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P-ROGEEDI-NGS
(10:03 a. m)

ACTI NG CHAI RMAN RYAN: The neeting w |
cone to order, please. Thank you. This is the 151st
nmeeting of the Advisory Committee on Nucl ear Waste.
The nmeeting will come to order. This is the first day
of the 151st neeti ng.

My nane i s M chael Ryan, Vi ce-Chairmn of
t he ACNW Chai rman John Garrick i s unable to attend.
The ot her nenbers of the cormttee present are Ceorge
Hor nberger and Ruth Weiner. Al so present are
consultants Allen Croff and Jim d arKke.

During today's neeting, thecommttee will
conduct a wor ki ng group on t he geosphere transport of
radi onuclides at the proposed Yucca Mountain
hi gh-1 evel waste repository.

John Larkins is the designated federal
official for today's initial session. | believe that
he is not present at the nonent. So, Howard Larson,
you wi I | serve as the designated federal official for
t oday' s openi ng session. Thank you.

The neeting 1is being conducted in
accordance with t he provi si ons of the Federal Advisory
Conmittee Act. We have received no requests for tinme

to make oral statenments from nmenmbers of the public
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regarding today's sessions. Should anyone wi sh to
address the Comm ttee, please make your w shes known
to one of the Committee staff. It is requested that
speakers use one of the mcrophones, identify
t hensel ves, and speak with sufficient clarity and
vol unme so that they can be readily heard.

Before startingthe first session, | would
like to cover sonme brief items of current interest.
First, Dr. Latif Handan officially rejoinedthe staff
on June 7, 2004 as senior staff scientist. Dr. John
Flack will jointhe ACRS-ACNWof fice staff as a seni or
technical adviser in July and should be present at
this neeting.

Dr. Bruce D. Marsh has recently been added
as an ACNW consul tant. Dr. Marsh is professor of
i gneous petrology in the Departnent of Earth and
Pl anetary Sci ences at t he Johns Hopki ns University in
Bal ti nore. H's research interests also include
geophysi cs and magnma dynami cs. Dr. Marsh brings with
hi man i npressi ve set of academn c credentials, andthe
commttee | ooks forward to working with him

| would also |ike to recognize our renote
| ocations. And we are set up fromSan Antoni o at the
Center for Nuclear Waste Research. Welcome to the

center. Can you see and hear effectively?
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7
DR. SHETTEL: Yes. W can see and hear

effectively.

ACTI NG CHAI RMAN  RYAN: Wonder f ul .
Technol ogy is working with us. Thanks very much.

MEMBER HORNBERGER: Al so Las Vegas.

ACTI NG CHAI RVAN RYAN: Al so Las Vegas is
available as well. So thank you very nuch.

Wthout further ado, | wll turn the
wor ki ng session over to Dr. George Hornberger. Dr.
Hor nber ger ?

MEMBER HORNBERGER: Thank you, M ke.

As M ke said, today we are going to have
a working group neeting on geosphere transport of
radi onuclides. The part 63, the regul ation, requires
that the NRC evaluate any |icense application to
ensure that there are nultiple barriers that are
effective in the system And the geosphere does have
to function. It is supposed to function as part of
the overall systemto provide safety.

And so we convened this working group
neeting to hear the latest information that is
avail able. And basically for the NRC, the question
will be as stated in the agenda. For Yucca Mountain,
do t he concept ual nodel s, mat hemat i cal

i mpl enentations, and site data, provide confidence
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that the geosphere can retard the transport of
radi onucl i des.

We have a distinguished panel. Most of
t he panel is here. And Neil tells ne that we have one
renote panelist, but he's not really a renote
panel ist, just a panelist who is joining us renotely
from Las Vegas.

| wll actually Ilet Sharon Steele
i ntroduce the panel nenbers for the record.

M5. STEELE: Ckay. Thank you.

For the record, it is ny pleasure to read
t he bi os of the panel menbers. First, tonmy far left
is Dr. Janes A. Davis. He's a senior research
hydrol ogist with the U S. Ceol ogi cal Survey. He has
directed a l ong-termresearch programon the fate and
transport of contam nant nmetal s and radi onuclides in
gr oundwat er .

He has served as Program and Division
Chair of the CGeochemistry Division of the American
Chem cal Society and as an Associate Editor of the
j ournal WAt er Resources Research. Dr. Davis has al so
served on the technical directionteamof the Sorption
Proj ect for the Nucl ear Energy Agency, OECD, in Pari s.

To Dr. Davis' right is Dr. Richard

Pari zek. He is a professor of geology and
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geoenvi ronment al engi neering at Penn State. He is
Presi dent of Richard R Parizek and Associates, afirm
of consulting hydrogeol ogists and environnental
geol ogi st s. He is also a registered professional
geol ogi st.

On February 11, 1997, President Bill
Clinton appointed Dr. Parizek to the Nuclear Wste
Techni cal Review Board. 1n 1990, he was appointed to
an adm ni strative | aw judgeship on the Atom c Safety
and Licensing Board Panel of the U'S. Nuclear
Regul atory Commi ssion. He left that position upon
appoi ntnent to the Nuclear Waste Technical Review
Boar d.

Pl ease note that when nenbers of the
Techni cal Revi ew Boar d speak ext enpor aneously, they're
speaki ng on behal f of thensel ves and not on behal f of
t he board. When stating a board position, it will be
identified as such. And that position w |l generally
be published and avail able on the NWTRB Wb site.

Over to ny far right is Dr. Ines Triay.
She is the Deputy Chief Operating O ficer for the
Departnent of Energy's Environnmental Managenent
Program Her work i s heavily focused on coordi nating
t he envi ronnment al managenent' s hi gh-1evel radi oactive

wast e programand provi di ng techni cal expertisetothe
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Ofice of GCvilian Radi oactive Waste. Previously she
managed t he department's Carl sbad field office in New
Mexi co, where her work focused on solving problens
associ ated with radi oactive waste.

Dr. Triay began her career as a
post doctoral staff nmenmber in the | sotope and Nucl ear
Chem stry Division at Los Al anps National Lab. She
progressed through many positions to Acting Deputy
Director of the Chem cal Science and Technol ogy
Division and to group |eader for the Environnental
Sci ence and Water Technol ogy G oup.

At Los Alanpbs, she researched and
devel oped various techniques for renoval of
radi onuclides fromthe environnent and | ed the team
t hat was responsible for the first transuranic waste
to be shipped to the waste isolation pilot plant, or
W PP, whi ch began operations in March of 1999.

Joining us from Las Vegas is Dr. Don
Shettel. He is Chairman, Vice President, and Seni or
Geochem st with Geosciences Mnagenent Institute,
| ncorporated in Boulder Cty, Nevada.

He has been a scientific consultant on
hi gh-1 evel nucl ear waste disposal since 1986.
Currently he is a consultant to the State of Nevada

and has consulted with Nye County in the past. He has
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al so consulted wi t h Chat ham County, North Carolina on
| ow | evel radioactive waste di sposal, the Saskat chewan
Envi ronment al Research Council for Hi gh-Level Wste
Di sposal in Canada, and with the M nnesot a Depart nent
of Natural Resources and M neral Exploration.

Before consulting, Dr. Shettel was a
senior research geochem st wth Exxon Production
Resource Conmpany in Houston, Texas and a senior
geoscientist with Bendex Field Engineering Corp. in
Grand Junction, Colorado, where he worked on the
Nati onal Urani um Resource Eval uati on Program

Dr. Shettel has advanced degrees, Master's
of Science and Ph.D. in geochem stry and m neral ogy
from Penn State, and a Bachelor's of Science in
geol ogy fromthe University of M chigan.

That's it.

MEMBER HORNBERGER:  Thanks very nuch

' mvery pl eased that we have this pane
joining us. | think what we are going to do now is
just start right in, junmpin. JimDavis is going to
do the keynote presentation on a new approach to
nodel ing retardation by sorption at the field scale.

DR. DAVIS: Thank you, George.

| want to thank George and the other

menbers of the working group for inviting ne.
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| hope to present this new approach that
we have used in a nodeling for potential perfornmance
assessnent denonstration of a | owl|evel waste site,
but 1 think the approach that we used coul d have sone
scope for thinking about a new way of thinking about
nodel i ng and t he geosphere transport problemat Yucca
Mount ai n.

| do want to acknow edge ny co-author,
Gary Curtis, who has done the reactive transport
nodeling sinulations | will be showing. Thereis also
an arny of other people that have hel ped, especially
with the fieldwrk. This research was supported by
the Nucl ear Regulatory Commission, the Ofice of
Regul at ory Research

Next slide, please. Now, whether it's
| ow- | evel waste or high-level waste, the goal hereis
to get to a performance assessnent evaluation. At
| east part of that assessnment is evaluating when
radi onuclides reach a receptive audience or
popul ation. Wth respect to the saturated zone of an
aquifer, we would like to do this with a reactive
transport nodel that takes into account both
groundwat er flow and dispersion. And in the ideal
case, we would be able to incorporate as nuch

i nformati on as we know about the chem stry and even
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t he m crobi ol ogy t hat woul d i nfl uence the transport of
what ever contam nant or radionuclide that we're
interested in that causes a risk.

So the ideal situationis we buildin sone
very detail ed know edge of our reaction processes and
we would be able to put that together with a flow
nodel that worked at the field scale. That is ideal.
And we wi |l see where we have to nmake sinplifications
in the process in order to reach an answer.

Next slide, please. | amgoing to speak
sol ely about sorption during my talk. Well, thereis
a small part where | may be tal ki ng about reduction,
but for the nost part, I'mgoing to be tal ki ng about
sorption and how chem stry affects sorption

I f we | ook at the classical definition of
retardationwith alinear distributioncoefficient, we
see when you have transport down a colum, if you have
a nonreactivetracer, thisis the concentration of the
nonreactive tracer that has been introduced in a
pul se. And its dispersion or mxing causes its
concentration to vary along the front. Then a sorbing
solute is retarded. And its transport is not as fast
as the nonreactive tracer.

We can describe the retardation in termns

of the porosity and the bulk density and a
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distribution coefficient, K,, if this paraneter hol ds
constant. The K, is defined as the absorbed quantity
of the absorbi ng radi onucli de divided by the di ssol ve
concentration of the radi onuclide.

Next slide, please. Now, the problemwth
el enents that have conplex chem stry, some
radi onucl i des have very si npl e aqueous chem stry. For
exanpl e, cesiumand strontium when they are di ssol ved
in water, they are dissolved as the ions. They
typically do not formother types of agueous speci es.

The actinide elenents, however, have a
very conpl ex aqueous chem stry. And that causes K,
val ues for the sorption of el enents |ike uraniumto be
qui te dependent on the chem stry of the water. So,
for exanple, what is shown here is the |og of the K,
for uranium absorption onto anorphous iron oxide or
ferrihydrite. And you can see over this rather |arge
pH range it varies by a |l arge anount, by many orders
of magni t ude.

But the thing | really want to point out
is not so nuch the overall pH dependence but the very
i nportant dependence on the carbonate concentration,
whi ch is shown here where all of these solutions are
equilibrated with either air, the partial pressure

carbon dioxide in air, or an atnosphere that is one

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

15
percent CO,.

Now, one percent CO, is a very conmon
val ue for groundwater systens, which actually can go
much hi gher than this as well under natural conditions
and even higher in contam nant plunes. But the
inmportant thing is to | ook at how nuch for a system
that is a one percent CO, a comon value in
groundwat er, what that does to the pH dependence in
t he regi on between seven and eight, which is a very
conmonl y observed pHrange in natural waters. The K,
for uraniumvaries by four orders of magnitude. So
this is a problem for an approach where we would
assume a constant K, val ue.

Next slide, please. This is a graph of
t he urani um aqueous speci ation for a specific set of
conditions; that is, ten m cronolar uranium whichis
about two parts per mllion of uranium This is
rel evant to concentrations you will see later in the
tal k.

And if you go back one slide, the reason
t he absorption or the K, cones down at this high pH
range, next slide, is because of the formation of
aqueous carbonate conpl exes, which effectively pull
t he urani umoff the surface. The urani umwoul d rat her

be dissolved in solution with these carbonate ions
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t han absorbed on the surface.

So these red ones are the carbonate
conpl exes. The blue ones are nulti-nucl ear species
t hat conplicate the urani umaqueous chem stry as you
get up to higher concentrations. This is all again
equilibrated with the partial pressure of carbon
dioxide in air.

Next slide, please. And, as | pointed
out, though, the speciation is al so dependent on the
partial pressure of carbon dioxide itself. Here we
have a plot of constant pH of 7 or one mcronolar
urani um which is about 238 parts per billion. And
here we show the speciation as a function of the
partial pressure carbon dioxide.

So at -2, thisisthelog. Sothisis the
one percent value | was tal king about before. And
this is ten percent CO, out here. This is the range
t hat we observed in the field systeml| amgoing to be
tal king about in a mnute. So, even at constant pH,
as you vary this partial pressure of carbon di oxide,
t he speciation is changing in solution.

Next slide, please. So in ternms of
conceptual nodels for describing sorption in solute
transport, the common practice by consultants and for

|l ow-1evel waste situations is to assune that a
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constant K, can be used because this is a sinple way
to nove forward. This approach, however, it shoul d be
noted is valid only if you have |inear absorption in
constant chem stry throughout the space in tinme that
you are nodel i ng.

Some have tried to introduce nore
conplexity by introducing a different type of
nonl i near i sotherm such as a Freundlichisotherm but
this al so only applies at constant chem stry. Sothis
doesn't really fully take into account what we
observed in contam nant pl unes.

I n contam nant plunes, we have variable
chem stry and we have conpli cated aqueous speci ation
reactions that affect the anmount of absorption in
addition to the nonlinear absorption.

In this case, we have naybe two choi ces.
We have surface conpl exati on nodels, whichl will show
inamnute, couplingthe quantification of absorption
wi t h t he aqueous speci ation; or we cantry to descri be
the distribution of K, values that m ght occur as a
result of the change in the chem stry.

Next  slide, pl ease. The surface
conpl exation nodels are sinply a way of describing
absorption with a mass law, which is the sane way we

descri be our equilibriumchem stry, our solubilities.
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It's the way thernodynam cs works, by determning
stability constants and then describingtheequilibria
that result by a nass |aw.

And in surface conpl exati on nodel i ng, we
acconpl i sh the sane way of describing absorption by
witing reactions that involve specific sites on the
surface particles, reacting with an aqueous species
that is a master conponent for the equilibrium
cal cul ation, and then you have a stability constant
that is equal to the concentrations of these species.

And so this is a surface species, just
like this is an aqueous species. And so we can
calculate the ampunt of this surface species that
exists at a particular pH value via this constant.

The inportant thing is that; whereas,
absorption is a function of pH, if we had done our
nodel correctly, this constant is not as independent
of pH, just |ike uranium aqueous concentration with
acetate, that stability constant we can | ook up in the
literature. That is independent of other values. W
want this value to be independent of the chem stry;
whereas, K,;,, as | have shown, is a very sensitive
function of the pH

Next slide, please. And then we can

couple these constants that we determned for
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absorption. And then there is only one shown here.
There may be nore than one in the nodel.

W can couple these in an equilibrium
calculation wth thernodynam c data for aqueous
speci ation or thernodynam c data for solubilities.
And so we can coupl e our absorption reactions together
with our thernodynam c database that we have for
descri bing equilibrium

And so, for exanple, this constant coul d
be coupl ed toget her with the constant for formation of
t he uranyl carbonate conplex. And so you can see by
that mechanism that if we add bicarbonate to the
system it starts toformthis species, which conpetes
with the formation of this. And, therefore, you can
decrease absorption by formng this conplex. So now
i deal 'y this constant shoul d al so be i ndependent of pH
in the carbonate concentration

Ckay. Next slide. Now, | nentioned
before at the beginning that ideally we would like to
incorporate all of our know edge of reaction
mechani sms into a solute transport nodel, but this
becomes very difficult because our know edge is
constantly advanci ng.

For exanpl e, the species that | have j ust

shown on t he surface, while commonly t hought to be the
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absorbed uranium species, we are now showing in
surface spectroscopy studies -- for exanple, inthis
study that | was a part of, we absorbed uraniumonto
the iron oxide mneral hematite in the presence of
air. And at all pH values, we found using access
spectroscopy that uraniumwhen it's absorbed al ways
has a carbonate, one or two carbonate, ani ons attached
to it.

So it's not a bare uranium ion, uranyl
cation that absorbs on the surface. |In fact, it's
somet hi ng nore conplicated than that. And this was
true at all pH val ues.

So our previous know edge of how urani um
absorbed on the surface is incorrect. And now we are
working insystenms with silicate. W are finding that
uranyl silicate conplexes also form on iron oxide
surf aces.

So our know edge about the actual chem cal
speci es that occur on the surface i s advanci ng now as
a result of advances in spectroscopy. Wth the
Syncatron accel erator radi ation, the detectionlints
are dropping. And we are able to determ ne nore and
nore about the details of these surface reactions.

Next slide, please. So that nakes things

a little difficult because our know edge, our
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scientific know edge, is advancing. And we can't
constantly be to the m nute or to the day adapti ng our
codes.

So as far as applying the surface
conpl exati on nodel in natural systens, the approach
t hat nost peopl e have taken has been to take the nost
advanced know edge that we have, which is based on
studyi ng absorpti on onto pure m neral phases that are
representative of what m ght be present in a soil or
a sedinent and devel oping the surface conpl exation
nodel and then trying to extrapolate that to the
natural system either by addi ng up the contri butions
of i ndividual m neral phases present in a soil sanple
or what have you

What we have done in this study that | am
going to showthat is different is we have backed of f
of that need to know all of the details and
i ncorporated that into the nodel. W are using what
| woul d cal |l as an engi neeri ng approach to devel op t he
surface conpl exati on nodel

VWhat we do is we coll ect data relevant to
field conditions using the field materials. And then
we make various sinplifications to the nodel that
allow us to nove forward with a fairly precise and

accurate assim |l ator of the absorption as a function
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of aqueous conditions. Il will show what | nean
Basically, this is the new part that | am going to,
"new' in parentheses, be talking about.

Next slide, please. Now, the site that I
am going to describe where we did our work is the
Naturita UMIRAsite, which is | ocated i n sout hwestern
Col orado al ong the San M guel River. There was a ml|
there that operated for 20 years, from'38 to '58.
And shown here is an aerial photo from 1974.

Here you see the tailings. The river in
this slide is flowing down this way. W have this
reach. Thereis atwo-kiloneter reach here, where the
aquifer is recharged by the river up al ong here, just
above t he edge of the slide. And then the groundwat er
fl ows down t hrough t he reach and di scharges along this
ar ea.

This is a funny thing you see fromspace,
a former go-cart track that was, in fact, built on
tailings. So all of the dust was being ki cked up and
breathed by the kids riding around on this go-cart
track, | guess, back in the '50s.

Next slide, please. There are a |ot of
houses out there. The foundations are built wth
tailings also. Very interesting place.

This is another aerial view of the
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Naturita site in 1996. This is where the mll| yard

was formally located. Now, at this point, the DOE
UMIRA program the tailings had been renoved in 1979,
but here the surface remedi ati on was occurring. And
parts of the vadous zone were being dug up inthe md
'90s and carted off to alandfill. So that's why you
can see that there are pits out here at the site.
This is where the tailings used to be.

| amgoing to talk a | ot about a one-tine
uncont am nat ed sedi ment sanple we col |l ected here and
work with. So that was up-gradient of all of the
cont am nati on

Next slide, please. So our approach for
devel opi ng and testing the surface conpl exati on nodel
was to characterize the groundwater flow and
geochem stry at the site, measure urani umabsorption
on the wuncontam nated sedinment sanple that we
collected, fit asorption nodel tothat sorption data
and then to test that nodel in the field using the
same uncontanm nated sedi nent sanples suspended in
wells in the uranium contanm nated area and also
renmovi ng contam nated sedi nents fromthe aquifer and
studying the wuranium that was absorbed on those
sedi ments as a test of the nodel. Then, finally, we

did reactive solute transport nodeling and a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

24

conparison of constant K, and SCM approaches.

Next slide, please. SCM stands for
surface conpl exati on nodel. Sorry.

So here these red dots are all of the
wells that we put in at the site. Agai n, the
groundwat er recharge occurs here at this reach. There
was al so a database that ran from 1986 to 1996 from
the Departnent of Energy wells that they had there
before they started their surface renmedi ati on. That
data set was extrenely valuable to our study.

Again, it's a two-kiloneter reach. And
the flow direction is this way. W have a bedrock
fl ow boundary on this side and the river boundary on
this side.

Next slide, please. Now | am going to
show sonme of the concentration contours that existed
in 1999 at our first sanpling. These are the urani um
concentration contours, ranging from two to ten
m cromolars. So that's 400. Two is 450 ppb and 10 is
2.3 parts per million. This is the original area of
contam nation. So you can see that the urani um has
noved out of that area and is discharging to the
river.

The pH throughout this region is

relatively constant, around 7.1. The alkalinity
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vari es considerably. That has to do with the fact
that there is calcite in the vadous zone material .
And these tailings were either acid-extracted or
base-extracted and then placed on the ground. As
precipitation fell onthe tailings, the water woul d go
into the vadous zone and dissolve calcite to create
these alkalinity plunes. There are alkalinity
gradi ents that are associated with the contam nation
itself.

The result, if you take these pH val ues
and these alkalinity values that were neasured, the
result, the range in pressure of carbon dioxi de that
exi sted in the aquifer was approximtely one to ten
percent. And at any point in the aquifer, the
di ssol ved cal ci umconcentrati on was control |l ed by t he
solubility of calcite.

Next slide, please. The groundwater is
poi sed in a suboxic condition. There is very little
di ssol ved oxygen. And this is true even up-gradient
of the contam nation, So there are biological
reacti ons.

As the river water cones in, it is quickly
the oxygen is renoved by degradation of organic
car bon. There is no nitrate in the aquifer. And

there is sone evidence of mnmanganese reduction
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occurring.

Then down-gradient, where it was a
| ower-lying area and there was a lot nore -- this is
nostly barren. And down here there were a |ot of
cottonwood trees. And so there is a lot nore.
Veget ati on became vegetation on the ground. Thereis
evi dence of iron reduction occurring in the aquifer.
No sul fide was detected in the aquifer.

Next slide, please. Sothis cross-section
istogive you an idea of the texture of the materi al,
very cobbly, high-gradient nountain stream The
mat eri al used in our experinments was actual |y dug out
wi t h a backhoe frombeneath the water table. But this
gi ves you an idea of the texture.

We used the material that was | ess than 3
mllineters, which was 15 percent by weight of the
sedi nent but had 85 percent of the urani umabsorpti on.
The sedi nent was primarily quartz and feldspars with
calcite, iron oxides, and some cl ay.

MEMBER HORNBERGER: Jim give us a sense
of the scale.

DR. DAVIS: Right here?

MEMBER HORNBERGER:  Yes.

DR DAVI S That is about 10-12 feet

t her e.
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Next slide, please. But all of the
material came from bel ow t hat.

Next slide, please. So this is a plot of
t he experinents that we did with the uncontam nated
mat eri al . They were batch experinments done wth
artificial groundwater with equilibration for four
days.

VWhat is plotted here is the log of the
urani umK, ver sus t he di ssol ved urani umconcentrati on.
So it's plotted as an isotherm You m ght often be
used to seeing these plotted as a function of pH, but
we can't do that here because of the calcite in the
sedi nent s.

For each partial pressure carbon dioxide
that we used in this experinents, you get one pHval ue
at equilibrium So each of these partial pressures of
car bon di oxi de, whi ch were i nposed on the system gave
us a different pH val ue.

You can see as you go to higher partia
pressures of carbon dioxide, the absorption is
dropping or the K, is dropping. Again, thisis |og of
the K, So this is one and this is ten. There is
also a dependence on the K, on the wuranium
concentration itself. As the uranium concentration

goes up, then the K, i s dropping.
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Now, agai n, these experinments were doneto
m mc natural conditions. Thisis not |ike aresearch
study to just get at these relationships. Al of
t hese conditions actually exist out in the aquifer.

Next slide, please. Now, just as a
t angent now, you can see the difficulty that we m ght
have in applying a forward nodel, instead of this
engi neeri ng approach. Here is an exanpl e of what the
mat eri al | ooks |ike.

VWhet her you are | ooking at a quartz grain
or a feldspar grain, what we have on top of these
grains are extrenely thick coatings, several hundreds
of nanoneters thick of illite/snectite clay. And
enbedded within those are lots of iron oxide
particles, sone of them goethite and some of them
ferrihydrite that is formatting goethite.

The scal e bar here is 100 nanoneters. And
this is sitting on the top of a quartz particle, then
down here a scal e bar of ni ne nanoneters. You can see
the goethite rods. And there are many of them |If
you | ook here backed away, there are nmany of these
goethite rods imrersed in this clay.

Soif we were goingtotry to construct a
forward prediction of uranium absorption, we would

have to know how the uranium absorbed onto
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illite/smectite clay, howit absorbed onto goethite,
how it absorbed onto ferrihydrite, and how we have to
try to enunerate the surface area of each of these
types of mnerals present. It is a very difficult
thing to do to get an accurate prediction fromthese
nmeasurenments made in the lab with single mneral
phases.

Next slide, please. So, again, in this
study, we wanted to take an approach where we fit the
data with an i nverse surface conpl exati on nodel. And,
tosinplify it further, we have no electrical double
| ayer, which is a cormon conponent of the other types
of approaches, to use either a diffuse | ayer nodel or
atriple layer nodel to take into account the effect
of surface charge on absorption.

Thi s nodel has no el ectrical doubl el ayer.
And we are able to describe the absorption that we
nmeasured in the lab as a function of pH and parti al
pressure  of carbon dioxide in the uranium
concentration using these two surface reactions.

So we have these two surface reactions.
Next slide. And we couple those together with the
t hernodynam ¢ data for the aqueous speciation. Go
back one, please. And the result is that we can now

descri be these data fairly accurately.
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Next slide and go on. So that is how we
devel oped the nodel. Next | want to tal k about the
tests we did of the nodel. We didtwo types of tests.
One was t o suspend uncont am nat ed sedi nents, the sane
ones that we had used i n our batch experinments in the
| ab, suspend themin bags i n the urani umcontam nat ed
part of the aquifer.

So these red dots are wells that we
suspended that material. There is arange of chem cal
conditions in each of these wells. The sanples were
suspended for 3 to 15 nonths, but we saw no tine
dependence. In fact, we probably coul d have suspended
themfor a period of tine fromfour days to a week and
gotten the sane results.

Next slide, please. The other type of
tests we did of the nodel was to renove contani nated
sediments fromthe aquifer. This was very difficult
to do because of the cobbles. W never were able to
obtain cores, which we wanted to obtain. Ve were
driving the drillers crazy trying to do that. But we
were able to obtain material fromeach of these hol es
as we were putting the wells in place, sonetinmes by
collecting cuttings fromthe saturated zone.

And on each of those sanpl es, we neasured

t he amobunt of urani umthat was absor bed by an i sot opic
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exchange technique in the |aboratory. So fromthe
nmeasur enent of the dissol ved uraniumin the water and
this neasurenent of the absorbed uranium we could
calculate an in situ K, and conpare that to what our
nodel said should be there.

Next slide, please. So this slide shows
in a general way a conparison of the K; values
neasured for the field sanples wth our nodel
predi cted values. The nodel predicted ones are the
clear, and the neasured are the shaded.

VWhere it says "NABS," that 1is the
background sedinment, Naturita aquifer background
sedi ment . So that is the uncontam nated sanples.
This is the K, but notice it is plotted in a
geonetric scale. And then over here are values for
cont am nat ed sedi nents.

Wth the exception of these wells down
here, the final two, we got within a factor of two
bet ween t he nodel and the neasurenents, measurenents
made in the field.

These two down here, | probably won't have
time to talk about it until in the discussion section
if someone is interested. W believe these are down
where we have neasurenents of ferrous iron in the

aquifer. And we believethat, inadditionto absorbed
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Uranium 6, there is al so reduced Urani um 4 present on
t hese sedi nents.
Next slide, please. Now !l want to nake a

poi nt here. W have variability in the K; value for

t he uncontam nated sedinents. The K, varied by a
factor of 22. That is one sedinment put into 17
different wells, each well having a different

chem stry. And so because of the di fferent chem stry,
we got a variation in K; of 22.

| f you take the contam nated sedi nents,
which are 14 different sedinments collected spatially
t hroughout the site, and put them into one water
sanpl e, which is an artificial gr oundwat er
equilibrated with lab air, you only get a factor of
2. 5.

So nmy point here is that the K, variation
that we are observing in the aquifer is primarily due
to the variation in water chemstry, not due to a
large range in the variability in the absorptive
properties of the sedinents.

Next slide, please. Sothat is summari zed
her e. | am not going to go into it, but we have
observed exactly the sane thing at another site, in an
aqui fer at Cape Cod, where we have a | arge variation

inK,primarily due to gradients in pHval ues. Again,
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we have made t hi s ki nd of conparison, and we find that
the K, variation at the kiloneter scale is primarily
due t o aqueous chemi stry and not due to changes in the
properties of the sedinent.

