity, no diffusion, or very limted diffusion, things
li ke that, maybe the snall est porosity that was in the
di stribution range, etcetera. And, you start conbining al
of those things together and you can get what really turn out
to be physically inpossible results.

SCHWARTZ: (Ckay. The second question | had was it | ooks
i ke the--you know, just |ooking at how black it is in the
density of curves there on the |eft hand side, it |ooks |ike
nost of the breakthrough curves are between 100 and 1, 000.
s matrix diffusion turned on for the transport through the

fractured rock part? It seens |like--
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REHFELDT: It is.

SCHWARTZ: It is?

REHFELDT:  Yes.

SCHWARTZ: And, it seens relatively ineffective, one
woul d think--1 nean, in performance assessnent, for exanple,
one of the ways they get simlar breakthrough curves is this
i dea of saying that the rock blocks are very big and that
flowis through a very select group of fractures and matrix
di ffusion and that setting doesn't have an opportunity to
work very well. | would think your nodel is constructed
differently and yet you've got simlar results. And,
wonder ed have you tried to capture this idea of flow ng
i ntervals sonehow i n your nodel or--

REHFELDT:  Yes.

SCHWARTZ: | nean, it's not obvious it would be here,
but I wondered how you' ve captured that and that's where |I'm
goi ng here.

REHFELDT: Yes. This afternoon, Stephanie Kuzio is
going to be presenting sone of the transport paraneters and
how t hose were conceptualized and the distributions we used
and she will--one of the paraneters that she'll talk about is
the flowng interval spacing which | think is exactly what
you're getting at. It's how far apart are the actual flow ng
pat hs, not just the fracture itself.

SCHWARTZ: Thank you.
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NELSON: Leon?

REI TER. Leon Reiter, Staff. This question may in sone
part be due to ny | arge probl em of m sunderstanding. Could
you put on Slide 13, please? The bottombullet sort of gives
the inpression that |ocal recharge is not that inportant.
It's a very small anmpount. |'mthinking back to what Jim
Wnterle said where there are a very small amount of | oca
recharge coupled with, | think it was, the |lower porosity
that resulted in sone rather |arge changes in travel tine,

shortened travel tine. So, is there a difference of opinion

here? D d you take into account--I see you took into account
| ocal recharge. Did you take into account changes in
porosity in a vol canic aquifer?

REHFELDT: Well, first of all, I"mnot sure on terns of
the porosity. You know, | apologize for that, but | don't--I
think it was just a constant porosity for the--no, it

woul dn't have been because the porosity woul d have been

variable, as well. There will be nore information on that
this afternoon. Bill Arnold will be presenting those sane
br eakt hrough curves that | showed earlier, anong others. So,

| think he will address that question in nore detail.

To get to maybe anot her point, the bottom bull et
there represents the particular calibration or set of nodel
runs that we did for the flow nodel. You recall that we used

the 1997 regional fluxes and they were quite a bit |arger
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t han what are com ng out of the nore recent regional
simulations. So, | think that this comment which is correct
for the version of the regional nodel we used may not be
correct when we start | ooking at the nore recent fl uxes
because the proportion of boundary flux to recharge wll
change.

REITER So, Bill Arnold is the appropriate person for
this?

REHFELDT: | think, if you want to get questions rel ated
to the paraneters, the porosity, etcetera, yes.

NELSON: Ckay. Thank you, Ken.

Ckay. W're to that period avail able for public
cooment. |'ve received a sheet of paper that has four people
listed and | just want to make sure that these four people
are here and that they need to talk now as opposed to at the
end of the day.

The four people are Atef El zeftawy, is he here?
Yes, of course, he is. Sally Devlin, Matt Kozak, and Judy
Treichel. So, is that true you all need to talk now and not
the end of the day?

TREI CHEL:  No- -
NELSON: Judy can wait. Ckay. That just gives us a
little bit of flexibility.

We're on schedule. W have about 20 m nutes. \What

|'"d like to do is ask you to keep your comments to five
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m nutes, and at five mnutes, | will stand up and wal k
towards you and stand quietly behind you. That's a subtle
indication that five mnutes is up.

So, perhaps, we could go through in sequence as |
read them So, first up is Atef Elzeftawy, |I'mtrying, from
the Las Vegas Paiute Tri be.

ELZEFTAWY: Well, you can call ne OGsama bin Laden.

That' s- -
NELSON:. | don't want to call you that.
ELZEFTAW: |'mnot going to take the five m nutes, but

you know, it's funny that Gsama bin Laden highjacked the
Mosl em rel i gi on, George W Bush hi ghjacked the surplus, and
t he Departnent of Energy with the nodel ers highjacked the
science of this site.

I f you haven't read the book that was published by
James Wat son about a couple of nonths ago entitled DNA, |
think you need to buy it and read it. It's about $65 a book
and he, init, lists the things when he got involved 50 years
ago about the DNA analysis and the DNA as it went through in
1953 until last year, 50 years anniversary. In it, | think,
there's one thing to remind ne when | left the University of
II'linois and the bad Marty Mfflin brought me here to
introduce ne to the arid climate is that science and politics
mx quite well. Before that, | thought science and politics,

like oil and water, they don't m x.
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And, | think, these are just food for thoughts for
you guys. | know that you want ne to get out of here.
You're hungry and you're tired and you need to go. But, as |
| ook back, | think, | see a lot of simlarities between all
these activities. | wish we had the noney available to the
science that now we know that we have unsaturated flows nore
than 1 mmyr. And, | renmenber Marty and nyself back in 1982
when we decided that it should be nore than 1 nmyr just by
t he back of the envel ope analysis and nme, as a physicist, and
he, as a hydrogeologist in terns of the Yucca Muntain thing.
And, the DOE at the tine insisted at the tine that it's 1 and
it's mtrix flow They submtted the EA environnental
assessnment, to the NRC and they insisted it's 1 and matri X
flow It took the Departnent of Energy, what, 15 or 16 years
to be able to say--1 don't know why they took that long to
| earn the | anguage--it took themthat long to say that it's
nore than 1 and there's a fracture flow And, that's awfully
sad. | think the benefit we got out of that is that |ist of
t hose people who got enployed for the last 10 years to
provide us with that little comment.

| want to go back to this DNA book because in it we
had two players. One of them Linus Pauling with his
(1 naudi bl e) prize and his arrogance--sorry about that--or ego
and then this Janmes Watson, the guy who was just 24 or 25

years old opened things. It's the attitude again. Linus
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Paul i ng was working on the DNA and Bragg and his people was
wor king on the DNA in Canbridge. And, you cannot divide
three chains by two and you conme up with one and one in a
sense. Linus Pauling had this conceptual nodel--again,
remenber a conceptual nodel of three strands of the DNA--and
this James Watson and (inaudi ble) over there, oh, it should
be only two based on all the data. Renenber the data
information they had. What Pauling did is what we do today;
we just get the data we have and mx it together and finish
t he nodel and we nmake these little crooked |ines and so on.
Well, he didn't get it. And, one day, Watson sat down and he
just was worried about his story, worried about all these
things that he's doing and the nodel, and finally he got the
cardboard and put it together and he got it.

The amazing part of that is that you cannot node
the DNA. We know today that if you flip fromone base to
anot her, either you get sickle cell problens in your
henogl obin or you don't get it. It's 1 out of 3 billion
base. Now, how can you nodel that? That's my critique to
t he performance assessnent of the DOE. Wat nmay go wong in
terms of finding out what is happening in the basic part of
the science? So, just think about that. Think about we put
all our eggs into this kind of a basket. | think, that's
hard to do.

She's going to kill nme now. So, on behalf of the
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Las Vegas Paiute Tribe, thank you for com ng. Conme back
again to Las Vegas. It's good to have everybody here and |
think that's the cooment of the Chair for you guys to cone.
So, it's better than going to Washington, D.C. It gives nore
people visibility and gives you nore visibility and that's on
the site. So, cone back again.

Thanks for your tine.

NELSON: Thank you, Atef.

ELZEFTAWY: Thank you for not hitting ne.

NELSON: Next up is Sally Devlin, public.

DEVLI N. Good norni ng, everybody, and again, as always,
t hank you so much for comng to Nevada. | hope next tine
it's in Pahrunp or close to Pahrunp.

Anyway, what | wanted to talk about today is a
coment that really echoes what was just said. And, | was
very di sturbed yesterday by the report on the Mjave Desert.

And, | asked the man why did you do it on the Mjave Desert
and he said that's where | had the noney from Now, | don't
think that's a good sign. That's when our area needs the
science. And, of course, we're 2,000 feet higher than the
Moj ave Desert and we're a very different desert. So, | don't
think that really affects Yucca Muntain.

But, the reason | asked these wonderful nen here to
put up the slide is I'"mgoing to talk about Nevada. When

had the |last nmeeting here, | said Nevada--and | apol ogize to
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everybody--was the bottom of the barrel. Well, we're really
only 49. But, the reason we're #49--and |'mgoing to give
you another reason for it--is in the mddle of this thing,
everybody can see the boundary between Nevada and Californi a.
That line is called the Von Schmtt line. That |ine was
created based on the 1823 Mdrrnon marches from Utah to Los
Angeles. This line was done in 1872 and it's called the Von
Schmtt |ine.
Now, the next line I'mgoing to tell you about is

Clark County. dark County where you're sitting right nowis
usi ng an 1881 boundary survey map. The State of Nevada
never had a boundary map until 1979 when two convicts said we
don't want to be in an unbounded state, and therefore, they
had to go through two sessions of the |egislature and
remenber we only neet every other year. And so, in 1982,

t hey got a boundary map. But, they didn't bother to check

t he boundaries. And so, you're |looking at a line that was

done in 1872.

Now, what's interesting about it, back in the '70s
when | lived in Reno, they had a conflict because the State
of California said we own Lake Tahoe and State Line. So,

they had to go and neasure the Von Schmtt |ine from Lake
Tahoe all the way up to Oregon. This line goes all the way
down south to the Col orado River

Now, the reason I'mtelling you all this nonsense
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about boundary lines and so on is on this particular map

whi ch really was wonderful because you know | |love ny friends
fromlnyo is you're seeing the size of the boundary which
doubt has ever been bounded or surveyed even by gl obal, what
do they call it, positioning. And, it really kind of bothers
me because for the |ast nine years when |I found out Pahrunp
does not have a boundary map that has been surveyed, we have
had probl ens.

Now, the only reason I'mbringing it up and | think
it's a question that's never cone up is you see how out of
step Nevada is and wel | -deserving of our #49 status. O
course, one mapping is the main thing and that's why |'m here
for this hydrol ogy | earning session and that is supposing the
wat er crosses that nake believe line of Von Schmtt's from
18727 Who is going to sue who? Now, supposing the water
fromCalifornia fromlnyo goes to Amargosa and kills 15, 000
cows? Supposing all this stuff works together and who is
going to sue who and on the length of time and so on? So
that unless you realize we do have a social problemand I
really think it is a social problemthat sonmething has got to
be thought about it and done about it.

| do not believe that this 10,000 years that you're
tal ki ng about nonitoring Yucca Muntain--and, of course, Abe
and I will be sitting on top of both Yucca Muntains playi ng

gin rummy--1 don't think 10,000 years--and you're seeing it
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with the neptuniumand so on--well, you're tal king 100, 000
years. | think that Yucca Muntain should be nonitored for
at | east, 200,000 years. | think nore should be noted on the

mllirems com ng out and the exposure to the people and so
on.

O course, if the volcano blows or ny Ingrid bl ows
and you know that Amargosa--that the ash can't go to Pahrunp
or Beatty or Death Valley, and of course, ny concern on al

this stuff is it does go to Death Valley. And, Death Valley

i's our national nonunment and you' ve heard ne say for years
you can't kill (inaudible). Well, what you' re teaching nme is
that that |ine, that imaginary 1872 Von Schmtt |ine, can be

penetrated from both sides maybe.

And so, | think, it's rather inportant that you do
|l ook into this and realize about the mapping and the boundary
lines and the State of Nevada is in big trouble because of

this and | don't want ny friends here to get in trouble

ei t her.
Thank you.
NELSON: Thank you. Third up, Matt Kozak from Monitor
Scientific?

KQZAK: | appreciate this chance to talk to you. | am
actually here representing the EPRI TSPA team And, the
reason | canme up here, | actually hadn't intended to talk to

you, but | started hearing sonme things creeping into the
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conversation that | thought ought to have some di scussion and
it was really crystallized in sonme of John Bredehoeft's
comment s on phil osophy.
Real ly, the point that | wanted to nake sure that

we don't lose track of is that there is a fundanental

di fference between the scientific uncertainties and the

regul atory uncertainties and they are addressed in quite

di fferent ways. John tal ked about validation and the

i nportance of validation and history matching and so forth.
There was a ragi ng debate about 15 years ago in the waste
managenent community on this whole issue on the people that
follow Carl Pauper's theory and those that follow Thomas
Kunz' theory. W're at scream ng matches at these neetings.
That's pretty much been laid to rest about 10 years ago and
this is not just DOE/NRC kind of comng to an agreenent.

This is internationally people have cone to a very consi stent
phi | osophy on how t hese things are done in highly devel oped
confidence. So, | don't think we ought to lose that in this
di scussion. W don't want to go back 10 years and start
tal ki ng about validation again. There's a reason why
val i dati on does not show up in sone of the DOE and NRC
docunents. They tal k about confidence building and things
like that. There's a very good technical reason, a nunber of
techni cal reasons, for doing that.

The second point that | picked up was on the
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treatnment of alternative conceptual nodels. Again, this is
not sonmething that is particularly new. This has been an
intrinsic part of the waste nmanagenent comrunity for, at
| east, 10 years. | know | was publishing stuff onit 10
years ago and | was citing prior work. So, there's a good
body of work, good body of literature on that whole topic and
on how to resol ve conceptual nodels or alternative conceptua
nodels. It's an intrinsic part of--if you |look at the DOE
TSPA docunents, they're required to consider alternative
conceptual nodels. It's part of the |license review program
for NRC. It's a basic part of the NRC s review process. So,
again, | don't think we ought to get off on the wong track
of thinking that this is sonething new or sonmething that's
outside of normal experience. It is not typical of
scientific approaches to nodeling. It is typical of
regul at ory approaches to nodeling.

In addition, as part of the resolution of those
al ternative conceptual nodels, we also need to keep in mnd
that there is a forward programon confirmatory eval uation
and additional data collection and so forth that allows us to
address any residual uncertainties that may be inportant to
safety.

So, finally, I'd just like to say that one of the
ot her coments was on nodel ers review ng their conceptua

nmodel s as immutable. [|f you think back over the | ast few
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days, we haven't seen a single imutable nodel. They've al
been evol ving, they've all been changing, and very open to
change and considering alternative conceptual nodels and
trying to come up with the best safety-based case. The one
idea that | did like was that all this nodeling has to be
directed toward robustness and robustness needs to consi dered
internms of overall systemsafety, not sinply in terns of the
i nfl uence of sone residual scientific uncertainty. So, if we

can keep the idea of how the overall systemresponds to these

uncertainties in terns of safety, | think if you keep that
clearly in mnd as you go through your deliberations, | think
that would be of great help to you

Thank you.
NELSON: | ask Judy Treichel if she wants to comment now

or to hold? She's going to hold, okay.

In which case, we are two m nutes before our
chartered tinme for the end of this session. | thank all of
our speakers and all of you for participating. W wll begin

the next session at 1:15 on schedul e.

(Wher eupon, a luncheon recess was taken.)



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g N W N P O © O N O OO N~ W N B O

449

AFTERNOON SESSI ON

BULLEN. |1'd like to wel cone everybody back to the
af ternoon session. Please ask you to grab your cup of
coffee, grab a seat. 1'd specifically like to have ny Board
menbers back, if | can find them Okay, the entire board
back.
Good afternoon. | have prepared remarks, which
"Il read, and then I"mgoing to do a little extenporaneous

speaking. Wl cone back to this afternoon's neeting of the

Board Panel on the Natural Systens. |'m Dan Bullen. And,
contrary to what it says in the agenda, | amnot a nenber of
this Panel. | could be ex officio. This mght be one of the
few panels that | have never been a nenber of, but | still

enj oy participating.

Having said that, | will be chairing this
afternoon's session, and this afternoon, we're going to
continue with the thene of saturated zone fluid flow and
radi onuclide transport. |If you can recall fromthis norning,
that we were presented with a |ist of questions and outlines
of the central purpose of the entire two day neeting. Each
of these talks this afternoon will address one or nore of the
aspects of those questions.

The first talk this afternoon will be presented by
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Gary Patterson of the U S. Geol ogical Survey's Yucca Mountain
Project. He will discuss geochem cal mapping of the
groundwat er system and what the interpretation of that
geochem stry can tell us about the waterflow in the saturated
zone.

The next presentation will be by Stephani e Kuzio,
of Sandi a National Laboratory, who will discuss the transport
processes of sorption, matrix diffusion, and coll oi dal
facilitated transport, and how those are represented in DOE
nodel s.

At that point, we're actually going to nove the
break. We're going to put the break at 2:20 this afternoon,
and that's up from3:10, and we'll have the break just prior
to the last talk presented by Bill Arnold from Sandi a, who
wi |l discuss the nodeling predictions of the transport of
radi onucl i des through the unsaturated zone, and how t hose
predictions are abstracted for the total system performance
assessnent .

Now, follow ng the presentation by Bill Arnold, we
had originally schedul e a roundtabl e di scussion, but at the
present tinme, DCE elected not to participate in our
roundt abl e di scussion, so we still value the opportunity for
techni cal discussion, and input into the process, so what we

have decided to do is change the format of this afternoon's



© 00 N oo o B~ w N P

N N N NN B R R R R R R R R
A W N P O © ®©® N O OO0 M W N B O

451

session. \What we're going to end up doing is have
essentially an open forum That open forumw Il allow for
the discussion of the materials that have been presented
during the course of this neeting, both yesterday's
presentation and today, and we'll actually provide input from
our consultants, nmenbers of the Board who are here, the Panel
who are here, and nenbers of the audi ence who may wish to
partici pate.

l"mgoing to facilitate that discussion or that
open forum and we have identified a 90 mnute tine frame, at
which we're going to continue this work.

Now, | understand Dr. Parizek is going to give a
few opening remarks, and, so, I'll put the pressure on him
now to realize what he's going to say at that tinme, and we'l|
have our consultants al so nmake a few openi ng statenents.
But, then, we would invite any nenber of the techni cal
community, or the public in the audience, who would like to
make sone comrents with respect to the issues that were
rai sed, either in the five questions, or other issues that
are associated with unsaturated zone or saturated zone
transport to cone forward to the m crophone, and to nake
t heir comrents known.

| f there any questions about that, we can discuss

it at the break. That will happen before the neeting--or
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before the open forum
with that, I'd actually like to nmention one nore

thing. W' ve been very good at it so far in the neeting, but
I"d like you to silence your cell phones so that we don't
have any interruptions for our speakers this afternoon. But,
l'"d like to call Gary Patterson forward for the first
presentation of the afternoon.

PATTERSON: | think I should start off by apologizing in

advance for not having the results of the nunerical nodel to

present. But, | do nention nodeling a couple of tines, so |
hope you'll let ne into the club anyway.

Primary objectives of the saturated zone
hydrochem stry and i sotope program at the USGS use major and

m nor di ssolved ions, stabile isotopes, radiogenic isotopes,
and both inorganic and organic carbon 14 ages to determ ne
fl ow domai ns, flow paths, identify discharge sites, and
estimate flow rates.

We intend to independently validate flow paths
generated by saturated zone flow and transport nodels, and
i ndependently constrain flow rates generated by saturated
zone flow and transport nodels. That's ny reference to
nodel i ng.

Wen we began this effort a few years ago, the

first thing we did is we constructed a series of isopleth
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maps or concentration plots of the major ions in the system
just to get a first cut at what the system | ooked Iike. And,
when we did that, several things becane apparent. The first
thing that becones apparent, if you'll |ook at the sodium
concentration plot on the left-hand side, can everybody see
that, the first thing that becane evident was this |ong plune
of | ow sodium concentration that's propagating beyond the
Fortym |l e Wash system and then slightly el evated sodi um
concentrations in the Yucca crest, elevated concentrations in
the Qasis Valley, and another |ow plunme of sodium
concentrations in the Crate Flat area.

If you'll look at the calciumplot on the other
side, it shows simlar relationship with el evated cal ci um on
Fortym | e Wash, and | ower calciumon Crest, and al so higher
calciumat Qasis Valley.

So, this immedi ately began to suggest the
conpartnental i zed nature of flow in the Yucca Muntain area,
and it wasn't just one sheet of water soaring fromone area
to the other. It was consistent hydrochem stry.