Next slide, please. So nowl| amgoing to
go to sone transport nodeling and sonme sinul ations.
Here are 1-D sinul ati ons, now where the absorptionis
described by this what we call the sem -enpirical
absor pti on nodel

And what we have done here, the initial
conditioninthis colum is the background conditions
in the aquifer, pH 7.1 and low alkalinity. And then
we change the inlet at tine equals zeroto a different
condition, where we either vary the pH, the uranium
concentration, or thealkalinity and whil el eavingthe
other two variables constant at their average val ue.

So, for exanple, here at the inlet, we
change to an average uraniumand al kalinity. And we
vary the pHover the whol e range observed i n 459 wat er
chem stry neasurenents t hroughout the site. The range
that we | ooked at was fromthe m ninum value to the
maxi mumval ue. And the average val ue i s shown here in
t he bl ack.

VWhat you see here is the pH variation we

see at the site is not affecting the transport very
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much. That maybe isn't too surprising because we
don't see a huige pH variation at the site. The
variabl e uranium concentration has a nmuch |arger
effect. At the higher uraniumconcentrations, we have
| ess retardation.

So t he maxi mumconcentrati on i s shown out
here. So the variabl e uraniumconcentration has this
much effect on transport, but we see that the | argest
effect is the variable alkalinity that we observe at
the site. This definitely has the | argest inmpact on
how f ast the urani umis being transported. Again, the
variations that we are |ooking at here are based on
t he actual field observations.

Next slide, please. Now, if we | ook nore
closely at the effects of alkalinity on the nodel K,
val ue, what is shown here now, for a constant pH of
7.1 is variable uraniumconcentration and al kalinity.
And you can see that the K, is going down as we
i ncrease the urani umconcentration or as we increase
the alkalinity. These are nodel response curves.

Now and for the rest of the talk, | am
goi ng to be tal ki ng about cobbl e-corrected K, val ues.
Now our | aboratory neasurenments were nade on the | ess
than three-mllinmeter material. And now we have

corrected up the surface area to consider the entire
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porous nedium | can tal k nore about howwe did this
at the end if someone is interested.

Now | want to point out t hese
concentrations here at an alkalinity of about 11 and
10 mcronolar uranium this is about the peak of
al kalinity and uraniumin the aqui fer. Qur nodel says
t hat that should have a K; of about .32, which would
result in a retardation factor of 3.9.

Next slide, please. Now, if you put those
values into a colum, now where we have the initial
condition is the background conditions and t hen we put
in a pulse of one pore volune, if we nodel it with a
constant K;, we predict retardation of about 3.9, as
| said, but with a surface conplexation nodel, we
predict alot nore retardation. And that is because
the alkalinity disperses in the colum. And this
causes the uraniumto absorb nore strongly; whereas,
that is not taken into account in the constant K
appr oach.

Next slide, please. You can see that
here. This maybe is too conplicated to get into in
detail. Basically, what happens, as we see in the key
to figure, is that we have a plot of alkalinity,
uranium and then sinmulated K, val ues.

VWhat happens in this one pore volune
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injection is that the alkalinity is not retarded and
the uraniumis. So the alkalinity is separating from
t he uraniumat the beginning, and then the alkalinity
noves off. There is a uranium peak that follows at
the end of the alkalinity pulse. And by two pore
vol umes, they have conpletely separated. So this is
why this increases the uranium retardation in that
si mul ati on.

Next slide, please. Now, in the aquifer,
we don't have a one pre volune injection. W had the
tailings in the mll yard here. And they were there
for decades. W had rain falling on the tailings.
And that was our input. That is a continuous input,
not a one pore vol ume input.

So now | am going to describe the 2-D
reactive transport nodeling that we have done. W
have the source area, this brown area, this regionin
t he aqui fer. The hydraulic conductivity was esti mated
from age dating and fromtransport of chloride that
was observed as a function of time in the DCE data
set. There was a chloride plume froma salt roaster
| ocated at a specific place here. And we could see
with time the chloride, howfast it had noved to the
aqui fer.

So we used those two things to estinate
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t he hydraulic conductivity in the aquifer. And then
we had contam nated recharge bringing uranium and
alkalinity intothe aquifer at arate -- the recharge
was one percent of the annual precipitation. So it
was a continuous input.

Next slide, pl ease. These showed results,
the conparison between the observed uranium and
al kal i nity val ues, conpared wi t h our simul ati ons usi ng
the surface conplexation nodel for 62 years of
simul ated transport.

A conservative tracer woul d t ake about 33
years to travel the whole 2 kiloneters in this aquifer
on average. There is not one velocity because the
flow nodel -- there is a velocity flowfield here in
the flow nodel. And their velocities are faster in
certain places, especially close to the river, and
sl ower over here near the bedrock surface, which is
why sone of the highest concentrations are here. And
they are | ess influenced by the river.

You can see we have reasonabl e agreenent
between the observed wuranium contours and the
si mul at ed urani umcont ours usi ng t hi s absor pti on nodel
that we developed in the lab wth uncontam nated
sedi nent .

Next slide, please. And the inportant
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thing is to notice that K, varies not only in space.
It also varies in time because of the evolving
chem cal conditions in the aquifer. And the nodel is
able to handl e that.

The | mpor t ant t hi ng about this
distribution of K/s is this is not a random
distribution of K, values. This has spati al
character. And the spatial character arises fromthe

changi ng chemi cal conditions as a function of time and

space.
Next slide, pl ease. W have eval uated t he

nodel. |'mnot going to go into that in any detai

except to state the conclusions. W have done a

sensitivity study. And the conclusion of that and
what we wanted to do was to conpare the sensitivity of
our absorption paraneters to what we under st ood about
t he hydraulic connectivity.

And here is a rough guide. The nodel is
nore sensitivity to the hydraulic connectivity than
the surface conpl exation paranmeters. So that is an
important thing to understand. W are |ess certain
about this value than we are about these others or at
| east this has a bigger inpact.

We had no el ectrical doubl e | ayer nodel |

mentioned. So we tested the result of matching this
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species up with an anion, a major anion, in the
groundwat er to see if changing the charge here woul d
have an effect on transport. It does not have an
effect.

And we al so used rate | aws devel oped from
ki netic studies, batch studies, in the lab to see
whet her our | ocal equilibriumassunption was vali d.
We again got identical results, whether we used the
ki netic transport nodel or a | ocal equilibriumnodel.

Next slide, please. Wwere aml on tine?

ACTI NG CHAI RVAN RYAN:  You' re doing pretty
well. If you could wap in, say, five nore m nutes,
t hat woul d be good.

DR. DAVI S: kay. So we have done
simulations of future uranium mgration. In
particular, in this project we were working with NRC
staff to do an actual performance assessnment of a
receptor. And so this was done by Ral ph Cady in the
NRC O fice of Regul atory Research and i s i n our NUREG
report.

We have al so conpared constant K; versus
surface conpl exation transport sinulations, starting
fromthe observed conditions in the field, sinulating
transport for 500 vyears, and conparing peak

concentrations, flux to the river, and cleanup tine.
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Next slide, please. This shows the range
of K, values and retardation factors that we used in
the constant K; approach. So we have this
distribution of K, values predicted. This is
predi cted by t he nodel given the aqueous chenmistry in
t he aquifer. And then these are the distribution
actual ly measured wi th contam nated sedi nents by the
i sot opi ¢ exchange. The results, the ones |'mgoingto
show are fromthe isotopic exchange distribution.

Next slide, please. So this shows
simul ated cleanup times for an observation point
that's up-gradient in the contam nant plune at the
current time for this point in space right here. And
t he question is, howlong would it take to get to the
drinking water standard, which is about 10"
m cronol ar or 107 nol ar?

And you can see that the red slides are
for the constant K; sinulations. This uses the range
of K, values, again, that were found for all the
contam nat ed sedinents. This is the highest K, out
here. So it takes longer to clean up at this point.

And this is the |lowest K,;, which punps
fast. But the main thing is that the slope is quite
different for the surface conpl exati on nodel. Again,

that gets into the fact that as uranium noves, the
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alkalinity is changing. And so things don't really
have the sane kind of slope as you get in a constant
Ky simul ation.

Next slide, please. This shows sinmulated
peak concentrations at an observation point. This was
the observation point wused for the perfornmance
assessnent anal ysi s that was done by Ral ph Cady. This
again shows the initial condition, which was the
current condition in 1999, and this shows the peak
concentrati ons.

For the K; simulations, the peak
concentrations are always the same. And it has to do
with this peak, this highest uranium concentrations
passi ng through this observation point.

And the K, just determ nes how fast it
gets to the observation point. It doesn't change the
peak concentration; whereas, wth the surface
conpl exation nodel, you actually get a smaller peak
concentration as a result of a change in chem cal
conditions in the aquifer

Next slide, please. This last oneis to
show results for concentrations in a punped well
This was again part of the performnce assessnent.
This well was punped for donestic use at a rate that

| don't remenber
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The thing that isinteresting hereis that
the constant K, simulations don't bracket what
actual Iy happens with t he surface conpl exati on nodel .
You actually get a higher concentration of uranium
comnginat anearlier tineinthese simulations than
you do for any of the K, simulations. And the reason
is as you punp this well, higher alkalinity water
starts to come into towards the well and then exists
there at the current tine. So that this higher
al kalinity water cones in and changes the properties
relative to any of the constant K, sinulations.

Next slide, please. So | will show the
conclusions of this slide, and then | just have a
coupl e of slides for discussion about how this m ght
be interesting to think about in terns of the
geosphere at Yucca Mount ai n.

The conclusions from our work are that
current reactive transport nodel s can acconmodat e t he
surface conpl exati on concept. W don't think the use
of the constant K, concept is really required froma
t echnol ogy point of view The codes can acconmodat e
t his concept.

The real issue is how do we paraneterize
t hese nodels? And that is what has been | think

different about our approach, the way we have

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

43

approached the probl em of paraneterizing.

We think that this kind of nodeling can
reduce uncertainty with respect to sorption because we
think that we can bound this nore carefully than can
currently be done, at Jleast wth constant K,
si nmul ati ons.

| think an inmportant conclusion for two
field sites that we have | ooked at is that the spati al
variability in groundwater chem cal conditions was
nore inmportant in influencing the range of K; val ues
that we observed conpared to variability in the
properties of the aquifer materials thenselves. And
this was at a kil ometer scale.

You are tal king about noving from one
geol ogi cal formation to another. It's at the 100
kil ometer scale. O course, we haven't tested that,
sonething Ii ke that. And our conclusion would |ikely
not be valid or nmay not be valid.

Then, finally, predictions based on a
range of constant K, values do not always bracket
simul ati ons result obtained using the sem -enpirical
surface conpl exati on nodel. Random sanpling of a K
distribution may overl ook spatial character of the
di stribution.

Those are the concl usions fromour study
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of the Naturita UMIRA site. | have just a couple of
nore slides. | thought we would tal k about how this
m ght be rel evant to neptuni um

This is a pl ot of neptuniumspeciation as
a function of pHwith a systemequilibrated with air
for one mcronolar neptunium You can see that
anal ogous to the uranium neptunium does formthese
aqueous car bonat e conpl exes, al t hough they are not as
strong as the uranium carbonated conpl exes.

Next slide, please. And in studies of
nept uni um absorption, there is a simlarity in that
t he neptuni um absorption is sensitive to the parti al
pressure of carbon dioxide.

And in nodeling that, this was work done
by Kohler, et al. published in 1999, neptunium
absorption on hematite wi th no carbon di oxi de present
with atnospheric carbon dioxide and alnpst two
percent. And with the al nost two percent, you see the
absorption com ng down these squares, the green
squar es.

And then shown here are surface
conmpl exati on nodel sinmulations. | just want to point
out that to sinulate this data, they had to assune
t hat neptunium formed a conplex at the surface with

carbonate attached toit, whichis the sane thing that
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we observed in our spectroscopic data for uranium

So there i s again a chem cal anal ogy here
t hat an exact surface conpl exati on nodel may require
these ternary surface conpl exes involving carbonate.

Next slide, please. This just shows sone
nunbers for variabl e integrated carbonin groundwater,
a conparison of the ranges that we have at the
Naturita site to what has been descri bed for the Yucca
Mount ai n hydrol ogi ¢ system

We have in conparisontothe Naturitasite
a much larger range of total dissolved inorganic
carbon and a larger range in the partial pressure
car bon di oxi de, al t hough t he upper nunbers here may be
anmong the nost inportant to look at. And they are
sonewhat siml ar.

Next slide, please. And using those data
and their nodel for the Np, absorption of neptuni umon
nmontnorillonite, surface conplexation nodel with a
di ffuse doubl e | ayer nodel, and using this site water
chem stry, Dave Turner at the center and others,
including Paul Bertetti, have done a neptunium K,
cont our map, which they published, and show ng ranges
inthe neptuniumK; as if the aqui fer were conposed of
the nontnorillonite.

And the ranges go from25 to -- |'m not
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sure what the upper nunbers are, but in this region
down-gradi ent of the proposed repository, the K,
ranged by a factor of 4, so perhaps not a huge range,
but one thing to note is that there certainly is a
sparsity of data in this area directly down-gradi ent
in terms of the water chem stry.

Next slide, please. Finally, I will just
make a note that another possible bad actor is fulvic
acids. This is a paper published in 2000 using Chal k
River fulvic acids and Chalk River subsurface
materi al, packing a colum.

This shows the transport of neptunium
under the given conditions in the absence of the
ful vic aci ds. So you had a retardation factor of
about three for those conditions. And then when you
put in fulvic acids that were ten tinmes what they were
in the aquifer, you were able to reduce the
retardati on by a huge amount, al nost to the point of
no retardation at all.

Now, this, of course, is very influenced
by this concentration of fulvic acid they put in. But
| just wanted to point out that there is another thing
that could be affecting aqueous speciation and
retardation of neptunium

Next slide, please. So just as discussion
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poi nts about how what we did at Naturita mght be
rel evant to Yucca Mountain, | put up these. There is
sone uncertainty, at | east, inunderstandi ng neptuni um
retardation inthe saturated zone as part of the Yucca
Mount ai n nodel i ng.

Because it relies on a |og-normnal
distribution of abstracted K; values -- | guess | am
referring here now to the center's approach in the
nodeling -- the distribution of abstracted K; val ues
is based on nontnorillonite as a nodel for the
alluviumfor the scaling of surface area.

So the difference between what we have
done and what the center has done, they have done an
excellent job of evaluating the effect of water
chem stry on K, for this nontnorillonite surface.

In our approach at Naturita, we worked
with actual sedinments and the aqueous chem stry
distribution to arrive at the K, values. So we had
| ess of a probleml think in this abstraction process
of going fromthe pure nontnorillonite to the rea
mat eri al .

There is al so what you can do is neasure
the range in K,/s and then sanple this |og-norm
di stribution when you do the performance assessnent

simul ati ons. However, if you would back up a couple
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of slides, please, that ignores the spatial character
which is part of the range.

It's not arandomset of pHand al kalinity
conditions that causes this contouring of K, val ues.
In fact, this K, contour here is 25. This is well
bel ow the nedian. This is on the lower end of the
di stribution.

So if you sanple a distribution,
| og-normal distribution, for all of these chem stries,
you may, in fact, be building too nmuch retardation
into the nodel for this section of the aquifer because
you're treating it as a randomthing when, in fact,
you have actual pH and al kalinity values here that
coul d be consi der ed.

Next slide, please. One nore. And then,
finally, 1 don't know, actually, the extent fulvic
acids have been considered as part of the Yucca
Mountain problem | just brought it up because of
t hat one paper that seens to have sone rel evance.

Thank you very nuch.

MEMBER HORNBERGER:  Thank you, Jim

W started a fewmnutes late, and we're
running a little late. W have a little bit of
flexibility built into our schedule, but | definitely

woul d l'i ke to break by noon. So we will take tine for
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some questions and di scussi ons, but to the extent that
we can keep them focused, it would be good.

Rut h?

MEMBER VEI NER:  First, | want to thank you

for areally fascinating presentation. That was j ust

really great. | would just limt nyself to one
guesti on.

You started in Naturita wth a
contam nated site. And you have nmde sone

adj ustments, sonme suggestions about noving to the
Yucca Mountain site. |s there anything that coul d be
done in the Yucca Muntain site that would be
anal ogous to the contam nation that you started with
at Naturita? |s there something that you can do in
t he surface, take sanples, whatever?

DR. DAVI S: Vell, vyes. Obvi ously the
testing that we did that we were capable of doing
because of the contam nation that was there ai ded our
nodel eval uati on and maybe validation if you want to
call it that in that we were able to go out and put
uncont am nat ed sedi nent s into cont am nat ed
groundwater. W were able to pull out contam nated
sedinments. So it enabled a good, better testing of
our nodel .

The nodel coul d at an uncont am nated site,
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i ke Yucca Mountain, be built by abstracting enough
sedi ment s and nmaki ng enough gr oundwat er nmeasur enments.
So the thing that mght be limting the
construction of a nmodel is -- | mean, there are
sedi nent s now becom ng avai | abl e because of the early
gr ow ng program
And t he questionis, is there enough water

chem stry avail abl e i nmedi atel y down-gradi ent at the

site?
MEMBER HORNBERGER: M chael ?
ACTI NG CHAI RVAN RYAN: 1'I1l defer.
MEMBER HORNBERGER: Al | en?
DR. CROFF: You have tal ked nostly about
saturated, saturated entirely, | think. G ven that

Yucca Muntain, parts of it, are unsaturated or
spasnodic flow, periodic flow, would this approach
work or how might it work or what adjustnents woul d
have to be made to make it work?

DR. DAVIS: Well, that's a good questi on.
W have no experience making it work in unsaturated
systems, but the adjustnents that would have to be
made are t he sane ki nds of adjustnents that woul d have
to be made and used in either a constant K, or a
di stribution K, approach except that you woul d have to

understand the water chemi stry in the water that was
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flowing in the unsaturated zone. And you have to
understand the surface area system Those are the
difficult things to understand to apply a nodel |ike
this into the unsaturated zone.

MEMBER HORNBERGER: | nes?

DR. TRIAY: | have three questions, the
first one along the |lines of what has been asked for
t he unsaturated zone. \What has been the validation
t hat you have done with respect to these experinents
that are nore wet chem stry, bench chem stry, type of
experiments, based on batch type of experinents versus
experinments that are perfornmed wunder flow ng
conditions, whether it is saturated or unsaturated?
And that is ny first question

The second question that | have --

MEMBER HORNBERGER: Can he take t hem one
at a tinme maybe?

DR. TRIAY: |I'msorry. Yes. That's fine.

MEMBER HORNBERGER: We will come back.

DR. TRIAY: | was just wondering whet her
he wanted to hear all of the questions.

DR DAVI S: Wth respect to flow ng
condi ti ons, we have done al so col um experinents. |
didn't describe them but we have a pretty good

agreement in the prediction of transporting colums
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with this nodel.

Then the other part of the validation I
described in the top, where we put uncontam nated
sedinents into the groundwater system itself for
periods of nonths, up to 15 nonths.

So | showed so those data, where we put
uncont am nated sedinents in the groundwater at the
site and then pulled themup after a period of tine
and nmeasured the anount of absorbed urani um on that
and conpared that to what we predicted with t he nodel .
And we got within a factor of 2 for 17 different
wel | s.

DR. TRIAY: So ny second question, then,
is sol guess that your point is, then, that this type
of surface conpl exati on nodel coul d be applied under
fl owi ng condi tions and you can get the data frombatch
experinments and apply it under fl ow ng conditions and
predi ct radionuclide mgration. Is that a fair
st at enent ?

DR DAVIS: Well, it'safair statenent as
| ong as the | ocal equilibriumassunption applies. It
will depend on the flowrate. So you can certainly
increase the flowrate. 1t's an equilibrium nodel.
So as long as --

DR. TRI AY: The kinetics is not
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dom nati ng.

DR.  DAVI S: If the kinetics is not
dom nati ng, then yes.

DR. TRIAY: So then that brings me to ny
second question. Have you done sonme sensitivity
anal ysis based on the surface conpl exation nodel to
try to make a definitive conclusion as to whether or
not sorption coefficients can or cannot be used to
descri be radi onuclide mgration?

Wat | nmean by that is the surface
conpl exati on nodel take sonme resources to devel op,
especially for actinides, for the obvious reasons.
You have to get a tremendous anount of data. And you
have to get a trenendous anmount of data as you vary
groundwat er chem stry and, of course, when you start
varyi ng groundwat er chem stry, the acti ni des soneti nes
behaving in a manner that is not ideal fromthe point
of view of solubility.

So you have to really control vyour
envi ronnent when you are trying to devel op t he surface
conpl exation nodels for actinides, |ike plutonium
neptuni um anericium and the |ike.

So based on what you know now, is it your
opi nion that the sorption coefficients that are nore

readi |y obtai nabl e for the actini des are i nadequate to
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predi ct radi onuclide mgration?

DR. DAVI S: Vell, that's a difficult
guestion because inadequate would depend on the
criteria that one is judging inadequacy. It also
depends on a perfornance assessnent point of view how
inmportant is a K,; value to the assessnent.

If in the case of iodine and technetium
you were abl e to conclude that there is no danger, the
dose is smal|l enough with a K; of zero, then obviously
you woul d not need a surface conpl exation nodel for
techneti um and i odi ne.

So for neptunium if thereis a dependence
on the assessnment or the safety assessnent on the K,
value, then my opinion is that yes, these types of
nodels would give nore certainty and scientific
credibility to the values of retardation that are
simulated in reactive transport nodeling in the
saturated zone.

| agree with you that it costs nore, but
| also think that the costs are not as great as
t hought if you use this engineering sem-enpirical
approach to conpare it to the nore scientifically
based approaches that require a conpl et e under st andi ng
of the electrical double layer and so forth.

DR. TRI AY: What | neant by "resources,"
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| didn't mean costs internms of funding, although that
is probably true, but | nmeant nore that sonetines it
is just not possible to look at all of the range that
you woul d need i n order to cone up with arabl e surface
conpl exati on nodel for sonme of the actini des because
t he actini des start becom ng i nsol ubl e and getting to
conpl exation with some of the trace conmponents in the
groundwater to the point that, all of a sudden, you
are studying sonething different.

That way you think that you are studying
sone resources, not fromthe point of view of noney
necessarily but from the point of view of it is
difficult because we don't understand the solubility
of the actinides to the point that you can actually
know that all that you are varying is the age versus
carbonate concentration, nitrate, so on and so forth.

So that's the concern that | have, you
know, to what extent can you really do this for that
very rich chem stry that the acti ni des exhi bit at near
neutral pH.

DR DAVIS: Well, in particular, | assune
you are tal king about pl utonium

DR TRIAY: Right.

DR. DAVI S: | think our studies have

i nvol ved uranium And we are beginning to work with
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neptunium We don't think we have solubility issues
with those.

But yes, you do have to be able to work
experimentally under conditions where you are not
precipitating a base.

MEMBER HORNBERGER: Let's take that as a
di scussion point. Jim do you have a question?

DR. CLARKE: I, too, thought it was an
excel l ent presentation. Thank you for that.

This is just a fairly basic question
Thi s approach can be extended i n a strai ghtforward way
to several radionuclides. Wuldit shed any |ight on
conpetitive absorption? Any thoughts on that?

DR. DAVI S: The conpetitive adsorption
bet ween radi onucl i des?

DR, CLARKE: Yes.

DR. DAVIS: Well, we have been worki ng at
relatively | owconcentrations for radi onuclides. The
conpeti ng that goes on for the surfacesisreally from
the maj or cations in the groundwater, the cal ci umand
magnesi um

By using this approach, we take theminto
-- but we work with an artificial groundwater of the
same conposi tion and range of conpositions that exists

in the aquifer. So we are taking that into account.
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It becones |unped into our absorption constant, the
conmpetitive processes, with those najor ions.

Now, if you're talking about conpeting
bet ween radionuclides, you would need pretty high
concentrati ons approaching solubilities, | think,
bef ore those woul d becone inportant.

Really, that's | think outside of the
geosphere. That nmust be nore of a near phenonenon
t hat coul d be i nportant near t he waste package itself.

DR CLARKE: Ckay. Thanks.

MEMBER HORNBERGER:  Di ck?

DR PARI ZEK: Yes. Dick Parizek.

Agai n, a very, very i nteresting
presentation. Inyour discussion, youdidn't consider
colloid transport particularly?

DR DAVIS: No.

DR PARI ZEK: Right? That's excluded?

DR. DAVIS. That's correct, yes.

DR. PARI ZEK: It's interesting. Looking
at theriver, it's like a conceptual nodel here. You
say, "Well the river was a source of recharge above
the tailing pile." Then it becane a discharge area
further down. It's sort of like the Forty M| e Wash
exanpl e.

You have infiltration, whichis episodic.
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It would be climate-driven in terns of pluvials,
nonsoonal s. You have differences in that. As you go
maybe on the west side of the alluvium you have nore
of the bedrock interface. And you also show sort of
a chem stry inthe slower portion of the aquifer al ong
the valley wall versus near the river.

So the chem stries ought to be really
conplicated i n your nodel, even under the present data
sour ce. For Forty MIle Wsh, you expect also
conplicated chem stries. And so you woul d need a | ot
of data, | would think, on water chem stry as well as
t he hydraulic conductivity variability to make a good
and reliable forecast.

Wul d you agree with that? It's sort of
capturing, | think, the main points youweretryingto
bring up for us.

DR DAVIS: Well, the richer the database
on the water chem stry, the hydraulic conductivity,
obvi ously the better your nodel is. The nodel itself
i s devel oped fromthe batch data. So there you don't
have to col | ect thousands of data points. You coll ect
hundreds of data points. And then the question is how
many sedinents are you going to collect to be
representative of the aquifer

| n our case, because we were worri ed about
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it, we collected a ton literally, 2,000 pounds, of
aqui fer material, which we screened to determ ne the
wei ght percentage of different size sedinents and so
forth. That was nore because there were no ot her data
on the size fractionation available for the aquifer.

The conplex chem stry you are talking
about, the contours near the river, that is a result
of del usi ons nore t han chem cal reactions, just so you
understand that. That is the river water com ng into
t he aquifer and exiting back.

DR. PARIZEK: Right. Wat it shows is
that the chem stry is quite variable, for whatever
reason.

DR DAVIS: Yes.

DR. PARIZEK: In the case of Forty Mle
Wash, there is also a plume variability to the
recharge al ong the wash versus the recharge fromthe
bedrock portion and the tufts portion. And so there
is that interface between the two al ong the western
edge of the alluvial valley fill, where it's again
sort of simlar |looking, kind of a conplicated
chem stry.

Then, again, whether or not you have
channelites flowin the alluvium how well-known is

that, the sanples were rotary-grilled versus sonic
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core.

Now, it nay be a possibility. And, again,
how bi g a sanpl e woul d you need in order to be able to
say | have enough sanmple to say sonething about
spatial variability, even at the core sanpl e | ocati on?

DR DAVIS: Well, there are two issues
here. One is you go back in --

MEMBER HORNBERGER: Jim in the interest
of tinme, perhaps we won't go back. Just try to
address the Yucca Muntai n application.

DR DAVIS: kay. The K, contour that |
showed t hat the government drew, that is the sanme ki nd
of contour you could draw with our nodel. The
difference is that they have used it to build up a
| og- nor mal di stribution that the performance
assessnment code draws from randomly.

There is nothing wong wth their
approach. | would just argue that if it is possible,
you would not draw fromit randomy. You would use
the alkalinity and pH data you have and couple it to
the flow, not to draw random K;s off the
di stribution.

MEMBER HORNBERGER: Don, are you with us
in Las Vegas? Do you have a question?

DR. SHETTEL: Yes, I am Can you hear nme?
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MEMBER HORNBERGER: Yes. Yes, we can

hear .

DR.  SHETTEL: | have a couple of
guesti ons. Phosphate is next to the conplex wth
uranium as well. Have you |ooked at the phosphate

concentration in all of these waters?

DR. DAVI S: In the Naturita system we
have | ooked at phosphat e. It's very |ow
concentrations and doesn't affect the aqueous
speciation in Naturita.

DR. SHETTEL: M second question, | think
Dr. Parizek touched on this to sone extent, but
rainfall inthe Wst, especially the continuous | oop,
was rather episodic. In your case, it may have a
dilution effect nore than anything el se. Does that
factor into your nodel?

DR. DAVI S: The nodeling that you're
referring to, the one percent of precipitationthat we
assunmed was recharge?

MEMBER HORNBERGER: Per haps the question
is you assuned a steady flow.

DR. DAVIS: Yes, we assuned a steady fl ow.

DR. SHETTEL: kay. So you're averaging
rainfall over the course of a year or sone tine

peri od?
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DR DAVIS: Yes.

DR. SHETTEL: How nuch effect woul d that
have if they weren't averaged but were episodic, if
they randomy input into your nodel ?

DR. DAVI S: Vel l, obviously since we
haven't done that, | can't say for sure, but | don't
think it would have a big effect.

DR SHETTEL: Okay. | want to thank you
for avery interesting talk. | think this raises one
nore question about Yucca Munt ain.

MEMBER HORNBERGER:  Thanks, Don.

Qoviously this is a very interesting
presentation. W could easily go on and have anot her
hour of discussion, but we do have to nove on in the
interest of tinme. Thank you very nuch, Jim

What we are going to do nowis go to our
next presentation by Keith Conpton.

MR. COWTON. Good norning. M nane is
Keith Conpton. | amw th the Performnce Assessnent
Sectioninthe D visionof H gh-Level Wast e Repository
Saf ety.

| amheretotalk to you this norning just
to provide anintroducti on and sone regul at ory cont ext
to the NRC approach to evaluating flow and transport

inthe saturated zone. | will try to be brief. This
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is only an introductory presentation. The techni cal
details will be provided this afternoon and tonorrow
nor ni ng.

Now, agai n, mmy objectiveisto providethe
regul atory framework, the context for the activities
that we will be tal king about this afternoon. What |
would li ke todoistoleave youw th an under st andi ng
of the connection between the presentations that will
be given by the center staff and by NRC staff and an
understanding of how these are relevant to the
regul atory requirenents and to the regulatory tools
t hat we use.

The first part of ny talk will provide
t hat context. | will be tal king about two of the
i nportant regul atory tools that we have, which is the
Yucca Muntain review plan and the risk insights
baseline report. And that will be the nmgjority of the
tal k, hopefully short talk. And the second half wl|
just be a brief summary of the talks that will be
given |l ater so that you have an under st andi ng of what
is going to be com ng.

Junping right in, the yucca nountain
review plan for those of you who may not be famliar
with it provides guidance for inplenenting the

requi rements of part 63, particularly the requirenents
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of part 63.21, which governs the content of a license
application, and 63.114, which deals wth the
post - cl osur e performance assessnent that'srequiredin
the safety analysis report of any potential |icense
appl i cati on.

The review plan consists of a nunber of
topical area and nopdel abstractions. Today and
tomorrow we will be focusing on two of the rel evant
sections of the review plan.

The first deals with flow paths in the
saturated zone. It's mainly focused on hydrol ogy.
The second i s radi onuclide transport inthe saturated
zone and is nore focused on chem stry retardati on.

The Yucca Muntain review plan contains
detai |l ed gui dance in the formof revi ew net hods. And
it tells us howto review a nunber of topics. These
i ncl ude descri ptions of aspects of the abstracti on and
their technical basis. It deals wth adequate
justification of the nodels and the data t hat are used
in a performance assessnment, evaluation of the
uncertainty in the nodels and data. And also it deals
with howto denonstrate that the nodels are supported
by i ndependent evi dence that's terned "nodel support.™

Sonething that is inportant to bear in

m nd on the reviewplan is that the revi ewnethods are
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given for a detailed review It covers a l|lot of
material. However, that | evel of detail is for if you
needed to do a detailed review However, in any
review of a potential license application, we would

tailor the depth of reviewto the extent to which the
Departnent of Energy relied upon the particular
abstraction to nake their safety case to denonstrate
conmpliance. So, in other words, if the DOE believes
that this is an element that is inportant to their
safety case, we would do a nore detail ed revi ew.

There are two aspects to how we would
determne whether they are relying on these
abstractions to make their safety case. One is we
woul d | ook for any explicit credit they take. And by
goingintothenmultiplebarriers section of the safety
anal ysis report and seeing what has been prevented,
what t hey have said about the credit that they planto
take for saturated zone.

But al so we would look for any inplicit
credit that is taken by exam ning the TSPA nodel and
det erm ni ng whet her they have, in fact, in the nodel
taken credit for a feature, event, or process that
woul d affect the repository performance. So there are
two parts determ ning the extent of thereliance: the

explicit and inplicit credit.
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Now, turningto the details, thisis abit
of a summary. There are several pages on each of
these topics. I|'vetried to sunmarize theminto one,
rather than just reading all of them

The review plan identifies a variety of
factors that can affect flow paths. Several of the
factors in the first bullet, factors such as changes
inthe water table or changes in potential and future
climate, will be discussed by Jim Wnterle in his
presentation on flow paths.

| would also point out that the review
pl an does require an exam nation of how features,
events, and processes have been included in the
assessnment and eval uation of the approach used by DOE
in their abstraction, the saturated zone flow. The
focus of our talks is going to be on what we have
done. W are not going to be talking a lot on our
eval uation of the DCE nodels.

For saturated =zone transport, it's
constructed in a fairly parallel fashion. Agai n,
there are a nunber of factors that have been
identified that can affect radionuclide transport.

W just heard about the inportance of
wat er chem stry to transport. That is sonething that

is pulled out. And that is also sonething that M.
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Paul Bertetti will be talking about this afternoon
covering the center's approach to abstracting the two:
radi onuclide transport and the inpact of water
chem stry. Again, the focus of our talk wll be
mainly on the first bullet. W won't be going into
DOE or eval uating what DOE mi ght have done.

Next slide, please. The next inportant
regul atory tool that we have is a document known as
the risk insights baseline report. This report is a
set of anal yses that were conducted by the NRC and by
the center. They're intended to identify features of
the engineered and natural environnent that are
important to repository performance. This is also
used to assist indeterm ning the | evel of detail. W
determ ned how significant different abstractions,
di fferent components are to repository performance.

There are a nunber of risk insights. 1'm
only going to tal k about the ones related to saturated
zone flow and transport. W have one aspect whichis
considered to be of high significance to waste
isolation; that is, retardation and the saturated
al I uvi um

As many of you know, there are two
conponents to the saturated zone. There is a

fractured tuff aquifer and then a saturated all uvial
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aqui fer. The absorption in the saturated alluviumwe
believe is particularly inportant.

Now, because of that, it is al soinportant
to consider the distance of the flow path in the
saturated alluvium |If the flow were to bypass this
saturated al l uviumfor nmuch of its | ength, that woul d
obviously inpair its ability to function as a barrier.
And so that issue of the di stance of flowpaths in the
saturated al | uvi umwas rat ed as of medi umsi gni fi cance
to waste isolation.

Al so, there is absorption, however, that
does take placeinthe fractured tuff, particularlyif
t he nuclides diffuse out of the fractural water and
into the rock matriXx. [t's this term "matrix
diffusion." The possibility of that, the i npact that
t hat coul d have on performance, is determ ned to be of
medi um si gni fi cance.

| would al so point out that in this, the
effect of colloids ontransport inthe saturated zone,
is also rated to be of nedium significance to waste
isolation. It is not something that we are going to
be tal ki ng about in our presentations in detail.

W have tinme constraints. And we want ed
to go over several things in sufficient detail. And

so for that reason, you are not going to see a | ot on
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eval uation of coll oids.

So the first talk this afternoon will be
by M. JimWnterle. He will present the groundwater
fl ow nodel that has been devel oped by the center. And
he will tal k about the sensitivity of nodel fl ow paths
todifferent factors, flowpaths and travel tines, to
different factors, such as changes in recharge or
changes in the water table |evel

And, as | have pointed out, thistalk wll
address several of theitens that have been cal | ed out
inthe Yucca Mountain reviewplan and al sointherisk
i nsi ghts baseline report.

The next presentation will be by M. Paul
Bertetti on devel opnment of sorption paraneters. He
will focus on paraneters affecting transport and, in
particul ar, howthey are abstracted for the purposes
of performance assessnent. Thiswill, in large part,
be f ocused on determ nati on of retardati onfactors for
actinides and particularly for neptunium Again, this
talk will cover or will mention several of the factors
that areidentifiedinthe reviewplanandin the risk
i nsights baseline report as well.

Finally, tonorrownorning M. TimMCartin
of the NRC will provide a discussion on performance

assessnment and risk perspective. In that talk, he
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will discuss how a risk-informed approach can be
appl i ed to eval uatingthe performnce of the saturated
zone.

He wi | | be doing that by first describing
the principles of the risk-informed approach. And
then he will step through an exanple that has been
devel oped to show how it can be used to evaluate the
performance of the saturated zone as a barrier.

That presentation will illustrate the
rel ati onship between the key itens that have been
identified in the review plan and baseline report
showi ng retardation, the transport distance, matrix
di ffusion, how these work together in working
conmbi nation to affect repository performance.

And that's it. As | said, thisis a very
brief introductory presentation. Wat | had wanted to
do is to just introduce you to two of the inportant
regul atory tools, the Yucca Muuntain review plan and
the risk insights. Again, the reviewplan identifies
items for review

The risk insights assist in determning
the focus and the depth of the review And | have
provi ded by use of the risk insights an introduction
to some of the aspects that are considered to be of

particul ar inportance to repository performance and
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then provided just a very brief introduction to the
talks that will be given later so that you have an
under st andi ng of what is com ng.

That's all that | have. |f anyone has any
qguestions, | would be happy to take them

MEMBER HORNBERGER: Great. Thanks, Keith.

Qoviously we are going to suffer a great
temptation to ask Keith detailed questions about
presentations yet to cone. | wll enpower Keith to
deflect all such questions. Let nme start, Keith.

As you heard Ines ask Jima question on
adequacy of an approach, in general terns, can you
gi ve us sone i nsight on the regul atory perspective as
to how or how the Yucca Muntain review plan m ght
determ ne what would and woul d not be adequate from
the NRC s point of view?

VMR COVPTON: | can talk a little bit
about | guess the standard to be applied, which would
be a reasonabl e expect ati on st andard used t o det erm ne
whet her sonet hi ng was adequate. | will nention that.
And hopefully that will get to the question.

VWhen DOE develops their performance
assessment and devel op their nodel s, the standard t hat
we woul d apply to determ ning whether their overall

assessnent was adequate would be reasonable
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expect ati on.

And there is a nunber of things that are
inmportant to that. It includes the full record. It
recogni zes that you are not going to have absol ute
certainty and you're not going to be able to
conpletely elimnate all uncertainties in your
assessnments. And it acknow edges t hat becausethisis
our processes that operate over a very long tine
scal e, that there areinherently greater uncertainties
and that we will have to focus on the full range of
di stributions, not to pick out one particular tail of
the distribution, one particular value of, for
exanple, a retardation coefficient and focus in on
t hat .

| don't know if that gets to your
guestion. There are a nunber of itens that are in the
review plan. In determ ning whether it is adequate,
we woul d | ook at the risk insights. W would | ook to
see howinportant dowe think thisisinaffectingit.

Performance is a very sensitive to
changes. Then we need to know a | ot nore about it.
W need to have a fair amount of confidence. If it's
sonmething that doesn't really affect the overall
performance results, then we m ght not need as nuch

information on that or as |long as we understand how
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inmportant it is for performance.

MEMBER HORNBERGER:  Thanks.

Rut h?

MEMBER VEI NER:  This nmay strike you as a
si npl em nded question, but to the public, Yucca
Mountain was always pronoted as being in the
unsaturated zone. And that was why it was a good
site. What is the relative relevance and i nportance
of your focusing on the saturated zone?

MR. COWPTON: |'mnot sure that | woul d be
able to talk about the relative inportance of the
unsaturated zone and the saturated zone. | know that
our work has focused | argely. Again, the goal of this
presentation is to present the work that we have done
and t he approaches that we are taking. And a | ot of
t hat work has been on the saturated zone. | don't
know i f anyone wants to add anyt hi ng.

MEMBER VEI NER:  Well, we can defer it to
|ater if sonebody el se wants --

MR. COWPTON: Okay. But | will not try at
this point to speculate about the relative kind of
i mportance of the two. W are focusing in this
presentation on the saturated zone.

MR. CAMPBELL: | can just add -- this is

Andy Canpbel |, Chief of the Performance Assessnent
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Section -- that we will keep that in mnd as we go
along. The rel ative i nportance of the saturated zone
-- keep in mnd DOE and t he federal governnent picked
the site. We're the regulator. So we're | ooking at
and evaluating and will evaluate what DOE conmes in
Wi t h.

Based upon our own anal yses usi ng TPA and
doi ng over many years work the saturated zone cones
out as an inportant barrier. And so it isn't so nuch
as what has gone on in the past but on the basis of
all of this work, saturated zone comes out as fairly
important. And that is why we are focusing on that.

That was docunented in the risk insights
report, which was publicly available in April.

MEMBER WEI NER:  Thank you. That is very
hel pful .

MEMBER HORNBERGER: M ke?

ACTING CHAI RVAN  RYAN: Just an
observation. | want to turn your attention to your
first backup slide. | thought those were kind of
i nteresting and hel pful rallying points for both your
consi deration of the review plan and maybe the risk
i nsi ghts.

Let's just go through them Mybe coul d

we get that slide up or talk about it? There are five
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bullets there: system description and nodel
integration and so forth. This seens to kind of maybe
help organize our thinking of how the other
presentations m ght come al ong.

MR. COWTON: Sure. Particularly for the
different nodel abstractions, these are fairly
standard review areas. They're broken down in this
format in the review plan.

The first reviewarea, reviewnethod is a
description of the systemand nodel integration. So
in that bullet, we would look at how in a license
application and the safety anal ysis report the system
was described and how it's integrated with other
secti ons.

For exanple, saturated zone flow and
saturated zone transport need to be consistent with
each other. And this would be a place where we woul d
look to see that, in fact, the approaches are
consi stent .

The next section goestothejustification
of the data and the nodels that woul d be used. So at
first we have presented. W described what is there.
And now we | ook at how well the data and the nobdels
are justified.

Next we go on to eval uati ng to what extent
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and how well has wuncertainty in the data been
eval uat ed. The next is going nore towards node
uncertainty. There may be different nodels that coul d
be appropriate. And that section would provide
guidance on how to determ ne whether they have
appropriately accounted for the possibility of
di fferent conceptual nodels.

Then, finally, nodel supports are a topic
which deals with how well the outputs of the node
conpare to sone kind of objective comparison. I t
m ght be a conparison with field observations. It
m ght be a conparison with the abstracted nodel with
a nore conpl ex process-|evel nodel, but in general we
want to see that the abstracted nodel is supported by
some ki nd of objective evidence. This is the section
in which it would be done.

Agai n, the depth to which you woul d go in
any of these el ements woul d depend on howi nportant it
is and how nmuch credits the DCE was taking for it.

So, for exanple, if retardation in the
saturated al l uviumwas determ ned to be a barrier that
DCE is relying on to make their safety case to show
that they will neet their performance objectives, then
that is sonmething that would be reviewed to a nuch

greater amount of detail. |If, on the other hand, they
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deci ded that was not inportant or they didn't want to
invest the energy in it or it just didn't have any
i npact on performance, you woul dn't spend as much of
your time review ng something that wouldn't really
have an inpact or wasn't part of the argunent.

So yes, these are the sections that are
cal l ed out, review nethods that are called out in the
revi ew pl an.

ACTI NG CHAI RMAN RYAN: It's kind of the
intersection of the two points you made earlier, that
the reviewplan is the itens for review and the risk
insights. [It's kind of the focus in depth of those.
To ne, you can't get fromone to the other.

MR COWPTON: Right.

ACTI NG CHAI RVMAN RYAN: Thanks very nuch.

MEMBER HORNBERGER: Al l en? | nes?

DR. TRIAY: | wanted to ask you fromthe
perspective of the approach that you are using to
revi ew what cones in fromDOE, to use the phrase that
was used here before. Do you nodel in parallel to
DCE? Do you use your own nodeling capability and t hen
conmpare results at the end? Do you try to use their
sanme assunptions? Do you use your own assunptions?
Could you help nme alittle bit interns of how do you

provi de that independent validation of what cones in
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fromDOEinthis very conplicated area of radi onuclide

m gration?

MR COWTON: Ckay. I'Il try and take
that on. And then I will see whether ny answer is
adequat e.

MEMBER HORNBERGER: And how wi || that be
j udged?

MR. COVPTON: But the first thing that is
i mportant to bear in mnd is that we revi ew what the
Department of Energy submits. It is the departnment's
responsibility to nake a safety case. So it is not
our job to kind of i ndependently decide. | nean, they
have t o nake t he safety case. So that is probably the
first thing to keep in m nd.

The role of independent nodeling, it
serves a nunber of roles. One of the things that it
does is it gives us an understandi ng of howto revi ew
t heir nodel .

The fact that we have done t hese exerci ses
gi ves us our independent understanding of what is
i mportant so that we can | ook for those if there may
be gaps. It is very hard to find what is not talked
about, but that is one of the roles of independent
nodel i ng. As well, there my be sone role for

i ndependent nodel i ng and confirm ng the calculationif
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you want to check sonething to see whether there is
somet hi ng that has been done.

Does that answer your question?

DR, TRI AY: Yes.

MEMBER HORNBERGER: Jim d arke? Jim
Davi s? Dick?

DR. PARIZEK: As | sort of watched the
process over the years, it seens |i ke NRC has renai ned
constant. You have your rules, your regulations. |
t hi nk they are the sane as they were when this process
started a long tine ago.

Meanwhile the DOE appears to shift
enphasis as it has to decide what the work products
have to be and marshals its efforts and produces its
results. And so you could get the idea that group is
nmoving in different directions to create the final
product that you folks are going to review.

Have you evolved in this sane tine peri od?
To what extent have you evolved? | see like the
safety analysis or the risk-based discussions have
sort of elevated throughtinme to nmake that very cl ear.

The KTl process has al ways been there and
the FEPs process has always been there. Are you
constant? Have you been constant? You have obvi ously

done nodel s. You have | earned a | ot. You do sone
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nodel s in some cases in a limted way but enough to
draw attention to aspects of the problemthat really
need attenti on, perhaps by DOE, rem ndi ng them on the
one hand, or wunderstanding the benefit you get
yoursel f, being abl e to nmake t hese anal yses yoursel f.

Wher e has NRC been heading in all of this
whil e? | mean, you obviously have | earned a | ot, and
they have learned a lot. W have all learned a |lot.

MR COVPTON: Vell, | wll give two
answers to that. And then | may pass the rest of it
off. The first is that yes, it has been evol ving.
The second is that | have been with the NRC si nce | ast
Sept ember, not enough to discuss the evolution. |
don't know if Timor Andy --

MR. M CARTI N: Yes. Tim McCartin, NRC
staff.

We started doing perfornmance assessnents
around 20 years ago. And we clearly have tried to
i ncorporate the science as it has evolved. | guess |
will give a couple of exanples.

| mean, one | think will be a very good
one you will hear later by Paul Bertetti about the K,
approach and the pH dependence, et cetera, that he
wi |l be discussing. I think that is a very good

exanpl e of sonmething that how we are evolving with
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ti me, changing our |ook at the K, approach.

Anot her exanple is matrix diffusion. |
will say matrix diffusioninthe unsaturated zone. At
one tine we had in our nodel, | will say 10 to 15
years ago. W no longer have it there. W have the
capability todoit. But we cane to look onit as not
a very significant process.

And so there have been changes al ong the
way. | will talk alittle bit about that in nmy talk
a very small anmpbunt with respect to matrix diffusion.

Col | oids we | ook to DOE, who has actual ly
done a little nmore work than we have in the colloid
area. W continue to keep abstract of that. W are
continuing to do analyses with coll oids. Anot her
version of the TPA code will have a nore explicit
treatment of coll oids.

So things continue to evolve with tine.
| 1ike to think we haven't stood still but continueto
make changes in the areas we believe are significant.

DR. PARI ZEK: And clearly the role of
mul tiple barriers has not changed, the idea that the
natural system barriers have got to be there to do
sonmet hing, but you can't take credit if you can't nore
or |l ess establish why it does sonething for you.

So they still take credit when they can
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and are not taking full credit for other aspects of
the natural barrier system But they have to have
multiple barriers, right? That hasn't changed.

MR. MCCARTIN. Absolutely. AndIl wll say
maybe a prinme notivation to my talk tonmorrow is a
process that | have been involved with the comrttee
for the last couple of years in terns of explaining
and conmmuni cating our understanding of the Yucca
Mountain with respect to the nmultiple barriers and
that that actually is sonmething that | think has
evol ved very well over the last couple of years in
doing a  better job  of conmuni cating that
understanding. So there is actually another exanpl e.

It's not just the quantitative nodel s but
the explanation and the understanding that they
provide. | wll say that is a very inportant part
that | think has evol ved over the | ast fewyears al so.

DR PARI ZEK: Thank you.

MEMBER HORNBERGER: And | will point out
that TimMCartin did start out with NRC before | ast
Septenber. M ke Ryan suggested that he had red hair
when he started here.

MR. McCARTIN.  Sadly.

MEMBER HORNBERGER: Don Shettel in Las

Vegas, do you have a question?
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DR. SHETTEL: Yes. | would like to

followup on a previous coment. | think the
saturated zone is an inportant barrier and may turn
out to be the nost inportant one, but regarding the
vadous zone or unsaturated zone, residents' time for
sone radionuclides in the unsaturated zone is nuch
| onger than it is in the saturated zone.

As an exanple, neptunium if there is a
ratio of residents' time, the UZ to the SZ, is not
one, that would suggest that the vadous zone is an
important barrier, at least as far as DCE is
concerned. |'mwondering if the NRCis going to have
asimlar neeting to decide if there is absorptionin
t he vadous zone, the unsaturated zone.

MR. McCARTIN.  Yes. TimMCartin, NRC

Yes. As Keith explained, ingettingready
for this working group, we made a choice to focus
primarily on the saturated zone. And so our
presentations are related to that.

However, the unsaturated zone has nany
attri butes that need to be exam ned and | ooked at. |
nmean, first and forenpst, just the fact that it is
unsaturated and how dripping occurs into the drips,
how many packages m ght be dri pped onis an attri bute.

Also, the Calico Hills vitric unit is a primrily
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matrix flow only unit, where you are right.

The transport time wi || be deci dedly sl ow.
If there is sone retardation, even slower, that is in
our risk baseline report. It is also sonething that
is accounted for in our sinulations.

An inportant aspect is how much of the
footprint of therepository is underlainbythe Calico
Hills vitric unit. There are other aspects wth
respect to the potential for matrix diffusion.

I n our nodeling, we have seenit befairly
[imted in the unsaturated zone. DOE has shown it to
be a little nore in their nodels. That will be an
aspect of our review

So there are a lot of aspects to the
unsaturated zone. W did nake a conm tnment to just do
the saturated zone. That was not to dimnish
necessarily the contribution of the unsaturated zone.
It was one of tine that we thought we just made a
deci si on.

MEMBER HORNBERGER: Thanks very nuch.
Thank you, Keith. You got us pretty close to back on
time. Thanks to the presentation. W | ook forward to
hearing the other presentations that you have
pr esaged.

MR. COWPTON:. Thank you.
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MEMBER HORNBERGER: We are now going to

t ake a one-hour break for lunch. W wll reassenble
at 1:00 o' clock pronptly to be on schedul e.

(Whereupon, at 11:59 a.m, the foregoing

matter was recessed for lunch, to

reconvene at 1:06 p.m the sane day.)

MEMBER HORNBERCGER: W' re getting ready to
start here. It's precisely 1:00 Eastern --

(Laughter.)

-- nore or |ess.

(Laughter.)

We're goingtoreturnto our worKking group
sessi on, and our next presenter i s Bob Andrews, who i s
joining us fromLas Vegas. And | want to thank Bob,
because | know howtough it is for the peopl e working
for DOE and the contractors to make tinme to do this.
And | want to tell Bob that even though he probably
has made simlar presentations many tinmes, we do
appreciate his willingness to do one nore.

Bob, are you there?

MR. ANDREWS: Okay. Thank you very rmnuch.
Yes. Can you hear ne?

MEMBER HORNBERGER:  Yes.

MR. ANDREWS: You can hear ne okay?

MEMBER HORNBERGER: Yes, you're on
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That's fine, Bob.

MR. ANDREWS: Okay. Ckay, thanks. Yes,

t hanks. | have the pl easure of, you know, sunmari zi ng
and i ntroduci ng, you know, Bill Arnold, who is going
to talk after | and | think after some centered

di scussions that focus on the saturated zone.

My particular discussion will have a
sunmary overview of transport aspects in both the
unsaturated zone and the saturated zone. | didn't
want to lose sight of the fact that part of the
barrier below the repository to reduce radionuclide
transport is, in fact, in the unsaturated zone.

So I'Il talk at | east conceptual | y about
transport in the unsaturated zone, and then Bill wil|
di scuss in greater detail transport in the saturated
zone |l ater on this afternoon.

As a poi nt of background, virtually all of
the information that's in these slides was presented
in earlier presentations to the NWRB in March by
detailed individuals fromLaw ence Berkel ey Lab, Los
Al anbs Lab, Sandia Labs, and the U S. Ceol ogical
Survey. And it's very difficult for us to sumari ze,
but I"ve triedto do ny best and pi ck t he nost sali ent
sl i des that nake a di scussi on of the conceptual nodel s

and the key tests that support those techni cal nodel s
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and the paraneters that are being propagated in the
per f or mance assessnents.

This work is also presented in two
techni cal basis docunments and the supporting KT
agreenent responses that are presented i n appendi ces
to those techni cal basis docunents that have been sent
to NRC. Saturated zone was Techni cal Basis Docunent
Nunber 11. That was delivered to NRClast fall. And
the wunsaturated zone transport is presented in
Techni cal Basis Docunment Nunber 10, which | believe
was sent to NRC towards the end of May of this year,
so just about a nmonth ago.

So this is in sone ways a summary of
information that's inthose technical basis docunents,
whi ch, inturn, are sunmaries of i nformati on present ed
in the nodel reports and analysis reports and data
descriptions that support those nodel and anal ysis
reports, that support those techni cal basis docunents,
and supported the addressing of the KTl responses in
appendi ces to that.

So what | want to dois on Slide 2 -- and
| believe you' re | ooking at me versus the slides, and
at least we are here | think --

(Laughter.)

MEMBER HORNBERGER: But we al | have copi es
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of the slides, Bob.

MR. ANDREWS: Ckay. That's good, because
they're nore colorful than I am

(Laughter.)

So keep your head down.

kay. We're going to walk through the
unsat urat ed zone fl owand transport processes and some
key test results and data that support the
understanding of those processes and conceptual
nodel s, and then do the sane thi ng for saturated zone.
And as | said, Bill, who follows later on this
afternoon, will go into nmuch greater detail on the
saturated zone part.

Slide 3 summari zes the key processes of
i mportance to performance, both of the barriers andto
the system in the unsaturated zone. W have changes
in climte that have to be considered, the
infiltration at the service and ultimately the
percolation of that infiltration through the
unsaturated zone, contacting the repository, the
t hi ngs that happen in the vicinity of the repository
and t he coupl e processes that occur inthe vicinity of
t he repository.

In particular, the thermal, hydro,

chem cal, and nechanical processes are beyond the
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scope of this particular presentation, but there are
separ at e t echni cal basi s docunents on those particul ar
aspects of the effects of the repository construction
and heat on flow processes in the unsaturated zone.

We t hen are concerned wi th howthat water
noves through the nountain from a transport
perspective, in particular not just the flux
di stribution but howthat flux is distributed between
the fractures and the matrix, at the faults, the
ef fects of perched water zones, andultimately effects
of variability throughout the unsaturated zone, both
in different rock types and the difference and
uncertainty of particular properties within a rock
type -- for exanple, the lower lith versus the mddle
non-lith, and the differences in the uncertainty of
the flow characteristics in those two rock units.

Wien we get to transport, Slide 4 talks
about the different concepts and conceptual nodel s of
i mportance to radionuclide transport. | think the
keynote speaker hit on several of these in his
i ntroduction, which | thought was excellent. And
t hose same processes are relevant to us with respect
to the performance of the barriers below the
repository horizon itself.

Those, i ncluding advection, mat ri x

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

90

di ffusions, or the diffusionof radionuclidesintothe
matri x, dispersion, sorption, the transport of
colloids, which is a little bit different than the
transport of di ssol ved speci es, they are characteri zed
differently.

| believe Bill will talk a little bit
about that, but | think we've kind of focused our
presentations today on the dissolved constituents,
notably things |ike neptunium technetium iodine,
etcetera, rather than the colloidal |eak transported
radi onucl i des, which include things |ike plutonium
americium etcetera.

Slide 5just has sone words t hat sumrari ze
t hat we have nodel s of unsaturated zone transport.
Those nodels are derived from in situ testing,
| aboratory testing, sonme conparisons to analog
i nformati on. There is indirect confirmatory
information at thesiteitself, withrespect tothings
| i ke carbon-14 and ot her radi otracers that have to be
al so evaluated with respect to the understandi ng of
both fl ow and transport.

Those tests are key to t hat under st andi ng.
Those tests are key to the nodels and t he confidence
in the nodels. And the tests are also key for

devel oping paraneter distributions that are used
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within the nodels and the wuncertainty in dose
paraneter distributions and then propagated through
t he performance of the unsaturated zone portion of the
barriers bel ow the repository horizon.

So on Slides 6 and 7, just to orient
people to the tests that |'mgoing to be focusing on,
because we have done explicit tests of transport
wi thin the unsaturated zone nmedi a at Yucca Mount ai n,
the ones that 1'mgoing to be focusing on -- one is
Busted Butte, which is just to the south end of the
repository block. A picture of Busted Butte i s shown
inthe lower |eft-hand corner of Slide 7, looking to
t he east/sout heast fromthe crest.

And then |' mgoing to tal k about -- Busted
Butte is on a scale of about 10 neters, roughly 10
neters. Then |I'm going to talk about sone cross-
testing conducted inthe repository bl ock or just east
of the repository block itself. One is Alcove 8,
Ni che 3, where the opportunity of the cross drift
goi ng across the ESF nain all owed the possibility of
putting in water and tracers in that water and
evaluating the transport of those tracers through
roughly about 20 neters of unsaturated rock.