This is further supported by carbonated plot on the
| eft-hand side, and even sonme of the m nor constituents shows
simlar relationships, which is the fluoride plot on the
ot her side. You can see we had el evated fluoride on the

northern end of Yucca Mountain, and then slightly decreasing
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fluoride as you get into the Fortym|e Wash system

So, this suggests to us this conpartnentalized
nature of the hydrochem stry, and pronpted us to divide the
wells into a series of hydrochem cal facies.

And, rather than draw boundaries around these
hydrochem cal facies, and many of you have seen these before,
|"ve chosen to just plot the wells that we include within
each facies in different colors so you can see the western
Yucca Mountain facies is represented by wells in this |ight
bl ue. Eastern Yucca Muuntain facies is green, Fortym|e Wash
is yellow Bare Muwuntain, red. Amargosa River in blue, and
the Eastern Amargosa facies in bl ack.

The constituents that are |listed underneath of the
facies title are really the nost significant constituents
that we use to differentiate these hydrochem cal facies. The
open circles down here bel ow H ghway 95 just indicate that
the distinctions between the facies get a little nore fuzzy
when you get down that far, due to m xing and the anmount of
alluviumthat it's passed through. So, we can't really be
too confident in some of the distinctions down there.

Binary plots are probably the sinplest way to
i ndi cate sone of the distinctive nature of these facies. You
can see the bicarbonate and sodi um bi nary pl ot separates

walls fromFortymle Wash, the Fortym|e Wash facies, the
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eastern Yucca Muntain facies, the western Yucca Muntain
facies, Amargosa River facies and the Bare Muntain facies.
It doesn't do a very good job on the eastern Amargosa facies.

Sul fate and sodiumdoes a little better job of
separating the eastern Amargosa facies. You have the sane
separation here, based on sodium The three facies that |I'm
particularly going to tal k about today, which are the
eastern, western, Yucca Muwuntain facies, and the Fortymle
Wash facies. And, these are just exanples, binary plots of
different constituents, chloride and other ions will show
simlar relations, depending on which facies you're | ooking
at .

One distinguishing feature of the eastern Yucca
Mountain facies is elevated uranium 234 and 238 rati os.
These el evated rati os have been interpreted by Ji m Paces as
indicating limted | ocal recharge through the thick sequence
of unsaturated rocks underlying Yucca Mountain. The el evated
urani umisotope rati os decrease to the south and within the
Fortym | e Wash facies.

|"d like to refer back to the infiltration map that
was presented several tines in yesterday' s presentations that
Alan Flint nmade, that indicated that the southeastern
trendi ng washes on the north end of Yucca Mountain are

estimated to provide 50 to 100 mllineters per year of
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recharge under current climte conditions, and 100 to 500
mllimeters per year under the glacial transition period.

So, the hydrochem stry data here sort of indicates
that nost of the water that enters the groundwater systemin
the Yucca Mountain area may derive fromthose fault
controll ed washes on the north end of Yucca Muntain. You
can see fromthis borehole here, wth the el evated urani um
234/ 238 ratio, that's Borehole G2, it may be right in the
area where nost of the recharge occurs, and then the water
fromthe eastern Yucca Mountain facies travels south,
sout heast towards the Fortymle Wash system It also seens
to be sonewhat isolated fromwater under the Yucca Crest.

The rel ati onship between these fromthe Yucca
Mountain facies and Fortym |l e Wash facies is denonstrated by
t hese spider diagrans. Spider diagrans are constructed by
referencing the chem cal constituents of water well
normal i zed to that of another well. So, if the wells contain
t he sane chem stry, then the plot would plot along this one
to one ratio |ine.

So, for this plot, I've taken these wells in the
central and southern part of the Fortymle Wash cl osest, and
normal i zed those to Boreholes UE-25 A-1 and 2, which are al so
in the Fortym|le Wash system but are north of Yucca

Mountain. Those are the first two plots.
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And, then, the third one is the same group of wells
normal i zed to Borehole C- 3, which |'ve taken as
representative chemstry of the eastern Yucca Muntain
facies.

So, the first plot is referenced agai nst Borehol e
A-1, which again is north of Yucca Mountain in the Fortymle
Wash facies. And, there's a very shallowwell, and it's
influenced primarily by the alluvium So, you can see as the
water flows down gradient fromthat borehole, reference to
that borehole, the primary changes that you see are el evated
fluoride concentrations. There is a little bit of unknown
di fferences, potassiumin sulfate in one borehole, but
overall, those are plotting pretty much along the one to one
ratio line, until you get to the fluoride concentrations.

The second plot that is normalized to Borehole A-2,
which is inmedi ately adjacent to A-1, but is influenced
primarily by water fromthe vol canic aquifer, shows the sane
increase in fluoride as you nove down the flow path, but it
al so shows increases in magnesi um and potassium This is
representative of the changes caused by noving fromthe
vol canic aquifer into a nore alluvial aquifer, alluvial
dom nated aquifer to the south.

Then, the third plot normalized to Borehole C3

fromthe eastern Yucca Muuntain facies shows a sinlar
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i ncrease in magnesi um and potassium since its water falling
fromthe vol canic aquifer into a nore alluvial dom nated
aquifer in Fortymle Wash. But, the fluoride concentrations,
t hough, are simlar between eastern Yucca Muntain and the

| ower part of the Fortym |l e Wash facies.

So, to sumarize, the m xing between waters in the
two facies results in only the fluoride concentrations in the
Fortym |l e Wash facies before the confluence, and el evated
magnesi um potassiumresult fromthe influence of alluviumin
the Fortymle Wash facies.

So, after |ooking at countless isopleth maps,
bi nary plots, spider diagrans, we finally came up with a map
of major flow paths identified from hydrochem cal and
i sotopi c paranmeters. These are not neant to represent a
particle track. These are supposed to represent |arge nmasses
of water, you know, nyriad particle tracks together, flow ng
inasimlar direction.

So, we're not, you know, we're not really concerned
about a particular part of the track in this instance. But,
the three primary flow paths that we're concerned with now
are the Fortymle Wash fl ow path, eastern Yucca Muntain
towards Fortym | e Wash, and the southerly flow path from
Yucca Crest all the way down to Hi ghway 95.

| dashed this |line because we have a group of wells
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up here on the crest, and we have another group of wells down
here on H ghway 95 with simlar chem cal characteristics.

But, there's quite a |long distance in between those two
groups, and | think it mght be alittle bit of a stretch to
pretend that we're too confident that that's the sane water

fl owi ng down there.

So, those were attenpts to put constraints or to
verify some of the flow paths generated by the nodeling
efforts. In an effort to constrain sonme of the flow rates
and travel tinmes that are being generated by sone of the
nodel ing efforts, we attenpted to use carbon 14 dating as a
t ool .

Carbon 14 is a radioactive isotope, has a half-life
of 5,730 years, and it can be used to date groundwaters back
to around 50, 000 years.

There are sonme assunptions involved in dating with
carbon 14. One is that water acquires its initial carbon 14
content as it percolates through the soil zone, enters the
groundwat er system

In the absence of water/rock interaction, carbon 14
content woul d change only as a function of radi oactive decay,
thus, allow ng the direct neasurenent of groundwater age.

Theoretically, carbon 14 measurenents fromwells

situated al ong known fl ow paths would all ow cal cul ati ons of
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travel tinme between each pair.

But, we live in the real world, and dating with
carbon 14 in the groundwater system has several problens.
Particularly, carbon 14 neasurenents nay gi ve erroneous
estimates of residence tine if assunptions are not strictly
met. The acquisition of dead carbon from aquifer rocks wl|l
result in determ ned carbon 14 ages that are anonal ously ol d.

M xing of water fromdifferent sources, such as
mer gi ng fl ow domai ns, or recharge along flow paths, results
in carbon 14 ages that are not the true age of the water up
gr adi ent.

So, I've put three plots of carbon 14 ages al ong
fl ow paths, or generally along flow paths anyway. They're
represented by these sort of trace lines that are on this
base map over here. So, the first one is fromthe sane
Boreholes A-1 and A-2 over here, down along the Fortymle
Wash system

The second trace includes the eastern Yucca
Mountain facies as it flows towards Fortym |l e Wash, and then
the third one are these wells that represent the western
Yucca Mountain facies.

You can see fromthe plot at the top, the carbon 14
age of Boreholes A-1 and A-2 are sone of the youngest waters

we' ve nmeasured in the whole area. They're very shall ow
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There's a | ot of recharge up there. And, the ages are 3,000
to 4,000 years.

And, if you were to assune that all the carbon 14
assunptions were net, you could cal cul ate the distance
bet ween Borehole A-1 and A-2 and J-13, and assune 10, 000, or
roughly 8,000 year travel tine between those points. The
problemw th that is that Borehole J-13 is located there, is
bel ow t he conplinents of where we think that the waters from
the Yucca Mountain systemnerge with the waters fromthe
Fortym | e Wash system

So, if you look at the ages of the waters fromthe
eastern Yucca Muntain system they're approxi mately, what,
12 to 15,000 years. |If you mx those with the age of the
water from Boreholes A-1 and A-2, you cone up with an
esti mated age of about 10,000 years, which clearly is not
true age of the water at that |ocation

| f you go further down the system where the m xi ng
is expected to have already occurred, it's conceivabl e that
we coul d use the age estimates fromthese borehol es to nmake
at least an estimate of travel tinme all along the segnent of
the flow path. One of the problenms with that, though, is
that Fortym|le Wash is, nobst investigators think that there's
a certain anmount of recharge along Fortym |l e Wash, so the

addi tion of recharge along Fortym | e Wash woul d cause these
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estimated ages to be younger than what they really are.

But, if you look at it in ternms of those ages
per haps being mninmunms, with your eyes open and reali zing
that there may be recharge added to the system you could
take this distance and estimate a travel tine between these
wel l's on the order of thousands of years, and just |leave it
at that.

The eastern Yucca Mountain facies fromwhat |1
call the headwaters up on the northern end where these fault
controll ed washes exist, you can see that the estimted ages
are about 12,000, 13,000 years. There seens to be a fairly
st eady progression away fromthat point to 15, 000 years at
Borehole C-3. But, if you go further down the system and |
apol ogi ze, we plotted this based on UM Northern on the X

axis, so these wells are actually a little juxtaposed. W-3

is actually west of J-13, and it is the next well along this
fl ow pat h.

If you go to WI-3, you'll see that the groundwater
age i s about 2,000 years younger than it is in the upper

gradient well. W-3 sits at a fairly unique location. It is
right near the intersection of where the Bow R dge Fault
intersects with the water table, and it's expected that
there's a certain anount of recharge in that borehole. So,

the cause of this younger age is probably m xing of recharge.
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But, if you wanted to, you could probably take the
difference in age between this short segnent of the flow path
and, again, nmake an estimate that travel tine is on the order
of thousands of years.

In western Yucca Mountain, |I'll go through this one
very quickly, but | gather you have a fairly good progression
of the ages in these wells on Yucca Crest, which you could
estimate travel time of, again, thousands of years between
those points. But, if you tried to use the sane technique
and include these wells down al ong H ghway 95, first of all,
we're not sure of the flow path down there, and, secondly,
the ages are again younger, probably as a result of nodern
rechar ge.

To help us inprove our estimates of travel tinme and
groundwat er age, we have begun using dissol ved organic carbon
14 ages to use in conjunction with the inorganic carbon 14 to
try and | ook for evidence of water/rock interaction, and
other things. While dissolved inorganic carbon 14 activities
are altered by water/rock interaction, the dissolved organic
carbon 14 shoul d remai n unaffect ed.

Di ssol ved organi c carbon 14 neasurenents are stil
affected by m xing, by the introduction of recharge, and the
presence of organi c contam nants.

These are very prelimnary results, and | think
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some of the nenbers of the Board have seen this before.
Unfortunately, we haven't been able to increase the size of
this data base, but this is a plot of percent nodern carbon
fromthe inorganic carbon 14 on the Y axis, and dissol ved
organi c carbon 14 on the X axis.

| f these were plotting and giving us the sanme age,
they were all plotted along this concordant line. And, you
can see it for the wells in Yucca Muuntain, they are nostly
fromthe volcanic aquifer. It looks Ilike there's very little
correction that's going to be required to convert the
i norganic carbon 14s into a true age.

But, when we get into the wells fromthe Nye County
Drilling Program which are these wells down here in green
and a group of wells in the Amargosa Farns area, you can see
that they're quite variable, and there will be sone
consi derabl e correction having to be made. Most of the
organi c carbon 14 ages are consi derably younger than those
predi cted fromthe inorganic carbon 14.

So, conclusions are that the saturated zone waters
near Yucca Muntain can be divided into six distinct
hydrochem cal facies that maintain their chem cal and
i sotopi c character over |ong distances.

The hydrochem cal facies can be used to identify

general flow domains and m xing rel ati ons between facies.
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Water fromthe eastern Yucca Muuntain facies my
obtain its unique isotopic signature due to recharge through
the fault controll ed washes on the northern end of Yucca
Mountain. This water then flows south/southeast until it
eventually nmerges with the Fortym | e Wash system

Water from western Yucca Mountain facies flows
south, at least as far as the southern tip of the nountain,
and perhaps as far as H ghway 95.

Al t hough estimates of travel tine over |ong

di stances based on carbon 14 ages are difficult, travel tines
within part of Fortym|le Wash and part of the western Yucca
Mount ai n faci es appear to be on the order of thousands of
years rather than tens of years.

Thank you. Well, | guess | do have one nore slide.

"' msorry.

One of the questions the Board asked was what can
we do in the next several years to increase our understanding
of the system W have several prograns that are ongoi ng now
that | think will help. Continued nmeasurenents of
unsaturated zone pore-water chem stry in the deepest part of
the unsaturated zone will hel p assess the nature of the UZ/ SZ
interface and refine our interpretations of flow paths away
fromthe repository.

Conti nued refinenent of the methods used to sanple
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and anal yze di ssol ved organi c carbon 14, along with dissol ved
i norgani ¢ carbon 14, neasurenents and reaction path nodeling
will provide better estimates of transport along certain flow
pat hs, which is work that we're doing under the Science and
Technol ogy Program

And, then, continued investigation of three
di mensi onal flow and the interface between the vol canic
aqui fer and the alluvium south of Yucca Mouwuntain will help
refine the interpretation of flow paths, and we're doing this
as part of the Nye County program

That's it.

BULLEN: Thank you, Gary.

In my introduction, | was remss in not giving a

little bit of background on you, so |I've got to nmake up for

that now, particularly since you graduated fromthe

University of Illinois, where | now live.
After that graduation, you spent sone tinme on the
Sheffield side in Wsconsin for the USGS, and have been, for

a very short time with the Yucca Muntain Project, since
1989.

PATTERSON:  Yes.

BULLEN: And has been in planning the design of the G
wel l's conplex, nulti-well punping test, and been a princi pal

i nvestigator on the pneumati c pathway and gas phase
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circulation in the ESF. So, | wanted to get that on the
record before we asked if there were questions fromthe Board
with respect to your presentation. W'Ill go to Thure
Cerling, Priscilla, and Ri chard.
CERLING  Cerling, Board.
| was just wondering how your carbon 14 data in

t hese water neasurenents can be interpreted in the Iight of
how | ong things take to travel through the unsaturated zone.

s it conpatible? And, part of that question, a follow up
guestion woul d be have you anal yzed carbon 14 content of sort

of deep soil gas in the unsaturated zone?

PATTERSON: We have anal yzed carbon 14 in the deep gas
phase. |I'mtrying to remenber, it was a nunber of years ago,
in the deep UZ, | think the carbon 14 ages that we canme up
with were on the order of, oh, 7,000 to 15,000 years, and |

guess if we assune that the water picks up its carbon 14 as
it passes through the soil zone, then we have to assune that
the travel tinme in the unsaturated zone is sort of rolled up
into part of this. But, there is a |ot of gas phase exchange
between matrix in the unsaturated zone, and water that's in

t he unsaturated zone, and in general, so that the actua
carbon 14 age that reaches the saturated zone is possibly
significantly altered by the tine it reaches the saturated

zone. Good enough? You | ook doubtful.
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CERLING No, no, | just understand it, | just wondered
if you d sort of tried to nodel the carbon 14 information
with respect to transit in the unsaturated zone, and then
once you're in the saturated zone, you're starting at sone
initial conditions. And, it kind of cuts to the question of
wel |, when hits the unsaturated zone, what's the sort of zero
age?

PATTERSON: | think Al Yang did a | ot of calculations on
gas phase carbon 14, and actually |I did quite a few of them
nyself, but | was primarily involved in the ESF, and, so,

t hey never really got |linked fromthe surface down. And, the
ESF, of course, is well above the saturated zone, so |'m not
sure | could really give you a nunber. But, there have been
efforts to do that.

CERLING And, then sort of a related follow on
guestion, just for all of the data that you' ve presented, you
didn't say in the very begi nning over what sort of hydrol ogic
interval that might represent. | nean, | presune it's al
pretty nuch the sane, but | wasn't sure.

PATTERSON:  Three di nensi ons?

CERLI NG  Sure.

PATTERSON:. (Ckay. Most of our data base is the upper
few hundred neters of the saturated zone. The bottom

investigation that you see there is to look at nore detail in
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the three dinensional flow W're enbarking on an effort to
use a nodel, it's called M3, it was devel oped in Sweden, and
it's a conbination principal component analysis and kreeging
nodel that will interpolate data between the various points
that we have. W don't have a lot of control at depth in
some of these areas. Nye County effort in the alluviumis
adding to that quickly, and we now feel |ike there's enough
data that we can pursue that effort.

CERLING Well, then, in one of your earlier diagrans
where you showed the sodium and the cal ci um and ot her pl unes,
| was just wondering how different the aquifer matrix was
between different areas in that plunme. 1Is it essentially the
sane?

PATTERSON: Well, there are differences. The Fortymle
Wash facies flows primarily in an alluvial dom nated system

The Yucca Mountain facies are both in volcanic rocks. As
you nove south of Hi ghway 95, you're back into alluvium
Bare Mountain is greatly affected by Pal eozoi ¢ carbonates.
The Amargosa River facies is affected by Pre Canbrian
quartzites. So, there are a variety of different aquifer
materials in the area.

CERLING  Thank you.

BULLEN: Priscilla Nelson?

NELSON:  Nel son, Board.
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|"ve got two questions. One is over this tine
framewor k extending to 20,000 years, is anticipated past
climate changes enough to affect interpretations of m xing or
flow paths? |Is that a possibility?

PATTERSON: Well, it's a possibility, but I think nost

of the nodels that we've seen over the |ast day and a hal f
don't seemto indicate that flow paths have changed very nuch
in the climate conditions. You can get nore infiltration.
We are probably | ooking at waters now that came fromthe
events 10,000 years ago, or so. | don't think that, first of
all, I don't think we have enough information to really
assess that. Yes, | think it's possible that it could affect
them but the evidence that we've been given in the |ast
coupl e of days, if you believe the nodels, the flow paths at
| east have not changed a | ot.

One effect, if | may, is that as the water table
rises, we may get changes in flow across faults that are now

bei ng considered as barriers.

NELSON: Right, it is conplicated. Just follow ng up on
that, | was struck by the Center's nodels that showed,
because it's a relatively I ow gradient for the flow

underneath the repository, so the influence of change in
precipitation right over the nountain can be significant in

terms of causing flow So, it seemed that that m ght be
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anot her factor that further conplicates this.

PATTERSON: Yes, | think it would be. And, you're
right, it's a very flat gradient.

NELSON: You want to go after the interpretation, but
it's hard in this case, isn't it? Let nme ask you one other
thing. Have you done simlar kinds of work that encomnpass
t he perched water zones?

PATTERSON: We have chemi cal analysis fromthe perched
wat er s.

NELSON:  Any carbon 14 anal yses?

PATTERSON: Carbon 14 in the perched waters is sonewhere
in the 10,000 to 12,000 age range, fairly simlar to that of
Yucca Mountain, where we have good sanples. Sone of the
probl enms in sone of the perched water bodies, we haven't
really been able to get what we consider a high quality
sanpl e, and, so, sone of the ages look a little weird from
that, and we don't like to really talk about them

NELSON: Do you think that they would be informative?
Coul d you get a good sanple in trying to help figure out this
question that Thure was raising about UZ?

PATTERSON: Sone of the identified perched water bodies
have started at the bottomin sone of the UZ borehol es, and
things like that, where we were able to use a bailer to pul

up water, which was primarily nud, and probably fairly
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affected by the drilling. Those water bodies that are |arge
enough that we could punp and collect a good sanple from we
have al r eady.