And the other test was done in Al cove 1,

bet ween the surface and Alcove 1 at the east end of
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the northern ranp. And, again, that's tens of nmeters
scal e of transport, where we put the water surface and
observe br eakt hr ough of di fferent di ssol ved
constituents in the ESF al cove.

So I"'mgoing to talk a little bit about
each of those three test configurations, not the
details, but the general understanding, conceptua
under st andi ng of transport processes that's derived
fromthose tests

Startingwith Slide 7, it sinply shows the
cutaway and the actual test |layout on the right-hand
side for -- nore or less for background. Slide 8
tal ks about the different tracers. Sorry about the
typo on fluorescein. There's an S before the C. |
t hi nk t hat occurs a couple of tines, to be honest with
you.

So this shows the individual injection
hol es, and we're actual ly | ooki ng at transport across
different rock units in the Busted Butte eval uati on.
And then we're | ooking at varying ways of observing
t hat transport through that rock mass at the scal e of
that particular test.

Some of the actual data are shown on
Slide 9. Onthe |l eft-hand side, we show br eakt hr oughs

or distributions of tw tracers -- lithium and
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brom de. At the right, we show a diffusive halo if
you will of fluorescein as it is nmoving through, in
this particular case, the Busted Butte test.

In both cases on Slide 9 we show the
actual observed data. |In the case of the |eft-hand
side, the observed data are with the data points
nmeasured at different times for the different tracers.
For exanpl e, lithiumwas neasured at 337 days and 440
days, and you see the nodels in conparison to those
br eakt hr oughs.

So the nodels with matrix diffusion and
with a very limted anount of sorption were able to
reasonably reproduce the direct testing that was
performed there for both the lithiumand the brom de.
And the right-hand side for the fluorescein, the
bottom part is the nodel, the top part is a halo if
you will observed of the fluorescein dye as it was
nmovi ng through the fractured rock nass.

So the Busted Butte test wasn't so nuch
used to devel op paraneters per se, but it was used to
test the conceptual nodels of transport through
smal | er sections of fractured rock mass -- a little
bit off of the repository block itself.

W then go to Slide 10, where we're

| ooking at Al cove 8, N che 3, Alcove 8 above in the
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ECRB and Ni che 3 down bel ow. And you see in the upper
right-hand side of Slide 10 that we've put a --
essentially an infiltration plot in the drift, and
then evaluated, after a period of reaching steady-
stateontheinfiltration side, added sone tracers and
eval uated the tracer m gration between Al cove 8 above
and Ni che 3 bel ow.

As you can see, Alcove 8 itself isinthe
upper lith, and Niche 3is inthe mddle non, sow're
ki nd of crossing both of the primary rock units within
the repository bl ock. Sone of the data and a
conpari son of the data to nodel results are shown on
Slide 11.

Again, the differences in the transport
characteristics of in this case |ithium brom de and
pent af | uor obenzoic acid are driven primarily by the
di fferent sizes of those dissolved constituents, and
you see that effect with respect to the diffusive
characteristics, in particular the matrix diffusion
characteristics, of the fractured rock nass.

And one aspect of uncertainty that has to
be eval uated and propagated is: what is the actual
interface area between the mgrating dissolved
constituents and the rock mass? That's not sonet hing

that's usually directly neasurabl e or observable --
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that fraction of the rock mass that actually is taking
part in matrix diffusion.

So uncertainty in that particul ar
paraneter was first off evaluatedinthis test, but in
the wuncertainty, and that paraneter has to be
propagated through to the assessnent of the
performance of the unsaturated zone feature of the
barrier below the repository.

Moving onto Slide 12, athirdtest in the
unsaturated zone, where at the surface -- this is at
t he eastern end of the north ranp, just as you enter
into the ESF. There was an infiltration zone put at
t he surface, that thing called blue cover. It's just
a bl ue cover put onthe -- above the infiltration that
was artificially appliedtotry to mnimze the amount
of evaporation and control the actual anmount of water
t hat was being applied at the surface and all owi ng it
to, if youwll, recharge at the surface and then go
t hrough the unsaturated zone, such that it could be
|ater on collected at the Alcove 1 with a series of
sheets and other water collection devices.

So simlar to Alcove 8, N che 3, there's
wat er applied. This was not an ambi ent system fl ux.
It's an artificially perturbed flux, in order to get

nmeasurabl e concentration breakthroughs wthin a
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reasonabl e period of tinme, where that would be in the
order of years instead of tens of years or hundreds of
years, whatever it mght have been.

So the schematic of the test shown in
Slide 12, sone of the key results al soindicatedthere
as well, where, again, the process of dissolved
constituents -- inthis particular case |I'mnot sure.
| didn't wite down the actual tracers that were
sel ected for that particular test. But the arrival of
the tracers at the -- in this case the Alcove 1, sone
30 meters below the actual surface at that point,
required the incorporation of matrix diffusion type
processes.

So it wasn't just an advective transport
t hrough the fractured rock nmass, but it required the
interaction of that dissolved constituent with the
rock matrix in whichit was in contact with. So that
matrix di ffusion process, again, was evaluated and
determ ned t o be conceptually a strong basis and valid
for that scale of rock nass -- again, on the scal e of
30 neters.

You see sone of the tests results and
nodel predictionresults in Slide 13, whereinthered
we actual ly | ook at the application of the tracer, and

thenin green are the actual observed breakt hr oughs at
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t he point sone, as | say, 30 meters belowin the drift
in this particul ar case.

So with respect to the unsaturated zone,
which | knowis not the focus of a nunber of the tal ks
that will follow, a number of tests, in particular
focused onthe insitutests here, but those have been
supported by anal og eval uati ons and | aboratory tests,
have kind of confirned the conceptual basis, the
conceptual nodels wused in the unsaturated zone
transport characterization and nodel .

Those tests are al so used to provi de data
to constrain the paraneter distributions, the
reasonabl e paraneter distributions of transport-
rel ated paraneters, and for the particul ar sorption-
related transport paraneters, which | haven't
presented in here. Those are primarily derived from
| abor at ory-based testing.

But in the cases where a |aboratory
sorption nmeasurenent is conparable to a tracer that
was used in an in situ test, the transport
characteristics, the sorption characteristics, are
virtual |y anal ogous. I f anything -- and we'll see
some exanpl es here when we get to the saturated zone
-- the laboratory sorption neasurenents predict a

slightly | ower sorption, |ower equivalent Kd, than
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what would be derived in situ for the cases where
there is asimlar dissolved constituent that's being
conpared. O course, we're not testing these things
with radi oactivetracersinthefieldfor very obvious
reasons.

And uncertainties, then, in paraneters,
whet her those be sorption paranmeters or transport
paraneters in general, such as matrix diffusion,
effective porosities, fluxes, etcetera, have been
i ncl uded and ar e bei ng propagat ed t hrough wi t h respect
to the performance assessnment, where now perfornmance
assessment -- in the nost general sense of the word,
t hat i ncludes the total systemperformance assessnent
and t he eval uati on of the capability of the barrier as
required in Part 63, and as will be summarized in the
safety analysis report later on this year.

Swi tching gears to the saturated zone, we
have a conceptual picture. | think we' ve probably
used this conceptual picture several different timnmes
to show the different transport behavior of the
fractured tuffs wversus the alluvium and that
di fference in transport behavi or, transport
characteristics, is directly evaluated in a coupl e of
tests that I'mgoing to tal k about in summary fashi on

here t oday.
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| want to preface this by saying that,
unfortunately, to date we haven't been able to forma
full cross-fold tracer test in the alluvium for
permtting reasons. | believe Nye County, who is
going to talk tonorrow -- Dr. Hammerneister is going
to talk tonorrow -- will talk alittle bit about the
current status of any plans for tracer testing,
crustle tracer testing in the alluvium

So to date the only test -- and | think
"1l have one exanple of that -- in alluvium a
relatively large scale of transport is what can be
varyingly cal |l ed a huf f - puf f t est or an
injection/wi thdrawal type test from a single pull,
where you inject a tracer, |let the natural gradient
t ake over, and then withdraw the tracer and eval uate
what t hat tells you about t he transport
characteristics of the alluvium And we'll talk a
little bit about that in a second.

So we have very different, not processes,
but di fferent geol ogic characteristics that affect the
transport behavior in both the vol canic aquifer, the
tuff aguifers if youwll, and the alluvial aquifers.
I"m just trying to show those conceptually on
Slide 15.

On Slide 16, again, anintroduction. Just
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as in the wunsaturated zone, the Departnent has
utilized large-scale testing to characterize the
transport nodels, to validate those transport nodel s,
and to develop paraneter distributions and their
uncertainty that are used to propagate with respect to
t he behavi or and characteristics of the capability of
now the saturated zone conponent of the barrier to
radi onucl i de transport bel ow the repository horizon.

Slide 17 shows -- and this may be alittle
bit out of date with the nost current Nye County worKk.
It's as of about six months -- no, nine nonths ago, at
the time we wote the Technical Basis Docunent
Nurmber 11 on the saturated zone.

But it shows the individual bore holes
used to -- in the saturated zone used to evaluate
geochem stry, used to evaluate hydrol ogy, in
particul ar fl owcharacteristics, potentials, etcetera,
and a bl owup of the two nmulti-hole |ocations, one in
the tuff aquifer up above, the CGwells complex that's
been cal | ed, and one down bel ow cl oser to Hi ghway 95,
the alluvial testing conplex inthe -- some of the Nye
County early warning drilling program polls.

| think Bill will talk alittle bit about
t he geochem stry and t he use of the geochem stry toin

part constrain and evaluate the likely paths of
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groundwat er flow once you enter the saturated zone.
|"ve left those out of my discussion, as well as the
potenti al eval uati ons, and have ki nd of focused on the
transport in situ testing information.

Now, these wells, as you can see, both at
the C-wells conplex and the al |l uvial testing conpl ex,
are on the order of tens of neters apart. W have
used sonme larger scale if you will tracers that |
believe Bill will tal k about to hel p constrain gener al
transport paths and general transport rates, although
t hose general tracers, |ike carbon-14, like -- 1 don't
think we're going to tal k about uranium 234, U 238,
although that is presented in the technical basis
docunent .

There are sonme |inmtations on howfar you
can take those | arger-scal e, naturally-occurringradio
tracers with respect to evaluation of transport at
Yucca Mountain. So we have relied pretty heavily on
these tens of neters scale tests, especially at
C wel | s.

Slide 18 j ust gi ves you t he
hydr ostr at egi graphy, |ithostrategigraphy, at CGwells.
A couple of inportant aspects here. Those little
triangles are from flow neter 1ogs, the actual

percentage of flux inthe well whenit's being punped,
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and where did that flux cone from

| think as the panel is well aware, the
actual distribution of transm ssive features that can
yield water, and, therefore, are nost likely to
transport any di ssol ved constituentsisfairlylimted
inafractured rock mass. Not every fracture carries
water and is equally transm ssive. 1In fact, you see,
you know, for nost of those holes, for those three
wells, either three or four zones that are carrying
nost of the water. And, in fact, it's one or two
zones that are carrying nost of the water.

W factored that distribution. W' ve
called that the flowing interval spacing in the
t echni cal basi s docunment and i n t he nodel reports that
support the saturated zone flow and transport to say
t hat that's where, i f there are dissolved
radi onucl ides or colloidal radionuclides that enter
t he saturated zone, it woul d be in those features that
they are principally transported wthin.

Going on to Slide 19, there was a | ong-
term year and a half-ish punping test conducted in
C wel | s. That punping test was used to evaluate
| arger scales, the scale now of kilonmeters, flow
characteri sti cs. They weren't -- didn't have

transport at that scale of kiloneters, but there was
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at least an evaluation of the general flow
characteristics in the saturated zone at the scal e of
kil onmeters that was eval uated as aresult of this, you
know, year and a half long punping test in the
fractured rock mass.

Slide 20, and also 21 -- but let's start
with 20 -- is arepresentative cross-hole tracer test
conducted in the CGwells for a range of different
di ssol ved and an equi val ent of a coll oi dal species.
Those 360-nanoneter spheres -- and we' ve | ooked at
different size of mcrospheres and their transport
characteristics, those different -- those spheres
represent an analog if you will for colloids as
colloids mght be transported through the saturated
zone. And any radionuclides that may be sorbed onto
colloids could be transported with that coll oidal
mass.

Again, different tracers being used in
part to evaluate different diffusive characteristics
and to confirm t he di fferent di ffusive
characteristics, in particular the matrix diffusion,
bet ween t he i ndi vi dual bore holes. So even t hough t he
water i s predom nantly noving through sone of those
flowi ng features that | presented on Slide 18, during

the injection/wthdrawal t est, the dissol ved
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constituents are interacting with the rock matri x.

So, again, the matrix diffusion nodel and
the characteristics of the diffusion beingrelatedto
the size of the dissolved constituent -- bromde in
this case being a | arger diameter than the PFBA, the
pent af | uor obenzoi c acid -- and, therefore, being|ess
likely to sorb or to -- sorry, to diffuse into the
rock matrix.

Again, the third bullet, the sorption
val ues -- even though | haven't shown themon here --
or they're going to be shown in the next slide. For
the in situ tracer tests confirmand, in fact, are a
little higher than the |aboratory sorption
characteristics of these particular dissolved
constituents.

So Slide 20 sinply shows sone of the data

for aparticular test. Slide 21 shows alittle bit of

| aboratory data on top, essentially columm
breakt hrough tests for the -- sonme of the different
tracers used inthe CGwells transport test -- inthis

particul ar case, brom de versus lithium and then the
brom de-1ithium breakt hrough and nodel results down
bel ow for the in situ test.

So, again, the I|aboratory sorption

measurements, t he colum-type sorption
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characteristics, indicating a Kd in this particular
case of about .1 to .3 mlliliters per gram and the
field Kd, to get a reasonable reproduction of the
observed breakt hrough of, in this case, |ithiumbeing
constrained between .6 and 4 mlliliters per gram

So, again, the in situ sorption val ues
being -- fromthis experiment anyway being slightly
greater than the | aboratory-derived sorption val ues.
So the use of the | aboratory-derived sorption val ues
is conservative with respect to any application of
t hem for post-closure performance.

G ven that the chem stry, as we talked
about earlier this norning, along those flow paths,
likely flow paths remains reasonably stable and
constant with time and space along that flow path.

Moving to Slide 22, this is that -- the
results of that single whole injection/wthdrawal.
They were injected for a period of time, let sit for
a period of time, and then withdrawn for a period of
tinme. And you can't really get -- well, you could,
had you used a sorbing-type tracer. You could have
det er mi ned somet hi ng about sorption fromthese tests,
but we used non-sorbing tracers for this particular
test.

So, essentially, what you're doing is
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trying to summarize and evaluate -- and you can't
di stingui sh between flux and velocity using these.
It's one kind of [lunped paraneter. But using
reasonabl e ranges of effective porosity of the
al luvium you get a range of possi bl e alluvial fluxes,
as | show there, between roughly one and nine neters
per year at that particular |ocation.

The site-scale nodel that Bill will talk
about |ater gives a nedian value for nom nal set of
condi tions without uncertainty of roughly two nmeters
per year. So it's right in the sane bracket as the
range of possible single-hole injection/wthdrawal
tests.

And, as | say, there have been pl ans over
the years to do nulti-hole tracer tests in the
alluvial testing conplex or simlar multi-bore hole
| ocations in the alluvium And | think Dr.
Hamer nmei ster will talk about those -- the current
status of those plans tonorrow.

There is one other type of information
that I -- even though I kind of focused onthe in situ
observations up to this point, doing in situ sorption
other thanwith sinple tracersis prohibitive, bothin
time and in terns of protecting the environment. So

the sorption characteristics of radionuclides of
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inportance to performance are determined in the
| abor at ory.

Sone exanpl es of t hose sorption
neasurenents are shown in Slide 23. These are
different sanples showing different grain size
distributions at different | ocations. W' ve | ooked at
different chem stries and their effects on sorption
nmeasurenents, different m neral ogies, althoughlimted
by wher e we have sanpl es, and di fferent radi onucl i des.
But it kind of focused on, at least for this
particul ar slide, on neptunium and urani um sorpti on.

And it's these data averaged over the
reasonabl e range of grain sizes expected that are used
to develop a reasonable range of sorption
characteristics in the alluvium And simlar
observations are avail abl e froml abor at ory experi nents
conduct ed over the | ast, you know, 10, 15 years, sone
of themconducted by Dr. Triay and her co-workers in
the early and md-'90s, argues for the sorption
characteristics on the tuff aquifers and, for that
matter, in the unsaturated zone as well.

So, in conclusion, just as we had in the
unsaturated zone, the conceptual nodels we have for
transport behavior in the saturated zone have been

devel oped and are based l argely onthein situtesting
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that we have. The in situ testing has not only been
used t o eval uat e t hose nodel s, but al so to devel op t he
paraneter distributions, reasonable ranges of those
paraneter distributions that we apply with those
nodel s.

And | would be remss to say that, you
know, these are just a one-shot, you know, transport
eval uation. There is uncertainty inthe nodel. There
is uncertainty in the paraneters within the nodel

| tal ked about sone of those paraneters
today, things like flowing interval spacing, the
effective porosity within that flowing interval
spacing, the degree of matrix diffusion, and the
sorption characteristics of t he i ndi vi dual
radi onuclides thenselves along the likely travel
pat hs, both in the unsaturated zone and t he saturated
zone. And that uncertainty is propagated through both
the barrier evaluation and the total system
per f ormance assessnent.

So with that, I will stop and entertain
any questions.

Dr. Hornberger?

MEMBER HORNBERGER: Thank you very much
Bob. Qobvi ously, Bob has summarized a trenendous

anmount of information and work. [It's going to be our
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task to try to focus our questions on the issues that
we really want to grapple with nost significantly in
this nmeeting.

But with that warning, | will proceed to
guestions. Ruth?

MEMBER WEI NER: I have a couple of
guesti ons. Are you doing anything to the site by
i ntroducing water? | nean, you're not introducing
t hat much water. But what's your sense of that?

MR. ANDREWS: Yes. Wen we -- before we
do any test at the site, especially any test that's
near the repository block itself, a detailed -- |
think they're called design evaluation -- design
i mpact evaluationis perfornedto evaluate, what's the
i mpact, if any, on performance or safety associated
with doing the test, whether we're putting water at
t he surface, whether we're putting water underground.

W have an advantage that before this
site, assunming it's licensed, is closed, there is a
ot of time that transpires. And the natural system
is fairly forgiving with that anount of tine. But a
particul ar evaluation is done for that water and any
other <constituent that's introduced during the
physical test itself, just as we do with the actual

construction of the -- for exanple, the cross-drift or
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t he ESF where there are eval uations of the inpact of
di esel em ssions and other organic em ssions during
the construction activities thensel ves.

MEMBER VEI NER: My second question is:
how | ocati on- dependent are your tests for validation?
I n other words, if you -- the unsaturated zone clearly
i s not honogeneous. It's clearly heterogeneous. |If
you did the sane test in a nunber of different sites,
how di fferent would your results be? Do you get an
uncertainty band that way or --

MR. ANDREWS: Yes. Generally, we're using
the individual tests -- you know, whether it be the
Al cove 1 stuff or the Alcove 8, N che 3, or Busted
Butte -- we're using those with our nodel s to eval uate
t he confi dence or robustness in the conceptual node
and conceptual understanding itself.

Clearly, the parameters, you know, at that
particul ar |ocation where the test is performed are
conti ngent on where you give the test. So you then
are saying, "l have a nodel. | have a reasonable, you
know, approxi mation through the observati ons at that
particular point in space wth this set of
paranmeters. " You know, whether that be matrix
di ffusi on paraneter or, you know, sorption paraneter

or fracture characteristics, whatever.
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W then, when we extrapolate it or
interpolate it to the whole nountain, have to
consi der, you know, uncertainty in that paranmeter and
variability in that paraneter now at the scale of a
nmountain and fromlocation to |ocation.

So in large part, uncertainty in matrix
diffusion, in fracture characteristics |ike fracture
porosity and fracture-matrix wetting area, and
sorption characteristics are derived not solely from
that simlar test or singular test, but also from
other lines of evidence, including, in sonme cases,
literature information and ot her sources that we try
to characterize the gl obal uncertainty inaparticular
paranmeter that we then propagate through to the
eval uation of the barrier itself. So the test --

MEMBER VEEI NER:  So you find sonething --
|"msorry. Go on.

MR, ANDREWS: |'m sorry.

MEMBER VEEI NER:  You find somet hing drives
t he uncertainty, and others don't?

MR. ANDREWS: Yes. | nean, there are sone
paranmeters within the nodels as they are i npl enented
that drive, if you wll, the behavior of that
particular barrier. Those are generally described,

the nost if youw Il significant paraneters -- and |'d
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have to be careful about it -- what the neasure of --
of performance that you are | ooki ng at. You know, for
exanple, is it a medi an breakthrough of a particul ar
radi onucl i de, or what?

But generally, it's able-- you'reableto
post-process if you wll the nodel results and
determ ne, okay, this particular paraneter or this

suite of paranmeters drove the 95th percentile on the

breakt hrough of this particular radionuclide. So
that's kind of a -- if you will a post-processing
eval uati on once you' ve inplenented the nodel. But

that's possible, yes.

MEMBER WVEI NER: Finally, 1 assune you
heard Dr. Davis' presentation on the Naturita
experiments. And |I'd |like to have you conment on the
guestion of you have nodels and you validate them
agai nst real experinental data. And presumably you
benchmark them calibrate themagainst that -- those
dat a. And then you do a random sanpling of your
nodels. Isn't that correct?

MR, ANDREWS:  Yes.

MEMBER WEI NER:  Coul d you commrent - -

MR, ANDREWS: For paraneters, yes.

MEMBER VEI NER:  Yes. Coul d you conment on

Dr. Davis' statenent that nodeling -- doing a post-
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experiment nodel, in other words going fromthe back
end, doi ng that rather than doi ng randomsanpl i ng, how
-- put anot her way, what i s your sense of the validity
of the random sanpling nethod?

MR. ANDREWS: OCh, | think that the -- in
t he randomsanpling -- well, it's not totally random
because there's correlations, you know, of what's
bei ng sanpled to the different lithologic units that
you're dealing with. And if there was, you know, a
variation in -- a significant variation in
geochem stry that significantly affected, you know,
transport behavi or, there woul d be t hat correl ati on as
wel | .

But | think the degree of conplexity or
t he degree of sophisticationyou put in any particul ar
representation, whether that be a fairly sinplistic
representation which the Ilinear Kd-type nodel
represents, or a nore, you know, sophisticated
conpl exation-type nodel, both of them have to be
fundanental | y conpared to t he observations. They are
both nodels, and they have to be conmpared back to
data, whether they're sinple nodels or nore conpl ex
nodel s.

Propagating uncertainty is required in

either nodel, either a sinple nodel or a conplex
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nodel . You have to have the capability to eval uate
the conplexity and the -- not the conplexity, excuse
me -- the uncertainty in that characterization and

propagat e t hat uncertainty with -- general | y speaki ng,
with a nore conplex nodel you have nore individua
uncertainties, such as surface area or chemstry
reactions, that you have to consider and propagate,
whereas with a sinpler, you know, sorption-type nodel
there is general ly one uncertainty, one paraneter that
you ki nd of |lunped a lot of the conplexity in, and the
uncertainty in that also has to be propagated.

But | think in either case, whether you
take a conplex nodel or a sinple nodel, the
propagati on of the uncertainty withinthat nodel as it
affects performance would be | think about the sane.

MEMBER WEI NER: Ckay. Thank you.

MEMBER HORNBERGER: M ke?

ACTI NG CHAI RMAN RYAN: Thanks, Bob. I
agree with George. You covered a ot of ground in a
real short period of tinme.

| ' ve got anot her uncertainty question, but
hopefully it's alittle sinpler, at least it isinmny
mnd. |If you had to pick two or three things in the
unsaturated zone, and two or three things in the

saturated zone, that are the drivers of uncertainty at
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this point, what would they be?

MR.  ANDREWE: Probably the sorption
behavior of a couple of key radionuclides. Li ke
neptunium-- | think that's the focus of sone of your
guestions -- was on that. The actual flow

characterization, you know, withinthe fractures, both
in the saturated zone and in the unsaturated zone,
ends up being a fairly significant paraneter, in
particular wth respect to, you know, earlier
br eakt hr oughs and | ater breakt hroughs.

So those would probably be the two key
ones, but | think that probably that's for the
detail ed nodel ers who follow me to --

ACTI NG CHAI RVAN RYAN: If it's not afair
guestion to ask you, that's fine. But, you know, |
guess what |I'mtrying to do is get in ny mnd sone
order of what things are really driving the bus in
terms of uncertainty. You know, and interesting one
is -- and, again, it's a question on breakthrough.

For neptunium it's the tinme of arrival.
But does it affect the concentration? Because
concentration is what drives dose, not the tine of
arrival, because there's relatively little decay. So
ultimately |1'm thinking about these things and ny

list, not somuchinternms of the geohydrol ogi ¢ nodel,
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but do they or do they not have an inpact on an
ultimately cal cul ated dose? Sone of themm ght, and
sone of them m ght not.

MR, ANDREWS:  Yes.

ACTI NG CHAI RVAN RYAN:  Any t hought s t here?
Agai n, that may not be a fair question for you, but --

MR. ANDREWS: Yes. And | think it's a
little unfair to say the time of arrival is not a
significant evaluator. | think thetinme of arrival is
inpart the barrier capability that Part 63 asked for.
And the time of arrival, although I'll agree with you
t he di fference between 1, 000 years and 2,000 years i s
not significant, the difference between 1,000 years
and 20,000 years is significant to --

ACTI NG CHAI RVAN RYAN: That's a fair
amount, and | certainly accept that.

MR. ANDREWS: -- system performance. So
the tine of arrival can make a significant difference
t o Yucca Mount ai n performance and barri er performance.

ACTI NG CHAI RMAN RYAN: And | guess that's
what I"'mtrying to get a feel of -- in your mnd,
where are the ones where those differences are
potentially significant or inportant, and where are
they relatively mnor in terms of, well, it's not

going to have a biginpact? So |l'mjust trying to get
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your top three. And | think you ve given ne two --
you sai d neptuniumand --

MR ANDREWS: Ckay. | gave you two.

ACTI NG CHAI RVAN RYAN:  Yes.

(Laughter.)

And that's fair enough. That's cl ose
enough. | appreciate your insight.

MR. ANDREWS:  Ckay.

MEMBER HORNBERGER: Al | en?

DR. CROFF: Can you comment on t he extent
to which matrix diffusion -- to which you found it to
be reversible in your test?

MR. ANDREWS: |' mprobably not the person
-- 1'"1l have to find someone who was actual ly cl oser
to the test, to be honest with you.

DR CROFF: Okay. Again, if it's not
fair, we'll --

MR, ANDREWS:  Yes. Let me try to find
sonmeone to have an answer to that, okay? Because |'m
not cl ose enough to that particul ar test, to be honest
wi th you.

DR. CROFF: Ckay.

MEMBER HORNBERGER: | nes?

DR. TRI AY: \What have you found in terns

of the effect of colloids on radionuclide mgration?
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Wul d you say that the colloids have a | arge inpact?
And to what extent have you been able to bound the

effects of colloids on radionuclide mgration?

MR. ANDREWS: | hate to use this answer,
I nes, but it depends. It sort of depends on -- in
|arge part on the chem stry. In particular, it

depends on, you know, the pH of the solution and
depends on the ionic strength of the solution.

And the pHand i onic strength, as you nove
away fromthe repository block itself, fromthedrifts
t hemsel ves, does return to nore or |ess anbient, but
right in the vicinity of the drifts and inside the
package and i nsi de t he engi neered barrier system the
invert if you will. Those pH s and ionic strengths
can vary significantly depending on the anmount of
evaporation of water that occurs.

And they -- you know, those cheni cal
controls onthe colloid stability end up being fairly
significant with respect to the behavior of colloids
inthedrift and in the package, if they happen to get
into the package. And, of course, the degradation of
gl ass waste fornms creates colloids, so, you know,
snectite-type coll oids.

So then the effect in the far field is

somewhat nore constrai ned, because, you know, you're
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generally dealing with a nore well-defined and | ess
ti me-varying geochem stry. So it kind of depends on
where you are and what tine you' re tal king about --
the answer to that particular question. So sorry to
give you a PA kind of answer, but --

DR. TRIAY: Everything is wuncertain,
right?

(Laughter.)

MR. ANDREWS: Yes, on that one.

DR.  TRIAY: Let ne ask you another
guestion. Based on the previous talk onthe -- onthe
talk of Dr. Davis, can youtell ne -- you were tal king
about the differences inwater chem stry that coul d be
experienced at the site.

Could you give nme an idea, from your
per spective, given all of these sensitivity
cal cul ations, you know, that you have perforned,
whet her t hose changes i n water chem stry, because from
t he perspective of, you know, what | understood from
that first talk, that water chem stry is al nost all -
important when it conmes to applying the surface
conpl exati on nodel s.

To what extent do you feel that that water
chem stry woul d have a big effect on the sorption data

that you're utilizing in your transport nodel ?
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MR. ANDREWS: Yes. Let netry to-- first

of f, the bulk of the sorption data that we're usingin
our transport nodel are derived using J-13 type water
in the experinent. You know, J-13 is nore or |ess
along the flowpathinthe fractured tuffs between the
zone underneath the repository and the 18 kil oneter
poi nt of the reasonabl e maxi mal | y exposed i ndi vi dual .

So that water -- and that water is
sanpl ed, you know, periodically, and chem stry done
periodically on J-13 water by the USGS. And it's been
fairly stable, you know, during -- with tinme over the
20-plus years that J-13 and J-12 have been punped.

Now, if you nove away fromJ-13 -- and
think Bill won't talk so much bul k chem stry but types
of chemi stry in the saturated zone. Along the flow
path, the likely flow paths, the chem stry and the
saturated zone are, you know, fairly honmbgenous |I'm
going to say. And Bill will tal k and show sone plots
| think of different chem cal signatures, gross
chem cal signatures, in the saturated zone.

There are observations in the saturated
zone where the chem stry is significantly different,
and, in particular, where the redox state is
significantly different, i.e. there are zones where

it's reducing, and there are zones where it's nore
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oxi di zi ng.

Qur current evaluation and current node
says that along the |likely fl ow paths the geochem cal
systemis fairly stable and likely to be oxidizing
along the nost likely flow paths. Those zones that
are nore reducing and nore reducing in our system - -
just for those of you not aware, nore reducing in our
system has a significant effect on several
radi onucl i des transport, nost notably technetium but
al so the ot her actoni des are seem ngly i nfected by the
redox state of the groundwater.

So those nore reduci ng condi tions, which
are observed in the saturated zone, we believe are not
really along a Ilikely flow path. So taking
performance credit for that significant change in
chem stry off of the flow path we didn't feel was
appropriate. And so that particular, you know, nodel
uncertainty of the -- where the chemstry is wth
respect to the fl ow paths has been excluded fromthe
barrier evaluation and performance assessnent.

But along the likely flow paths, the
cheni stries and the di fferent chem cal signatures are,
in fact, very simlar. So using a singular sorption
mechani sm not affected by tine or space, we felt was

appropri ate.
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So if you wll, the conplexities of
geochem stry in the saturated zone are not that great
along the likely flow paths.

DR. TR AY: So that honogeneity in
chem stry, does that help you to bound, then, the
effect of coll oids?

MR. ANDREWS: We use that chem stry in our

eval uation of colloid transport. |'d hate to use the
word "bound,"” but we use the chemstry in the
saturated zone to -- in our devel opnent of colloid

transport-rel ated paraneters in the saturated zone.
So | think "bound" is probably not the right word to
use, but that effect is factored in.

MEMBER HORNBERGER:  Ji m O ar ke?

DR CLARKE: Bob, the Alcove 1 test
reveal ed that matrix diffusion was inportant in the
areas of densely-welded tuffs. | can't tell fromyour
conceptual nodel on Slide 3, isthat alarge area? |Is
this a significant retardation process overall in the
vados zone? In other words, what flow will be

intercepted by these densely-wel ded tuffs?

MR. ANDREWS: Well, | nean, the Alcove 1
is--1 nean, you'reright, it's at the surface, which
is -- 1 believe it's probably Tiva Canyon, at that

particular test location. So it's probably, if you
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will, nmore densely welded than the Topopah Springs
wel ded tuffs. But the wel ded tuff characteristics and
concept of in a welded tuff you can have matrix
di ffusion processes operative, is nore or less a
val idati on of the nodel, the actual paraneters, than
-- that we used be --

DR CLARKE: ["'m just asking how
significant that is overall to transport through the
vados zone. WII| --

MR ANDREWS: It's fairly significant.

DR CLARKE: So --

MR. ANDREWS: It's not so significant when
you | ook at sonmething |ike the 50 percent arrival of
mass. But it is | believe -- and there are
sensitivity analyses that | didn't bring. | think it
is fairly significant for the early breakthrough
arrival of mass. So it kind of depends on where you
are on the breakthrough curve, if you will.

DR CLARKE: So | guess this is kind of a
question for the NRC But does that mean that
translates to a risk insight? Wuld that have a hi gh
significance simlar to retardation in the alluviunf
| guess this is fairly new, these data, or is this
report just provided in --

MEMBER HORNBERGER: No. | think the NRC
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has seen this stuff.

MR. CAMPBELL: We've been follow ng the
C-wells and other tests for quite a few years.

VEMBER HORNBERGER: Andy, he's talking
about the tuffs, the Tiva Canyon, the Al cove -- test
in the alcoves and the over --

MR. CAVPBELL: 1'mgoing to have to defer
t o someone who can address those funds.

MR. ARLT: Yes. Hans Arlt, NRC. No, we
are aware of that. DOE does claima lot of credit for
matrix diffusion in the unsaturated zone, and we have
a few agreenents that do cover that.

DR. CLARKE: | just wondered on a risk
i nsight basis, does that nean that the unsaturated
zone has attributes of high significance as well? W
heard about the one this norning for the saturated
zone. Would matrix diffusion then have that | evel of
significance on a risk insight basis for the
unsat ur at ed zone?

MR ARLT: | think that was medium
si gni fi cance.

DR. CLARKE: Ckay.

MR ARLT: But it's been rated.

MR. CAMPBELL: Qur key slides with that

was with a group of three that we rated as nedi um as
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opposed to the retardation in the alluvium And
that's primarily based upon, like |I said, many years
of analyses that we've done with the TPA code and
ot her things and | ooking at all of the information.

MR ARLT: That is one of the nost
i mportant things that we'll be | ooking at fromthe NRC
sideis the matrix diffusion in the unsaturated zone,
and also the Calico Hills, they are very aware of
t hat .

MR. CAMPBELL: Keep in mnd that if in
DCE's nodel -- again, as to repeat what he said
earlier today, DOE s nodel takes a lot of credit for
that. But we're going to invest enough resources to
eval uate that, the i nportance that they attach to that
particul ar area. That's a very inportant part of
their nodel, but we're going to invest the resources
in evaluating that thoroughly.

DR CLARKE: Ckay. Thank you.

MEMBER HORNBERGER: Ji m Davi s?

DR DAVIS: Yes. You nentioned that the
pH and ionic strength increase near the waste
repository, and that it attenuated away towards the
anbi ent val ues. | was wondering what -- over what
di stance -- are you saying that it gets back to

ambi ent val ues? And how is that determ ned?
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MR.  ANDREWS: It depends on the tine.

Initially, but, you know -- and | say it depends on
time because of the thermal environnment, and the
thermal environment is changing significantly over
time. And, in fact, a thermal environment, even
within 10,000 years, is probably not back to, you
know, anbient. It's still slightly elevated with
respect to the anbient.

And it's that thermal environnent that
drives the chem stry evolutioninside the drift. And
i f a package has been degraded i nsi de t he package, the
degree that the thermal environnent returnsto, if you
will, nore or less anbient is inthe first, you know,
roughly 1,000 years if | go five, 10 neters away from
the drift.

So if you just take round nunbers, take 10
nmeters and 1,000 neters, you're close to the anbi ent
t hermal environment. The chemistryisstill tryingto
catch up, if you will, to that to that change in

tenperature, and that takes another, you know -- |I'm
t al ki ng ext enpor aneously here.

| thought you' d | ook at the plots, to be
honest with you. But another 1,000 or so years before

the chem stry returns in that vicinity around the

five, 10 neters around the drift -- | mean, therefore,
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inthe drift to close to anbient chem stry.

So it's generally in that few thousand
year tineframe, driven nostly by the thernmal
perturbations on the chemstry, that the pH, the
car bonat e concentration, other dissol ved constituents
are significantly changing. And it's not always
increasing. Sonmetinmesit's decreasing. It depends on
whi ch constituent you are tal king about due to the
wat er-rock interactions during the dryout phase and
the rewetting phase, if you will, of the thernal
profile around the drift.

But to answer your questionin avery, you
know, general way, it's usually in a few thousand
years we return cl ose to anbi ent chem stry, which then
woul d correspond to anbi ent, you know, sorption type
and other characteristics from a geochemstry
per specti ve.

The rock itself, although it undergoes a
change, it is not a significant change in rock
m neral ogy during that thermal pulse. Soit's nostly
t he aqueous chenistry that's changi ng.

DR. DAVIS: So after the thermal pul se has
subsi ded, is there -- do you think that there is going
to be any inpact to the waste packagi ng or the total

wast e envi ronnment on t he chem stry of the water, aside

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

128

fromthe thermal inpact whichwill [ast 1,000 years or
so? | nean --

MR. ANDREWS: Inside the drift, yes.

DR DAVIS: But how far out does that --

MR ANDREWS: Inside the drift.

DR DAVIS: How far away from-- in the
unsaturated zone is that chem cal perturbation going
to go?

MR. ANDREWS: That's probably on t he order
-- 1'd have to | ook at the actual nodel report to be
honest with you. But off the top of ny head, |'d say
on the order of neters that it extends, because the
fluxes that -- the water volunes, even though the
concentrations are significantly different right next
to the waste, and in the invert, because of the
t hermal behavior in that zone, the volunes of water
and the fluxes of water are significantly | ower than
t he vol umes of water and fluxes of water that are in
the rock nass itself going around the drifts. So you
have kind of a dilution, if youwll, effect based on
j ust vol unes and masses of water that are in the rock.

MEMBER HORNBERGER:  Di ck?

MR ANDREWS: There is a nodel that
addresses that. [|'d just have to get that for you

MEMBER HORNBERGER:  Di ck?
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DR. PARI ZEK: Yes, Bob. Could you give us

sort of an update on what studies are still underway
i nthe saturated zone/ unsat urated zone? Unl ess ot hers
| ater today and tonorrow are going to speak in detail.
But, you know, what's still going on in the program
that's part of the present work, that may be different
than the science and technology initiatives?

MR.  ANDREWS: "1l let, you know, Nye
County and Dr. Hammer nei ster tal k about the saturated
zone, because they probably are cl oser -- alot closer
to that on what the current testing that's going on
there, additional drilling and testingintheir early
warning drilling program holes is.

Wth respect to the unsaturated zone,
there's continuing nonitoring of Alcove 8, Niche 3,
continued nonitoring of drift scale test, the heater
test, occasi onal chem cal sanpl es t aken, wat er sanpl es
t aken for cheni cal anal yses fromthe drift scal e test.

Those are probably the two if you wll
active testing. There's a nunber of tests going on
wi th respect to the thermal nechani cal behavior inthe
cross-drift and in the lower lith, but that's not
really germane to this discussion.

That's kind of -- Drew, do you --

MR. COLEMAN. That's a pretty good |ist.
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DR. PARI ZEK: About a year ago, the

program al so gave a confirmation testing briefing to
the ACNW and it was quite extensive -- Debbie Barr's
presentations. |Is there an update on the status of
the confirmation testing programthat DOE i s working
W t h?

MR. ANDREWS: Yes. That plan is being
revised slightly, and the actual revision will be
reflected in the safety anal ysis report, you know, as
required in the Yucca Muntain Review Plan. The
actual plan | think will be available slightly before
t hat, but maybe DCE shoul d speak to the actual tim ng,
you know, of that.

MR. COLEMAN: Yes, that's in preparation,
and we're going to be reviewing it here in the next
nonth or two and accepting it.

DR. PARI ZEK: Then, you brought us back
with this long-termtest that was done in the tuffs.
That's six years and seven nonths ago approxi mately
when that test ended. But that year and a half
punpi ng test delivered sonet hi ng on t he order of about
.44 mllion cubic meters of water, | think you
indicated. And in that water that was returned back
to the alluvium sonewhere down around | guess J-13.

It had the tracers init, it had mcrospheres init.
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s it possible to use that as a tracer experinment?

| nmean, that slug of water is in the
system flowng along, and it has been there |ong
enough that you have six and a half -- alnobst -- nore
than six and a half years, and you mght find the
pl ume and use that as a long-termtracer test or get
value out of it if you could actually find the plune?
| s that possi bl e? Has any thought been given to that?

MR. ANDREWS: It's very possible. There

has been thought giventoit. | believe the USGS and
maybe it's Los Alanps -- |'m not sure who they
cooperated with -- have a -- | don't knowif it's in

the formof a proposal to the Sci ence and Technol ogy
G oup to do exactly what you just said. | don't know
what the status of that is, though, to be honest with
you.

MEMBER HORNBERGER:  Thank you.

MR.  ANDREWE: So it has been proposed

MEMBER HORNBERGER: (Okay. Thank you.

Don, do you have a question?

DR SHETTEL: Yes, | have a couple of
questions. The first one involves injectionrates in
the UZ experinents lead to the higher matrix

di f fusi on. First, |I'm wondering if these are
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accelerated in the sense that if nore water is
injected than mght be flow ng, natural episodic
infiltration, andif you'reinjectingit into a dead-
end fracture versus a free-flowng fracture, it m ght
tend to be saturated in the matrix in that area and
thereby skew your results in ternms of matrix
di f fusi on.

MR.  ANDREWS: Vell, they are at
accelerated rates. That is true. So we are
overinjecting, you know, orders of nagnitude -
hundreds to thousands of tines the background
percol ation fl owrate, average percolation flowrate,
and the uncertainty in that percolation flow rate.

So the systemis being overstressed with
respect to flux in every one of the tests that | have
descri bed here -- in the unsaturated zone and in the
saturated zone. Wien you're then conparing and
eval uating di ffusive characteristics, matrix diffusion
characteristics, the nodel upon which those diffusion
characteristics is being eval uated has whatever the
saturation is in that rock matrix within the nodel

The anbi ent saturation wthin the
fractured rock mass in the unsaturated zone i s on the
order of 90-plus percent. So the bulk of the pores

within the matrix are already saturated. There's a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

133

remai ni ng 10 percent roughly that are not. The issue
t hen becones the fracture-matri x i nt erconnecti on ar ea,
whi ch I think, you know, the second or third part of
your question was getting at.

That fracture-matri x i nterconnection area
is evaluated in a test, but it's also an uncertain
paranmeter that is propagated through to the effect on
performance. So you are right in the sense that when
you've done a test the goodness of the test is
contingent on the properties during the test, which
i ncl ude t he degree of saturation between the fractures
and the matrix in the test, which is then eval uated
and can only be eval uated within the nodel that's used
to evaluate that test.

So it's consistent between the nodel and
the test, and then the uncertainty of that particul ar
aspect, the fracture-matrix interaction term is an
uncertain paraneter that's applied when we eval uate
t he behavi or of the barrier and t he performance of the
system

DR.  SHETTEL: That wouldn't seem to
correspond very well. If that flowis really in the
form of rivulets going down fractions, that can be
very tough to conpare with --

MR ANDREWS: Well, we don't think there
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isepisodicflowthroughrivulets, except for the Tiva
Canyon, and it may occur within the Tiva Canyon. But
once you get bel owthe Pai nt brush, and t he Pai nt brush
being some tens of nmeters of essentially porous
medium that -- any potential of episodic flowthat
may have occurred in the first upper 10 neters is
danped out, and it becones nore or | ess a honbgenous,
al though spatially distributed, flux wthin the
fracture systembelowthat point. Soit's not |ike we
have masses of water noving through discrete zones.

DR. SHETTEL: Well, Alan Flint recently
stated at the last NWRB neeting, | believe, that
there is really no reason that the boundary above the
repository woul d be danped out.

MR. ANDREWS: | think he was tal ki ng about
|ateral flow He wasn't talking about tenporal
damping, so -- and the degree of lateral flow,
spatially lateral flowthat occurs at that interface
bet ween the PTn and Tiva Canyon is a function of the
flux. And because the flux -- surface flux changes
with tine, the degree of effect of |ateral diversion,
not tenporal danping but |ateral diversion, changes
wth tine.

So given that we have climate changes --

| think it was on one of ny slides -- we have clinmate
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changes that are being applied to the system and 94
percent of the tinme we have a climate change that has
al ready occurred for this system The first climte
change we apply is at 600 years.

That degree of lateral flow and the
fraction of flux belowthe PTn that's either diverted
or non-di verted becones somewhat, you know, danped out
also in tinme. So not just the transient dunping but
t he spatial danping gets evaluated. So --

DR. SHETTEL: Ckay. Last question.
Switching tothe saturated zone, Slide 23, which shows
Kd's for alluviumfromNye County's drilling program
there'sreally only two wells onthat list that arein
the potential flow path from the repository.
Therefore, the other data is really irrelevant.

MR. ANDREWS: |'d have to get back with
you, because this is sone of the data, and --

DR, SHETTEL: Yes. 19D and 2D are the
only wells that are in the potential flow path.

MR. ANDREWS: Ckay. |'Ill take your word
for that. | haven't |ooked at it in that -- |
nmean, --

DOE STAFF: Yes, that's correct.

MR. ANDREWS:  Ckay.

DCE STAFF: There are m neral ogi ¢ and, you
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know, grain size -- these are consistent. You know,
the alluvium was not radically different along the
flow path, and it is in other |ocations.

MEMBER HORNBERGER: Ckay. | think we need
to nove along. W are running a good bit behind.

Thank you very nuch, Bob.

Wiat 1'd like to do now is nove to our
next presentation. JimWnterle is here I think, |
hope. Hello, Jim And Jimis going to give us a
presentation on the center nodel i ng of saturated zone
flow.

For those of vyou who haven't done
groundwat er nodeling, "Il point out to you that in
advance sonet hi ng you can perhaps | ook for, it's not
uncomon t o have groundwat er heads matchwithin, let's
say, 10 nmeters or so, and counted very good. And just
keep that in mnd as you listen to what Jim has to
say.

(Laughter.)

MR. WNTERLE: Ckay. | amJimWnterle.
The title of nmy talk i s "CNARA Mbdel i ng of Site-Scal e
Saturated Zone Flow at Yucca Muntain." This is a
nearly identical talk to one | gave a few nonths ago
at the NWIRB neeting. So sone people in the audience

may have |l argely heard a lot of this before. "Il try
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toput it thistimeinadifferent context as to, you
know, howthe NRCis using this kind of information to
apply risk insights.

Next slide, please.

Afewdisclainers first. Oneis that the
activities here were perforned at the Center, and not
necessarily any of this reflects the opinion of the
NRC. And the second one is that |'mabout to present
several nodel scenarios, but these are all exploratory
in nature, and they shouldn't be considered an
exhaustive list of scenarios, or none of themshould
be considered preferred by CNVRA or NRC

Next slide, please.

I"'m going to talk about how our
groundwat er flow nodel was constructed, based on a
hydr ogeol ogi ¢ framework. And then I'mgoing to | ook
at three different types of anal yses we've done with
the nodel -- one on the effects of different
hydr ogeol ogi c i nterpretations, and one on the effects
of -- what the local recharge is at Yucca Muntain
and anot her on the effects of increased recharge and
water table rise, for instance, that m ght acconpany
a potential future climate, and what the effects of
t hose are on groundwater flow paths.

To start, we've built this nodel based on
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t he Hydrogeologic Framework Mdel that was also
i ndependent|y devel oped at the Center and docunented
by Darrell Sinms, et al. That used as input the
G-M 3.1, which is a Departnment of Energy or USGS
production, but it -- that nodel is just a snall
portion of the data that goes inthis. And there were
i ndependent interpretations of geophysics and well
bore interpretations.

W al so | unped t oget her t he geol ogic units
i nto hydrostratographicunitsinanindependent manner
differently than how DOE constructed their nodel. So
we think that so nmuch of the approach was done
i ndependent |y of the data and assunptions used by DCE
that we're confident that it provides a fairly
i ndependent way of | ooking at things.

The hydrogeol ogi c properties assigned to
the flow nodel were based on correspondence to the
structural features in here. Andthat franmework nodel
al so includes several faults. | won't nanme themall
but here shown in black lines is fault features and a
Cal dera altered zone. In red, that shows where | had
to extend the Caldera zone southward, and | had to
extend the Hi ghway 95 fault zone a little bit nore to
the east in order to get a good nodel calibration.

But ot her than that, one ot her change was
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the fault zones in the Fortym | e Wash and Pai nt brush
Canyon area were so cl ose together that | constructed
t hose as one single wi de zone of -- which we would
consider an intensely fractured and faulted zone.
O her than that, the features included in the node
are the same as what was in the underlying framework
nodel .

And this Slide 6 shows a conparison of
cost sections from the wunderlying hydrogeol ogic
framewor k nodel and how that gets put into a nodel
grid. This is just a two-dinmensional slice, but it's
a fully 3-D nodel

The major units are alluvium It's the
uppernost | avender colored unit. Then there's the
upper volcanic aquifer. Awunit 1'll talk a lot nore
about in some of the analyses is the upper vol canic
confining |l ater, whichis actually a poorly confining
layer. It has a little bit lower perneability than
t he adj acent |ayers.

Bel owthat is the | ower vol canic aquifer,
and bel owthat a very thick confining sequence, which
is a very good confining |ayer, and below that is a
t hi ck sequence of what we call pal eozoi c carbonates.
They are very deep. The depth of the nodel goes down

to about 1,500 neters bel ow sea | evel.
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Next slide?

The nodel domain in plan view is very
simlar to the Departnent of Energy saturated zone
nodel . It extends well north through the Yucca
Mount ai n areas, where |'mpointing here. |t extends
well north into the Calico Hills, to the west of
Crater Flat, and to the east of Jackass Flats, and
south in Canavera, which is a farns area.

The interpretation of the water table you
see in the contours here was used to assign latera
boundary conditions, and those are what drives the
water -- what tells the nodel what the conditions are
outside of the nodel and forces the water to go
t hr ough t he nodel .

And then, within the nodel, all of these
bl ue dots you see are calibration points. | believe
there were 70 in total that we used for calibrations.
And they are at various depths, so there's a three-
di mensi onal aspect to the calibration.

In the northern zone, 1'Il show |ater
there's an area of recharge, and then anal yses of
recharge, with and wthout recharging the Yucca
Mount ai n ar ea.

Let's go to the next slide.

(Sl'ide change.)

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

141

Wth the basic set-up, one of the first
anal yses | wanted to look at is what are the effects
of hydrogeologic interpretation? Wth the basic
underlying franmewor k nodel that | described, that our
fl ow nodel is based on, it has so many hydrogeol ogic
units and fault zones and, based only on that, I'm
able to get a calibrated nodel that's reasonably
consistent with the quality of «calibration the
Depart ment of Energy gets.

Dr . Hor nber ger ment i oned t hat
calibrations, plus or mnus 10 neters of water | evel
at a particular well, is often consi dered good i n our
nodel . Those big errors are sonetinmes due to where
you pl ace hydr ogeol ogi c units uncertai nties on whet her
or hydrogeol ogi c units have certain properties or not.

So what | did was | tried to add
particul ar features to the nodel or maybe adjust the
geonetry of sonme features. So | don't really have
data to say things are a certain way in this nodel,
but there's nothing |I've done to this that is refuted
by the data. So | have conceptual basis to add
particul ar features. Like this orange | ayer was an | ow
pernmeability zone at the tuff galuma interface.
Anot her change was to change the Cal dera zone just a

little bit further zone. And one change was to nodify
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the change to the Solitario Canyon fault. Little
things like that -- add a third feature, a fault zone
feature, to kind of limt the cross flow fault zone
and the Fortym | e Wash area.

(Slide change.)

And if we go to the next slide, you'll see
doing that, | was able to take the base case
calibration or RVM5 error of 27 meters, meaning the
nmean square of the error plus or mnus zero line,
averagi ng about 27 nmeters in the base case scenario
and just by noving a fewfeatures around | was able to
reduce that RVMS error to 1.1 neter. |If you |ook at
t he scal es you seethe error inthis alternative nodel
is down within the neasurenent error of water |evels
and wells in nost cases.

So t he questi on was what effect does that
have on fl ow pat hs. Let's go to the next slide, |
think it shows that.

(Sl'ide change.)

Qur original nodel had flow paths that
start out going to the east, southeast and turn
abruptly south and [ argely continue going south into
the conpliance point and then with the inproved
calibration, they cone alittle bit farther east and

then again turn south and basically end up in al nost
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t he same spot, slightly nore spread to them And so
t he two nodel s you see here are basically constraints
on what the effects of playing around with calibration
or di fferent ways of obtaining aninproved calibration
within the nodel and data uncertainties are on your
fl ow pat hs.

(Sl'ide change.)

And on the slide all the way to the right
is the Departnent of Energy's base case flow nodel
analysis. And you'll see that the fl ow paths com ng
out of their nodel are nore or | ess in between the two
cases that |1've cone up with here. So they're sort of
within the range of uncertainty that we' ve devel oped
with our nodel.

(Sl'ide change.)

If we go to the next slide, the next
analysis | wanted to | ook at was what are the effects
of what you assunme about recharge in the Yucca
Mount ai n area because the recharge, where the flow
paths are first initiating, the question we have is
how i nportant is that to how deep the flow paths go
and for what units they travel in. So | | ooked at one
case with 10 milineters a year in the northern area,
but no recharge over Yucca Mountain and then a case

with the same recharge and then with five mllineters
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a year at Yucca Muwuntain. And then we also show a
recharge area in Fortymle Wash. That doesn't cone
into play until the third analysis I'mgoing to talk
about | ater.

So we'll go to the next slide.

(Slide change.)

You see in plan view, the two fl ow paths
with no recharge at Yucca Muntain and with 5
mllineters a year at Yucca Muuntain, they're al npst
i mperceptively different. | should nention these
little blue arcs here are the approxi mate geonetry of
where the flow paths transition into alluviumand so
the risk insight question we're asking is do these
t hings affect what we've determned to be a risk-
significant itemin flow distance in alluviun? So |
use that to evaluate. And you can see that there's
al nost no difference in plan viewin|ooking at these.

(Sl'ide change.)

But if we go to the next slide you can see
inaside viewthat with alittle bit of recharge, 5
mllinmeters per year at Yucca Mountain, the fl owpat hs
go substantially deeper down to alnost 400 neters
dept h at sone areas as opposed to only goi ng about 50
to 100 neters deep in the case wi thout recharge at

Yucca Mount ai n.
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And that, depending on what you assune
about the porosity of volcanic units can have the
significant effect onthe travel time. And I'I1l tell
you right here at this point that there's sonething |
did to the porosity units. This dark blue layer is
what we cal | the upper volcanic | ayer. It corresponds
mainly to the Calico Hills unit and there's good
evi dence that that's a porous, nonwel ded matri x and
the flowin that unit nmay be largely matrix flow, but
both NRC and DOE flow nodels conservatively assume
that that's -- that all tuff is just fracture flow
with relatively |low effective porosity.

So one of the things | |ooked at in
sensitivity of the travel tinme was what if, all tuff
i f it's welded, it's fractured, but t hese
predom nantly nonwel ded units we assumed were matri x
flow.

(Sl'ide change.)

If we go to the next slide, you'll see
t hat you can nake a big di fference between the Case 1
nodel with no recharge at Yucca Muntain stayed
shal | ow and spent alot of time flowinginthat Calico
Hills unit, the upper volcanic confining unit is what
we call it inthis nodel. And that sone of the travel

ti mes or fl owpat hs approached 100, 000 years where t he
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mean was down around 10,000 to 20,000. | forget the
exact nunber, but by adding five mllineters of
recharge, those flow paths go a | ot deeper and that
brings the nmean flow path travel time to just over a
t housand years in this case.

So dependi ng on what you assune about the
porosities of the different volcanic tuff units, it
can have a substantial effect on whether or not
recharge is inportant. Al of our nodels, the DCE
nodel s, that our nodel do take into account the effect
of recharge on the initiation of flow paths, so
there's really no discrepancy there, but I think one
of the things this points out is here we'veidentified
a risk-significant area, the porosity of nonwel ded
tuff units for saturated flow, but because nobody is
relying on having flowin high porosity units to make
their safety case, at this point it's not an area
where the Staff needs to focus its concerns. So
there's an application of -- identified a potentia
risk-significant area, but we don't need to focus
resources onit, unless the Departnent of Energy wants
to change their approach and start getting del ayed
travel tinmes as a result of porous flow and vol canic
tuffs.

Next sli de.
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(Slide change.)

So basically, this slideis sunmarizing a
ot of what | just said. Those particle tracking
sinmul ati ons assume that fractured tuffs had a 0.001
porosity and then that the nonwelded tuff had a .1
val ue of porosity. And that's an assunption that's
unique to this nodeling analysis. | think there's
data to support that assunption, but nobody is taking
credit for that fact at this point. And if you nake
t hat assunption for a given flux, because the flux is
inversely proportional to porosity or because of
velocity at a given flux of inversely proportional
porosity, the sinulations with and w thout recharge
show a big difference in travel time at Yucca
Mount ai n.

' ve done ot her anal yses where |'ve set
all the volcanic units to the sane effective porosity
and that big difference in flow path travel tines
virtual ly di sappears. And in fact, historically, the
performance assessnents do not take credit for slow
fl ow and porous tuff.

Next sl i de.

(Sl'ide change.)

The next analysis | did was to | ook at the

effects of potential water table rise on fl ow paths.
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The evidence shows that during past climte
conditions, there have been spring flows at the
| ocation of well EWDP-9S. There's evaporate deposits
there and in several areas. So one of the things |
use to constrain the nodel was to rai se the heads by
a constant percentage instead of a constant anount.
A const ant percentage nmeans nore of an i ncrease where
t he heads are hi gher, where presumably the rechargeis
occurring.

And the constraint was to keep raising
themup until spring flowwas just initiated at this
| ocation. And an interesting self-consistency of the
nodel was that as | raise the water table up, the
first place where the water table hit the |l and surface
was right in this general vicinity where those
evapor at e deposits occur.