NELSON: Those would be interesting. Thank you.

BULLEN: Richard Parizek?

PARI ZEK:  Pari zek, Board.

Thank you again for a good integration of your data
sets. One question on the last bullet on what you plan to
do, or ongoing activities. WII that allow sone additional
drilling dedicated drilling for this purpose? Because
obviously all Nye holes or any new hol es help, but the idea
of nmultiple conpletions, the old West Bay idea, hasn't been
carried on recently, | guess for funding reasons. And, so,
the quality of information you would like to have isn't
al ways avail able. You' ve had to kind of nake do with often
pretty m xed up sanples with holes at variable depths, and
different units, and sort of a (inaudible) data base. Do you
i nclude dedicated drilling for these refinenments?

PATTERSON: The only drilling that's included in any of
these studies is that that's conducted by Nye County.

PARI ZEK:  So, you piggy back onto that process.

PATTERSON:  Ri ght .

PARI ZEK: Do you have a chance to weigh in, | hope, in

terms of what you' d like to see on these deliberate pathways
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to finally, because you have a validation opportunity which
can be val ue added to the program providing you could feel
confortable with the |l ocation of wells, and where they're
conpl eted, and the flow channels as identified; right?
PATTERSON: Yes. | think we can at |east discuss things
with Nye County, and their new sonic drilling program may
allow us to extract pore water fromthe consolidated cores
and get depth discretized sanples. And, if that program
continues, and if it gets funded, | know they're interested
in doing a lot nore of that. And, if they do, then that's
how we expect we m ght be able to expand that 3-D data base.
PARI ZEK:  Pari zek, Board agai n.

Si nce you've been out in the programso |ong, you
were a nmenber of the TSPA/ VA days, when the plunme was w de
and deep and quite dispersed, and then it got narrow, and
it's sort of what's captured in presentations this norning.
So, it's narrow, and | can't help but |ook at your figures on
Page 3 and 4, and your chem stry snears along the Fortymle
Wash area. Now, again, you could argue maybe there's
infiltration occurring through tinme at different places, and
it sort of broadens that whole thing out. But, what do you
think? Do you think the narrow, not quite pencil |ine thin,
present nodel runs are supported by your chem stry, whether

you use the sodium the calcium or others? Can you help us
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with that?

PATTERSON: Do you know whi ch page that is?

PARI ZEK: What you' ve got is 3 and 4 of yours.

PATTERSON: | think the flow maps are probably around 6
or 7.

PARI ZEK: The arrows are 10.

PATTERSON: The arrows are on 10? Well, the narrow fl ow
paths along Fortymle Wash, | think are, in one way, they're
a function of--they' re nodel generated. And, if you assune
each recharge along Fortym | e Wash, then you have to assune
that there's a hydraulic nmound, no matter how small it is,
there has to be a nound under Fortym | e Wash. So, the node
will now allow flow to go past that nound, or to go up
gradient along that nound. So, | think it tends to take the
flow fromthe west and just sort of slamit up against that

hydraul i c nmound and then imediately drive it to the south.

| think what we envision, again, is these nyriad
fl ow paths com ng across. And, |'ve got this drawn so that
it sort of bunps into Fortym|e Wash, and | think the spider

di agrans indicated that there's m xi ng between those two, and
| also think that there are wells, if we have the facies map
up there, you'll see wells of eastern Yucca Muntain facies
waters that are all the way down here. So, it doesn't al

slamin a mx wth Fortymle Wash. So, | think sone of it
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does come in here and mx, and | think sone of it does flow
in this nore southerly direction, and persist all the way
down into this area here.

So, you know, whether that's a narrow flow path or
not, | don't know. Again, it's a function of flow paths, and
there are a bunch of particle tracks anyway, and, so, the
relationship fromthe mxing at the margi ns of these facies
is something that we don't have real good control of. And,
so, | guess |I'd have to say that | can't really argue with
their representation of flow as this being probably the nost
inmportant flow path that we're tal king about right now in
terns of a repository. And, | think if you' re going to nodel
it, I think that's probably the way you have to do it.

PARI ZEK: Pari zek, Board, again.

It's a idea of whether or not that nmound woul d
exi st maybe during periods of intense runoff, episodic
recharge, that mght be there for a while, and then dissipate
and reappear. So, that again, could create a |ateral
snmearing basically of a plune, which is beneficial to
diluting the plume. So, the details of that m ght be worth
investigating if you really think it's a pen line right up
agai nst those two bodies of water. But, it may not be that.

It may be spread out nore.

PATTERSON: There's no reason to believe that that has
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been in the sane place over long periods of tinme either.
But, again, how we woul d go about investigating sonething
like that, | don't really know

PARI ZEK: There was anot her opportunity, we've asked
about, some years back, about whether you have any uni que
waters that, say, cone out of like Crater Flat, that cones
along with distinct signature, and then it m xes, and, so,

whi ch you can then begin to get some sort of dispersivity

© 00 N oo o B~ w N P

nunbers from long-termexperinents. And, this was raised

[EEN
o

before. | guess there was no clear-cut places you could do

[EE
[EEN

that very well; right?

[EEN
N

PATTERSON: | think the nbost unique feature that we

[EEN
w

found so far is JimPaces finding of 234, 238 ratios, that

=
N

seens to be a tracer of sorts. As a matter of fact, | think

[EEN
a1

if we had a ot of three dinensional control and different,

[EEN
»

you know, additional boreholes, that could be used al nost as

[EEN
\l

a tracer.

[EEN
[o0]

PARI ZEK: --dispersivity nunber, which the program

[EEN
(o]

really doesn't have right now. So, would there be val ue

N
o

added if you could do that?

21 PATTERSON. Wl |, sure.
22 PARI ZEK: It's just a question of whether you could do
23 it?

24 PATTERSON: It would take additional boreholes, and it
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woul d take, you know, a fair effort. You know, we live in
the real world, drilling a borehole out there is pretty
expensive. So, | don't think it is really ny place to stand
here and say we need a hundred borehol es.

PARI ZEK: But, if we take John Bredehoeft's
recommendation, |eaving it open for a thousand years, think
of the manpower that it takes to guard that place. So, in a
way, if a regional dispersivity nunber is useful, it's
possi bl e maybe to squeeze one out of this, out of years of
wor k, and now you're at a point where if you could drill, you
coul d probably optim ze--

PATTERSON: | think that's true.

BULLEN: Bullen, Board. W're going to have to nove
along, Richard. And, Frank, we're going to ask you to del ay
your question until we have the roundtable--or the open forum
di scussion a little bit later, and maybe we can get a comment
or two. Onh, he's not going to be available. That's right.

kay, so Frank's is the last question. O
guestion? Two questions, but they have to be less than two
m nutes | ong.

SCHWARTZ: The questions will be short. [It's the
answers that will be |ong.

Gary, | had one question here with regard to the

sl uggi ness of the flow paths fromthe geochem cal indication
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seemto be much slower than sort of the nodel cal cul ations
woul d suggest. | nean, is that your feeling as well?
PATTERSON: Yes. | think they are. | nean, | think
because of the way the nodels have to use extrenely
conservative values for all of their paraneters, they're
going to be realizations that make the water just fly. But,
| don't think we see, in the places where we can actually
feel reasonably confident in our estimates, the travel tine

seens to be | onger.

SCHWARTZ: The last question | have is with respect to
where m ght there be young water? | nean, | guess |'m
i npressed by all the dating and even the corrected dating
seens to rarely find young water. | nean, Nunber 1 and 2 in
the north there seemto be young. But, even under Yucca

Mountain, if you assunme fast flow paths exist, for exanple,
you woul d expect to find sonme young water there, and | guess
it's my inpression that there is no young water to be found
froma geochem cal perspective. AmI| wong there?

PATTERSON: Well, if you consider the amobunts of
recharge that we're tal king about here, with infiltration
rates of, you know, 50 mllinmeters a year, or whatever, and
this huge reservoir of water that's already in the saturated
zone that's a m xture of waters from ol der and younger,

don't think you would see real young water. | think A-1 and
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A-2 are the closest thing that we've got to young water. If
you, you know, dropped an ounce of water in a bathtub, an
ounce of water with one characteristic in a bathtub, you
probably woul dn't see it when you nade the neasurenent.

SCHWARTZ: But, | guess to ne, it kind of inplies that
this idea of these fast flow paths perhaps is not delivering
very much water

PATTERSON: No, and | don't think anyone--

SCHWARTZ: | guess that's where | was kind of going.

PATTERSON: | think the tal ks that you heard yesterday
were the sanme, fast flow paths exist, don't exist, you know,
there's a small anobunt of water and they don't really matter

SCHWARTZ:  Thank you.

BULLEN: Thank you, Gary. Moving right along, we have
our next presentation by Stephanie Kuzio, who is the manager
for saturated zone departnment for BSC, from Sandi a Nati onal
Laboratories. She has her civil engineering degrees,
under graduate and graduate fromthe University of Maryl and,
and she basically is a saturated zone manager for Yucca
Mountain Project. She manage and coordi nates the saturated
zone technical activities related to the products for |icense
application. And, she will be speaki ng about sorption,
matrix diffusion, and colloid-facilitated transport in

saturated zone radionuclide transport nodels. Stephanie?
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KUZIO I'mfiguring out the technical difficulties
here. M presentation today, will cover the three key
transport processes that are included in the saturated zone
transport nodeling, and that's sorption, matrix diffusion,
and colloid-facilitated transport.

l'"d like to recognize the PIs on this work, and
t hey are Sharad Kel kar, Paul Reinus, Arend Meijer, Hari
Vi swanat han, Rajesh Pawar and Mei Ding from Los Al anps
Nat i onal Laboratory, and from Sandi a National Labs, Bil
Ar nol d.

A brief outline of what I'll be discussing today.

For each key transport process, sorption, matrix diffusion

and colloid-facilitated transport, |I'Ill discuss the
conceptual nodel or approach, and then we'll | ook at the
barrier capability of each one of these transport processes,

and then 1'1l concl ude.
So, at a very high level, matrix diffusion of
di ssol ved radionuclides is inplenented in saturated zone

transport nodeling in fractured volcanic units.

Particle tracking with the FEHM code is used to
simul ate the radi onuclide mass mgration in the saturated
zone. The valley fill alluviumis sinulated as a porous
medi um using the effective porosity approach.

A linear sorption approach is used in the matrix of
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the volcanic and alluviumunits. And, colloid-facilitated
transport of radionuclides is sinmulated to occur by two
nodes, an irreversi ble node and a reversible node. And, [|'lI
tal k about those in further detail as we go through the talKk.

This is a satellite image of Yucca Mountain. The
yel l ow outline represents the repository. The nodel boundary
is showmn in this red border around, which is 30 by 45
kilometers. That's the site scale flow and transport nodel
domai n boundary. The blue line is H ghway 95. The red
crosses are well locations. Fortym|e Wash conmes down, shows
up very nicely here on this plot. Crater Flats over in this
ar ea.

This is our hydrol ogic framework nodel, which the
flow and transport nodel is based upon, C audia discussed
this nmorning. W have an orthogonal grid, and we have 500
meter spacing. There's variable resolution in the Y
direction, or Z direction, and that is nore finely
di scretized around the repository area, which is about up in
here. The units that are nost inportant to transport are the
Crater Flat group, which consists of the Prow Pass, the
Bul I frog and the Tram hydrogeol ogic units. Because the flow
is within the first few nmeters, as some ot her speakers have
poi nted out, those are the units that are inpacted the nost.

And, this cross-section down in the corner also reflects
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that. This is a cross-section up near the repository area.
You can see a |lot of these colors that are associated with
t hese units.

You' ve seen this figure before. This points out
the various different transport processes that we have in the
saturated zone transport nodel. This is a north/south cross-
section through the Yucca Mountain area. The proposed
repository is shown here in black. The radionuclides wll
m grate down through the UZ, wth the breaching of the waste
packages. They will reach the water table, and enter into

t he vol canic aquifer, which we, our conceptual nodel is that

this is a fractured nmedi um

The radi onuclides then will continue to travel
t hrough this volcanic aquifer until it reaches the alluvium
aquifer. This is an uncertain area where this contact
actually is, and it's treated that way in our transport
nodel i ng.

Wthin our fractured nedium we have advection
within the fractures, flowis wthin the fractures, and we

have matrix diffusion occurring into the matrix bl ock.
Wthin the matrix bl ock, we have sorption, sorption occurs
within the matrix bl ock.

This figure shows our schematic di agram of our

matri x di ffusion subnodel geonetry and assunptions. Qur
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approach utilizes a dual porosity nodel with equally spaced,
paral l el fractures, as shown in this figure. The
effectiveness of matrix diffusion is dependent upon various
different things. The properties of the matric itself, and
al so the spacing of these flowing intervals, the zones that
actually transmt groundwater flow. The closer those are
together, the nore matrix diffusion that can occur. The
farther those are apart, the |l ess amount, the |less diffusion
that will be able to occur.

This approach is fairly well based on results from
the CGwells reactive tracer test, and that |eads to ny next
slide.

These are results fromthe C-well reactive tracer
test. The C-well reactive tracer tests occur, were done in
the fractured vol canics, and punping fromwell to well at a
di stance of approximtely 30 neters.

The first thing to notice in |ooking at these
figures is that we have two peaks, or two hunps that occur in
all of these results, and that's what's interpreted as that
there was two advective pathways that resulted in those two
hunps.

The second inportant thing, |ooking at the PFBA and
the bromde results, well, first |looking at the scale, and

this is a normalized concentration on a log scale on the Y
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axis, and it's logged as well on the X axis, and there's
slight differences visually here, but this is a |og scale.
There's a difference between the PFBA and the brom de
reactive tracer results, and the primary reason for that is
the difference in the diffusion coefficients between the
brom de and the PFBA.

The lithium the peak is at the sane tine, but it's
at a | ower concentration, indicating that sorption is present
as well as matrix diffusion. At later tines, the lithium
second peak actually occurs at a later tine, which is what
one m ght expect with absorption and matrix diffusion
occurring at the sane tine.

The very last curve is mcrosphere results fromthe
reactive Cwell test, and they show a very simlar fit.

M crospheres are delayed. They break through a little

qui cker. Their peak concentration here is a little bit

qui cker than the others, but there is sonme attenuation that
does occur there.

So, the inmportant thing to note about this is these
wer e nodel ed successfully including a dual porosity matrix
di ffusi on approach. What is not on this figure is the |ast
bullet, the prelimnary, we have sone single well tracer test
results, which confirnms a porous medi um behavi or.

This is to |l ook at the saturated zone barrier
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capability for matrix diffusion. How nuch does matrix
di ffusion contribute to the delay of radi onuclides through
the system

The solid black curve, which is right next to the
dashed red one here, is our base case sinulation, which
includes a diffusion coefficient, but it includes no
sorption. So, in conparing this diffusion case, the is a
medi an value for a diffusion coefficient, and conparing that
to a no diffusion case, which is the light blue dashed |ine,
you can see that there is sone benefit, sone delay in
spreadi ng of the curve as a result of including matri x
di f f usi on.

Now, to tal k about sorption within the saturated
zone and how that's inplenented. W expect certain
radi onucl i des to have sorption capabilities. There are sone
radi onucl i des that we've shown through testing that don't
sorb, for exanple, technetium and iodine, and they have
transported through the system w thout any sorption.

For radi onuclides that do sorb, exanples of that
woul d be neptunium uranium we have a |linear sorption
approach that's used in the matrix of the vol canic and the
al I uvi um hydr ogeol ogi ¢ units.

We assume no sorption on fracture surfaces. The

sorption that occurs, occurs within the matrix. W also
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assune geochem cal conditions along the entire flow path

| ength. The geochem cal conditions assuned are oxidizing, as
opposed to a reducing condition. |If we had a reducing
condition that we assunmed, our Kd's woul d be higher, which
woul d result in greater transport tines.

There's many factors that influence sorption
coefficients, so in order to capture the uncertainty for
sorption coefficients, we've done that through probability
di stributions. W use a single value for a sorption
coefficient for any one particular realization. W do,

t hough, distinguish between the vol canics and the all uvium
units.

The probability distributions for sorption
coefficients include variations in water chem stry, in rock
surface properties, and m neral ogi cal conpositions. The
probability distributions are based on experinmental data that
we have avail abl e, and, then, professional judgnent has been
used regarding the inpact of variables not considered in

experinmental program There are sone recent all uvium

experinments that were conducted for neptunium uranium and
the results fromthat, the Kd's, are corroborating the
di stributions that we currently have for neptuni um and
urani um
There was al so a study done to conpare variability
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of sorption coefficients at the scale of the nodel grid

bl ocks to variability at the |ab scale. And, what we found
was that the variability at the lab scale is |less than the
variability at the--the variability at the grid block is |ess
than the variability at the lab scale. So, that was

i ncor porated when we put together these probability

di stri butions.

So, to |l ook then at the barrier capability for
sorption, the first curve, this is our sanme curve that we saw
previously, this solid black line, the non-sorbing nmedi um
di ffusing base case curve, and we're conparing that to three
ot her curves that include sorption. The first curve is this
l[ittle dashed red line, and that includes just matrix
sorption. So, you can see we do--there is sone increase in
transport times there as a result of that.

When we | ook at just alluvium there's a
significant increase when we | ook at alluvium sorption added
onto the nodels, this light blue dashed |ine. And, then,
when we | ook at the conbination of matrix and all uvium
sorption, we're looking at on the order of |I think it's
approximately two orders of magnitude that we're able to
acconplish. And, the Kd's that |I used for that are |isted
here. Neptuniumis a fairly noderately sorbing radionuclide.

So, even for a noderately sorbing radi onuclide, we show sone
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significance, and tinmes and spreading of the distribution.

Now, to tal k about saturated zone coll oi dal
transport, in the saturated zone at Yucca Muntain, we were
aware that there are naturally occurring colloids. And, with
t he breaching of the waste packages, the degradation of the
wast e packages, we'll be adding, the systemw || be adding,
t he waste packages will be adding additional colloids to the
system

One of the first types of colloids which is shown,
this figure is a conceptualization of these two nodes of
transport that are inplenented in our nodel to represent
colloidal transport, and the first type is this theory on
this very bottomfigure which is shown, this is to represent
fractures, and this is our matrix here, and these are the
irreversible type which they're created fromthe high | eve
wast e gl ass products as they degrade. And, here, the
radi onuclide is part of the structure. It will not, these
types of colloids, the radionuclide is enbedded in the
structure and will not come off. And, I'll talk about the
details of how that's inplenented in our nodel in the next
coupl e of slides.

Then, the other kind of colloid is this |arge brown
ball here that you can see in the fractures, and that's our

reversible type colloid. And, that type of colloid, we can
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have attachnent and detachnment of radionuclides onto it as it
travel s through the system

Sonmething to notice in this figure is that these
colloids stay within the fractures. They don't diffuse into
the matrix at all

So, we have two types of colloidal transport, a
reversi ble attachnment to colloids and an irreversible
attachnent.

For irreversibly attached colloids, they are in
equilibriumw th the agqueous phase and the aquifer nmaterial.

In this node of transport, the effective retardation of
t hese radi onuclides during transport is dependent on three
primary things. How strongly the radionuclide will sorb onto
the colloid, the concentration of groundwater coll oids
avai | abl e for those radionuclides to sorb onto, and then the
sorption coefficient of the radionuclide onto the aquifer
material as it noves through the system

For irreversible colloids, radionuclides that are

attached irreversibly are transported at the sane rate as the

colloid. Colloids with irreversibly attached radionuclides
are thensel ves del ayed by interaction with the aquifer
mat eri al .

The inplenmentation of that is we have a retardation

factor that's applied in the volcanic units for irreversible
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colloids, as well as a separate retardation factor that's
applied in the alluvium

For these types of colloids, irreversible type,
there is a very small fraction that is transported through
the system unretarded, very quickly, as was nentioned
yesterday in the UZ tal ks, and this phenonenon has been
observed at the NTIS site, a couple different field
observations has confirmed this. So, we've included this in
t he nodel i ng.

This slide describes the inplenentation of the
di fferent radionuclides that are transported colloidally
t hrough the system Pl utonium and anericium can be
transported in two ways, either irreversibly or as a
reversible colloid. That's why you see themin both sections
there. So, plutoniumand americiumare two radionuclides
that are transported irreversibly, and then plutonium
americium thorium protactiniumand cesiumare treated
reversibly, and they're done in this manner down here in
t hese three bull ets.