Soinadditiontoraisingthe water table,
| also doubled the recharge, so there's double the
recharge i nthe northern area and over Yucca Munt ai n.
| also added 200 millineters a year recharge in the
Fortym le Wash. And then the results of water table
rise are shown in the figure where nost of the
southern region it was 30 neters or less and in the
Yucca Mountain area the water table rise varied from

about 40 nmeters to about 120 neters. And that's

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

149

consi stent with other anal yses of how nmuch the waters
have risen in the past.

(Sl'ide change.)

And t he next question, if we can gotothe
next slide, is what was the effect of that on the fl ow
paths? And in plan view it has al nbost no effect on
the direction that things are traveling.

(Slide change.)

And then the next question shown on the
next slide is what is effect of that on travel tine.
The i ncreased water | evels were increased nore in the
north than they were to the south, so that did
i ncrease the gradi ent and fl owpaths travel tinmes were
somewhat shorter, averaging just under a thousand
years for the future climate scenario and averagi ng
about a little nore than a thousand years for the
present day climate scenari o, but they weren't what we
woul d consi der substantially different.

So even though the gradients increased a
| ot, nmost of that increased gradient is to the north
where flow paths are already going pretty quickly
t hrough what we assunme are | owporosity tuffs and t hen
an off-setting fact is when the water table rises, we
get a couple hundred nore liters of travel through

al | uvi um So that slows down the travel tines a
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little bit.

(Slide change.)

So if we go into the next slide, | think
we're into the conclusions. A summary of everything
we' ve just covered is that the nodel calibrations can
be significantly approved by relatively mnor
adjustments to the geometry of the different
hydrostati cgraphic and structural features, but the
variability in nodel flow paths for those different
scenarios was relatively nodel and we don't really
consi der that that affects the nore significant aspect
of alluviumtransport distance.

Smal | anpbunts of recharge can have a big
effect on the units that the flow paths travel
t hrough, but one of the other conclusions fromthe
future climate scenario is that further increases to
recharge don't add to that effect. So as long as
you're considering a little bit of recharge in Yucca
Mount ai n, you' re capturing the effect that you needto
capture and so it's not so inmportant that you get the
exact amount of recharge in the Yucca Mountai n area as
| ong as you got enough recharge to initially set the
sl ow paths going in the proper direction.

Anot her point is that what you assune

about the porosity of units |like the upper vol canic
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unit, the Calico Hlls nonwelded tuff formation can
have a big effect on your nodeled particle travel
times to the conpliance boundary and that if one were
to choose in the future probably relatively nodest
data col l ection efforts could be used to justify that
assunption and i nprove performance predi ctions. R ght
now, nobody is taking advantage of that.

Next sli de.

(Sl'ide change.)

Inthe future climte scenario, it assunes
five percent inthe rise in the water table boundary
was able to match the nodel -- match the observation
of spring flow that had occurred in the past at weld
9S location and that the five percent increase
resulted in a water table rise that varied between
about 50 and 150 neters below the repository,
increasing from south to north and that those
potential effects of water table rise mght be
sonething to consider if that repository footprint was
to be extended farther north because t he sl ope of that
water table rise seenms to be pretty steep to the
nort h.

And then the scenario of combi ned water
tablerise andincrease recharge did not significantly

change the fl owpaths for particle travel tinestothe
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conpl i ant boundary.

That's the end.

MEMBER HORNBERGER: Thanks very rmuch, Jim

Rut h?

MEMBER VEEI NER:  You nentioned that your
nodel was different from the DOE nodel. Was it
different because it was independent or was it
i ndependent because it was different?

(Laughter.)

MR WNTERLE: |'d say it was because it
was i ndependent. The results in the end aren't that
different sois the nodel different if theresults are
simlar? | think the ways it's different is we | unped
t he hydrogeologic units together differently. e
defined fault zone geonetries differently. Tuf f
alluvium interface was defined based on conpletely
i ndependent interpretations without any use of DOE' s
nodel for that.

MEMBER VEI NER:  So | think you've al nost
answered the rest of the question which is what inpact
do you think the differences between your nodel and
DOE' s nodel woul d have? Howwoul d you i nterpret that?
Are they mnor because you reached al nost the sane
conclusion? Are they nmjor?

MR. WNTERLE: | would say there are sone

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

153

maj or conceptual differences in the geonetry of fault
zones and Cal dera zones and t he depths the fault zones
go to, but inthe end, it turns out that those don't
seemto affect the fl ow paths. Wat affects the fl ow
paths is that in the end you ve got to have a node

that's calibrated to reasonably match the water | evel

observations. Once you get to that point there's only
so many directions the water can go. It has to flow
general | y down radi ant, so things |i ke ani sotropy can
di vert flow askew of the gradient. |It's constrained
how far that effect can be.

MEMBER VEEI NER: My ot her question is how
much does the inportance of the recharge rate depend
ontheresults of sorption and desorption experiments?
By itself, you can't really say.

MR. W NTERLE: Yes, these anal yses were
just particle tracking and they don't really say
anyt hi ng about the geochem stry or sor bi ng
characteristics of anything. It's just you could
assunme what ever those particle travel tinmes are the
radi onuclide travel tinmes are going to be equal to or
| ess than that. Whet her -- independent of the
sorption rates or retardation coefficients though
eventual |y those radi onuclides that aren't sorbed are

going to have to where the water went, so the effects
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on the flow paths should be applicable to the
transport path.

MEMBER WEI NER: Oh yes. Now | just
wondered, all right, ultimately these things are
coupl ed in performance assessnment, of course?

MR. W NTERLE: Right.

MEMBER VEEI NER:  One i s your assessnent of
t hat .

MEMBER HORNBERGER: M ke?

ACTI NG CHAI RVAN RYAN: Jim | appreciate
the fact that you really focused her eon the water and
getting that right and matching heads and so on.
G ven Dr. Hornberger's charge at the beginning and if
we're within 30 feet, we're okay. Are we okay or nuch
better than okay or great? Wat do you feel is the
real representation of the nodeling now in terns of
reality, whatever that is, | don't know?

MR. WNTERLE: | think the first analysis
we di d suggests that being within 30 feet is okay with
sone caveats. You want that 30 feet not to be al
bi ased depositive errors or negative errors. You want
themevenly distributed. In nost cases, the | argest
errors are right next to where fault zones or sone
kind of feature gives you a steep gradient, so your

nodel grid kind of limts what you can define as a
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fault zone, so if you were just off by 100 neters,
your calibration error is off, but basically you' ve
captured the effect that there's sone barrier there
that's sl ow ng down your water, causing a gradi ent or
directing your flowin sonme direction or another. You
may be just off as to the exact |ocation of that.

ACTI NG CHAI RVAN  RYAN: To non-
hydrol ogi sts, it sounds like if you do have those
di scontinuities and you have sone physi cal expl anati on
or ot her phenonenol ogi cal expl anation that says this
i s why that discontinuity is occurring, you're kind of
bringing closure to the exercise. Is that a fair
assessnment of where you think you are?

MR. WNTERLE: Well, yes. As long as you
can denonstrate you' ve captured the salient features,
the maj or effects of the structural features, you can
accept a little calibration error

ACTI NG CHAI RVAN RYAN: Sure. Thank you.

MEMBER HORNBERGER: Al l en? | nes?

DR. TRIAY: Yes. Along those lines, if
you had desi gn your wor ki ng of the world and you coul d
design the best way to validate the nodel that you
have proposed what do you think remains to be done?

MR. WNTERLE: Well, if we all live to be

200, | wouldn't mnd dunping a lot of sone inert
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tracer inside Yucca Mountain and waiting for it. |
don't know how long the performance confirmation
period is going to extend it to, but a large scale
tracer test, | think, would really be the best way to
figure out where flow paths that origi nate near Yucca
Mountain actually do transition into the alluvium
because there's al ot of uncertainty intothe geonetry
of that interface. There's older debris flows and
t hi ngs down there that could conplicate things. But
we're limted to points of data here and there where
we can put in well bores.

DR. TRIAY: So short of living to be 200,
what i s the next best way to validate the nodel ? Wat
remai ns to be done? 1'mnot suggesting that what you
have done is not very good. |'mjust saying if you
had the ability to delineate, what are we going to do
next ?

MR. WNTERLE: | think maybe a coupl e nore
strategically placed bore holes would be in order. |
t hi nk actual ly that is being done. 1'mnot sure where
the Nye County drilling programis at now, but | know
that's on-going. And they've done an enornous anount
of data collection in the past few years at a
reasonabl e budget. So that seens to be noney well

spent in reducing these uncertainties.
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The other thing we can do is just try to
keep attenpting to | ook at di fferent conceptual nodel s
so we understand what are the consequences of being
wrong and so far haven't cone up with any consequence
t hat woul d be so wong as that we really need to start
over and |l ook at things in nore dept.

MEMBER HORNBERGER: Ji mC ark? Ji mDavi s?

DR. DAVI S: Is soneone at the Center
| ooking at the effects of water chem stry fromthe
climate change?

MR W NTERLE: | think Paul Bertetti's
talk right after ne, well, I don't think we're going
to l ook at climte change effects on water chem stry
yet.

DR. DAVI S: Your conclusion is that a
smal |l anpbunt of recharge captures all of the
i nformati on that you need to know about the increased
recharge, but that mght not be true if you' re also
t aki ng i nto account chem cal effects that happen with
i ncreased recharge. So I think it needs to be
remenbered that that's a concl usion rel evant to where
the water flows.

MR. WNTERLE: That's a good point.

MEMBER HORNBERGER:  Di ck?

DR.  PARI ZEK: What's a five percent

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

158

i ncrease in boundary head values related to in terns
of recharge? What sort of recharge would it take to
gi ve you that increase?

MR. W NTERLE: There was no coupling of
t hose in the nodel, so --

DR PARI ZEK: In other words, does that
get us into a pluvial or a nmonsoonal? | can't quite
see what anmount increased recharge it woul d take to do
t hat .

MR- WNTERLE: | thinkit's -- I"mtrying
torenmenber. | haven't really gone through and | ooked
at the effect on specific discharge through t he node
boundari es and conpared that to what's been anal yzed
or estimated for previous climates.

DR. PARI ZEK: It was good enough to give
you the paleo springs reoccurring where spring
deposits occur, right? So that's at |east --

MR. W NTERLE: | guess what happened was
| got to that point, | was happy, so | haven't had the
time to really dig and to conpare that to other
anal yses and what regi onal groundwat er fl uxes had been
estimated. But it's definitely something we should
| ook at.

DR. PARI ZEK: Ri ght. It seens |ike

changi ng say the water | evel elevation from50 to 150
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neters isn't exactly a mnor shift, although it
doesn't change the flow path or travel tines
significantly than maybe t hat doesn't matter too nuch.
It's just hard to imagi ne you steeping the gradient
t hat nuch and not have that affect travel times other
than the chem stry changes that mght occur, but
that's what your analyses is showing us, right?

MR. W NTERLE: | guess a followon
analysis that | should consider is to |ook at
di fferent segnents of the fl owpaths and the effect on
travel time so | can understand it a little better,
but it looks like the flow path right near the
repository where nost of that water level rise is
occurring, if that goes from50 years to 5 years, it
doesn't have a big inmpact on the full transport tine.

DR. PARI ZEK: The role of nmjor faults,
okay, | ooking for sone data on fault permeability and
particularly the bl ock boundary faults and agai n, you
seeml i ke you' ve captured a |l ot of the details enough
that it seens |ike what would it take to cause your
conceptual nodel to blowup? It can't bl owup because
it sort of agrees with all the data you matched,
right? So what coul d change conceptual ly i n the nodel
t hat woul d show t hat maybe t he present understandi ng

isin error?
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MR. WNTERLE: | could specul ate.

DR. PARI ZEK: Maybe that's what we need to
do now, but before everybody buys the nodel,
everybody' s fl owgoes sout h, sout heast and t hen sout h,
if that's a fact of reality, then we have reason to
feel better about it. If it's possible that it could
be straight south, say under the footprint or split
where the straight south and al so sout heast, you may
have a consequence on performance.

| want to nake sure that the conceptua
nodel that goes into everybody's sinmulations is
correct or as correct as it can be.

MR. W NTERLE: One potential questionis
what if there's some structural feature that we've
m ssed that can grab that water before it has a chance
to get over into the perneabl e zone, beneath Fortymle
Wash which that seens to be controlling things.
Hi gher perneability out Fortym | e Wash and t hat draws
all the water toward it and then straight south from
there. So what if there's sone zone we' ve m ssed? |f
thereis, | don't think -- | nean there's pretty good
density of bore holes on Yucca Mountain proper so it
seens |ike we woul d have at | east saw the effects of
that on the water table map if something existed.

Maybe sonet hing coul d exist farther south.
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DR. PARI ZEK: Yes, on the footprint where

the need to control this a little bit stands.

MR. WNTERLE: So those are things that I
guess we coul d expl ore through nodeling to | ook at the
effect, how drastic of a feature would you need to
really capture the water.

DR. PARI ZEK: See, if | was in DOE, |
woul d hear this and | would say | don't think I'm
goi ng to have much in the confirmation testing program
dealing with regional flow And |I would say well,
what does NRC t hi nk about that statenment in terns of
this counter plight between what nore shoul d be done
or should the program know to get the |level of
confidence it's looking for or is it needed? That's
essentially the question.

MR. W NTERLE: Another thing is the |evel
of inmportance that's beingreliedonfor the saturated
zone. A lot of people are -- the nodel doesn't seem
to be overly dependent on just the saturated zone fl ow
pat hs or just the unsaturated zone fl ow paths. But we
assign a high significance to the transport
properties, but only a medi umsi gnificanceto the fl ow
pat hs, but those two things go hand in hand. So |
think overall we're going to have -- do a lot of

thinking during our detailed review and what
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constitutes adequate.

MEMBER HORNBERGER: O course, if they had
a radio tracer to the backfill in Yucca Muntain, as
Ji m has suggested --

(Laughter.)

DR. CLARKE: Two hundred years, | don't
think is | ong enough.

VEMBER HORNBERGER: Per f or mance
confirmation is a | ong-term project.

(Laughter.)

Don, do you have questions?

DR SHETTEL: My question has been
answer ed al ready.

MEMBER HORNBERGER: Thank you. Thanks a
lot, Jim W' re going to nove on and Paul Bertetti is
going to talk to us about sorption paraneters.

MR. BERETTI: Well, thank you very nuch
for the opportunity to talk a little bit about how
we' ve devel oped sorption paraneters for saturated
alluvium essentially the part of the saturated zone
in Fortym | e Wash.

|"m going to focus on this topic today,
just in order to restrict the content area.
Qovi ously, we've discussed and it has been brought up

earlier in the day. W have sone risk significance
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associated with colloid-based, colloid-facilitated
transport as well as matrix diffusioninthe saturated
zone. There's all these unsaturated zone processes
that we haven't really discussed. So I'Il try to
focus on this to provide sone detail about what we've
gone and t he process t hrough whi ch we' ve gone t hrough
to devel op the paraneters that we have.

So first what 1'mgoing to tal k about is
sone of our experience wi th experinments and nodeling
of those experinents, took place several years back.
And our interpretation of that nodeling to devel op an
abstraction, an initial abstraction and a range of
paranmeters. And then the extension of that nodeling
to further devel op those paraneters inthe abstraction
that we can use in the performnce assessnment code.
Then 1'Il kind of stop a little bit, show sonme
exanpl es of the range of paraneters that we get now
and tal k about sone of our work currently to help
under st and t he uncertainties that we have remainingin
our abstraction.

| thinkif we goto the next slide, if you
back up a little bit, | just want to -- this is
simlar to Jims. | just want to acknow edge t hat
t hese are anal ysi s presented by t he Center and doesn't

necessarily reflect the position of the NRC. Al so,
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the results here are exploratory in nature. Also, |
will provide sone results for under devel opnent
portion, the TPA Version 5 and so those results should
be consi dered devel opnental until NRC fully approves
t hat .

Next slide, please.

(Sl'ide change.)

Just a little bit of background.
Qovi ously, we've kind of talkedalittle bit about the
signi ficance  of retardation, specifically of
radi onucl i des of neptuniumin the saturated all uvi um
We know that the transport tines of neptuniumin the
saturated alluviumare particularly sensitive to the
range of retardation factors and K;s that have been
used for this point. And soit has beenidentified as
an area of potentially highly risk significant to
wast e isol ation.

Primary retardation nechanism as Jim
Davis explained earlier is the chem cal sorption of
radi onucl i des on m neral surfaces. And so today, |'m
going to tal k about, we know that there's a nunber of
t hi ngs that affect the nmagnitude of that sorption, but
today, |'mgoing to tal k about how we determ ne those
particul ar values that we assign to that.

Next slide, please.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

165

(Slide change.)

So just to kind of review sone of the
definitions that [I'Il talk about today, as Jim
mentioned, the K, or distribution coefficient is
essentially a ratio of concentration of nass of
radi onuclide on solid and concentration of mass of
radi onuclide in solution.

"1l also mention a termof Ka and you'll
also see it annotated as Kal and that is just a
normal i zation of the K, to the surface area of the
m neral s that we've studied. Also, you'll see aterm
R, or the retardation factor. That's just a function
of the anmpunt of K, and the specific conditions
porosity and bul k density that you have for the zone
in which radionuclides are traveling.

Next slide, please.

(Slide change.)

So t he obj ective fromNRC and Cent er poi nt
of view are to develop an independent data and
nodeling capability which to not only assess DCE
activities, but also to provide input to our own
per formance assessnment nodel. We'd | i ke to devel op an
i ndependent nethodol ogy that's based on paraneters
that we can neasure. So it would be to our advant age

to be able to neasure paranmeters inthe fieldand ']
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apply that to our nodel, rather than have a set of
paraneters that we have to essentially go by our
expert judgment on. But would also |like to be ableto
reduce overall uncertainty by being able to neasure
paranmeters directly and that ideally would help us
i mprove realismin our nodel.

Then finally, we'd |like to devel op a set
of abstracted nodels that are forned by what we know
i npact sorption and that is the chemstry and
m neral ogy of the system

Next slide, please.

(Sl'ide change.)

So our general overall approach was to
conduct a set of | aboratory experiments using rel evant
m nerals, water chem cal and radionuclides for the
program And I'Il just sort of nention now that in
our earlier set of experinents which were started in
the |late 1980s and early 1990s, there was a limted
anount of sort of field-based sanples, so our initial
approach was to try to pick mnerals not only that we
coul d understand to devel op a nodel i ng approach and
i nterpret our nodel i ng approach, but al so to pick them
in a way that we supposed were appropriate mnerals
for the system

Wwd also l|like to apply them to
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appropri ate nechani stic nodel s over that broad range
of conditions to see what the effects of those
conditions are on sorption. W also collected and
anal yzed sone limted field sanples to inform our
approach and provide a bound for our sorption
paramet er range.

We then applied sone detail ed nodel s and
experinments to build on or confirmresults and that
hel ped us devel op our initial performnce assessnent
abstraction. W'd also |like to nake sure that our
performance assessment nodel has the inportant
rel evant information built in.

Next slide, please.

(Sl'ide change.)

Ckay, so here I'll tal k about sone of our
experimental results and sone of the insights that
we' ve devel oped fromthat.

Down on t he bottomhere | have a coupl e of
graphs. One is for neptuniumsorption of snectite or
Montnorillonite, that's a clay phase. W also have
nept uni um sorpti on on quartz. The snmectite sorption
al so shows data for conditions in which we have
equi libriumw th atnmospheric CO, and al so conditions
under which there is no CO, present.

Al'l of the data here on the quartz pl ot
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are with atnospheric CO, present. | also wanted --
these are plotted in ternms of K,. W have a log scale
and then plotted versus a range of pHthat's fairly
broad from about 3 to 10, depending on the type of
experinments and the range of pH that was applicabl e.

The first thing you should notice is that
the nmgnitude sorption for a mneral like
nontnorillonite is significantly different than the
magni tude sorption for quartz and we'll try to talk
about this a little bit further.

We studi ed various mnerals and cheni cal
condi tions. W | ooked at a nunber of different
m nerals fromclays, quartz, even basic mnerals |like
al pha- al um na whi ch hel ped us understand t he sorption
paraneters required to nodel alumna silicates. W
| ooked at a variety of chem cal conditions. As you
see here, we can vary pHand vary t he anount of carbon
di oxide that's present in the systemas well.

W used mnerals simlar to what we
expected at Yucca Muntain based on the known
m neral ogy  of the tuffs and the studies,
characterization studies that had gone in the 1980s
and early 1990s from Yucca Mountain and vicinity.

The sorption behavior we see is simlar

with pH is simlar for a given actinide, even on
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different m neral surfaces. For instance, we see that
when CQO, i s present, neptuniumhas a sorption maxi mum
around 8; for montnorillonite we also see the sane
sorption maximum around 8 for quartz. So very
di fferent m neral surface, very simlar behavior and
we see that for all the actinides that we have
st udi ed.

W also see the sorption behaviors
effectively represented by a surface conpl exation
nodel i ng approach, simlar to what Jim alluded to
earlier today. This is a surface conplexation of fit
of the data wi th no carbon di oxi de present and this is
a prediction of behavior with CO, present that's
i ndependent of the experinmental data. So we can
reproduce t he behavi or appropriately with the surface
conpl exati on nodel i ng approach.

Next slide, please.

(Sl'ide change.)

Here are another two graphs. One of the
mai n features of the work that we have done is to | ook
at the effects of surface area. Wen we normalize
data for the effects of surface area, we see that even
for different mnerals in which we had different
magni t udes of sorption, we get an overl ap of sorption

behavi or both for urani umand neptuniumin this case.
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Here's the two plots, one in terms of K,1

which is our effective surface area for all the
mnerals listed both for neptunium on the left and
uraniumon the right with CO, and w thout CO,. \When
we normalize and consider these effects of surface
area, we get a very sim|lar behavior over the range of
pH condi ti ons present.

Next slide, please.

(Sl'ide change.)

So howdo we utilize this information and
take the information fromthe field, sort of devel op
an initial abstraction. Wat | have shown here are
two plots of frequency and distribution of pH and
partial pressure of CO, in saturated zone waters from
t he Yucca Mbountain region. We know from just the
slice that | showed you previously that pH and
i norgani c carbon or the CO in solution are primary
controlling factors in the magni tude sorption for any
m neral surface, especially for the actinides.

We can use the range of chem stry thento
gui de our nodel i ng approach. The variability inpHin
i norgani c carbon is also Iinked through the aqueous
chem stry through the chem cal equilibriathat we get
t hrough carbon reactions and the ampbunt of hydrogen

solutions. So those are |inked together.
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W use the database of Perfect, et al.
whi ch i s a USGS dat abase, consi dered a | arge nunber of
saturated zone chem stries in the southern Nevada
regi on.

We paired that database down to a snal |l er
nunber of data points based on chem cal bal ancing
i nherent -- included in the system a region that was
nore appropriate for the Yucca Mountain
region to come up with the series of about 460 val ues
t hat are used to devel op these distributions that you
see here.

Noti ce that we can represent a range of pH
from about 6.3 to about 9.6 that's fairly normally
distributed on this scale with an average val ue of
around 7.8. Likew se, we can | ook at the distribution
of carbon dioxide and explore its |ink between a pH
and CQ,.

As a note here, there's a detailed
descri ption of the approach, not only for application
of these data, but also the abstraction of this
approach in the RTPA code in those tw references
which I have on the last slide in presentation.

Next slide, please.

(Sl'ide change.)

Soindetail what we did was t ake t he dat a
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from the Perfect, et al. database and the
under st andi ng of the pH and CO, distribution that we
have fromt here, apply a servi ce conpl exati on nodel i ng
approach that we know is effect at reproducing the
sorption behavior. Use a particular type of surface
conpl exati on nodel that includes an el ectrical double
| ayer that Jim nentioned earlier. W do arrive at
sone paraneters for sets of mnerals to provide us
with coefficients or these sorption exchange
coefficients. But we could use to nodel the data over
a range of CO, and pH for the entire systemfor all
t he acti ni des.

And we use geochemni cal nodeling software
to generate a range of these surface conplexation
predi ctions and we use data on uraniumand t he ot her
actinides that was available, the nost recently
avail abl e data fromthe NEA t hernodynanm ¢ dat abase.

And we conbi ne those results to cone up
with sonme distributions for actinides.

Next slide, please.

(Sl'ide change.)

So down here at the bottom |I have an
exanple of the range of sorption paraneter
di stributions that we generated and used and we cal |

the TPA version 4.0 or 4.1.
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Notice that we have americium neptunium
and uraniumand all plotted onthe | og of this sort of
Kyl
factor. So we can use this distribution andthe range
of values here to fornmulate the distribution an the
range of val ues for retardation factors that we use in
the TPA 4.1 code.

So we devel op the sorption distributions
in terns of Kal. W use values from chem stry to
constrain those distributions and thenrecast thosein
terms of KD for use in TPA.

So these distributions are i ndependently
sanpled in TPA 4.1 its independently sanpled
di stributions,but we know that for a particular
simulation it should be sinulating the same water
chem stry, those are correlated so that the sane
chem stry is applied to each one. And that's howthe
distribution are generated in TPA4. 1.

Next slide, please.

(Slide change.)

So maybe t he next step woul d be t o devel op
a set of responses over a |arger range of pH and CQ
and that's what |I've shown here. Here are just sone
t hree di nensional plots of pH versus PCO, for all of

the actinides. Notice that we can m m ¢ t he behavi or.
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These are just nodel ed produced curves, based on the
sane set of distributions that I showed you earlier
and t he sane sorption nodel i ng constants that | tal ked
about earlier.

W can use the surface conplexation
nodel i ng approach to generate these curves over the
range of pH and CO, and we can use sone curve fitting
nmet hods to m m ¢ each one of these curves to asimlar
equation and then define a set of coefficients. And
then we can use those coefficients to define and
calculate a K, value for sampled ranges of pH and
CQ..

So now instead of inputting into TPA a
range of R;s that we sanple and then gave to correl ate
after the fact, now we can input directly a range of
pH and CO, that we've neasured in the field and we
know what the distribution is and then use the
nodeling to cal cul ate the sorption factor on the fly.

And t hen we can use our neasured val ues of
porosity and bulk density to then calculate a
retardation factor that's appropriate. So even though
for each simulation runin TPA, we still use one val ue
of that sorption coefficient. It would be based on
real sanple values of sinple chem stry.

Go to the next slide, please.
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(Slide change.)

So TPA co- devel opnent, thi s co-devel opnent
for what woul d be TPA 5.0, they've incorporated these
response services in ternms of the Kal valleys. They
used a field neasure range of pH and CO,. Those are
stochasticlly sanmpled and so those are correl ated
together. Because they're chemcally correlated as
well, so we can use a correlation factor to ensure
t hat we sanpl e those appropriately. W can use that
both for the unsaturated and t he sat urat ed zone, based
on neasured chemistry and the distribution of
chem stry for those waters and we cal cul ated a surface
area for individual geol ogic | ayers based on neasure
sanpl es and then we can cal cul ate K; and R, within the
TPA code. And since we sanple chem stry directly,
then we don't have to do the after-the-fact
correlation. Infact, the distributionandthe shapes
of the distributions for the retardation factors that
we produce, are relevant tothe chem stry. There's no
guessing as to what type of shape we shoul d get.

Next slide, plese.

(Slide change.)

So i nthe next couple of slides, I'll show
you some conpari sons of retardati on and factor out put

fromthe two versions of the TPA code. Here | show
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some density plots of neptunium and uranium
retardation coefficients. These are in ternms of R,
And that conpares the output from the range of
di stributions that were used in TPA Version 4 versus
this proposed approach. And here we're only talking
about saturated alluvium data for the saturated
al l uviumand t hese represent 400 real i zati ons fromt he
code or 400 realizations from a sanpled set of
paraneters.

For neptunium what we see is the nedian
value is slightly higher, the nedian value here is
slightly higher in the version 5 code which utilizes
t he sanpl ed range of pH, relative to the nmedi an val ue
for Version 4. And the range is narrowed. So the
mean value is a little bit higher and the range of
sanpled values is a little bit narrow In fact,
there's a range of values that go all the way out to
about 3,000 in the older distributions. So it's
narrowed in this approach

ACTI NG CHAI RVAN RYAN: Paul , just areally
qui ck question. Four hundred realizations. |s that
enough?

MR. BERETTI: Well, what I'mtrying to do
is have enough realizations to sort of sanple and

represent the distribution. This is enough -- that's
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kind of a typical range that you sanple to to ensure
that in the code because of the nunber of paraneters.
| guess you could do nore, but | haven't done that.

ACTI NG CHAl RVAN RYAN: Well, | guess the
guestionis if you did 10,000 woul d you real Iy change
t he shape?

MR. BERETTI: | think you coul d get cl oser
to nore representative shape, but so ny answer is |
think this is okay for what | want to present here.

ACTI NG CHAI RVAN RYAN:  You woul dn' t change
between 4.1 and 5 say, these two?

MR BERETTI: No, | think you would see

t he sane trends.

ACTI NG CHAI RMAN RYAN: That's all.
Thanks.