Cesi um and plutonium are transported separately,
and then anericium thorium and protactiniumare transported
in one group, the Kd's on, so the colloid are very simlar,
so we' ve grouped them together

Again, this is our sane, this is the barrier



© 00 N oo o B~ w N P

N N N NN B R R R R R R R R
A W N P O © ®©® N O OO0 M W N B O

491

capability for colloids, and this is our sane base case curve
again, which we're conparing to a nedian val ue for
irreversible retardation in the vol canics and the alluvium
And, here, the barrier capability is approxi mately an order
of magnitude, with inclusion of irreversible colloids.

So, to sumarize, the key transport processes
included in the saturated zone transport nodel are matrix
di ffusion, sorption and colloid-facilitated transport.

Matri x diffusion delays transport tinmes and spreads
the arrival tinmes of radionuclides. Sorption in the alluvium
can increase the transport tinmes by orders of magnitude for
even weakly sorbing radionuclides such as neptunium the
exanpl e we | ooked at. And colloids irreversibly and
reversi bly bound to radi onuclides may be del ayed by several
t housand years.

That's it.

BULLEN: Thank you, Stephanie. [|'Il start with

guestions fromthe Board. Dr. Nelson first?

NELSON: |'m always the first one. Have you noticed
t hat .

| want to ask just a general question. At sonme point in
the past, this is Nelson, Board, we had a | ot of discussion

about whether the water, the saturated zone water, was

reduci ng or oxidizing. So, |I'mwondering what the current
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thinking is of that, and whether that has any inpact on
transport.

KUZIO Right. | nmeant to talk about that a little bit
as | went through. W' ve assuned the oxidizing conditions.
We do have sone results fromtesting at different wells that
does indicating reducing conditions, but it's not
consi stently shown everywhere, and we have a limted data
set .

NELSON: Ckay. So, you're assum ng oxidizing because
it's conservative?

KUzl O Correct.

NELSON: But, it mght be reducing?

KUZIO In sone areas, it's shown that it is reducing.
The full story isn't in yet.

NELSON: Ckay. Let nme ask about one other thing. The
accent on matrix and flow through rock mass, fractured rock
mass, what if the flowis really in a fault zone through the
rock mass, what part of your story would be different, how
wel | do you have the fault material characteristics
characterized? Has that been the subject of thinking?

KUzZIO Well, | would say that's nore in the flow area,
and that the faults have been represented in the flow nodel,
ei ther as peopl e have pointed out here previously, sone of

those faults are barriers to flow, and sone of those faults
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are conduits for flow

NELSON:  Nel son, Board.

So, if one is a conduit, and it's taking quite a
bit of flow, the character of the transport mght be quite
different than if it were through the rock mass; is that
true?

KUzZIO Right. And, you' ve seen the results that Ken
Rehfel dt presented earlier that show -1 nean, we've got a
tremendous uncertainty in our paraneters. W've got sone
very early breakthrough tines that may be representative of
that sort of thing. Bill Arnold will probably tal k about
this to sone degree.

NELSON: Ch, we're going to have to talk to Bill for a
long tine.

KUZIO Yes, | know, |ong awaited discussion with Bill

NELSON: We' ve been deferring a lot of things to Bill

KUzZIO  Bill is our point man.

NELSON: Ckay, then | yield to Bill

KUZI O Okay.

BULLEN: Rien van Genuchten

VAN GENUCHTEN:. Yeah, | have two different things |I want
to raise here. One is on your Page 8, or Slide 8, when you
talk about matrix diffusion. W all agree about the

conceptional picture. |'mcurious howthis was inplenented
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in your nodel, if you use actually diffusion integrations, or
you use a first order exchange, or how did you do this?
KUzZIO Well, Bill will talk about this probably in a
little nore detail. There is a particle tracking that is
i npl enented that utilizes the Sevougi an equation. Does that
help at all? That's how the diffusion noves along into the
matri x and diffuses back.
VAN GENUCHTEN: So, how does the matrix eat away from

the concentration and the fractures? How is that

i mpl ement ed?

KUzZI O Eat away fromthe fractures?

VAN GENUCHTEN: Well, the diffusion |oss.

KUZIO I'mnot sure | understand. The notion, how
that's included? |'msorry.

VAN GENUCHTEN: The mechani cs of how does this being
nodel ed, |'mcurious about. You say this is done with
particle tracking. So, you have actually particles noving

into the matrix?

KUzZIO Well, simulated--1"m probably not the best
person to answer that. But, yeah, the particles nove al ong
t hrough each grid cell, and depending on, there's a library
of breakthrough curves that are used based on the Sevougi an
equation that noves the particles along, also the

concentration, it randomy noves theminto the matrix and out
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again. The dual porosity nodel, I'mnot giving it what
you're | ooking for.

VAN GENUCHTEN: Ckay. Then | have a few
guestions about the colloids. | was a bit confused. First
of all, you have, you say, reversible colloids, attachnment
and detachnment. |Is that considered to be filtration, or
absor ption?

KUZIO You're referring to reversibl e?

VAN GENUCHTEN:. The reversi bl e.

KUzZI O They attach to--they attach and detach fromthe
colloid thensel ves. Wat was the second part?

VAN GENUCHTEN: Yes, is this done in a kinetic way so

there will be a forward and a backward rate degradation?

KUZIO That isn't howit's inplenented in the nodel,
no, we don't include kinetics in that nodel, no. It's an
effective retardation, basically, is howit's inplenented.

VAN GENUCHTEN:. So, that's on your Slide 15, you stated
it, so you use an equilibriumprocess for that.

KUzl O Correct.

VAN GENUCHTEN: That's right. And, then, for the
irreversible ones, are you using a sink drum |ike a first
order rate degradation for that?

KUzZI O Again, there's retardation factors that they

| ooked at, those retardation factors were based on | ooki ng at
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attachnment and detachment rates, but they came up with
retardation factors that we could then apply essentially as
an effective Kd through the system So, it's not explicitly
included. And, we don't filter colloids. W don't |ose any
physically. | didn't nmake a point of that either.

VAN GENUCHTEN: Ckay, thanks.

BULLEN: Frank Schwartz, and then Richard Pari zek.
Frank gets to tal k before you, Richard.

SCHWARTZ: Thank you, Schwartz.

The question | had for you, maybe if you go back to

Slide Nunmber 8, the direction there, 2B, the distance between
the fractures, is that a large nunber to reflect this idea of
flowi ng intervals, such that that nunber would be 10 or 20
neters, say?

KUzZI O The di stance between the zones that we consider
flowng is 20 nmeters. And, that's our--

SCHWARTZ: Yes, that's okay. And, that's the way the
nodel is set up?

KUzZI O Yes.

SCHWARTZ: The question | had for you was that | wonder
if there's correlation anong the variables that you' re using.

For exanpl e, when you create a head field and you need a

velocity out of that head field, you need an effective

porosity nunmber, |I'mwondering do you select the effective
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porosity randomly, and then select block size randomy as
well, or is there correlation anong that pair of variabl es?

KUzZI O Effective porosity in the alluviunf

SCHWARTZ: Well, effective porosity in the fractured
r ock.

KUZIO In the fractures. Those are separate sanples
i ndependent | y.

SCHWARTZ:  Ckay.

KUZI O They're not correl ated.

SCHWARTZ: Because you could run into a situation where
if you chose a big effective porosity, you know, a fairly
smal| effective porosity could inply big 2B, and yet | guess,

you know, if the effective porosity was, say, .01, that would

inply 2B was a | ot smaller, because there would be a |ot nore
fractures.

KUzl O Right.

SCHWARTZ: So, that was al ways an issue that was one of
ny sort of pet peeves along the way, was the sort of |ack of

correlation anong the obvious verticles. | just wondered
whet her you' ve been handling it.
KUZIO We're still sanmpling those independently.
SCHWARTZ: Okay. | think that's it for nme. Thanks.
BULLEN:. Richard Parizek, and then David D odato gets

the | ast questi on.
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PARI ZEK:  Pari zek, Board.

Sonic drilling nmethods were used in perched factor
core recently by Nye County, and sonme of the classes that
canme up were highly deconposed, chemcally altered, would not
have been preserved in rotary nethods of drilling. But,
obviously, they have a matrix diffusion possibility. The
program | guess did not take any credit for matrix diffusion
in the alluvium is that correct?

KUzl O That's correct.
PARI ZEK: Even though it | ooks |like you could get credit

for it based on what we see fromthe sanples that cane out of

that core.
KUzZIO Well, there was one bullet where | did talk
about sone testing that was done at the ATC. These are

prelimnary and fairly new, where they did not see matrix
diffusion in the alluvium That was ny goal, continuum nost
appropriately.

PARI ZEK: Ckay. Parizek, Board.

For sonme of the variables that were not included in
testing, you did use external peer review process in the
past, technical basis docunment refers to this. | was
wonderi ng whether or not the programintends to do that again
with regard to the newer data that may have come out of the

alluviumtesting, you know, sonme of the single wells, sone
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cross-wel | testing.

KUZIO In terns of our expert panel?

PARI ZEK: Right, trying to get anynore data out of what
exi sts here to help constrain your nodels. Do you know if
that's planned?

KUzl O Planned to have an expert elicitation?

PARI ZEK: No, like review ng the data base, basically,
wi th external opinion.

KUZIO At this tinme, that isn't planned.

BULLEN: David D odat o.

Dl ODATO Diodato, Staff. Thanks for this presentation.

You know, in your talk, and in other talks, and
t hen sneaki ng ahead and | ooking forward at Bill Arnold's
talk, it seens clear that the program has an idea that matrix

diffusion mght in fact be fairly significant and an
i nportant process in terns of radionuclide transport. And,
you have this flow and interval spacing, and | guess there's
sonme field nmeasurenents that go with that? There's sone
field tests and observations you' ve made to determne this
flow and interval spacing; is that correct?

KUZIO Yes. Flow neter surveys were primarily used.
We have a |imted data set on that, but we | ooked at USGS
borehol e reports, flow neter surveys, and basically did a

statistical analysis |ooking at the spaci ng between the zones
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t hat were fl ow ng.

DI ODATO  Thanks. Diodato, Staff.

Just to follow up on that then, how many
nmeasurenents do you have of flow and interval spacing?

KUZIO If ny nenory serves ne, it was a while ago, it
was about 27 data points that were used to determ ne the
distribution for the flow and intervals. But, we've nmade
sonme very conservative assunptions in how we did that. |
mean, we couldn't distinguish fromthe results that we got
fromthe GS flow and neter surveys, which in non-fractured
zone, which fractures are flowing in that zone. It could
have been one, it could have been many. So, we said, okay,
we're going to say it's in the dead center, there's one zone
that's flowing in the center of that interval, and that's
really a pretty conservative assunption

DI ODATO  Thank you.

BULLEN: Thank you, Stephanie. | feel like I'mthe
person who calls for the comercial just before the
announcenent of the wi nner of the best picture at the Acadeny
Awards. So, what I'mgoing to dois I'mgoing to nmake this a
twel ve m nute break, which nmeans everybody is back here at
2: 45, because we all want to hear what Bill Arnold has to
say.

(Wher eupon, a brief recess was taken.)
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BULLEN: Bill Arnold has worked in the area of
per formance assessnent at Yucca Mountain project for nine
years. He's been involved in nunerical nodeling of
groundwat er flow, contam nant transport, and probabilistic
ri sk assessnent for several progranms at Sandi a.

Prior to this, he worked in hydrogeol ogi c research
at the Kansas Geol ogic Survey, and in the mneral exploration
i ndustry. Bill?

ARNCLD: [|'d like to thank Dr. Bullen for working up the
suspense here on this talk. First of all, I'd like to say
that this work is sort of the synthesis of a |ot of work
that's gone sort of upstreamfromthis nodeling, the
saturated site scale flow nodeling devel opnment and
calibration. Just to nention a few people, George Zyvol oski
at Los Al anps National Laboratories. The site scale
transport nodeling, Shared Kel kar at Los Al anbs. Perineter
uncertainty anal yses that went into this also is Stephanie
Kuzi o and Kat hy Econony at Sandia. And, then, the
abstraction and interface with the total systens performance
assessnent work by El ena Kalinina, Geg Roselle and Dave

Sevougi an, and others out here in Las Vegas.

So, if we could have this next slide, this is an
outline of the talk. 1'll start out with an overview of the
approach taken to the total systens perfornmance assessnent
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and the abstraction for saturated zone flow and transport.
We' Il go over the assunptions in that nodeling approach and
the inplications of those assunptions. W' || talk about
uncertainty, saturated zone flow and transport for these TSPA
analyses. 1'll show some of the nodeling results, and then
we'll talk about a sensitivity analysis that was perforned on
saturated zone flow and transport nodeling, this subsystem of
t he TSPA.

This slide is a diagrammatic representation of the
saturated zone conponent of the TSPA, and | show it

principally to point out the connections between the
saturated zone and ot her conponents of the anal ysis.
Radi onucl i des escaping fromthe repository woul d be
transported principally vertically dowward in the
unsaturated zone to the water table, then primarily laterally
in the saturated zone, where they would be avail able for
di scharge to the accessible environment and bi osphere at sone
poi nt downstream

As has been discussed earlier, flowis primarily
t hrough fractured vol canic rocks beneath the repository and
upstreamin the system At sone point downstreamin the
system that transitions into flow through porous nedi um of
the alluvium And, with regard to some of the specifics in

how t hese conponents are |inked together, radionuclides
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arrive at the water table, are put into the saturated zone
nodel. At a point source in four regions beneath the
repository, there was sonme discussion of this earlier,
there's uncertainty in where that point source would be
| ocated. And, that uncertainty is incorporated into the
anal ysis, and that point is noved around fromrealization to
realization

Al so, the radionuclides are placed into the
fractures of the saturated zone. This is a conservative
approach. Radionuclides in the unsaturated zone nodel are
transported both in the fractures and in the matrix. The way
the nodeling is perforned in the saturated zone, there's not
a way to nunerically distinguish between the fractures and
the matrix, and it is conservative to place that radionuclide
mass flux at the water table into the fractures.

However, it's probably not as conservative as it
m ght sound at first glance, because early in the repository
history, the first arrivals fromthe unsaturated zone wll be

principally in the fractures of the unsaturated zone, which

woul d I'ink up presumably with fractures in the saturated
zone.

In the interface with the bi osphere at the
downstream end of the saturated zone, all of the

radi onucl i des that cross the boundary of the accessible
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envi ronment are assunmed to be dissolved in a representative
vol une of groundwater at that |ocation, concentration
calculated fromthose two inputs, and that is the
concentration of radionuclides in the groundwater that woul d
be used by the reasonably maxi mally exposed individual in the
bi osphere.

The general approach that is used here is that for
the transport abstraction in the TSPA, is we use the three
di mensi onal saturated zone site-scale flow and transport
nodel to sinulate radi onuclide nmass transport to the

accessi bl e environment froma point nass source, as |

descri bed earlier.

We use the convolution integral nmethod to couple
radi onucl i de mass source termfromthe unsaturated zone and
the saturated zone in the TSPA cal cul ations. This
convolution integral, you can think of as a nuneri cal
shortcut, and there are, 1'll explain this in nore detail in
a mnute, and I'll also explain the assunptions that go into
this method of coupling the two nodels. But the notivation

behind this is that it allows us to run this fairly detailed
three di nensional site scale flow and transport nodel ahead
of time for multiple realizations of flow and transport, save
the results fromthose rather conplex nodel runs, and couple

themto the TSPA anal ysis through this nunerical shortcut of
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t he convol ution integral.

Radi onucl i de concentration in groundwater source to
t he bi osphere is cal culated by dividing this radionuclide
mass crossing the boundary of the accessible environnment by
the 3000 acre feet per year, as | al so descri bed.

Climate change is incorporated by scaling the
radi onucl i de mass breakt hrough curves in proportion to the
flux changes in the saturated zone wth climte change. So,
t he nodel sinmulations are done for present climatic
conditions. Then, in the TSPA nodeling, at the tinme of
climate change, those breakt hrough curves that were derived
for the present climate, are scaled by that factor of the
increase in the groundwater flux in the saturated zone.

To give you the kinds of nunbers that are invol ved
here, our estimate is that for nonsoonal climate conditions,
that nmultiplication factor is a factor of 2.7 tinmes higher.
For glacial transition climate conditions, it's 3.9 tines
hi gher groundwater flux in the saturated zone.

We al so have a separate nodel which is an
abstracted one dinensional transport nodel, and this is used
for radioactive decay chains. The three dinensional site
scal e nodel does not include the process of in-growth of
radi onucl i des, only of decay, and for several radioactive

decay chains, we use this 1-D nodel to calculate the
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concentrations of the daughter products at the downstream end
of the saturated zone.

This is a figure that represents the nodel results.
The figure here shows a satellite i mage draped over the
t opography, and it is shown above the water table surface
belowit. The repository is |ocated about here. Stephanie
Kuzi o pointed out sonme of the features in the site scale
nodel domain earlier

The |l ower part of the figure has projected onto the
water table surface the tracks of, the particle tracks from
t he nunerical nodel

One thing | should point out here that | don't
t hi nk has conme through in the previous talks is from beneath
the repository out, down gradient through the system there's
a significant convergence of groundwater flow in the system
We have a gradient that cones in fromthe west across the
faults to the west and to the south of the repository site,
and a gradient that cones in fromthe east. So, it is a
convergent flow system And, there's a significant increase
in the average groundwater flux or specific discharge al ong
this flow path from beneath the repository to the boundary of
t he accessi ble environnment, increasing by a factor of
approximately five over that distance.

The particle tracking nethod that's used includes
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all of the transport processes that Stephani e discussed
earlier, advection, of course, dispersion, matrix diffusion
in the fractured volcanic units, and sorption. And, let ne
take this opportunity to try to answer one of Dr. van
Genuchten's questions about the algorithmthat's used to

i npl ement the matrix diffusion with the particle tracking.

| haven't really prepared figures to describe this
in detail, but this is a particle tracking nethod that uses a
conti nuum representation of the fracture network. Linked to
that is the analytical solution for matrix diffusion out of
mul tiple uniformy spaced parallel fractures, using the
Sudi cky and Friend anal ytical solution.

And, the way this algorithmworks is for each tine
step--not tinme step--for each step of the particle through
the system it travels some small distance through the cell.

We know what the groundwater velocity in the fracture is.
We know what the spacing of the fractures is. W know what
the diffusion coefficient is. Al of the paraneters that go
into this analytical solution for matrix diffusion.

So, for that step of the particle, we can derive a
di stribution of possible transport tinmes between Point A and
Point B for that particle in the system Then, we draw a
random nunber, uniformy distributed between zero and one,

and we go to that distribution of possible transport tines,
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taking into account matrix diffusion, and we advance the
particle in time for that spatial step by that amount of
time. And, we do this over and over again for multiple
particles, using small spatial steps through the system and
it reproduces the analytical solution.

VAN GENUCHTEN:.  Thanks.

ARNCLD: A couple of other notes. The sinulated flow
paths fromthe repository occur in the upper few hundred
neters of the saturated zone, and Ken showed those results
earlier.

The sinul ated fl ow paths cross the boundary of the
accessi bl e environnent about five kilonmeters west, northwest
of the highway intersection of the Amargosa Valley. So,
approximately in this location right here, it's very close to
Nye County Well 19, is where the nodel sinulations indicate
that this sinulated plune would cross over into the
accessi bl e environnent.

This is a diagramthat illustrates the convol ution
integral nethod. The three dinensional site scale nodel is
gi ven an assuned step input for mass into the system and
then the nodel is run to derive a breakthrough curve at the
boundary of the accessible environment. And, as | nentioned
earlier, this is conducted for many different realizations of

the system for realizations of uncertain parameters. |It's
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conducted for the four different source regions, and it's
conducted for the nmultiple classes of radionuclides that are
simul ated, for which transport is simnulated.

Al'l of these breakthrough curves are stored as a
l'ibrary of breakthrough curves then. So, this is done
outside of the TSPA calculation itself. The dashed |line
shows what occurs within the TSPA calculation. Wthin that
cal cul ation, the unsaturated zone transport nodel is run, and
generates the output of radionuclides at the water table
bel ow the repository as a function of tine. So, this signal
of output for radionuclide mass fromthe unsaturated zone is
convol ved with the breakthrough curve fromthe saturated zone
usi ng the convolution integral method, and this tinme varying
out put of radionuclide nass at the accessible environnent is
the output fromthe convolution integral that then goes to

t he bi osphere nodel .

Let nme describe at kind of a high |level the one
di mensi onal radionuclide transport nodel. This is used to
simul ate the transport of four sinplified decay chains. This

is a 1-D representation of the system and it's inplenented
directly in the TSPA nodel using the Gol dSim software with
the pipe nodule. This is a nodule which can track

radi onucl i de decay and in-growmh, as well, this 1-D nodel

includes all of the relevant transport processes that we have
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in the one dinensional nodel, matrix diffusion, sorption,
colloid facilitated transport. These are all done in a
manner that's consistent with the 3-D nodel.

However, it's still an abstraction, because it's a
di mensional sinplification. |It's not able to capture all of
the conplexity of the 3-D nodel

This figure on the left shows which radionuclides
are simulated to be transported within the different nodels.

In the 3-D nodel, we sinmulate the transport of all the

fission products, and we sinulate the transport of these
parents in the decay chains, the anericium plutonium and
urani um

Wthin the 1-D nodel, we of course have to start
with the ultimate parent of each decay chain, and we sinulate
the entire decay chain in the 1-D nodel. However, the out put
of the 1-D nodel in the TSPA only uses this portion of the

decay chains, only outputs this portion of the decay chains.

The upper end of the decay chains are sinmulated in the 3-D
nodel .

| should also note that a couple of end nenbers
here, | think there's radium 226 and actinium are cal cul ated
to be in secular equilibriumwth their parents in the TSPA

cal cul ati on

This is a conparison between the one di nensional
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nodel and the three di nensional nodel, just to give us
confidence that the one dinensional nodel is an adequate
representation, and we do see that the one dinensional nodel
gi ves an accurate depiction of transport through the system
for a wi de paraneter range.

This figure shows the results of the 3-D nodel as
the synbols, conpared to the 1-D nodel, which are the |ines
here, the dashed lines and the solid |ine here, for three
different cases, a fast case, a nedian case, and a sl ow case
for sinulated neptuniumtransport. So, we do get very good
agreenment between the 1-D nodel and the 3-D nodel.

| should note here, though, that we woul d not
expect this good an agreenent for all realizations of the
system This conparison was constructed for a source
| ocation in the center of each one of those four source
regi ons beneath the repository, and we're not able to capture
all of the variability in the 1-D nodel, and one type of
variability that we don't capture is the variation in the
flow paths and the flow path | engths when that source region
at the upper end of the saturated zone nodel varies from
realization to realization

Let's tal k about sonme of the key assunptions for
the TSPA with regard to saturated zone flow and transport.

W' re assum ng steady-state groundwater flow in the saturated
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zone, and this has been discussed to a certain extent
earlier. This is an assunption that is probably adequate for
the system Has not been observed to be a | arge degree of
transients in the water |evels, at |east along the--near
Yucca Mountain or along the flow paths down gradient.

We al so assune in instantaneous change in the
saturated zone groundwater flux with climte change. This
may be a significantly conservative assunption. As the TSPA
goes through tinmes, we go to wetter climtes, so the
groundwater flux in the saturated zone increases with these
cli mate changes.

In reality, there would be sone kind of a transient
response in the saturated zone system It would take sone
time for increased recharge to reach the saturated zone for
fluxes to increase in the saturated zone, but we're
conservatively assum ng that these instantaneously increase
in the saturated zone.

We al so assune that there's no change in the flow
paths. This has been substantiated to a certain extent by
sonme nodeling with the USGS regi onal scal e nodel where they
did simulate glacial climatic conditions, and there was no
real significant change in the flow paths from beneath the
repository.

The matri x diffusion nodel is assuned to occur from
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uniformy spaced parallel fractures in the fractured vol canic
units, as inplenmented in the Sudicky and Frind anal yti cal
solution. This is an obvious idealization of the fracture
network system However, we have significant uncertainty in
the input paranmeters to this that cover a range of behavi or
with regard to matrix diffusion.

There's also a potentially significant conservatism
associated with this approach, too. W're inplicitly
assumng that flow only occurs in the fractures of the
system |If there were to be significant flow through the
matri x of some of the volcanic units, this would violate this
assunption, but it wuld also |lead to | onger transport tines
and greater sorption in the matrix through which this
advective flow could possibly occur.

The next bullet has to do with the boundary
condition wth the biosphere, which is assumng that all of
t he radi onuclide mass is contained in this representative
groundwat er vol une usage of 3000 acre feet per year. This is
probably a reasonabl e assunption. This is a |large volune of
groundwat er for punpage on an annual basis, and could easily
capture the entire contam nant plune from beneath the
nountain. And, then, that the average concentration in this
volune is rel eased by punping to the reasonably maximally

exposed individual in the biosphere. And, this is an
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assunption that's really based on the regul ati ons.

We're assuming equilibriumlinear sorption occurs
in the tuff matrix and the alluvium Stephani e di scussed
this to a certain extent.

We're assuming that for the transport of
radi onuclides that are reversibly attached to coll oids,
there's local equilibriumanong the colloids, the agueous
phase and the aquifer material. So, this is assum ng a rapid
sorption and desorption of radionuclides onto the coll oids

t hensel ves, and onto the aquifer material.

For radionuclides that are irreversibly attached to
colloids, it's assuned that there's no desorption of those
colloids during transport in the saturated zone. This is a
conservative assunption. Laboratory neasurenents suggest
that there will not be a breakdown of these colloids or a
desorption of the radionuclides that are enbedded within the
colloids. But, for the very long tinme periods for transport
through the natural system it's not entirely clear that
that's a valid assunption, but it is conservative.

Col |l oi ds are subject to attachnment and detachnent
fromthe mneral grains, but no permanent filtration of the
colloids occurs. So, these colloids with the radionuclides
that are enbedded within them once they enter the saturated

zone, they're not permanently filtered out of the system
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They will eventually come out at the downstreamend. So,
this is obviously a conservative assunption al so.

This is a slide that sunmmari zes the uncertainty in
t he saturated zone flow and transport nodeling. | have
broken this down into uncertainty in groundwater flow and
geol ogi cal uncertainty. And, the paraneters, the individual
paraneters of interest here are the groundwater specific
di scharge. W have uncertainty in how fast groundwater is
novi ng through the system Horizontal anisotrophy in the
perneability within the fractured tuffs is an uncertain
paraneter. This is significant because we do have an
ani sotrophy in the perneability in the volcanic units. This
could steer the path of the plume through different flow
pat hs towards the accessible environment. W have geol ogi cal
uncertainty in the alluviumtuff contact in the subsurface.
This uncertainty has been reduced to a | arge degree thanks to
the Nye County Drilling Program but we still do have a
certain anount of geol ogical uncertainty included with regard
to this.

Now, for radionuclide transport, we have
uncertainty with regard to matrix diffusion in the fractured
tuffs, and there's several underlying paraneters that are
uncertain. The flow ng interval spacing that we di scussed

earlier, the effective diffusion coefficient in the tuff
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matrix, and the flow porosity in the tuff.

We al so, obviously, have uncertainty in the
sorption coefficients for the different types of elenents in
the tuff matrix and in the alluvium Dispersivity, both
| ongi tudi nal and transverse dispersivity, effective porosity
in the alluvium the source location, the colloid retardation
factor. Stephanie nentioned this is a different distribution
in the tuffs and in the alluvium W have uncertainty in the
sorption coefficients onto colloids, and uncertainty in
groundwat er colloid concentration.

Just to give you an exanple of how we assess
uncertainty in a particular paraneter, and this turns out to
be a relatively inportant uncertain paraneter in the
analysis. This is a CDF of our uncertainty in specific
di scharge, where this is cunulative probability on the Y
axis, and on the X axis is the |log of the groundwater
speci fic discharge nultiplier. So, in |log space, a val ue of
zero is our nedian value. This would correspond to our
calibrated fl ow nodel, our expected base case for flow
t hrough the system

However, we do have uncertainty that goes as high
as one order of magnitude higher, so ten tines higher than
expected, and to sonme value of sonmething significantly |ess

t han one order of magnitude lower. And, the shape of this
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cunmul ative distribution function for our uncertainty is based
on results of the saturated zone expert elicitation, and on
nore recent well testing at the alluvial tracer conplex.

And, we have conbined information fromboth of these sources.

The saturated zone expert elicitation panel had a
relatively broad distribution of uncertainty in specific
di scharge beneath the repository. And, that basically
defines the bounds of this distribution.

There were several factors that went into their
uncertainty in what the specific discharge would be to the
system There's a certain anmount of uncertainty in the
hydraul i ¢ gradi ent through the system but that's relatively
mnor. Most of their uncertainty was attributed to
uncertainty in perneability, fracture perneability or bulk
perneability, in the volcanic units.

Now, since the saturated zone expert elicitation,
there has been this well testing at the alluvial tracer
conpl ex, and Ken nentioned earlier that we got fairly good
agreenent between the interpretation of the well testing at
the alluvial tracer conplex, and what our flow nodel was
predi cting before those tests were conduct ed.

So, we viewed this as not only a confidence
building, a certain extent, a validation for the nodel, we

also took this as an indication of reason to decrease our
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uncertainty in specific discharge through the system And,
the bulk of this uncertainty distribution, 80 per cent of our
uncertainty, falls between these two points that are 1/3
times the expected value of specific discharge, and 3 tines
our expected value of specific discharge. But, of course, we
left these tails on the distribution that are taken fromthe
saturated zone expert elicitation.

So, this is the kind of thinking that goes into
devel opment of uncertainty distributions for sone of these
par aneters.

Now, the uncertainty analysis itself, and |I'm sure
many of you are already famliar with how this kind of a
probabilistic analysis is conducted, but it's a Monte Carlo
anal ysis in which we sanple the uncertain paraneters using a
Latin Hypercube sanpling nmethod, which is the nethod
i npl enented in Gol dSi m

We produce nultiple simulations, in this case, 200
equally likely realizations, of groundwater flow and
radi onuclide transport in the saturated zone, using these
uncertain paraneter vectors in the 3-D SZ site-scal e nodel

These radi onuclide transport sinulation results
consi st as radionuclide mass breakt hrough curves. And, this
resulting library of breakthrough curves is used in the TSPA

nodel via the convolutional integral nethod.
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kay, these are sone of those results for the 200
real i zations of our uncertainty in groundwater flow and
transport in the saturated zone. This is for non-sorbing
species. So, this would be for carbon or technetium or
iodine. And, you can see that the results vary over several
orders of magnitude. Many of these breakthrough curves
exhibit a long tail that's characteristic of diffusive nmass
transfer in the rock matrix of the volcanic units.

Plotted belowis a histogramof the .5 breakthrough
point, or the nedian transport tinme anong these realizations.
So, we get this kind of a distribution for nmedian transport
time. And, this red dashed line is the nedian of the

medians. It's on the order of 650, 700 years.

Now, let ne take this opportunity to answer another
guestion that cane up earlier, and that was about these few
realizations that exhibit very low, or very short transport
times through the saturated zone. And, | should enphasize
again that these are transport tinmes through the saturated
zone, so this is release of the mass at the water table
beneath the repository in the saturated zone.

First of all, to look at this in the context of a
probabilistic assessnment, these are all equally likely
realizations of the system So, these realizations that

exhibit very rapid transport are unlikely. W only have a
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probability of a few percent, less than 5 per cent that these
transport tinmes would be | ess than 100 years. So, you have
to look at these results in the context of an uncertainty
anal ysi s.

But, to explain what goes into these results, we
haven't exam ned these on a realization by realization basis,
but it's easy for ne to see what goes into it. These would
be cases for which we have a relatively high specific
di scharge. W have a relative high value of anisotrophy in
permeability in the volcanic units, which would tend to steer
the flow paths in a nore north/south direction, which results
in less--or shorter flow path | ength through the alluvium
They probably al so correspond to very mnimal matrix
di ffusion, which is sonme conbination of the paraneters that
influence matrix diffusion, |ow diffusion coefficient, |arge
spaci ng between the flowing intervals, so highly channelized
flowin the volcanic. And, then, finally, a potentially |ow
effective porosity in the alluviumitself.

So, you have conbination of fairly unlikely val ues
for individual paraneters that taken together, result in
these realizations with the short transport tinmes sinulated
t hrough the saturated zone.

Now, these are the results for the transport of

neptuni um t hrough the saturated zone. Again, under present
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climatic conditions, | should note that all of these results
that 1'mgoing to show you are for present climatic
conditions. And, so, neptuniumis noderately sorbing in both
the volcanic matrix and in the alluvium sonewhat higher
sorption coefficient values in the alluviumthan in the

vol canic matrix. And, the variability anong these transport
times extends fromless than 1000 years to greater than

100, 000 years. And approximately half of these realizations
exhi bit nmedian transport tinmes of greater than 20,000 years

in the saturated zone for present climatic conditions.

And, again, you see the histogram of the nmedi an
transport tinmes anong all these realizations shown at the
bott om

And, just kind of to round out, the range of
behavi or anong these radi oel enents, these are sinulated
br eakt hr ough curves for Cesium and if you recall, Cesiumis
transported via colloid facilitated transport, the reversible
colloid facilitated transport. So, Cesiumis subject to
sorption onto colloids. It's also subject to sorption onto
the aquifer material. However, Cesiumis very strongly
sorbing onto the matrix of the volcanic units, and in the
al I uvi um

It has a relatively high sorption onto the colloids

t hensel ves al so, but still, taken in aggregate, we have, nost
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of these breakthrough tinmes are out beyond 100, 000 years.
And, of course, given, for Cesium 137, given the relatively
short half-life of Cesium 137, there's essentially a zero
probability of breakthrough of Cesium 137 in the saturated
zone, as predicted by these nodel results.
| wanted to tal k about sensitivity analysis of
these sinulation results. You' ve seen sone sensitivity
anal yses that were presented by the previous presenters which
| ooked at single nodel realizations that try to illustrate
the sensitivity of the nodel to particular paranmeters or
processes. This is going to be a little nore conpl ex
sensitivity analysis. It looks at all of the results in
aggregate fromthis probabilistic assessnment, and in that
sense, gives us nore of the sensitivity analysis information
all at once. But, it's alittle nore conplex to understand.
But, this sensitivity analysis does provide us with
information on the relationshi ps between our uncertainty in
i ndi vi dual input paraneters, and our uncertainty in nodel
predictions. And, in this case, we're using the nedian
transport time fromthe sinulated mass breakthrough curves as
t he dependent variable. So, the md points of those
si mul at ed breakt hrough curves are what we're taking as our
nodel predictions that we're going to conduct the sensitivity

anal ysi s on.
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And, this kind of analysis can provide us with an
enhanced under standi ng of the nodel behavior, and al so
val uabl e information for strategies to reduce uncertainty in
t he nodel predictions.

The nethod that's used is a stepw se |inear
regression. And, just to explain this in a very sunmary
fashion, this nmethod constructs a series of nmultiple |inear
regression nodels that relate the uncertain paraneters to the
nodel predictions.

The stepwi se process adds the nost inportant
uncertain paraneter first to the regression nodel. So, the
first regression nodel only includes one independent
paranmeter. The second step includes the top two uncertain
paranmeters, and the third step includes the top three. So,
you build up this series of nultiple regression nodels.

What cones out of this is delta R squared. This is
the change in the coefficient of determnation with the
addi tion of each new i ndependent variable to the regression
nodel .

So, what's plotted here is the delta R squared for
a nunber of uncertain paraneters for a nunber of the
radi oel ement cl asses here. So, these different radioel enent
cl asses are shown by the different colors or along this axis.

For exanple, for technetium or this could be
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carbon or iodine as well, this is this first row of results
here, and | should point out that on the next slide, there's
a key that's given that describes what each one of these
i nput paraneters is, but what you can see is that this
paraneter, GABPD, which is our uncertainty in the groundwater
specific discharge, is the nost significant paraneter for
uncertainty in nodel predictions with regard to techneti um
transport through the system And, it has a value of about
.65, and one way you can interpret this is that about 65 per
cent of our uncertainty in the nodel predictions is accounted
for by our uncertainty in the groundwater specific discharge
i nput paraneter.

So, it's a very inportant paraneter, and if you
| ook across these radionuclide classes, for many of them
this is the dom nant uncertainty in the system our
uncertainty in just how fast groundwater is noving through
the systemis a dom nant uncertainty. And, this kind of
reflects back on sone results that George Mridis showed
yesterday with regard to transport through the unsaturated
zone. | think that a simlar result there also, they have
this high infiltration case, expected infiltration case, and
low infiltration case, and he showed the transport
predi ctions varied over, you know, a couple orders of

magni tude for those different infiltration cases. And, that
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was the greatest sensitivity that he showed. So, | think we
m ght have kind of a simlar result in the unsaturated zone
and saturated zone here wth that regard.

The second nost inportant paraneter for technetium
transport is FISVO, which is the flowing interval spacing in
the volcanics. This is that spacing between features that
conduct significant anount of groundwater in the vol canic
units. So, the degree to which groundwater flowis
channelized in the saturated zone. And, about 10 per cent of
our uncertainty in nodel predictions is associated with that
parameter for technetium

HAVO i s the horizontal anisotrophy. So, this is
that steering of the radionuclide flow paths, or the particle
fl ow paths. That does have a small but significant inpact on
our uncertainty in the predictions.

And, then, NVF19 is the uncertainty in effective
porosity in the alluvium

Now, if we nove to something where sorption becones
nore of a factor, for exanple, neptunium we still see a
predom nance of our uncertainty in the groundwater specific
di scharge, but now we see that the sorption coefficient for
neptuniumin the alluviumhas a significant inmpact on our
uncertainty in nodel predictions out here. W actually see a

reduction in the inportance of the flow ng interval spacing,
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because we only have a noderate anmount of sorption in the
vol canic matrix for neptunium

| could go through several others of these. The
real |y anomal ous one that | should explain here, this is for
plutonium or it could be anmericium it's irreversibly
attached to colloids, and by far, the nost inportant
paranmeter here is the retardation factor for colloids in the
alluvium for the colloids that are irreversibly carrying
t hese radi onuclides through the system | think that's
enough on that, so next slide, please.

And, this is just the key to what those uncertain
paranmeters are in the previous slide.

So, in summary, the three dinmensional SZ site-scale
flow and transport nodel is used for the radionuclide
transport sinmulations in TSPA. The matrix diffusion is
explicitly sinulated by the particle tracking nethod. |
shoul d note here as inplenmented in the FEHM software code, in
the SZ site-scale nodel, these results are abstracted for the
TSPA cal cul ati ons using the convolution integral nmethod. The
1-D transport nodel is used to sinulate the transport for
decay chains, and uncertainty in key groundwater flow and
radi onucl i de transport paraneters is incorporated into the
multiple realizations of the system

And, finally, this sensitivity analysis indicates
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t hat our uncertainties in specific discharge and in flow ng
i nterval spacing probably have the greatest inpact on our
uncertainty in the transport predictions for nost of the
radi onucl i des.

Thank you.

BULLEN: Thank you very nuch, Bill. W'Ill entertain
some questions fromthe Board. Do you still want to be
first, Dr. Nelson?

NELSON:  Sure.

BULLEN. Dr. Nel son.

NELSON:  Nel son, Board.

| was struck by Slide 14, and your discussion about
the early arrivals. In many of the characteristics that you
cited there in discussion of those early breakthroughs, and

al so that you tal ked about regardi ng groundwater specific

di scharge and flow ng interval spacing in volcanic units and
hori zonal ani sotrophy, all of those things seemto be
characteristics that you would expect if in fact there were
fault directed flow So, I'mjust working the case, and |
don't know whether this is a case of a nodel uncertainty
investigation or a geologic uncertainty. Maybe in a nodel

i ke this, changing the geology is kind of a nodel
uncertainty.

But, |'m wondering since we've heard fromthe
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project that there isn't any clear evaluation of the
pernmeability, the character of the faults, particularly to
the east, and when we see sone nodeling that deduces the
presence of such high conductivity along faults, as one way
to describe the data, it seens to ne that there is a reason
to think about that as a not unlikely occurrence. Wat do
you think about that?

ARNCLD: Yes, | agree that there would be potenti al
inmportance to the role of faults in the system And, there
are ways in which we are inplicitly considering the potenti al
role of faults or relatively high perneability fracture zones
in the saturated zone in these analyses. And, | think the
nost clear-cut exanple of that is the horizontal anisotrophy
in the volcanic units. This indicates that there's a
relatively high probability that the pernmeability in the
north/south direction through the volcanic units is higher
than the perneability in the east/west direction, in a rough
sense. And, this is substantiated by punp test results that
have been anal yzed for ani sotrophy.

But, this behavior is probably the result of
t hr ough-goi ng structural features of some kind that have a
nore |ikely north/south orientation that gives us a higher
permeability in the direction of those magjor faults. So, you

could say that we are inplicitly including the effect of
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hi gher pernmeability faults through that horizontal
ani sotrophy factor.