MR. BERETTI: Yes. For uranium the
median value is lower in here. W have a nore

predom nant range of values that are in the |ower
val ues, but the total range is about the sane. So we
have a range up here and notice that it's slightly
tilted. W have a range of up to about 8, 000.
There's about the same nunber of points. So we have
a very broad range and we have nore val ues at the | ow
end.

Next slide, please.
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(Slide change.)

This is asimlar data set, except nowl'm
going to plot themin ternms of the density function
plots and this -- nowl'mgoing to also plot themin
terms of K; and one thing | have to say is the
speci fic val ues of K, dependi ng on the val ues of bul k
density and porosity that you use, so | just use nean
values in the TPA code to produce these plots. You
woul d get slightly different nunbers dependi ng on t he
val ues that you use. And if you sanple those val ues
over the range, then you would get a different
sanmpling. And | have not done that here.

And al so note that the distribution shapes
are functions of this sanple pH and CO,. So part of
this is the fact that we have very discrete CO, val ues
i nst ead of the continuous range of CO, val ues that are
not i ced.

Again, here's a difference. W have nean
and constrained values for neptunium K, that are
slight higher than the medi an val ues produced by TPA
4.1, but the range is significantly narrowed. We
don't have a | arge nunber of these very | arge val ues.

Noti ce al | those for anerici umwhich coul d
be an inmportant nuclide, the values of K, are

extremely large. The m ni numval ues are on the order

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

179

of 10,000 for K;. Uraniumon the other hand, we have
this sort of 5.0range. It'salittle bit |ower. But
the total range is about the same for both sanpl es.

Okay, next slide, plese.

(Slide change.)

Ckay, so how are we approachi ng sone of
the uncertainties that we know are included in this
sort of nodeling approach? One of the things we |ike
to do is update water chem stry distribution to
reflect the recent sanpling in the early well and
drilling program And how m ght those changes in
sanple not only water, but mneralogy affect the
i nfluence and affect these results?

We al so have additional work on-going to
confirmthe mneral content. Recall, | said that the
basis for a lot of this nodeling approach was on the
experinments with m neral phases that we thought were
appropriate and that we'd |i ke to make sure that they
are indeed appropriate. W also want to | ook at
specific surface areas for the alluvium s that
range of surface area appropriate? 1s it consistent
wi t h our neasured val ues? Especially, doesit reflect
t he recent anal ysis of cuttings and soni c core sanpl es
t hat have been collected. One of the problens with

collection of cuttings is that you have a grain size
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distribution that's influenced by the drilling fluid
and the nethod of collection. Nye County's extensive
work and effortstotry tocollect norerepresentative
sanmpl es of alluviumresultedinthe sonic coreand|'m
sure Dale will talk nore about that tonorrow.

And we'd also |l ike to be able to test our
nodel out puts agai nst experinental |y nmeasured val ues
based on these nore representative sanpl es.

"1l show you some exanples in the next
coupl e of slides.

Next, plese.

(Sl'ide change.)

This is just a reset. This is just
anot her view of the saturated flow pathing system
These arrows are not cal culated flow paths. They're
just meant to bound the type of flow paths that Jim
showed you and | think you'll see in Bill Arnold's
presentation later. G ve you an i dea of howthose are
constrained inthe nodels. The approxi mate conpl i ance

boundary is shown on there. And it also shows the

| ocation of a couple of wells that 1'Il talk about,
Well 2D and we'l |l see sone exanpl es of data fromt hat
and also Washburn-1X "Il also show the well

| ocation of the 19PB which is a |l ocati on of the sonic

coring that has taken place. Alsois the |location of

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

181

the alluvial testing conplex that Bob spoke to
earlier.

Sone of the thing to note is flow
direction is predom nantly toward the south. You're
going to have a portion in fracture vol cani c rock and
alluvium W' re going to talk about alluviumhere in
a couple of nonents. We know that there's sone
uncertainty in the length of that flow path. As Jim
al luded to, we recognize that there's a relationship
between uncertainties in the flow nodel and
uncertainties in the transport paranmeters that
i nfluence that.

So I'm going to show you sone exanples
froma couple of selected wells, specifically 2D and
Washbur n- 1X.

Next sli de.

(Sl'ide change.)

This is alittle conplicated, but it has
a lot of information. These are x-ray diffraction
results of well cuttings collected fromWl Il Washburn-
1X and Well 2D. So we received cuttings as sanple
splits fromthe Departnent of Energy. W collected
sem -quantitative, x-ray diffraction anal ysis at every
5 foot interval for the entire depth of those two

holes. So the difference in depth here is that this
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is the conplete depth of Well Washburn-1X which is

about 650 feet and Well 2D goes down to about 1600
feet. Don't confuse this with Well 2DB which is a
newer well that penetrates all the way down to
sonet hing on the order of 2000 feet, | believe.

And here we have a conparison of bulk
m neral ogy between the two wells and then the clay
conponent which is shown in this green |layer on the
edge, then is expanded to showthe types of clays that
m ght be present in that clay fraction.

Water table is shown in blue here. | also
have a coupl e of SEM photo m crographs at about 640
feet and 820 feet that I'lIl showyou later. One thing
that | would like you to note fromthis diagramis
that while Washburn and 2D which are separated in
space across that 40 mle wash, at |east across the
ki nd of range of expected arrivals of the fl ow paths
have a very simlar bul k and clay m neral ogy at | east
t hrough the saturated zone or at |east through the
dept h of Washburn.

Al so, there's not a significant change in
m neral ogy as you go from saturated to unsaturated
conditions at the water table that exists now The
other thing is notice that we have a significant

silica fraction. This is quartz and prostobilite
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here. There's a lot of feldspar as you woul d expect
fromthe tuffs. And we have a consistent anmount of
clay fraction that's dom nated by smectite or that
nmontnorillonite that I showed you previous. W also
have a significant amount of zeolite that occurs
t hr oughout the depth of the hole. 1In fact, some have
alot of zeolite as we go deeper, so depending on the
zone.

One big difference between these results
for these two holes is that about 1150 feet we see a
| arge occurrence of dolomte and calcite. Ve
interpret this and | think it's consistent with the
lithologic interpretations from DOE and also Nye
County that this is the kind of a start of an ol der
package of alluvium or maybe pre-basinal sedinents
that are domnated by not only calcites, but also
dolom ti zation of tuff particles and that's where you
get a lot of that dolomte.

One thing to consider thoughis this depth
ki nd of enconpasses the range of the depth of flow
paths that JimWnterle showed you earlier. So even
t hough we' ve considered a |l ot of the minerals that --
| think we considered enough m neral ogy to describe
this zone. W might want to | ook at calcite and the

i nfluence of calcite as well and in fact, we have done
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that and | can talk to that later, if you' d |ike.

Next slide, please. Well, here is an
exanpl e of scanning el ectron m crograph of the well
cuttings taken from Well 2D at about the 640 foot
level . This is again belowthe water table in a zone
where you have that small amount of zeolite and
snectite. Here's alarger scal e version. W see kind
of the alluvial grains. Notice that they're coated
with some material and there's maybe a sparse coati ng.
These are wel | cuttings so they' ve ki nd of been washed
off, a lot of the fine grain material has actually
been removed here. And they're sonmewhat
unconsol i dated, but notice that they're sort of
| oosely cenmented by this material. If we take a cl ose
up of this, what we see is it's conmposed of al npst
entirely of zeolites, clinoptilolite, one of the
m nerals that we studied in our sorption experinents
and infiltrated or maybe even i ngrown cl ay parti cl es.
So the surfaces of these grains mght be well
represented by clays and zeolites.

Go to the next slide, please.

(Sl'ide change.)

Nowif we goalittle bit deeper we saw a
little nore percentage of zeolite in the horizon

Notice we have a simlar sort of coating of materi al.
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If we | ook at that closely again, we'll see againit's
dom nated by zeolite. Thisis primarily that zeolite
clinoptilolite and al so cl ay. Bot h clays that not
only are ingrown and fornmed in place, but also clays
that probably were filtered in and kind of were
filling inthose pore spaces. Note again, those cl ays
are dom nated by snectites.

So | think this sort of denonstrates that
our approach to not only nodeling using an al um na
silicate phase, but also the range of nmaterials
quartz, montnorillinite, zeolites that predom natedin
our surface experinents are appropriate for the
surf aces.

One of the things that Jim nentioned in
his tal k was the presence of iron oxides and kind of
t he appearance of those iron oxides. W see iron
oxi des here, but there's some evidence that they're
cont ai ned wit hin these anor phous silica phases on the
surfaces inJims materials for Naturita kind of show
that. There are other investigations that show that
and Naturita's nmeasurenments on the tuff sanples and
bat ch studi es of that al so showed that, that there was
sort of mnimzation of the iron oxide sorption
capacity in those experinents.

Next sli de.
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(Slide change.)

So to conclude or just provide a sumrary
of what |'ve shown, we have geochem cal sorption
nodel s that are based on our experinmental results.
They've been applied to produce the sorption
paraneters for actinides that we use in TPA

The sorption paraneters are constrai ned by
nmeasur ed wat er chem stries. W userecently collected
anal yzed water sanples that are consistent with our
experi mental approach and consi stent with the range of
chem stries that we have and consi stent with t he range
of m neral ogi st that we consi dered.

Qur TPA out put suggests that the saturated
al luvium may be an inportant barrier and that has a
retardation capability that coul d be assessed on the
order of the time frame which the regul ati ons address.
And t he net hodol ogy i ncorporated in the TPA ri ght now
are flexible, sothey're not linmted to a particular
type of surface conpl exation nodeling approach. W
have a nore generic approach that we can devel op usi ng
sanmpl ed and i nformati on ki nd of on the order of what
Ji mhad described earlier and we can incorporate the
sane sort of changes and coefficients applieddirectly
into TPA wi thout nodifying the code substantially.

That's all | have.
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MEMBER HORNBERGER: Thank you, Paul .

MR BERETTI: You're wel cone.

MEMBER HORNBERGER: Questions. Ruth?

MEMBER VI NER: | have a nunber of
questions, Paul, I"'mafraid and I'll try to condense
t hem as nmuch as possible. You showed us, there's a
slide earlier where you showed t he oxi dati on st at es of
t he actinides that you were | ooking at.

MR BERETTI: That's correct.

MEMBER VEEI NER:  Anericium 3, neptuniumb5
and so on.

MR, BERETTI: Correct.

MEMBER WEI NER: Do you have spectroscopic
verification of those oxidation states?

MR. BERETTI: Well, | think the oxidation
states for americium and thorium neptunium in
particular, and uranium in an oxidizing system are
fairly well defined for the states that we use in the
nodel . And | think the system and the saturated
alluviumis primarily oxidizing and | would expect
that the oxidation states for those four to be
consistent with that.

For pl utoni umwe used t he oxi dation state
plus 5, sort of as a default. We don't have any

evidence or a lot of other information to constrain
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the oxidation state or the range of states for
plutonium We felt that at the tinme of the nodeling
that that kind of was a conservative approach, based
on our under st andi ng of how neptuni um5 conpl exes and
sorbs and conpared to thoriumin the plus 4 state
whi ch sorbs much nore strongly.

So the answer to that is | think there's
evi dence for the other four. W have direct evidence
for neptuniumin ternms not only in our experiments,
but also for wuranium as well that those are
appropri ate.

MEMBER VEEI NER:  What direct evidence do
you have?

MR. BERETTI: Well, the direct evidenceis
we nmeasured -- | don't have field evidence because
don't field waters for neptuniumin those. W have
done XF studies with uraniumto | ook at the uranium
conplexation on nontnorillonite at different pH
val ues. We've al so done XF studi es wi th neptuni umon
clays to try to assess the conplexation and the
conpl exes that m ght occur. | have spectroscopic
studies wth neptunium kind of infrared IR
spectroscopy that shows neptunium plus 5 under the
conditions in which we've studi ed.

For americiumand thorium | think those
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are fairly well established, but | don't have any
direct evidence for those.

MEMBER VI NER: Are you famliar with the
wor k t hat has been done by Don Rye and Andy Fel | ny at
PNL by David Clark's |aboratory at LANL, Cynthia
Pal mer at Livernmore. | nean all of these people have
done extensive work on the oxidation states of the
actini des under various conditions. And | question a
l[ittle bit your assunption of plutonium5. | question
somewhat your assunption of uranium 6 which is very
dependent on pH.

And my suggestion is that you either get
di rect spectroscopi c evi dence and vi si bl e spect roscopy
of your oxidation states or do sone literature
consul tation, consult sone of the literature inthis
area. This is very extensive.

MR. BERETTI: Yes, and I'mfamliar with
much of that. W had to nake a consci ous decision
about pl utoni umbecause at the tinme we did not have a
ot of information. | would agree that that's very
uncertain. | still would say that | would -- ny
feeling is that uraniumin the plus 6 state in the
condi tions as neasured inthe all uviumis appropri ate.
Beyond that | don't have nuch el se. But | agree that

t hat' s sonet hi ng t hat needs to be strongly consi der ed.
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MEMBER VEEI NER:  Because pl ut oni um4 f or s

a colloid and that may be a problem

MR, BERETTI : Right, we were trying to
nodel the aqueous conponent of plutoniumsorption. |
woul d agree that plutonium4 on the colloid is nuch
nore i mportant in terns of plutoniumtransport, but we
just did not include it in this conponent.

MEMBER VI NER: | want to nove briefly to
your nodel i ng. Does your nodeling include -- when you
formul ate, build your nodel, do you minimze -- do you
have some way to mnimze the G bbs-free energy for
all of your solution conponents?

MR, BERETTI: Well, the nodel is built
within the code the sane way as all solution -- all
t he sol uti on conponents are contained withinthe code
the sane way. So the fitting uses a code |ike FI TEQL
to sort of get the best fit estimate for the
conpl exation constant, for the sorption paraneter and
then one represents the behavior, but | would say
somewhat sem -enpirically because we don't have di rect
evi dence for the conpl exation that we are nodeling to
m m c sorption behavior over the range that we have
used. That is incorporated then in the overall
geochemi cal nodel to predict sorption over range of pH

and CHH.
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MEMBER VEEI NER: | ' maski ng because when we

nodel ed the actinides for the Waste Isolation Pil ot
Pl ant, we used EQ36 and basically fed in our solution
conponent s constantly m nim zing the G bbs free energy
so that we could see what remained in solution and
what did not. | think Inesis very famliar withthis
wor K.

And that's the sense in which | ask. And
that |eads nme to another question which is pH and
carbonate are not independent of each other.

MR BERETTI: That's correct.

MEMBER VEI NER:  And you, in your nodel,
you recogni ze the buffering activity of carbonate and
the fact that it's going to change as you add
carbonate or CO, you're going to change the pH

MR BERETTI: That's correct.

MEMBER VEI NER: And that is done in the
nodel ?

MR. BERETTI: That's incorporated in the
nodel .

I n the nodel representation for sorption
over pH and CO, that's incorporated within the
nodel i ng approach because all those phases are
i ncl uded.

For the sanmpling then  of t hose
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distributions within TPA, what we do is for the
version 4, we sanple a retardation coefficient
distribution, so there's not a chemcal sanpling
i nvol ved.

And then we correlate that, based on our
under st andi ng of the correl ati on between pH, CO, and
t hose produced distributions.

For the proposed version 5, we sanple pH
directly. Then that is correlated to CO, based on a
correl ati on that we have nmeasur ed, based on our sanpl e
paraneter. So yes, they're directly related and yes,
those are correlated. They're kind of limted by the
quality of the data in the data set. And those are
correlated with the factor of something on the order
of mnus .8. So they're very closely correl ated, as
you woul d expect chemically and that's how we choose
a value of CO, that's related to --

MEMBER VEINER: "Il let you go now.

MEMBER HORNBERGER: We're getting pretty
detailed into the nodeling, solet's try to stay at a
hi gher | evel.

MEMBER WEI NER: |' m done.

MEMBER HORNBERGER: M ke?

ACTI NG CHAI RMAN RYAN: No, I'mall set.

Thanks for a nice presentation.
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MEMBER HORNBERGER: Al | en?

DR. CROFF: 1've got a question on one of
your early slides. It was page 7 where you had sone
experinmental results. |If | read the |left nost graph

correctly it shows that the reactionis, the sorption
reaction is indeed reversible?

MR BERETTI: That's correct.

DR. CROFF: Have you found that to be
generally the case across various radionuclides and

across various mnerals and this kind of thing?

MR. BERETTI : For the ones that we've
studied in the nost detailed, yes. | would say those
are primarily -- our particular experience is nostly

[imted to urani umand neptuniumin those particul ar

studi es.
DR CROFF: Thanks.
MR, BERETTI: But yes, that is correct.
MEMBER HORNBERGER: | nes?
DR. TRI AY: Let ne ask you, | thought that
this was a very good presentation as well. Let me ask

you from your perspective, what is driving the
sorption aspect of radionuclide mgration nore, the
m neral ogy or the water chem stry?

MR. BERETTI : Vell, | think the water

chem stry has the largest effect. The effect of
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m neralogy in our estimationis primarily related to
the effect of surface area that you see. So | would
couch it in ternms of if I knew an effective surface
area i ndependent of the m neral phase, thenif | knew
the chem stry paranmeters, then we should be able to
nodel the sorption behavior.

Now what that doesn't account for are
ot her types of reactions that occur because of the
m neral phases, soit conpletely ignores redux sort of
reactions that mght occur and | acknow edge that.

DR. TRI AY: So you think that the best way
to nodel sorption would be via the surface
conpl exati on nodel s al nost ignoring, if youwll, the
--and I"'mnot trying to put words in your mouth, I'm
trying to under st and.

MR BERETTI: Right.

DR. TRIAY: Wen | nade a statenent and
say no, that's not it, it's sonmething else. lgnoring
the m neral ogy and just having surface conpl exation
paranet ers, bear radionuclide as a function of water
chem stry?

MR, BERETTI: Well, what | would say is
that -- the answer partly would depend on the
chem stry of the system For instance, if we had a

chem stry and a m neral ogy type where i on exchange and
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a nucl i de wher e i on exchange processes were i nportant,
t hen obviously that would need to be included and
incorporated as well. So your nodel would have to
enconpass the range of reactions and sorption
nmechani sns that you propose.

| think for the alluvium the surface
conpl exati on nodel i ng approach i s appropriate or the
range of chemi cal and m neral ogical conditions for
actinides. | think it's an appropriate approach.

DR TRI AY: How do you take into account
inthe surface conpl exati on nodeling for sorptionthe
difference in oxidation states for plutoniun®

MR. BERETTI: We had not done that inthis
case, but if you had enough i nformati on to i nformyour
wat er chemistry with respect to oxi dati on and you had
previously done enough nodeling to do that, the
problem here is we're trying to include as nuch
chem stry informati on as we can to devel op a sorption
paranet er wi t hout explicitlyincorporatingall of that
chem cal nodeling within the TPA code. And so it's
very -- you would have to have a reactor transport
nodel to appropriately do that and that's not the
poi nt where we are. | don't knowif that answers your
qguestion or not.

MEMBER HORNBERGER:  Ji m O ar k.
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DR. CLARKE: Slide 14 where you show t he

nept uni umand urani umand t he di fferences between 4.1
and Version 5, | guess the big difference is
neptunium Woul d there be increased nedi umval ue for
retardation factor?

MR. BERETTI: Yes, | would say that seens
to be different.

DR CLARKE: For uranium | can't tell.

MR. BERETTI: The nean val ues are sim | ar.
The reason | don't mention those too nuch, it's kind
of depending on the set of data, the realization set
that you create and | nean if you happen, you have a
smal | percentage of values that are very large and i f
you happen to hit one that's extrenely large, then
it's going to change your nmean significantly. So the
mean val ues are about the sane between the two sets.
The nedi an values are different, however.

DR. CLARKE: That's what | was trying to
get at. Did you really think there's a significant
here and if so, do you think you know why?

MR. BERETTI : | know why is that even
t hough t hat range of chem stry that we use to devel op
the initial distribution, we had to suppose what the
shape of the distribution was, so we came up with our

best esti mate. The |law of normal distribution is
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purposely biased toward the | ower end value. So we
ki nd of have a predom nance of |ower end val ues and
t hat has that | ow nmedi an.

DR CLARKE: That's for Version 4?

MR. BERETTI: That's for Version 4. So
for Version 5 we don't have to judge what the
di stribution shape is. W can neasure a distribution
of pH and CO, and then apply that and so what you see
i s kind of what the nodel produces based on that. And
so as that distribution would change and as our
under st andi ng of CO, and pH woul d change, then that
m ght change as well. It mght also be inpacted by
t he range of surface areas that we woul d neasure and
then al so incorporate into the code.

DR. CLARKE: Thank you.

MR BERETTI: Yes sir.

MEMBER HORNBERGER: Ji m Davi s.

DR DAVIS: Very nice presentation. I
really admre the work that David and you and Bobby
Padwel | have done.

Gven that though, | do want to say
sonet hing. You've conpared -- in tal king about what
you do in 4.1 and extending to 5, you've made the
statenent that you mght be able to work with real

mat eri al s and devel op a sem -enpirical nodel and use
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a simlar approach. And | want to point out that
t here, the abstraction you're maki ng here i s sonewhat
-- it has other limtations than you' re mentioning
than just surface area. For exanple, | believe that
t hese neasurenents that you' ve done as a function of
pH and carbon di oxi de are done in sinple electrol yte
solutions and so your know edge of the effect of
calcium for exanmple, or uranium sorption is
i nconpl et e.

MR. BERETTI: That's correct.

DR. DAVIS. And cal ciumis, in fact, going
to be in all ground waters.

MR. BERETTI: That's correct.

DR. DAVIS. So this is another aspect of
this sem-enpirical approach where you begin to
i ncorporate all of the conponents of ground wat er that
you i ncl ude.

MR. BERETTI: That's correct.

DR DAVIS: So it's inportant to | ook at
the conposition of an artificial ground water
solution. Andthe other thingthat's being abstracted
is the electrical double |layer. You have included in
your nodel a pH, the pH and CT dependence that you
have in the nodel is, in part, includes within it

el ectrical double |ayer conponents and so you're
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saying that that pHand CT in the ground water, | wl|
have the sane el ectrical double | ayer on snectites in
t hat ground water and that's not confirned yet either.

MR. BERETTI: No, it is not.

DR DAVIS: So there's sonme uncertainties
there and then the final thing | would say is that for
t he neptunium for exanple, you haven't worked at a
partial pressure or at | east the data you showed here,
you haven't worked at a partial pressure of carbon
di oxi de about air and the values in the systemare al
above air. So you're extrapol ating fromair val ues up
to these higher partial pressures of carbon dioxide.

MR. BERETTI: Right, it seens |like | have
data at higher partial pressures.

DR. DAVIS. Ch, you do.

MR BERETTI: O COQ, that are consistent
with what we predict. Also from the nodeling
appr oach.

DR. DAVIS:. | thought the graph you showed
was - -

MR BERETTI: | only showed is fromthe
nontnorillonite study that is in Davener's paper from
a few years back. So yes, we do have data for a
| arger range of CO,. And that's nore recent. Soit's

not incorporated here.
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DR. DAVIS. One of the reasons | mention
the calciumis in the last couple of years there's
been this new aqueous species that's been determ ned
by excess spectroscopy to be possibly predom nant in
t hese ki nds of waters that involves a cal ci umurani um

carbonate ternary aqueous species. And if you take a

nodel like this and you have to nake an assunption
t hen about what -- if that's predom nant in aqueous
species, it's going to affect your calculated
sor ption.

MR. BERETTI: Yes, | understand.

DR. DAVIS: Eventually, you're going to
have to face that cal ci um probl em

MR. BERETTI: Yes, | would agree. Data
that we can collect in terns of confirmation work
woul d be, would consider that appropriate.

MEMBER HORNBERGER:  Di ck?

DR. PARI ZEK: | was curious on page 18,
t hese are not sonic |og sanples?

MR, BERETTI: No sir, those are well
cutting sanpl es.

DR PARI ZEK: From earlier sanpling.

MR BERETTI: Yes sir.

DR PARI ZEK: Do you expect that would

differ, the sonic | og?
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MR. BERETTI: The sonic coring data that

we have on a smal | er nunber of sanples to date that we
collected last Decenber show very simlar bulk
m ner al ogy val ues. The primary difference in the
sonic core sanple results that we have now, we have
about 10 to 15 percent nore by weight of the clay
fraction which sort of represents the kind of fine
grain material that probably is washed out of a well
cutting and that's kind of consistent with what the
Nye County fol ks expected too.

So what we see is in a sonic core sanple,
very sinple distribution of mneralogy with a | arger
per cent age occupied by the clay fraction.

DR. PARI ZEK: And t he cl ay abundance i s --

MR. BERETTI: The cl ay abundance i s al npost
exactly the same, correct.

DR. PARIZEK: So it's representative.

MR BERETTI: It's representative just in
a very simlar fashion.

DR. PARI ZEK: Now for perfornmance, when
| ook at the snectites, they go fromroughly 40 percent
to 70 percent of the sanple, dependi ng upon where you
are in the 2D log or for that matter --

MR. BERETTI: Forty to 70 percent of the

clay fractions.
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DR. PARIZEK: O the clay fractions.

MR BERETTI: Right.

DR PARI ZEK: So shouldn't there be sone
difference in just the retardation characteristics
when you have that nuch difference in those kind of
cl ays?

MR. BERETTI : It's likely that there
could. We have a couple of factors that we've seen.
When | do the -- we've done our experinmental analysis
and | ooked at that effective surface area, it seens
that the clay, only about 10 percent of the neasured
surface area of clays is actually sorbing. Kind of
consistent with the percentage of edge sites. So
that's sort of nodified by that factor.

And we do see a neasured -- differences in
nmeasured surface areas on the sonic core and well
cuttings that are consistent with the additional
amount of cl ay. So if we scale the surface area
appropriate to what we' ve neasured i nthe experinments,
then the effects of the fine grained materials are
kind of all normalized against each other, so it's
really adifferencein surface area, not m neral type.

DR. PARI ZEK: There seens to be sone sort
of a consistent patterntothe snectite abundance with

depth. It's not just erratic, but rather, you have a
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ki nd of increasing trend that val ues down, there's an
increasing trend. That has to do sonething with the
history of the valley fill accunul ati on.

MR, BERETTI: | would expect so, yes.

DR. PARI ZEK: You coul d probably expect
simlar results at other hol es?

MR. BERETTI: Yes, | think if you notice
the sort of trend for the water table between the two
hol es, you find that they're very simlar. | don't
t hink that's coincidental .

DR. PARI ZEK: There seens to be a whole
di fferent story when you go down bel ow a t housand say
feet.

MR. BERETTI: The interpretation of that
woul d be sort of conpl ex, but yes, | would agree with
you that there's those trends don't seemto be random

DR PARI ZEK: Thank you

VMEMBER HORNBERGER: Don, do you have
guesti ons?

DR. SHETTEL: That should be on now, |
think. |Is that better?

MEMBER HORNBERGER:  Yes.

DR SHETTEL: | believe as Jim Davis
poi nted out, these solutions are fairly sinple and

t here are sone ot her conpl exi ng | i gands out there such
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as fluoride which at the one ppmlevel in the ground
water is significant if you're in nore acidic
solutions, especially for neptunium As far as
urani umand phosphate is al so an i nportant |igand for
urani um and neptunium but again on the nore acidic
side of the sorptions, so this may not have that nuch
effect on nost of the ground waters which are nore
al kaline, but it could add a contribution to the
conpl exi ng.

And with regard to colloids, have you --
any of these experinments have colloids in themor have
you | ooked or found any?

MR, BERETTI : No, we have not. These
experinments and this sort of approach is not neant to
represent colloids andin fact, it excludes coll oi dal
sized materials as best that we coul d.

What we have tried to do, another sort of
process |evel nodeling approaching to |ook at the
i mportant factors of colloid facilitating transport.
W' ve used DCE data and sone field-derived data from
a Nevada test site to try to devel op that approach
but it's not incorporated in these experinments or in
t he nodeling that | discussed.

DR. SHETTEL: And lastly, | guess, humc

and fulvic acids are not incorporated as well?
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MR. BERETTI: No. There's not really been

alot of work. | don't think there's been a |ot of
wor k by anyone to | ook at the organic acid content of
t he ground waters and the saturated zone. | think the
total anount of organic carbon is fairly low There
has been some work by DOE to use the organic carbon to
hel p date ground waters.

| will add that our nobst recent sanpling
of Well-19PB in which | think that was done | ast
nonth, we collected a significant amount of sanples
specifically to <characterize the organic acid
composi ti on. So hopefully, in the next couple of
nonths we'l |l have an i dea of what those conpositions
are and what the concentrations are for hum c and
fulvic acids for those waters. But right now, we
don't have any of that. | can't really speak to the
ot hers.

DR SHETTEL: Thank you.

MEMBER HORNBERGER: Thank you, Paul. W
are now goi ng to take a 15-m nute break. W are going
to start pronptly at -- the clock on the far wall
t here, when the clock on the far wall says 5 past 4,
we will start.

(Laughter.)

(Wher eupon, the proceedings i nthe above-
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entitled matter went off the record at 3:51:38 p.m
and went back on the record at 4:08:20 p.m)

MEMBER HORNBERGER: Ckay. Let ne nmention
a couple of things. Well, I'll nention the second
thing first then, and that will be the first thing.
W have a change in schedule for Thursday norning.
Currently on the schedul e we have t he DOE response to
NRC i ndependent eval uati on of documents, and that has
now been post poned from8:35 until a start tinme of 11
a.m |It's 11 a.m our tine so that you m ght note on
your schedul es that that's a change.