Anot her way in which we are inplicitly considering
the possibility of high perneability faults in fracture zones
is this flowing interval spacing paraneter, which has a nean
val ue of 20 neters, as Stephanie nentioned earlier. But, it
has significant uncertainty about that value, too, and it
goes up to values of, you know, tens or even over a hundred
neters, and this would correspond to highly channelized fl ow
in widely separated zones in the saturated zone that could
correspond to this conceptual nodel of flow through high
pernmeability faults.

NELSON:  Nel son, Board.

What occurs to ne is your conmments there when you
said themrelated to these early ones, whether they were
unlikely. So, maybe sone of the comment is that | suggest
because of nodel uncertainty, they may not be so unlikely.
There may actually be a reason to consider at this point on
the basis of nodel uncertainty, the viable presence of these,
and their inportance may drive to go find out nore about
them But, it doesn't seemthat it's necessarily sonething
that can be captured by stochastic distribution, that it's
really, | nmean, it's a yes or a no, that may actually be

there. And, so, those early tinmes could possibly, could be
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viable reflections of the system

ARNOLD: They are certainly included in the analysis
when it goes to TSPA

NELSON:  Okay.

BULLEN. Dr. van Genuchten?

VAN GENUCHTEN:. This actually is really not a question.

| want to go back to some of the coments | had earlier, and

it really was in the framework, so when you go up, it's
sonmething |ike too many things, too little time, you know,
t oo many questions, or too many things, too little tinme to
explain, but also for us sonetinmes too little tine to observe

these things. There's a lot of material being presented

her e.

| appreciated your explanation of the matrix
diffusion things. It makes a |lot of sense nowto ne. The
other thing here is | understand very well now that this

shoul d be viewed in a probabilistic framework, so it starts
maki ng sense.

The other thing that | was agonizing for about a
day and a half about was the lack of tailing in your curves
here on this particular graph. And, | talked with quite a
few peopl e and actually was conplaining to ny distinguished
col | eague here, Dr. Schwartz, but now | understand that

that's plotted as a function of log of tine. So, it's not
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really visible, so | finally discovered that. So, a |ot of
things | struggled with, finally becane clear.
Thanks for hanging in there with ne.
BULLEN: Dr. Latanision?
LATANI SI ON: Lat ani si on, Board.
Could we turn to Number 13, Slide Nunmber 13? The
| ast two bullets, could you just wal k nme through how all that
plays out? | nean, | understand the concept that you're
usi ng breakt hrough curves as a sinmulation of transport. But,
how t hen do you take this library and wal k through your

deconvol ution--or convolution integral nethod? What's the

process?
ARNCLD: Ckay. Yes, what | was trying to explain was
sonme of the nmechanics of actually transferring this

information to the TSPA analysis. So, by a library, | nmean
here we have a series of files that contain all of the

br eakt hrough curves fromthese 200 realizations for the 3-D

nodel . Those are handed over to the TSPA.

Then, in the TSPA analysis itself, the convol ution
integral is inplemented by a software code that's addressed
by the Gol dSim software within the TSPA anal ysi s.

So, for a particular realization in the TSPA, it
goes to these files that contain the appropriate breakthrough

curves for that realization, say for realization Nunber 1.
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It reads theminto nenory, and then when the convol ution
integral is conducted by this convolution integral software
code, it takes the appropriate breakthrough curve to perform
t he convol uti on.
LATANI SI ON: Lat ani si on, Board.
What does it actually take fromthe curve, though?
Is it the breakthrough tinme, is it the half-rise tinme, where
on the curve are we interested?
ARNCLD: It's the entire curve. [It's convolution of the

entire curve with the transient input signal fromthe--of the

mass fromthe unsaturated zone. It's essentially a nunerical
i ntegration.

LATANISION: It's a nunerical integration? | see.
Okay. Al right, thank you.

BULLEN: Dr. Leon Reiter, and then Dr. Parizek
REI TER: Leon Reiter, Staff.

Bill, I wonder if you could explain sonething to ne
that I may be m sunderstandi ng. Stephanie showed a plot of
saturated zone varied capability colloidal transport, in
whi ch the reversible colloids had travel tines, or
br eakt hrough tinmes, by an order of magnitude |onger than the
base case. Yesterday, Bruce Robinson, summarizing the
results of the unsaturated zone, said colloid-facilitated

radi onucl i des had travel tines of 20 years, it's |like severa
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orders of magnitude | ess, shorter, than the other
radi onucl i de.

What's causing this trenmendous difference between
unsaturated zone coll oi ds?

ARNCLD: Well, I mght be sticking ny neck out a little
bit here wi thout having Bruce to confirmthis. W have, this
is for the colloids with irreversibly attached radi onucli des,
in the saturated zone, we have a sinple retardation factor
for those colloids, and it's a significant retardation
factor, and that's why the plot that Stephanie showed, showed
the significant delay in the breakthrough for those coll oids.

Now, to use that retardation factor, we're assum ng
equi librium between the forward rate and the reverse rate for
what we know or think we know is a kinetic process of the
attachnment of colloids onto the aquifer material and the
det achnent of the colloids onto the aquifer material. And,
this is dependent on, you know, transport tinme scal es through
t he saturated zone.

In the unsaturated zone, | believe that the tine
scale for transport through just the fracture, the fracture
continuum is short enough that that assunption of
equilibriumand the retardation may not be as valid. Again,
" m kind of speculating on this one. So, we mght really

want to get that answer with sonme nore information fromthe
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UZ peopl e.

REI TER: So, does this relate at all to the discovery of
very high, very colloidal transport in NTS, it's one of the--
bei ng rather rapid, how does that observation jive wth what
we' re seeing here, your conclusions, Stephanie's slide?

ARNCLD: Well, there's a |lot of uncertainty about why
t hose radi onuclides transported associated with col |l oids
occurred so rapidly, you know, at NIS. M/ understanding is
t hat one conceptual nodel is that the radionuclides are
sorbed onto the colloids by kinetic process that, given the
relatively short time frame over which this transport has
occurred, has not been able to reach equilibrium and so we
have a non-equilibriumtransport of the radionuclides that
are sorbed onto those colloids. That's one interpretation.
Alternative interpretations that |'ve heard, but I'mnot sure
if this is still valid or not, is that those colloids may
have sone special character associated with the source of the
radi onuclides in the underground testing at NTS, that perhaps
the plutoniumis enbedded in the colloids in some way that is
associated with the source.

BULLEN: Mre questions, Dr. Reiter? GOkay, Dr. Parizek?

PARI ZEK:  Pari zek, Board.

| look at Slide 18, and it has to do with specific

di scharge and flow interval spacing. There was not an awf ul
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ot of flow interval spacing data avail able at one stage in
the program Has there been new tests from say, the Nye
wel |l s that have added to that data base? And, particularly
with regard to the rocks of choice, that is, below the
footprint within the upward, what, 200 to 300 neters bel ow
the water table, that seenms to be where all the action is.

So, given those sensitivities, are there new data on fl ow
interval spacing fromthe Nye well, or any other wells beyond
the data set we've seen sonetine in the past?

ARNOLD: Not to ny knowl edge. The data sets that were
used were fairly old. The nost recent data that were used in
that flow and interval spacing analysis were fromthe C
wells. Those are al so probably the best quality data with
regard to, you know, vertical resolution. And, of course,
none of the Nye County wells have been drilled or |ogged
really very near the repository.

| can say that there is one of these S&T
initiatives funded by DOE that is associated with well
testing in the saturated zone, and one conponent of that is
an assessnent of the channelization of flow wthin well bores
and getting at this flow and interval spacing paraneter

PARI ZEK: | wasn't aware that that was in the S&T
program but that would definitely be a good starting point

to see if you can't narrow it down.
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What about the specific discharge? 1|s there any
need to do anything nore with narrow ng that down, or do you
think you' ve captured it all in terns of the way in which
you've handled it in the TSP runs you' ve done?

ARNCLD: Well, | think we've done a fairly objective job
of capturing uncertainty in that paraneter, given the data
that are available to us. It's possible that that
uncertainty could be reduced by testing associated with the
S&T initiative, or even the full scale testing that was
originally planned at the alluvial tracer conplex that had to
be cancel | ed because of inability to get a discharge permt
for that testing.

PARI ZEK: And, Parizek, Board. One other question.

In order to add sone confort, | guess, all the runs
al ways have the pathways south and eastward, then the
al l uvium and down, and it would be kind of helpful, | guess,
to list all the other |ines of observations and evi dence that
support that. | nean, again, the nodels show that, but
there's sone chem cal data, there's a conbination of data
that sort of justifies that interpretation, and Priscilla has
been buggi ng you about many faults creating some surprises,
and maybe there are no surprises, but it would be helpful to
l[ist in some clear place where all the lines of evidence are

that sort of says that's why the flow ought to go that way.
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| guess it's in there sonewhere, but it's useful

maybe to draw attention to that just to nake it clear.

ARNCLD: Yes, | think we're, you know, these are very
val uabl e data, the hydrochem stry data that Gary Patterson
presented earlier. There is also a simlar, and in sone
ways, nore extensive analysis of the hydrochem stry that was
conducted by Ed Kwi cklis at Los Al anbs National Laboratory,
with the specific intent of providing additional confidence
in the flow nodel. And, so, there's a tie between Ed
Kw cklis's analysis and his report on the hydrochem stry and
the fl ow nodel report that was witten by CGeorge Zyvol osk
with regard to confidence in the flow paths and the use of
t he hydrochem stry dat a.

PARI ZEK: That was all C m xing nodels, the freak data,

that sort of thing?

ARNCLD: That's right.

PARI ZEK:  Thank you.

BULLEN: O her questions fromthe Board or Staff?
Seeing none, Dr. Arnold, | guess your little gold statue wl|
be arriving shortly. W appreciate your hour of presentation

to us.
We have to change gears now, and I'll start it off
by calling on Dr. Parizek, but just a second.

As we nove into the open forum section of our
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nmeeting, what I'd like to do is ask Richard Parizek to say a

few opening remarks, and then we'll call upon our
consultants. | want to reiterate the fact that the public
comment period still remains at 5 o'clock. So, this forumis

not for public comment. This forumis for the technical
i nt erchange, and perhaps to address maybe the five questions,
woul d you like ne to put those back up again, Richard, when
you start your remarks. W' Il have themup there for that
pur pose, or any other comments that technical people would
like to make with respect to unsaturated zone or saturated
zone transport.

Wth that, I'd like to call on Richard Parizek to
say a few openi ng words.

PARI ZEK: As | chair this Panel, I'd |ike to thank each
of the presenters and the organi zations that they represent
for thoughtful remarks, and very clear presentations that
have been made through the last two days. It has been very,
| think, deals with the questions we've posed in the
advertisenment for this neeting, and they have been responsive
i n addressing those points.

| know t he program probably considers neetings |ike
this an annoyance, |like flies that are bugging you. On the
other hand, | think that tinme was spent doing this, and

di scussing and sharing ideas in an open forum helps clarify
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points. You have to talk about them you have to present the
findings. You get different views. |It's a helpful thing.

It shares understanding with a broad audi ence. So, | think
there's value added fromthis.

The clarity of presentations were outstanding. The
content of these presentations was outstanding, if you
conpare this with where we m ght have been sone years back
So, clearly, we appreciate that richness in the
present ati ons.

There's clearly a transparency also in the way in
whi ch the presentations were organi zed, and the speakers
addressed detail ed points, and proof of that is the fact that
the true non-geol ogi cal natural systens people, could as such
intelligent questions, as you could see.

We wi sh to thank Dave Diodato for organizing the
nmeeting, to help pull together the speakers and ot her Board
menbers and staff for their effort, including Linda and
Alvina for their work always in nmaking these neetings work.
| think when they go hone, their friends think that when they
go to Vegas, this is sort of a junket, but | think they could
tell you otherw se

There's a correction point in ternms of the chloride
data, the chlorine 36/chloride ratio data. Sone of the

times, we've seen illustrations (inaudible) and facts, still
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current interpretation of the fact. As we understand it,
there's still some discussion and sone i ndependent work being
done by Gene Kline and others to sort of see is it real or
isn't it real. And, so, if it's nmaybe not real, that's a
final outconme. Maybe the use of those slides has to be
softened, or sone other discussions have to be done there.
But, just drawing attention to the fact we've heard
presentations using those illustrations, and if in fact it's
been est abli shed.

Model validation remains really inperative
t hroughout this whol e process, and we've seen places where
the programhas tried to get at nodel validation, bits and
pi eces of the field observations, in sone cases after certain
forecasts were nade, to help lend sone credibility to the
whol e study. And, | think the program has been quite
transparent in trying to show us how they've done that.

On the other hand, | think there's opportunity for
further testing that was not yet done, and the Nye program
al ways tal ked about a long-termtest in fractured tuffs at
sonme ot her |ocation other than the CGwell conplex, to sort of
see whether or not you actually have anything new that could
conme out of that, which mght include the role of faults.
Surely, there's Cwell testing in the alluvial testing

conplex, the long-termtests that have not been conduct ed,
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shoul d be conducted, because there's value to come out of
those tests. And, we would hope that the programcan see its
way somewhere along the line of getting that work done.

The sonic drilling has turned up, as sone people
who have not see the core, or had a chance to |look at it,
will be the kind of key to try to unravel the stratigraphy
and the sequence of sedinents that make up the valley fill of
alluvial materials critical to performance. So, we endorse
that. W hope there will be nore sonic drilling done to
provide the kind of quality information that's needed.

The use of nmultiple lines of evidence, the Board
has al ways asked for that independent, sort of nultiple |ines
of evidence, the strength in the TSP anal yses we feel

everybody can sort of see where this is going and feel good

about it. W still hope that the programworks at the
i ndependent |ines of evidence |isting.

And, we | ook forward to the confirmation testing
program We haven't heard nuch about that lately. But,

confirmation testing can be tied into a nunber of things that
deal with the natural systemis behavior, and we hope that
t hat program does not ignore sone of the natural system
el ements that we've heard in the |last two days.
We endorse Margaret Chu's program on science and

engi neering, and we hope that funding is there, and that the
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program continues. |'mglad to hear the discussion that the
spacing is included in that, and sone other issues |like that.
And, we hope that throughout the LA process, and beyond,
there will be a strong science and engi neering program

And, it seens to ne the assunptions in the program
at all times renmenber when anybody has given us this list of
assunptions, it's very helpful to sort of see those up front,
because that gives us a basis of understanding what's in and

what's not in the analysis that's being clained.

In sone regard, the base case, every tine you see
that solid black line, you sort of forget, well, what the
hell is in the base case. Don't you? So, it mght be useful
to have the base case listed again, put on the side so we

could always i nmedi ately say no, we're going beyond that
i ncluding these variables in the anal ysis.

And, ny opinion over the years that |'ve been
affiliated with this program |'ve seen inmense progress,
i mmense progress in terns of the natural systemelenents and
pul ling together what's really a conplicated subject matter,
with experinments, state of the art kind of efforts that have
been required, particularly for the unsaturated zone.
Colloids remain a nystery in a sense of how to quantify and
capture them find out if they really do exist and do nove in

the unsaturated zone in particular, because there will be
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tons of colloids produced fromthe repository environment,
and it's kind of critical to be able to gain confidence when
you understand the colloid story as fully as possible.

So, these are sort of sonme points fromny
perspective, and we can then go back to Dan and see how he
handl es this next phase. Thanks.

BULLEN: Thank you, Dr. Parizek

Wul d you gentlenen |like to nake your presentations

fromthe seated position, or do you want to stand at the

podi un? Ckay. Then, we'll go with Rien, and then Frank

VAN GENUCHTEN:. Thanks, M. Chairman.
Actually, this has been a very interesting tw days
for me. | want to go back in '91, | was part of what they at
the tine called the Yucca Muuntain Peer Review Team and |

still renmenber convening here in Vegas with a nunber of
people. Al Frieze was there, and Jim Mercier and G esack and
Popoudophilis, and a few others, and we were di scussing

vari ous mechani sms of how sl ow fractures coul d be generated

wi thin Yucca Mountain. They had a lot of fun and drank a | ot

of beer at that tinme. |It's 13 years ago. That's 13 years
ago. It's now 2004, and it's clear an awful | ot of research
has been done, and actually, | was just |ooking at this

speci al issue of Contam nant Hydrol ogy that was edited by Bo

Buf resson and Cdifford Ho and Bruce Robertson. [t's
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extrenely inpression, and | think, Richard, you nentioned
that. I1t's awful, how nuch has been done over the last so
many years.

But, it also shows how conplicated the systemis.
This is not sonmething that's going to be resolved in an easy
manner, or in a great manner, and it's very inportant to keep
understanding that these scientific issues will be at the
table for quite a while to cone. And, actually, in a way, it
was fun yesterday especially to see us starting to discuss
again, like we did in 1991, the various nechani snms of how
flowin fractured nedia are generated and sustai ned. And,
so, we had a lot of discussion, you may remenber from
yest erday, about different conceptualizations of matrix
fractures, fracture interactions in terns of unsaturated flow
in the nountain.

And, | think it's inportant to realize that, and

this goes a bit back also to sone of the comments of
Br edehoeft about uncertainty. These are really conceptional
uncertainties we're still struggling wth.

| conpletely agree with the approach that was taken
in ternms of the active fracture nodel as an attenpt to
include in the nodels the idea that there is limted contact
bet ween unsaturated flowin the fractures and the matrix, and

that's a conceptional picture, a conceptional nodel. |It's
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still going to be a question how that's been translated into
a mat hematical nodel, and | can see several different

formul ations arising fromthat, not just the power function
of relative saturation, of effective saturation that was used
in the nodels of Liu and all.

So, there are still a nunber of uncertainties in
terms of conceptional formulation, and how that translates in
nodels. The simlar way is we're going to even go back a
step before that, and say is this really a contact problem

or maybe | tried to push that yesterday, a problem of maybe
having coatings in there and limted interacti on between the
fracture matri x, not because of necessarily limted contact
area, but also limted, |ower values of the effect of
conductivity of coatings, not necessarily coatings that you
can see, but there may be sone stuff below the surface
literally that inhibit this effective interaction.

And, simlarly, it has an effect on matrix
diffusion. These are things that need to be pursued. |
think it's inmportant that not just one fornulation be
pursued, but that there is roomfor different
conceptionalizations, different conceptional nodels, not
everyt hing should be, you know, all the eggs in one basket.

There are a | arge nunber of people here with

enor nous backgrounds, inpressive conceptional reasoning.
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when we do a big experinent |like that that costs us severa
hundreds of thousands of dollars, | think it would be very
cheap to put a few good--on the conputer and | et them get the
nost out of it.

And, this actually is simlar comments, | think,
are inportant also for other issues, that lateral flow there,
we tal ked about in the PTn unit. Sone people claimit's very
little. There's still alittle bit of a |legacy of earlier
investigations that that m ght be quite inportant. | think

getting sone people together and | ooking at these issues is

inmportant, and let's resolve it as best as we can.

| probably have a few other things. [1'Ill pass
those up. | want to thank, in closing here, | want to thank
the Board for inviting me. This was just extrenely

educational for me, having not really been involved with
Yucca Mountain for about 12, 13 years to see the excellent
signs being done. | want to thank all the people that gave
presentations. It was just great, and thank you so nuch.

BULLEN: Thank you, Rien. Dr. Schwartz, did you want to
sit at the table or stand at the podiunf

SCHWARTZ: I'I1l sit.

BULLEN: Okay.

SCHWARTZ: Well, like Rien, 1'd like to express ny

t hanks to the Board for the kind invitation. In ny real
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life, 1"'ma professor at Chio State. M work at Yucca
Mount ai n has been carried out nostly with EPRI and John
Kessler's group at EPRI. 1've worked in various DCE panels
dealing with thermal testing and the Nevada Test Site in
general .

There's sone real benefits of being a Panel nenber
here. As |'ve |ooked out into the crowm, one of the things
is that with my age and vision here, I'mactually close
enough to the screen to see the presentations, and as |'ve
been wandering around the room we up here get these nice
col or copies, as opposed to the black and white ones there.

There's sone di sadvantages, too. As |'ve kind of
| ooked out in the crowd periodically, you re able to doze off
there periodically, so one of the down sides of being a Panel
menber here is that it's hard to doze off up here.

l"d like to follow up on sonme of John Bredehoeft's
comments. He kind of opened Pandora's box for discussing
i ssues of philosophy related to nodeling. That's an area
t hat has been of sonme interest to ne, not only so nuch for
nodel i ng, but |ooking at sort of the phil osophy of science
and related to progress in the hydrol ogic science in general.

| actually have a Ph.D. student at Chio State that kind of
wor ks on this issue.

John Bredehoeft, you know, tal ked about this issue
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of surprise in science, and one of the points that maybe
didn't conme out in his talk is that surprise in science is
really a normal process. And, it's a normal process in the
sense that that's the way nost progress is nade in science.

Matt Kozak in his brief remarks tal ked about Thomnas
Koon and the idea that he had, and there are inportant ideas
he had about the idea of revolutionary science versus nornma
science. And, | think John Bredehoeft gave a very good
exanpl e there that, you know, this idea of plate tectonics,
when it comes tinme for sonme prevailing idea to be overturned,
that often tines, there's a revolution or a culmnation or a
coll ection of ideas that cone together to overturn that idea.
And, so, a step forward in science occurs through a
revol utionary step forward.

But, after that revolutionary step, there is this

process that Koon calls normal science, and that's the day to

day plugging along, taking care of all the details, doing the
fundanmental work, and so on. So, | think, you know, the work
at Yucca Mountain is no exception, that we see the progress

in the science neasured by sone revol utionary steps forward,
which turn out to be surprises, you know, fromthe DOE

per spective probably not happy to see them but in the
overal | perspective, it shows that the progress of science is

surely marching on
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Now, one of the things we see in hydrology, is
we' ve studied this idea of evolution in science idea, is that
we usually don't see so many major surprises. They're nore
i ke paradi gmshifts, or sonme kind of disruption of the
status quo. They're not quite as severe as all of a sudden
waki ng up one day and di scovering plate tectonics. But,
t hese, neverthel ess, these revolutionary steps are inportant,
and they are the normal way in which new know edge is
devel oped.

Now, | think there's been a history of surprises in
t he science at Yucca Mowuntain, revolutionary changes. |
think Alan Flint's discovery of high recharge rates back in
the early to mddl e 1990s would qualify. Fabryka-Martin's

chlorine 36 information, whether it kind of stays or goes,

still ranks as an inportant generator of revol utionary idea.
| think there have been other inportant areas where there
have been sone inportant revol utionary steps.

On the nodeling side, I think the work at LBL in
identifying the unique characteristics of the Paintbrush non-
wel ded unit and the basal vitropheres, sonme of the unique
properties that they have and sonme of the inportant things
that these units do for transport of gases, transport of
contam nants, and so on

So, ny view, like Rein said, is that Yucca Muntain
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is a very conplex applied science problem and as | sort of
began nmy work with EPRI in the late 1980s in this project,
clearly, if you | ook back over those 12 or 15 years, you'l
see the tremendous advance in theory. You know, in
retrospect, probably the theories we had for flowin
fractured nedia was i mmature and not sufficiently robust to
descri be the kinds of systens we tal ked about.

But, | think as |I've sat here over the last two
days, | guess |I've been really inpressed by the maturity of
t he science ideas that have been devel oped, in really | ooking
at the mmjor advances in developing the really the
intellectual tool kits necessary to support the cal cul ations
to support the basic theory. So, | think there is sone
i mportant progress in that respect.

Now, the question kind of, John's talk inplied
that, and sone of the others, is really can one anal yze
conpl ex systens subject to uncertainty, and that uncertainty,
as we've learned, conmes in the way of processes and
paraneters and future states, and we're not sure of any of
those things particularly well. And, clearly, the answer has
to be yes. | mean, if you think about what geol ogi sts,
engi neers, hydrologists, and netal lurgists do, | nean, that
is what the kind of engineering analysis is all about, to

make decisions with relatively imted data sets, insights,
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experience, and so on.

And, the evaluations here that we've seen have
i nvol ved sinple tools, sinple calculational tools, sone
pretty sophisticated nodel analysis, and all of that is
checked by sort of seat of the pants engi neering concepts,
and trying to provide for what | consider to be coherency of
results, so that if you make one nodel conclusion, do other
processes and ot her observations fit well with that
conclusion, and that's sort of a coherency that one nodel can
expl ain several things.

And, | think the work that Bo Bodvarsson and his
group at LBL, and coll eagues with the USGS and the UZ,
t hi nk they' ve shown that there's pretty good progress in
actually providing the coherency of results that there
started to be needed to create confidence that the
understanding is in reasonably good shape. And, | cite for
t hat sone of the material we've seen here would be the
geochem stry, the occurrence of perched water. Sonme of the
things that we didn't see here would be sort of air flow
cal cul ations, and these things as well.

So, | think in the unsaturated zone, there is good
progress, and you have a feeling, at least | do, that the
nodeling is noving in a good direction, that the surprises

woul d be m nor, and hopefully will be in the normal science



© 00 N oo o B~ w N P

N N N NN B R R R R R R R R
A W N P O © ®©® N O OO0 M W N B O

552

phase.

| think in the unsaturated zone, ny feeling is that
the results are conservative, that | think there are
performance benefits yet to be wung out of the saturated
zone.

However, as we | ook at the saturated zone, | think
what performance there is, even under the conservative
assunptions, are very helpful to the safety case. | think
that the sorbed species are extrenely retarded within the
saturated zone. | think the unsorbed speci es have neani ngful
retardation. So, | think even at this stage, the saturated
results are pointing towards some certainly advantage as far
as the safety case is concerned.

My own inpression of the interpretation of
geochem cal data is in line with the question | asked Gary,
that I've witten simlar kinds of things, | think the
geochem stry and the isotopic data support a nuch nore
sl uggi sh kind of flow system and | think there is still sone
inconsistencies. | think in the saturated zone, there nmay be
roomfor surprises, but | expect they will be pleasant
surprises as far as the safety case is concerned. | think
there's, you know, opportunities for inproving things

certainly, but given that they're relatively conservative

now, | think the possibilities of degradation in that safety



© 00 N oo o B~ w N P

N N N NN B R R R R R R R R
A W N P O © ®©® N O OO0 M W N B O

553

case i s probably m ninal

And, so, again, thanks. | appreciate the audience
st ayi ng.

BULLEN: [I'd like to thank R chard and our consultants
for their opening comments, and now |'d |like to ask anyone
who'd i ke to either come to the podium or to the open m ke,
to step forward and make comments on anything that they've
heard in the past two days, or the questions that we've
listed and were posted. Go ahead, feel free to step forward,
whoever wants to be first, and identify yourself.

MFFLIN. I'"'mMarty Mfflin, and |ike others here, |
find this a very interesting and inproved type of review of
both the vadose zone and the saturated zone hydrol ogy. M
background is as follows. | first becane acquainted with the
Yucca Mountain repository proposal in 1981 as a consultant
for NRC, and over the years, went from NRC to techni cal
oversight wth the State of Nevada, and with a contractor for
I nyo County and Nye County as well for a period of tine.

So, | saw the early days, and | renenber the snoke
filled roomback in Silver Spring, Maryland in 1981, sitting
around with the various gurus that had been called in to try
to decide what NRC s position should be with the vadose zone,
and what shoul d be | ooked for. And, one suggestion was that,

well, let's just treat it as a black box, and worry about
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what conmes out beyond the di sturbed zone, the so-called
di sturbed zone at that tinme, which would be sone type of
definition of the edge of the thermally disturbed area.

And, surprisingly enough, there was quite a few
people that, when | say quite a few, of the ten or fifteen in
the room a fair nunber thought that was a good idea. |
t hought it was a very poor idea, primarily because you didn't
qui te know what was going to come out if you didn't know what
was going on in the inside of that black box.

One of the things that | wanted to say is that
ri ght now, nobody is supporting ny work on this, and, so, |
can say exactly what | believe. | think the site is a very
poor site, because of its conplexity. W' ve heard two days
worth of very conplex analysis, yet for the nost part, they
have to be heavily dependent upon poorly constrai ned
conceptual nodel s.

Now, a lot of the presenters felt that their
anal yses were conservative. But, conservative in one nman's
view may not be very conservative, whereas, the other person
may think it's a very conservative analysis. [It's a very
subj ective type of evaluation

|'ve had a whol e series of conceptual nodels in ny
own mnd s eye over the years, and they've quite often

differed with the popul ar conceptual nodel s over those
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various periods of tinme. | mght add that nost of those
nodel s that | thought were nore realistic have cone closer to
what has been determ ned over the years.

The other thing 1'd like to remind the Board in
particular is that the focus is on the right questions at
this point in time, far better than it has been at any tine
in the past. However, the data bases and the funds that were
expended i n devel opi ng those data bases are not very well
designed in many areas because of the nature of the field
dat a base prograns.

For exanple, we heard sone type of description of
how many wells were avail able at such and such a tine,
sonmething |like 40 nmentioned, and nost of those at that point
intime, which was in the Eighties, were drilled with water
based fluids. Here, we have a repository that was supposed
to be a dry repository, and the data base very critical,
determ nes just howdry is dry. And, so, a lot of these data
bases, which the current experts are trying to utilize on
sonme fairly sophisticated type of questions, are not really
designed for those types of anal yses.

For exanpl e, the hydrogeochem stry, we've got
borehol es that are being used that are several hundred neters
of open borehole in the saturated zone, and we've got sone

t hat have | ess than, say, 50 neters. And, we have a very
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conpl ex way or type of vol canic sequence, and if you go back
and |l ook at the early testing in the saturated zone, H 1 and
the G hole, you'll see that there's very, very highly

transm ssive zones, but very few of them And, the head data
is based on sone type of average head. So, you don't really
know, in other words, all the testing, and so forth, went on
after the hole was conpl eted and cl eaned out, and so forth.

So, there's a lot of uncertainty in what, say,
wat er chem stry neans, if you have any type of
stratification. And, one of the points nmade was that naybe a
three di nensional, an attenpt at three di nensional
hydr ogeochem stry was appropriate. But, for 15 years, nobody
worried about that. And, that goes for nost of the saturated
zone and the vadose zone.

Anot her point I'd like to raise is that | watched
an evolution, this is nore philosophical, but I think it
shoul d be said, | watched an evolution of not only the site
selection and licensing criteria, but also the effect it had
on the scientists addressing the site characterization and
analysis. It started out with an agreed upon site sel ection

gui del i nes between NRC and t he Departnent of Energy, and

these were pretty reasonable. It also had, you know, the key
licensing criteria, which was the groundwater travel tine.
And, those were--there was site selection criteria, and then
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there was the fundanental bottomline licensing criteria,
whi ch was related to groundwater travel tine.

That approach has changed, but one of those site
sel ection guidelines was a very inportant one, and everybody
has forgotten what it was. And, that is site conplexity, had
to be confident in your characterization and anal ysis of
performance. Everybody has forgotten that.

Well, right fromthe start, the selection of the
unsaturated zone, the vadose zone, as | like to call it

because it has water, was taking an unknown environnent in
terms of either what process is going on, as well as how do
you determ ne those processes and get the data bases, and
that was, in a way, a fundanental m stake, because we still
don't have great confidence in the details of the processes.

And, you know, fractured volcanic terrain where you
have wel ded, enbedded and altered tuffs is also a fairly
conpl ex saturated zone environnent.

"1l make a specific comment of what | heard on the
saturated zone. The hydrogeochem stry was recogni zed as sone
vari ations way back in the maybe Sixties--or md Eighties,
|"msorry. And, what has been noted is maybe you have a
stagnant type of situation, |less active flowin sone areas.
The other thing that I1'd like to point out is that just

because you have gradients off to the east doesn't really
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mean in these fractured terrain areas that you have fl ow.
These very steep gradients raise and i ssue, and one of the
big surprises in the early characterization studi es was
drilling a hole up on top of the nountain and finding out
that you were still, on the east side of Solitario Canyon,
and finding out that you were still on the high part of the
fluid potential. So, in other words, it was in the wong
spot for the fault to be causing the marked difference in
fluid potential fromeast to west.

In ny, in one of these alternative conceptual
nodels, in nmy opinion, is the flowis right down all of the
faults, nore or less north/south. |If you go back and | ook at
t he hydrogeochem stry data base, that's pretty well
supported. Now, the NRC nodeling that we saw just assuned
that the gradient is down, or the flowis down the gradient,
and if | heard himcorrectly, he said it was isotopic and
honogeneous type nodel .

Well, in fractured rock terrain, that type of
nodeling is not a very good characterization, as far as I'm
concerned. It just is too |arge of an assunption. And, one
of the things that NRC worried about in the early days was
how to characterize the saturated zone. Mny of the
consultants to NRC at that tinme thought that there had to be

multiple well testing, not just the CGwells, but punp testing
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to find out whether or not these faults were barriers, or not
barriers. And, that never happened, but over the years, the
peopl e--this has been going on so long, that there's so many
di fferent people involved, the human el enment cones in and
there's no real institutional nenory involved fromearly to
internediate to later to later thinking on howto
characterize the site.

There's another key point here that | picked up
that 1'd like to corment and alert the Board to. That is
that we heard quite a bit about climte change. W' ve heard
some nunbers on what the nonsoonal and transitional climte
inmpact is on flux. |If I recall correctly, one was the
nonsoonal was 2.7 tinmes estimated current flux, and the
transitional was 3.9.

Very early on yesterday, we heard the term nol ogy
effective noisture. Effective noisture is an inportant
concept, not very well defined, but what it really neans is
what's left over after all the evapotranspiration occurs--
well, what it originally nmeant was the foll ow ng, because |
defined it. 1In |ooking at these Pal eoclimte, Pal eohydrol ogy
that resulted in the hydrographically closed basins in the
G eat Basin, there was a whole series of pluvial |akes that
occurred. And, these pluvial |akes were in the bol sons

(phonetic), sonewhere up along the sides, nost extended only
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onto the bahadas, and if you neasured the anmount of noisture
that canme into the |lakes to maintain a stable |ake |evel, the
hi gh shoreline, what you were basically doing, if you assuned
any rate of evaporation off the |ake, you had a hydrol ogic
budget fromthe catchnment basin to the discharge, which was
direct evaporation fromthe | ake. And, it was independent of
precipitation, and it's independent of, as far as a direct
measure, of either precipitation or of tenperature, or of a
whol e series of other factors that m ght influence the size
of that lake. But, it was clear that you had effective
noi sture that maintained the | ake.

Now, what is inportant in the flux through either

t he vadose zone or the saturated zone is effective npisture,

not what the details of the clinate are. It's just how the
flux changes. Well, one of the really interesting things in
the G eat Basin and why | pick up on these relative factors

is that all through the northern part of the G eat Basin
where you have the | akes, and in a few areas, you have nodern
| akes, where you have nodern estimates of groundwater

di scharge where there is no | akes, you can go back and you
can conpare the full pluvial climtes, |ake size, conpared to
t he catchnment basin, with the nodern pluvial--the nodern
climate discharge. And, you find out that these differences

in effective noisture ranges from about ten tinmes to about 15
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times. GCkay? That's the whole pluvial climte.

Now, if you look in these basins carefully, by the
way, these pluvial |akes stop just north of the |atitude of
Yucca Mountain, the southernnost one is Gold Flat, a little
bit to the north, if you look very carefully at these basins,
and a lot nore work has been done in recent years, you have
both the last full glacial type shorelines, and then you have
t he younger driest type shorelines, which is nore or |ess
assunmed to be associated with nore of a nonsoonal type
war mer, wetter type of pluvial period, alnpbst 2,000 years.
And, sonmewhat earlier, you had, based on packrat m dden
evi dence, you had a nuch drier, but colder type of ful
glacial climate, last full glacial climate.

The | ake | evel s, however, based on those
shorelines, are very, very simlar. The younger, driest |ake
| evel, or high shoreline, is usually, for all practical
purposes, if you're neasuring an area in the basin, the sane
nunber, but it's alittle | ower.

So, | think that the Board, and actually the
Project, should look a little nore carefully at how they're

comng up with their climatic flux, both through the vadose

zone and through the saturated zone. | also noted in this
last talk that the flux is rather inportant with respect to
what type of actual nunbers you get in ternms of the
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sensitivity anal ysis.

So, if it's not--if it's three tinmes, it's one
thing. |If the current flux is 3,000 acre feet a year, and it
was 30,000 acre feet a year, that's another thing during the
full climate, pluvial climate.

BULLEN: Marty, are you pretty close to wappi ng up?
Because we've got a couple nore people | think that probably
want to say a few things

M FFLIN:  Ckay.

BULLEN: You're like the professor. W give you any
time, and it turns into 50 m nutes.

MFFLIN. | want to say one nore thing.

BULLEN: Ckay, that woul d be great.

M FFLIN:  Because we're changing the regulatory--this is
in response to the gentleman fromEPRI, | forgot who it was,
because we changed the regulatory rules on this thing, at
that point in time, | decided, well, let's go back and base
everything on, fromthe scientific perspective of what the
obj ective was with deep geol ogi c disposal of high |evel
waste. And, | think it's worthwhile for the Board to keep
that in mnd. There are the regulatory issues, but there
al so are the true objectives of the program

And, the reason that the National Acadeny of

Science, if you go back and read that docunent, or that
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recommendati on, the reason that they recommended deep
geol ogi ¢ di sposal was to isolate the waste fromthe
bi osphere, because of the long-lived nature of the waste.

| think the site is a bad site fromthat
perspective, because it's enplaced in the biosphere. As soon
as the first canister fails, you have gas phase rel ease into
t he bi osphere within nonths, based on the air circulation
evi dence, and within, certainly within the inventory life of
the majority of the radionuclides, if you have an engi neered
barrier is the only barrier, and relatively short travel
times, then you have di scharge back to the | and surface.
Anything that isn't absorbed is going to conme right back to
| and surface.

And, these pluvial climtes, and the intervening
climates, which are the transitional and the nonsoonal
climates, make up both of the future based on the M| ankovich
idea. It's sonething like up to 70 per cent of the future.

So, we have the radionuclides that are long-Iived
com ng back to land surface, and then they spread around.
And, | don't think that's what the intent was of the National
Acadeny of Sci ence.

So, that's my conment.

BULLEN: Thank you, Marty. Anyone else |ike to nmake a

few comments? | see George approaching the m crophone.



© 00 N oo o B~ w N P

N N N NN B R R R R R R R R
A W N P O © ®©® N O OO0 M W N B O

564

Wul d you like this one, or do you want the front one? 1I'm
confortable sitting here, so I"mjust going to stay. So, why
don't you go right ahead. |Identify yourself, please, and
your affiliation.

HORNBERGER: |' m George Hornberger, |I'ma professor of
environmental sciences at the University of Virginia, and
even |'ma professor, | won't take nmy full 50 m nutes.

BULLEN: Thank you.

HORNBERGER: First, | wanted to say that | first got
into notions about the disposal of radioactive waste in 1980
when | was asked to serve on a National Acadeny Panel that
had been asked by the Swedi sh Programto review the KBS3
plan. The KBS3 plan was inportant, because the Swedes had
actually, in law, determ ned that unless they could show with
absolute certainty the safety of geol ogical disposal, they
were going to have to shut down their electricity generating
plants. And, of course, the scientists on the NRC Panel,
Nat i onal Research Counsel Panel, were a guest at this. W
said, well, we may as well give up now, because we know there
is no such thing as absolute certainty.

Fortunately, of course, the Swedes took the | ega
system takes a pragmatic view of what absolute certainty
means, and noved forward.

Now, fast forward. One of the things that | do is
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| serve for the Nucl ear Regul atory Conm ssion, the other NRC,
on their Advisory Conmttee for Nuclear Waste, the ACNW The
regul ation for the NRC, as everyone knows, is not absolute
certainty. Thank goodness. | don't have nmuch confi dence
that our legal judicial systemwould know exactly how to
handle that. It is reasonable expectation, and | think that
it's worth keeping that in m nd.

Again, as a professor, | can't avoid now that John
Br edehoeft opened the door and Frank Schwartz wal ked ri ght
through it in terns of phil osophy, because professors just
| ove to pontificate on sonething they know very little about.

But, in the 1970s, John Phillip, who is a fanobus
soi|l physicist fromAustralia, wote a paper on prediction in
catchnment hydrol ogy, and that's a problem basically you m ght
picture it as trying to predict or forecast the fate and
transport of agricultural chemcals froma catchnent. And,
John Phillip pointed out that this was a problemthat could
certainly be fornulated as a rigorous scientific question,
and actually, you could address it in the standard
hypot heti cal deductive procedure.

Phillip went on to say that if one did that, the
benefits derived fromactually doing the necessary
measur enents woul d be trenendously small relative to the

expense that one would have to undertake to do this as a
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scientific project. Sone of my nore cynical friends would
say that Yucca Mountain actually illustrates Phillip' s point
very wel |

Phillip didn't, of course, throw up his hands and
say that this nmeant that science didn't have a place in such
projects. It obviously has a place, and rigorous science has
a place. But, one can't approach these things in the sane
way as one woul d design a research program

So, what we've been, | think, discussing here, al
of the discussions and all of the questions that the Board

posed, are basically oriented toward how one goes about

| ooki ng at reasonabl e expectation. | think, |ike what people
have expressed here, I"'mquite inpressed with the progress
t hat has been nade.

| did have ny--the biggest question | had actually
Leon asked for me right at the end, and that was that if | go
down the list of questions, the last two there, what is the
techni cal basis for estimtes, and how nmuch could the
techni cal basis be inproved, | was struck by the colloid
transport materials we heard. There was precious little that
| saw in the way of the technical basis. That is, | didn't
see very nmuch data. | didn't understand what the technica
basis was for a 20 year travel tinme in the unsaturated zone

and thousands of years retardation in the saturated zone. |
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don't anticipate, because Leon didn't get an answer to his
guestion, | don't anticipate that I'll get an answer to that
guestion, but | think it is sonething that really does
deserve the Board' s attention.

Thanks.

BULLEN:. Thank you, Professor Hornberger. Any other
peopl e who woul d |ike to nake comrents, please cone forward
and identify yourself. And, you can have either podi um or
m cr ophone.

FISK:  Good afternoon. |I'mTerry Fisk. |'mthe
hydrol ogi st for Death Valley National Park, and | didn't know
|"d have the opportunity to have this weapon of m crophone in
front of nme today, but 1'Il try and behave nyself.

And, | also want to go back to John Bredehoeft's
talk this norning, and Dr. Parizek's coment. And, first of
all, 1'"d like to say that the Park Service is getting i mense
val ue out of the work that Inyo County, through the
hydr odynam cs group is doing, and al so we support a very
smal | degree financially, the USGS fl ow system nodel, and the
research that's gone on at Yucca Mountain. So, I'd like to
get that on the record.

Despite the support for that, and | ooking at
drilling within the park, we can definitely be a pain in the

ass, even to those projects that we would like to see go
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forward. | would certainly like to see sonme work done to
further flush out the mapping that Chris Friedrich has done,
and the nodeling that Dr. Bredehoeft has done.

To make that happen, we go back to the Organic Act
of 1916, and the purposes for which the park was designated
in the enabling legislation, and so on, and that neans
followi ng the National Environmental Policy Act, and so,
logistically, it's difficult, and policy-wse, it's
difficult, but it's not an insurnountable issue, and | would
like to try and work with Inyo County on maki ng that happen.

And, if the Board could see its way at sone point, it m ght
be a letter m ght be advisable on the record in support of
that. So, | just wanted to nake that point and get that on
the record, that we do support that work.

The other issue that | wanted to get at a little
bit is the one that John also nentioned, and this | put in a
meno about two and a half years ago to the Water Resources
Department of the National Park Service in Fort Collins.
don't think it had wide distribution fromthat group. But,
the idea that there is a head difference right now, an upward
gradient fromthe | ower carbonate aquifer into the vol canics,
and one of ny concerns, and that of Death Valley as a whol e,
irrespective of Yucca Muwuntain and radi onuclide transport, is

potentially use of that carbonate aquifer as a water supply
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for the nunicipalities in the region who are actively | ooking
at that as a water supply source, and, so, a danger that |
see and others have seen is reversal of that gradient, which
is a factor both for protection fromcontam nate transport
and also for protecting flowto the springs in Death Vall ey.
And, | think that's--1"1l stop there. Thank you

very nmuch

BULLEN: Thank you. O her nenbers who would like to

make techni cal comments? Linda, please cone up and identify

your sel f.
LEHVAN:  Thank you, Dr. Bullen.
| " m Li nda Lehman, and | think nobst of you know that
| work for the State of Nevada. | haven't given a
presentation to the Board in a couple of years, but | think

there's still a critical mass of Board nenbers who renenber
my nodels that | presented to you on behalf of the State.

The thing that struck ne today was that we see what
we want to see, and we hear what we want to hear. | heard
Bill Arnold say yes, he feels the lines of evidence support
his flow path. Well, | also heard the sanme thing. | fee
that a lot of things that were presented today actually
support the nore southerly flow path that | have presented to
you several years ago.

| also wanted to thank JimWnterle for his
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excel l ent presentation, and | would like to, |I don't know if
we can use any of those slides fromthat. |'mthinking about
his representation of the alternative conceptual nodels, and
it's this one. Page 11. Anyway, | think his talk
illustrates a nunber of concepts that | was trying to present
in ny nodels sonme years ago. He shows that the flow fromthe
repository noves to the east until it intersects the first
fracture zone. And, his first fracture zone is the Bow Ri dge

that he's conbined, Mdway Valley. That's basically the sane

concept that | was trying to illustrate.
The only difference between what | see he is
presenting and what | have presented to you in the past is

that | included the Ghost Dance Fault, and the Ghost Dance
Fault lies just to the west of the Bow Ridge. So, in ny
nodel , you woul d have novenent fromthe west to east until it
hits the Ghost Dance, and then comes down nore in the mddle
of the nountain bl ock

| f the Ghost Dance is being transm ssive and
carrying things to the south, 1'd like to rem nd you that the
| argest part of the repository nmass is on the west side of
that. You may have, | haven't seen the very |atest plan that
you nentioned earlier, but the one that | saw, the biggest
part of the fuel is stored on the west side of the Ghost

Dance, and there is sone being stored on the east. Those
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radi onucl i des that are on the east side would probably nove
as Jimhas shown in his presentation, to the east. So, that
| thought was quite simlar to what | had been trying to get
across in ternms of concepts.

The other thing that | would like to bring up is
t he coupl ed heat flow cal culations that were presented by Dr.
Rehfeldt. And, the particular graphic, | have it marked
here, I"'mjust trying to find the page nunber. Nunber 16.
And, | can't see too well fromthis graphic that we had, but
it looked to me |i ke he was nmaki ng the case that conduction
and convection is inportant for the |ower part of the nodel,
but he didn't feel--he felt he had a good enough match,
basically, in the top part of the flowfield. And, | guess I
want to disagree with that, if I"'mreading this correctly, it
| ooks like, to nme, the dots in the northern part of Yucca
Mountain are anywhere from3 to 10 degrees C. off fromthe
actual measured val ues.

And, across the region, there's only about a 4

degree spread in tenperature if we believe Sass's tenperature

nodel . And, unfortunately, there wasn't one presented today.
But, the reason | chose to use the Ghost Dance fault, and
some of you remenber, is that there appears to be a cold

wat er finger that noves down the Ghost Dance Fault, at | east

it's centered on the Ghost Dance Fault on the maps, a cold
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one again through Crate Flat, and a cold one through
Fortym |l e Wash.
So, | feel that his tenperature representati on does
not support his nodel of flow path, and I would think that
t hey woul d have sone additional work perhaps, doing
calibration, or whatever, to try to correct that. And, if |
read this correctly, it |ooks |like the tenperatures are about
3 to 10 degrees too hot, which would indicate that they maybe
don't have enough cold water coming in to cool the upper
units. And, they could also use as calibration data Sass's
heat flux distribution as well.
That's it.

BULLEN: Bullen, Board. A quick question before you go,
Li nda, because |'m not a hydrogeol ogi st and |'ve asked al
t hese questions anyway, so that never stops ne, but as | saw
sonme of the lines of constant head that we've seen, or for
the flow field devel opnent, it |ooked to ne |like there were
some of the enbaynents that you presented to us maybe two,
three years ago kind of creeping into that. 1Is that--do |
m sinterpret?

LEHVAN. No, | sawthat in Dr. Wnterle's presentation

BULLEN: Okay.

PARI ZEK: It's Page 7 of Wnterle's graph.

BULLEN: Ch, okay. Thank you, Dr. Parizek



© 00 N oo o B~ w N P

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

573

PARI ZEK: The other interpretation snooths that out.
But, he sort of followed the data, so |I'm not sure what data
is different here than what maybe you saw soneti ne ago.
Apparently, you conpl ai ned about himhaving left out the
wiggles. This is conceptual if you argue the faults and the
washes are enhanced perneability, it's how you m ght be
inclined to make the wi ggles, unless the data says you shoul d
put the wggles in. W alnpbst have to see the data again to
see why this interpretation exists.

LEHVAN. Ckay. What | used to use as ny justification
was the USGS water table maps. Wen they recalibrated the
water table surface and releveled all those wells, they did
not use all of the data points that cane out of that
anal ysis. Sonme of themwere |eft out on the basis that there
was no physical reason that they saw to use those | ower head
values. Ganted, they're very small, hundredths of a neter,
but still, if you're going to believe the rest of the data,
it'"s nice to believe all of the data. So, that's where | got
them | contoured all of the data, not selective.

BULLEN: Thank you, Linda. Anyone else fromthe
audi ence want to comment on the forum portion of our
presentation? O all you all thinking if we get done 12
m nutes early, | can beat traffic home? Don Shettel raises

his hand. | couldn't get out 12 mnutes early with Don in
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the room So, cone on up. Identify yourself, please.
SHETTEL: Don Shettel for the State of Nevada.

It's hard to follow the first two phil osophica
tal ks here, because I'"'mgoing to get into the nitty gritty |
guess, but sonebody has to, | suppose.

The three points here, the first one involves the
drift shadow effect, and I nust say that even the conceptual
diagramof this is alittle hard to believe, because if the
matrix gets saturated in places there, that would seemto
lead to fracture flow. And, at |least ny main comment on
this, which is a comment that Dr. Bodvarsson nade about a
year ago at this neeting in the Long Street Inn, where he
said there were billions and billions of fractures in the
vadose zone, and we can't put which ones are going to flow.
So, how does he know there's going to be a drift shadow?

Those two concepts seemto be inconpatible.

Now, the second point involves sorption
coefficients. In the first set of AVRs that cane out three
or four years ago, there were ten--there were a nunber of

assunptions, but there were ten assunptions that involved
sorption coefficients, and essentially DCE said all these
assunptions needed to be confirmed, and one of these
assunptions was that the sorption coefficients in the

saturated zone will be the sanme as for those in the vadose
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zone. But, all the experinments were essentially saturated
experinments. So, nmy question is essentially to the DOE, have
they confirmed this assunption, and where is it |ocated?

And, the last point would be diffusion coefficients
and flow in the unsaturated zone, and specifically I'm
referring to George Miridis's talk yesterday where he
supposedl y had sone very conservative assunptions regarding
essentially one on performance assessnent, | believe it was,
| ooking at just flowin the fractures in the vadose zone, and
essentially just the diffusion coefficient was | think the
only thing, and maybe sone sorption of it was retarding.

But, he seened to have sone incredibly Iong travel tines
under those extrenely conservative assunptions.

Now, when you | ook at the fact that we've found
chlorine 36, which is essentially where it's been found
essentially a 50 year travel time, and he's show ng travel
time for technetium a non-sorbing species like chlorine 36
that are in the thousands of years, in fact, |I think on the
order of 10,000 years for less than half of the technetiumto
reach the water table seens to be a disconnect there.

| think the question there is how is DOCE nodeling
the flowin fractures? Are they nodeling it as thin filnms on
both sides of the fracture, or is it rivulet flow? Now,

obvi ously one of those assunptions is extrenely conservative,
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and the other one isn't, so the question is which nodel is
DCE using, and the justification for that.

Thank you.

BULLEN: Thank you, Don. Anyone else who would like to
address the--Dr. Van Lui k? Please identify yourself, and
your affiliation, or you could just be a nenber of the
public, if you want.

VAN LU K:  |I'"m Abe Van Luik, | work with the Departnent
of Energy, and | have a part-tinme job, which is to be a
chai rman of an international expert group for the Nucl ear
Energy Agency. And, fromthe perspective of that job, 1'd
i ke to say sonet hing.

We sponsored a workshop at which | was not in
attendance, so it's not colored by ny ideas, in Terku,
Finland, to which the TRB sent two representatives, on the
role of the engineered barrier systemin total system
per formance assessnent, and sonething that Marty Mfflin said
rem nded ne of this. | would recomend that the Board read
the report fromthat neeting.

In that report, there's a reflection of the
maturing of the international view of geol ogic disposal, and
a recommendati on that one shoul d pursue engi neered
contai nment for as long as practicable, and that after it

fails, and it will fail, it's inevitable, that then the
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rel eases should not be harnful to human beings or the
environment. And, | think if you | ook at our EI'S and ot her
| ong-term | ooks, applying ICRP-72, updating the nodel, we
pretty nmuch follow that ballpark, and so | feel pretty good
about the fact that we do, in the mature view of geol ogic
di sposal neet what the international conmmunity thinks it's
al | about.
That's all | wanted to say.
BULLEN: Thank you, Abe. Dr. Parizek is raising his

hand, and | know that | only have four mnutes |left, because

| want to be on time like ny coll eague this norning.
PARI ZEK: 1'mthe Chairman. | have one qui ck point.
BULLEN. Dr. Pari zek.
PARI ZEK:  Terry Fi sk brought up a point about, you know,
the possibility of drilling in sonme critical |ocation.
only raise that appeal in the event it's necessary. Right

away, there are drillhole possibilities in the Echo Canyon
area on the other side, and if those holes are drilled, then
maybe there's no need for anything else to go into sone
sensitive area. On the other hand, those holes may not solve
the problem in which case, that woul d be the exanple of when
you might want to go into this very protected sort of area.
But, | appreciate his offer that there could be

some reasons why we coul d nmount sone reconmmendati ons that
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this be all owed, because of this unique problem So, we'll
wait and see maybe what happens with the other drilling
program unless you neant help get the drilling program
started. That's a different problemthan saying where they
start.

BULLEN: If you want to speak, please cone to the
m cr ophone.

FISK:  Well, we've been working with Inyo County and the
BLM on permtting the existing wells that are planned. And,
so, Echo Canyon well within the park is part of that effort,
as is one that was drilled last April on the alluvial fan
above the Furnace Creek area. W' ve also worked with Inyo
County on access and permtting to BLM | ands i medi atel y east
of the park in the Arargosa Valley as far as it's a BLM

deci sion, but we've hel ped out with sone of the coordination,

if youwll, and information on that.
Now, if we have to get into the area where the dam
is, which is in the heart of the Funeral Muntains, then it

beconmes logistically difficult. 1It's hard to get a four
wheel drive rig in there in sone areas, and there are peopl e,
different points of view, naturally, within the park right
now, the superintendent is very focused on water resource

i ssues, both locally and regionally. There are other people

within the park who believe it's blasphene to bring a drill
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rig into an area, even a non-w |l derness area, if we go into
t he Funerals, then we're | ooking at botanical, archeol ogical,
bi ol ogi cal surveys, and the whole ganut of issues. So, it
just makes it nore conpl ex.

But, we may find what we need and hopefully, we'll
know t hat answer w thin--you know, drilling was supposed to
start last fall, October, Novenber, and now with |Inyo
County's contractual difficulties, shall we say, it's hard to
say, it will be the heart of sunmmer probably, and they'll
want ice chests out there and fans, and so on.

BULLEN: Thank you very much. Seeing no other commrents,
and now | have a question, a point of order. W wll declare
t he open forumclosed. But, since | have the list of public

commenters, do you want nme to do it, M. Chairman, or wll

you? GCkay. M. Chairman, | wll continue.
We only have one public commenter who would like to
speak, and she very graciously deferred fromthis norning,

Judy Treichel, would you please cone forward, and choose your
m cr ophone.
TREICHEL: | don't need the list. | need the |ast one.
| totally disagree with the |ast question on there.
| think it shouldn't be on there, and | think it's
i nappropriate. How nmuch could the technical basis be

i nproved by 2010? Well, throughout this program we've had
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just in tinme engineering, we've had just in tine science, and
tal king about just in tinme, you know, the magic year 2010 is
when the trucks, trains, barges, and whatever, are supposed
to be pulling up at the door of Yucca Mountain. So, | would
say that's waiting awfully | ate.

And, | think if there needed to be an inproved
techni cal basis, that probably the Board' s letter at the tine
of site recommendation should have been a little tougher.
know we' ve been through this, and that's water over the dam

But, if the Board is asked by Congress or the NRC or
anybody, when it conmes down to DOE s |icense application,
what do you think, maybe you should say well, we think maybe
t he technical basis should be inproved, and perhaps that
shoul d happen not before 2010, but before any license
application is accepted. So, | needed to get that said.

| found that in the various neetings that |'ve been
to, and Lord knows that | live at neetings, that in this one,
there was very little inportance given to, or attention to
climate change. It was nentioned a lot. It was tal ked about
a lot. But, you' ve got studies that have just cone out from
t he Pentagon and froma big one done in the UK and these are
not al arm st organi zati ons by any neans, and they all have
their own agenda, but they find climte change to be very

dangerous, to be a big deal, and to be com ng very quickly.
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| think the Pentagon study is talking about within the next
f ew decades.

And, ny question would be if they're right, if it's
going to be a big change, if it's going to happen very soon,
what does that do, how does that change everything that goes
on out fromthere? Wat DCE did was to go back a few hundred
t housand years, see what happened, and then flip the chart
over and use that going forward. But, it would seemto ne if
there's going to be sone dramatic change that's unexpected
and has not happened before, that it m ght affect everything
com ng after that.

| always get up here with laundry lists, so | don't
have any segues. | just go down the list. In the discussion
of Pena Blanca, | think that's interesting because it's
al ways brought up as being an anal og, and it may be when
you' re tapping on the rocks and when you're | ooking at how
the materials work out there and what the tenperature and the
setting and so forth, but fromthe public perspective, it's
not an anal og. The comment was nmade that it mght be hard to
know where the, since it's in a uraniummning zone, it m ght
be hard to know where the pollution in the groundwater cane
from because it could have come from one of the other m nes,
or the other places where there's uranium

Well, that's not the case in Amargosa Vall ey.
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Amargosa Valley isn't a uraniummning district. It's a
dairy and farm ng and residential district. So, we're going
to know where the pollution cane fromthere, and you' ve got
clean water now. | don't know if you have clean water at
Pena Blanca. | don't know if anybody el se shares the water
with that site. But, | think I would like to know, and |I'm
sure that the people in Amargosa Valley would like to know.
There's been a |ot of talk about Dr. Bredehoeft's
presentation. | was so grateful for that presentation. It
was a real breath of fresh air, and | told Priscilla | think
that if | had any say over what the Board does, | would
include Dr. Bredehoeft in every session that you have. He
was asked how his information would feed back into what the
project does. Well, once again, going back to where the tine
tabl e and the sacred schedule is that DOE operates off of, |
don't think it does feed back in. The site has been
recommended, and they're in a race to get a |license
application in. |I'"msure that sonme of the data, or a | ot of
the data, is probably frozen. They tal k about work that
t hey' ve got coming up, but if they're going to get a license
application in and have the |licensing support network all
full of their 40 mllion pieces of data by June, it's
probably not going to get back in there.

So, the only place where |I disagreed with Dr.
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Br edehoeft was when he said what's the rush to closure. And,
ny question would be what's the rush to opening. But, of
course, |'ve been asking that for a long tine.

In the area of nodel validation, where | have
absolutely no training, but | listened to the discussion, and
there was sort of the philosophical tal k about validating
nodel s and proving nodels. | guess | agree that you don't
prove the nodel is right. What you find out is that it's not
w ong yet, and when you run it, you can have confidence
bui | di ng, and you can feel good that you' re not wong yet,
you're still right, but not that you've got everything right
conpl etely.

So, | know that in one of the tal ks, the statenent
was nmade that we still have conceptual uncertainty, and
suppose that goes back to that statement right there, and
that issues need to be pursued. |If that's the case, they're
not ready to apply for a license. And, not everything fits
into performance confirmation. |'msure that the performance
confirmation superman is going to fly in to save the day, and
everything wll go in that basket.

There's a whole I ot of things being throw into the
sci ence and technol ogy basket that were never supposed to be
there. This thing has changed 180 degrees from when Bob

Budnitz stood at one of these podiuns and told us what it was
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about. And, it's just going to blend right in to the rest of
the just in time science, and that's not what it's there for.

And, | guess, last, | would |ike very nmuch to thank
DCE for refusing to participate in this |ast session. That
was wonderful. It opened up the m crophone to a whole | ot of
t hi ngs that we would have rather heard. So, |'mvery
grateful for that, and thank you

BULLEN: Thank you, Ms. Treichel. Are there comments

from anyone else in the audience? Seeing none, | guess |
woul d just like to reiterate our Panel chairman's thanks to

both the staff, and to all the presenters and all the
participants in today's neeting, and yesterday's neeting. W
al ways get a great deal of information when we conme to Nevada
for these neeting. And, | think we are adjourned until My
18th, in Washington, D.C. Is that right, M. Executive
Chai rman? What's the date of that neeting? Okay, the third
week in May, Washington, D.C.

Thank you very nuch

(Wher eupon, the neeting was adjourned.)
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