LAS VEGAS PARTI Cl PANT: We can't hear you.

ACTI NG CHAI RMAN RYAN: Hang on, we're
checki ng.

MR. LARSON: It's because the presentation
is going to be from Las Vegas.

MEMBER HORNBERGER: Yes, the presentation
is going to be -- can you hear nme now?

MR. BROMN: Vegas?

LAS VEGAS PARTI CI PANT: Yes, we're here
but we can't see you and we can barely hear you.

MR. BROMN: Okay. Hold on for a second.

MEMBER HORNBERGER: Ckay. Can you see us
now?

LAS VEGAS PARTI Cl PANT: Yes, we see you.
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MEMBER HORNBERGER: Okay. And can you

hear us now? You can hear us?

LAS VEGAS PARTI Cl PANT: Mich better.

MEMBER HORNBERGER: Okay. At any rate, |
was saying -- what you mssed was that | said the
presentation originally schedul ed for 8:35 on Thur sday
nor ni ng has been postponed and will now be at 11:00
Thur sday nor ni ng.

The other thing that | wanted to nmention
to our panel menbers, you'll notice on our schedul e
tomorrow afternoon from2 to 3, during that tinme the
panel menmbers will be invitedto make sunmary conments
on the basis of what they have heard, so pl ease, you
can give sonme thought to that both overnight and as
t he day progresses tonorrow.

Al right. So | think that our next
presentation since we are now hooked upis Bill Arnold
in Las Vegas. Bill, you are there and you can hear
us, and | think we can hear you.

MR. ARNCLD: Ckay. Hello, and I' mpl eased
to have the opportunity to speak to you. 1'mgoingto
tal k about the saturated zone flow and transport
nodel i ng and results. This builds onthe presentation
gi ven by Bob Andrews earlier in which he described the

conceptual nodels in the unsaturated zone and the
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saturated zone, and the experinmental basis for those
concept ual nodel s.

| * mgoi ng t o descri be howt hose concept ual
nodel s are inplenented in the nunerical nodels for
performance assessnent cal cul ations. Sonme of the
additional lines of information that give us
confidence that those nodels are realistic and
descri be sone of the nodeling results. If we go to
t he second page --

MEMBER HORNBERGER: Bill, can | ask if
there are several m crophones on at your end if they
could be turned off. We can, | think, hear sone
background noi se. Ckay. Never mind. Go ahead, Bill.

MR, ARNOLD: Okay. Well, | think it's
bei ng fi xed here.

MEMBER HORNBERGER: Yes, that's nmnuch
better.

MR. ARNCOLD: Ckay. So saturated zone flow
really defines the flow paths and the flow rates of
ground water through the system And this is, of
course, inportant to determining the releases to the
maxi mal ly exposed individual. Saturated zone
transport defines the advective and dispersive
transport velocities of radionuclides. These can

ei ther be dissolved or attached to coll oids that are
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potentially released. |In their transport tinmes, we
include the effects of matrix diffusion and
retardation al ong paths of |ikely ground water fl ow.
And the nmetric of interest here is the nmass or the
activity flux of radionuclides at the point of
conpliance, which is about 18 kiloneters south of
Yucca Mountain. And the basis for quantifying the
above processes relies on site-specific data, hydro
geol ogy, the geo-chenistry, and the transport testing
t hat' s been conduct ed by many sci enti sts over the | ast
20 plus years.

Nowif yougotoslide 3, thisillustrates
t hese two conponents that are i nportant to us, namely
the ground water flow pathways and the transport
times. The figure on the left you' ve seen before
shows our expected ground water fl ow paths fromYucca
Mountain as sinmulated by the flow and transport
nodel i ng.

The figure on the right shows the results
of sonme transport sinulations. These are sinulated
br eakt hr ough curves for Neptuniumin this case at the
18 kil oneter boundary. The solid black Iineis with
no sorption, but with matrix diffusion. The dashed
red line is for Neptuniumw th sorption, with matrix

diffusion and sorption in the rock matrix of the
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volcanic wunits, and you can see the line wth
transport times associated with that.

The dashed blue line shows a sinulation
result for Neptuniumtransport with sorption only in
the Alluvium and then the dashed magenta |ine shows
simulation results with both sorptionin the vol canic
matrix and in the Alluvium And this is for our
expect ed behavi or of the systemw t hout consi deration
of all of the uncertainties in the system but this
result is consistent with what you saw earlier in
ternms of NRC s concl usi ons about ri sk significance for
different processes in the system The nore
significant process hereis sorptioninthe Alluvium
as opposed to matrix diffusion and sorption in the
rock and the vol canic matrix.

Slide 4, we're going to discuss the
regional and site-scale flow nodels. The regional
nodel allows us to wunderstand the general flow
directions in the regional flow system and provi des
constraints on the volunmetric flow rates through the
aqui fers, which then can be applied at the boundari es
of the site-scale nodel. The site-scale nodel
provi des us nuch greater detail onthe fl owdirections
and the flow rates, much  higher resolution

representati on of the hydrogeol ogi c units of rel evance
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to repository performance at the site-scale.

And the site-scale nodel builds on
observations of hydraulic head at the wells,
pernmeability measures and DOE and Nye County bore
hol es, and sone | arge scal e aqui fer tests conduct ed at
the Cwells, and sonewhat smaller scale test at the
Al luvi al Testing Conpl ex.

Slide 5, this figures shows a portion of
the regional scale flow system and a lot of the
physi ographic features in that area are | abel ed here.
As well, it shows the rectangul ar boundaries of the
site-scal e nodel withinthe regional fl owsystem And
t he several features that are key controls on fl ow at
the regional system these are hydrogeol ogic
formations, their spatial |ocation, the individua
properties. In addition, major faults play an
important role in the regional scale flow system

Al so, t he Deat h Val | ey Regi onal
Groundwater Flow systemis largely controlled, the
wat er t hough t hat systemis controll ed by recharge and
di scharge. And a feature of inportance at the site-
scale is a local recharge along Fotym | e Wash, and
consi derable punping from the system along the
sout hern boundary of the site-scale nodel in the

Amar gosa Desert region
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Let's go to slide 6. This figure shows
the boundaries of the Death Valley Regional Flow
Model , and within those boundaries the recharge, and
rechar ge is primarily at higher topographic
el evations of greater than 1,500 neters above sea
| evel . You can see the darker purple colors
correspond to higher val ues of recharge in the system
Also in this figure, you can see the outline of the
Nevada test site and the approxi mate | ocati on of Yucca
Mount ai n.

The hi ghest val ues of recharge occur in
t he highest nountain ranges, such as the Spring
Mount ai ns to t he south and east of Yucca Mountain, the
Panam nt Range on the other side of Death Valley.
Recharge is a conpl ex function of precipitation, the
sl ope in the geol ogy and the vegetation, and thereis
a consi derabl e degree of uncertainty in the recharge
esti mates depending on the nethod that's used.

Another thing that I'd |ike to point out
that this color scale is really not a linear scale,
and there arerelatively large areas that fall inthis
white or very light purple range in which recharge is
avery small value, lessthan 1 mllineter per year in
the white zone, so there is recharge occurring but at

a very lowrate in these areas.
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| al so wanted to point out that there are
| arge areas where there's thick valley fill deposits
in the systemwhere there's essentially no recharge
occurring in the system

Slide 7 shows the | ocations of discharge
regions in the Death Vall ey Regi onal Fl ow System and
t hese natural groundwat er di scharge | ocati ons occur in
the topographic lows, in general, and significant
di scharge occurs fromsprings inthe carbonate aquifer
fl ow system and by evapotranspiration from shall ow
groundwat er at the playas. Taken together, these
recharge and di scharge estimtes provide us with a
basis for an overall groundwater budget through the
regi onal scale flow system

kay. Slide 8, let's focus in on the
site-scale flowsystem The figure onthe left shows
an interpretation of a potentionmetric surface at the
site-scale. It also shows the wells that were used in
this interpretation and the values, the water |eve
val ues that we used in the interpretation.

| " msure nost of youare famliar with the
general configuration of the ground water fl owsystem
here and the water table. Just to point out, there's
a relatively high gradient to the north of Yucca

Mountain. There is a noderate gradient just to the
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west of Yucca Mountain that apparently corresponds to
the Solitario Canyon fault. There's arelatively | ow
gradi ent area to the south and east of the repository
| ocati on.

Anot her feature | think that's significant
here is there i s apparent convergent groundwater flow
system that corresponds and seens to be center on
Fotym | e Wash. This figure al so shows the | ocati on of
tertiary faults, and i n sone cases t he correspondence
bet ween those fault | ocations and interpretations of
the potentionetric surface, especially where those
faults are apparent barriers to groundwater fl ow, such
as Solitario Canyon fault.

| should also point out that this
interpretation of potentionetric surface assunes
i sotropic perneability, andit does indicate generally
a southeasterly flow from Yucca Muntain, and a
southerly flowin the area of Fotym|e Wash.

Slide 9 shows t he hydr ogeol ogi ¢ franmewor k
nodel that's incorporated into the site-scale flow
nodel. The figure on the left shows the geol ogy at
the water table as interpreted fromthis nodel. This
is a 3-D nodel domain. It's 30 kiloneters by 35
kil ometers by 2,750 neters bel owthe water table. And

the grid that's used in the flow nodeling is a 500
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net er horizontal spacing and variable resolution in
the vertical direction, but the highest resolutionto
the grid is near the water table.

The interpretation of the geol ogy or the
hydr ogeol ogy at the water table has a high degree of
conplexity and resolution near the repository, and
t hen as you nove away fromthe repository and t he hi gh
density of geologicinformation, theinterpretation of
the hydrogeol ogy becones nore interpretive and
sonewhat coarser in resolution

Slide 10 gives sone information on the
calibration of the site-scale flow nodel, and what's
plotted inthis figure are the sinul ated heads in the
upper |ayer of the nodel close to the water table
showmn with the contours, and then the residuals in
head are plotted with the various synbols and col ors
at individual wells.

The first thing that |I shoul d point out is
t hat the general configuration of the potentionetric
surface in the nodel matches the observations. W
conpare this configuration of the sinmulated water
| evel s Wi th t he observed and i nterpreted
potentionetric surface. They are very simlar. And
nost of the water | evels along the fl ow pat h sout heast

of the repository are accurately sinmulated. Those
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cross synbol s i ndi cate a resi dual or a sinmul ated head
within one neter of the observed head, so that area
with nostly -- that crosses there to the south and the
east of the repository indicate that the calibration
is quite close to the observed values in that area.

Val ues of head to the north and the west
of Yucca Mountai n are general | y under - predi cted by t he
nodel. This is probably dueto sinplificationsinthe
conceptual nodel that exist within the nodel domain.
And al so, variations in the interpretation of the
nmeani ng of the heads, particularly directly to the
north of Yucca Mountain as to whet her or not those are
perched, that represents perched water or is actually
the water table.

Sinmul ated head along Fotym |e Wash and
Amargosa Desert are generally within 5 nmeters of
nmeasured head, but | guess the | esson -- the point |
ki nd of want to nmake here is that al ong the fl ow pat h,
the calibrated fl ownodel does reproduce t he gradi ents
that are observed rather accurately.

Slide 11 shows the conparison between
nmeasur ement s of perneability and t he nodel calibration
-- the values of perneability used in the calibrated
site-scale flow nodel, so this is another piece of

i nformati on that hel ps gives us confidence that we're
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realistically nodeling the fl ow system here.

The Calico Hlls formation, which is a
significant aquitard in the system You can see the
red dot represents the nodel calibrated value. The
range of val ues for single-hole tests and for cross-
hole tests there are shown for conparison. For the
Prow Pass Tuff, the calibrated value of perneability
which | should point out here is given in units of
net er s squared, i s somewhat hi gher than the cross-hol e
testing woul d i ndi cate, and significantly higher than
t he single-hole testing would indicate.

For the Bullfrog Tuff, the calibrated
value is very closeto the cross-hol e testingresults,
and nmuch hi gher than the single-hole test. W have
reasons to think that the single-holetesting my have
under-estimated perneability in this area.

At Tram Tuff, we do have sone significant
di fference between the calibrated perneability inthe
nodel and the cross-hole testing results here, but I
shoul d point out that this cross-hole testing val ue
that's given hereis alsointhe single-test of the C
well's inwhichthe TramTuff is intercepted by a fault
in the borehole which nay have biased the results
t here.

Wth regard to the larger scale flow
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system the carbonate aquifer, whichis rather deepin
the site-scale flow nodel domain, there is a good
mat ch bet ween t he cal i brat ed val ue of perneability and
the results of single-hole testing in the carbonate
aquifer. Andinparticular, the Bullfrog Tuff, andto
a lesser extent the Prow Pass Tuff probably nost
inmportant with regard to flow paths from the
repository.

Ckay. The next slide, Slide 12, is an
addi ti onal data set that provides confidence,
confirmation of the flow paths that are sinulated in
the site-scale flownodel. This is hydrochem cal data
and an interpretation of hydrochem cal data in which
t he hydrochem cal data in nunmerous wells within the
site-scal e nodel domai n have been interpreted to fall
within these different hydrochem cal facies, Western
Yucca Mount ai n facies, Eastern Yucca Muntain faci es,
Fotym | e Wash, sone of the nobst inportant ones here.
But the pattern that comes out of this interpretation,
as indicated by the green dots here, which is the
Eastern Yucca Muntain facies, is that we do have
simlaritiesingroundwater chem stry fromunder neath
the repository to the south and east, and to the
south, and further to the south giving sone

confirmation to the sinmulated flow paths that
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correspond to this distribution of the Eastern Yucca
Mount ai n hydrochem cal facies that's indicated here.

There S significantly di fferent
groundwat er chem stry al ong Fotym | e Wash as i ndi cat ed
by the yellow dots here, probably influenced by
recharge along the Fotymi | e Wash channel. And al so
sone significant differences inhydrochem stry just to
the west of Yucca Muntain, just to the west of
Solitario Canyon fault, and a couple of wells to the
east of Solitario Canyon fault too. They seemto be
i nfl uenced by sone underfl ow across Solitario Canyon
fault. And then the red dots here indicating part of
the fl ow systemfrom Crater Flat.

| should also point out that the
i ndi vidual chem cal species that were used in this
interpretation and isotopic ratios are |isted under
each one of these hydrochem cal facies.

Slide 13 presents a simlar hydrochem cal
data, sort of an expanded scale here, where the
di ssol ved constituents of inportance are Chloride,
Sul fate, Delta-Deuterium et cetera. And these
indicate the sanme trends that | pointed out before,
fl ow systemfrom beneath Yucca Mountain to the south
and east, and then to the south, the fl ow systemfrom

Crater Flat generally to the south, flow systemfrom
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beneath Fotym |l e WAash to the south, and then to the
sout hwest, and then a flow systemfrom Jackass Fl ats
that sort of downs this systemon the eastern side of
Amar gosa Desert.

So let's go on to Slide 14, and this is
t he Carbon-14 data set which also provides us wth
sone confidence in the sinulated transport times to
the system Now Carbon-14 is a naturally occurring
radi oi sotope with a half-life of 5,700 years, and
there are sone rat her severe assunptions that need to
be used inthe interpretation. Direct interpretation
of this Carbon-14 data is that the water acquires its
initial Carbon-14 content as it percol ates t hrough the
soil zone, and that in the absence of any water-rock
i nteractions, Carbon-14 content will change only as a
function of radioactive decay, thus all ow ng a direct
measurenent of groundwater age or changes in
groundwat er age al ong the fl ow path.

However, there are sone significant
uncertainties associated wth these assunptions.
G oundwat er can acquire dead carbon; that is carbon
that has essentially lost its Carbon-14 content from
water-rock interactions, primarily through the
di ssolution of Calcite during evolution of the

groundwater in the aquifer. And this would lead to
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Car bon- 14 ages that are anomal ously ol d.

There's al sothe possibility of m xingthe
groundwater from different sources along the flow
path. In particular, in the influx of groundwater
fromrecharge along Fotym | e Wash that has a higher
Car bon-14 content, and this woul d al so conpl i cate our
i nterpretation of groundwat er ages t hrough t he system

So Slide 15 shows the -- this figure shows
t he percent nodern carbon in multiple wells through
the system and what you'll see is a pattern beneath
Yucca Mountain. Mst of the groundwat ers have bet ween
15 and 30 percent nodern carbon in thembeneath Yucca
Mount ai n, and to t he sout h and east of Yucca Mount ai n.
There are a fewsanples, inparticular, the onethat's
anomal ous here of 5 percent, this is from the
Car bonat e Aqui fer deeper in the systemwhere we woul d
expect a very |ow Carbon-14 concentration. The two
yellow dots next to Fotymile Wash there are a
significantly higher percent nodern carbon, probably
associated with recharge in Fotym | e Wash. And there
has been sone nodeling of the Carbon-14 evol ution
through the system that does take into account
i nteraction of the groundwater with dead carboninthe
system particularly with regard to percolation

beneath Fotym | e Wash. And putting that information
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together with these neasurenents of Carbon-14, the
conclusion is that groundwater velocity estimates
range fromabout 5 to 40 neters per year correspondi ng
to advective transport times over the 18 kil oneters
from beneath the repository out to the accessible
environnent of several hundred years to several
t housand years for an unretarded species.

This is not a very definitive estimate of
groundwat er transport tines through the system but it
does -- it is consistent with our range of nodeling,
and does provide some confidence that there is a
connection with reality there.

Slide 16 shows sone nore detail about the
hydrogeol ogic interpretation in the site-scal e nodel
domain withregardtothe Al luviumgivenits potenti al
significance to radionuclide transport through the
system so the figures that's shown on the left there
is the interpreted thickness of the Alluvium
Generally, the Alluviumis thickest under Fotymle
Wash and sout hward towards the Amargosa Valley. And
these interpretations are based on wells and on
geophysi cal interpretation.

| should point out that this is not
saturated t hi ckness of the Alluvium but thickness of

the Alluvium from the ground surface. And this
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information is used to constrain the |ocation of the
tough Alluvium contact which nay be inportant to
transport simul ation.

Slide 17 shows the saturated zone site-
scal e fl ownodel and transport nodel. And | wanted to
use this to expl ai n sonme of the nunerical nethods used
her e. Particle tracking nmethod is used, and this
i ncl udes radi onuclide transport processes  of
advection, dispersion, and matrix diffusion in the
fractured vol canic units, insorption in the vol canic
matrix, and in the Alluvium

The simulated flow paths from the
repository occur in the upper few hundred neters of
t he saturated zone sothey'rerelatively close to the
water table, and the flowrates in terns of the Darcy
flux or the specific discharge vary along the flow
path from the repository, from about .7 neters per
year under Yucca Mountain, increasing to about 2.4
neters per year at the 18 kiloneter boundary of
accessi bl e environment. So as | pointed out before,
this is aconvergent fl owsystemin which the specific
di scharge i ncreases significantly along the fl owpath
underneath the repository.

Slide 18 gives sone information on our

nodel of <colloid-facilitated transport as it's
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impl enented in the nodel. There are two nodes of
colloid-facilitated transport. The first one is an
equi librium nodel in which radionuclides can be
reversi bly sorbed onto colloids. The second nodel is
whi ch t he radi onucl i des are either permanently sorbed
or attached to the colloids through the system and
t hese radionuclides then just ride on the colloids
t hrough the systemw th no possibility of |eaving the
col | oi ds.

So for the transport of radi onuclides that
are reversibly attached to coll oids, we assune | oca
equi librium andthenthe colloids, the agueous phase,
and the aquifer material for the sorption of these
colloids. For theradionuclidesthat areirreversibly
attached to the col |l oids, there's no desorption of the
colloids that occurs. The colloids wth the
irreversibly attached radionuclides are subject to
attachment and detachnent fromthe m neral grains, so
the colloids thensel ves are subject to retardation
through the system but there is no permanent
filtration of the colloids inthe system Thisis, of
course, a conservative assunption with regard to
radi onucl i de transport.

And a smal |l fraction of the colloids with

irreversibly attached radionuclides is transported
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t hrough the systemwi th no retardation. And this is
as aresult of the filtration kinetics in the system
Qur estimates of the rate constance for Kkinetic
attachnment and detachnment of coll oids, and t he sort of
m ni mum transport tine through the unsaturated zone
and saturated zone indicates that there will be this
smal|l fraction that would not be retarded as the
col |l oi ds nmove through the system

Slide 19 lists all of the paraneters that
are considered in the wuncertainty analysis for
groundwat er fl ow and radi onuclide transport. | won't
go through all of these in detail but there was a
qguestion earlier about which of these parameters are
probably -- are nost significant to our uncertaintyin
radi onuclide transport through the system And |
woul d point out that probably the nbst inportant one
is still our wuncertainty in groundwater-specific
di scharge. How fast ground water is noving through
t he systemhas a significant inpact on the transport
si nmul ati ons.

And with regard to transport, one of the
paraneters that's relevant to matrix diffusionis the
flow ng interval spacing. This is also a paraneter to
which thereis significant sensitivityinthe nodeling

results. And then for Neptunium transport, the
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sorption coefficient for Neptuniumonto the Alluvium
is asignificant paranmeter. So that's kind of a very
quick and dirty prioritization of these parameters
with regard to sensitivity.

Slide 20 shows sone transport sinulation
results. What's shown in these figures here are 200
realizations of the systemin which uncertainty in al
of the -- uncertain parameters is included. The upper
figure shows the sinul at ed breakt hrough curves for in
this case a non-sorbing species fromthe water table
beneath the repository to the boundary of the
accessi bl e envi ronnent.

The hi st ogr am bel ow shows a hi st ogr am of
t he medi an transport time shown i n t hose breakt hr ough
curves above, so the mdpoint of each one of those
breakt hrough curves is then represented in the
hi st ogram bel ow. The red dashed line in this case
shows the medi an of the nmedian transport times which
is between six and seven hundred years through the
system So this suite of realization shows the
variability inthe transport tines anong realizations
for species such as Technetium99 and | odine-129
extends from less than 100 years to greater than
10, 000 years. Many of these breakthrough curves

exhibit a long tail that's characteristic of mass
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transfer in the rock matrix in the vol canic units, so
you can di scern the i mpact of matrix diffusion in the
simulation results. And these results |ike the
others, | want to point out that these do not include
radi oacti ve decay.

So Slide 21 shows a sim |l ar set of results
in this case for Neptunium You can see that the
si mul at ed br eakt hr ough curves are shifted to the ri ght
reflecting the sorption of Neptuniumin the system
and the variability here indicates, anong these
realizations, that Neptunium 237 has an uncertainty
t hat extends for | ess than 1, 000 years to greater than
100, 000 years. And sorption and retardation for
Neptuni umis general ly noderate in Al l uviumand m nor
in the matrix of the fractured volcanic units. And
approximately half of these realizations exhibit
nmedi an transport times of greater than 20,000 years in
t he saturated zone. And | should point out, this is
under present climatic conditions, and that hol ds true
for all of these transport sinmulationresults that I'm
showi ng here.

Slide 22 shows simlar transport
simulation results for Plutoniumthat is reversibly
attached to colloids. Here the variability in the

transport tinmes anong the realizations extends from
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| ess than 10, 000 years to greater than 100, 000 years,
whichisthelinmt that the sinmnulati ons was done here.
And sorption for Plutoniumis strong in the Alluvium
and in the matrix of the fractured volcanic units.

The reversibl e colloid-facilitated
transport nodel results here, the nodel that's used
here result in mnor enhancenent of Plutonium
nmobi lity. These simulationresults do showthe effect
of colloid-facilitated transport, but it's not a
dramatic effect. That's a function of the sorption
coefficients onto the colloids for Plutonium and the
colloid concentrations in the groundwater. Mre than
half of the realizations exhibit nmedian transport
times of greater than 100,000 years under present
climatic conditions.

Soonto Slide 23, just to sumari ze a few
of the i nmportant points here. The saturated zone fl ow
nodel devel oped to eval uate what the flow directions
and the float rates through the system These flow
nodel s are constrained by the regional groundwater
budget, hydrochem stry, water | evel observations, and
site-specific perneability neasurenents. The fl ow
nodel projects flow paths in generally southeasterly
di rection and t hen sout hwesterly direction. The flow

nodel predicts fluxes along the fl owpath frombeneat h
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the repository in the range of .7 to 2.4 neters per
year.

The fraction of the flow path in the
Al luvium is a function of the flow path which is
itself sensitive to the ani sotropy and perneability
which is an uncertain paraneter, and the flow path
length in the Alluvium ranges between 1 and 10
kil onet ers.

Slide 24, the rest of the sumuary and
conclusions - matrix diffusion in the tuff and
effective poracity in the Alluvium have been
determ ned fromtracer tests, sothereis a basis for
this process in experinental and field results.
Ef fective transport vel ocities devel oped fromthe fl ow
and transport nodel yield transport tines nostly
bet ween several hundred and several thousand years for
unretarded species. And these transport tinmes are
consistent with the Carbon-14 ages wthin that
relatively broad band of uncertainty.

Processes of matri x di ffusi on and sorption
have been confirnedinfieldtests, and uncertainty in
groundwat er fl owand radi onucl i de transport paraneters
are evaluated with the nodel for incorporationinthe
per f ormance assessnent anal yses. So that concl udes ny

presentation. Thank you.
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MEMBER HORNBERGER: Thank you very rmnuch,

Bill. Let's go through the questions as we've been
doi ng. Ruth.

MEMBER VEEI NER: :  Thank you for a very good
presentation.

MEMBER HORNBERGER: M ke.

ACTI NG CHAI RVMAN RYAN: Bill, just a quick
guestion, and it caught my eye on the case of
Pl ut oni um Wiy wouldn't you account for decay?
Because if you | ook at a period around 100, 000 years,
that's four half-lives or 80 percent decay.

MR, ARNOLD: | mssed part of the
guestion. Can you repeat it?

ACTI NG CHAI RMAN RYAN: | "'msorry. Yes, in
the case of Plutoniumon Slide 22, you said, as you
didwth all the slides, that you did not account for
radi oactive decay. In the time period of up to
100, 000 years, that's four half-lives or so, and
that's not atrivial amount of decay in your period of
observation or interest, so could you help ne
under stand why you didn't account for decay?

MR. ARNOLD: Yes. That's absolutely true.
Yes, thank you for pointing that out. Just for the
pur poses of presentation of these results, these do

not show the effects of radioactive decay. |In the
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per f or mance assessnent cal cul ati ons, radi oactive decay
is included as a process. W use a nunerical nethod
for coupling these results with the perfornmance
assessnent calculations, and it's a convolution
i ntegral met hod. And radioactive decay is
incorporated in that step of the analysis, in the
convol ution integral.

ACTI NG CHAI RVAN RYAN: | guess you did
that for everything even though it m ght not be a big
effect for sone | onger-lived species.

MR. ARNCLD: Yes, that's correct.

ACTI NG CHAI RVAN RYAN: Ckay. Thanks.

MEMBER HORNBERGER: Al len. Ines.

DR. TRI AY: Yes. | would like you to
expand a little bit on this third bullet on your
summary and conclusions when you say that this
transport - excuse ne, the fourth bullet - where you
say that "processes of matrix diffusion and sorption
have been confirmed in field tests.” Could you tell
nme what exactly does that nean, to what extent have
t hey been confirmed? Wat does that nean fromthe
poi nt of view of the database for diffusion, as well
as sorption? Could you fill out that sentence for ne
alittle bit?

MR. ARNOLD: Right. Let ne just make sure
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we're talking about the bullet that says, "Mtrix
diffusion in the tuff, and effective porosity in
Al luviun --

DR. TRIAY: No, no. |'mtalking about in
t he summary and concl usi ons radi onuclide transport,
page 24. 1'mtal ki ng about the fourth bullet, the one
that starts with "processes of matrix diffusion and
sorption have been confirnmed in field tests."

MR. ARNCLD: Thisisreferring back tothe
C-wells testing that Bob Andrews described, and the
ability to match the cross-hole tracer testing that
was done at the Cwells is taken as confirmation of
the process of matrix diffusion. Al so, the
differences in the breakthrough curves for tracers
with different diffusion coefficients. Al so, the
sorption process with regardto the lithiumtransport
in the tracer tests provides confirmation that the
process of sorption is occurring in the system And
in addition, it provides sone evidence that the
| abor at or y- based neasur enents of sorption coefficients
are at least applicable at this field scale, and
possi bly even conservative relative to the field
scal e.

DR. TRIAY: Can we nake a statenent |ike

this for colloidtransport? Do you have the sane type
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of confirmatory test?

MR. ARNOLD: | don't believe that we can
make a sim |l ar statenent for colloid transport at the
field scale. There are aspects of our colloid-
facilitated transport that have been confirnmed at the
field scale with the cross-hole testing at the C
wells. And the aspect I'mreferring to here is the
retardation of <colloids in the system or the
reversible chemcal filtration of colloids in the
system However, not all aspects of the conceptual
nodel for colloid-facilitated transport have been
confirmed at the field scale.

MEMBER HORNBERGER: Ji m d ar ke.

DR CLARKE: Bill, very nice presentation.
Just one question, and this may not be sonet hi ng you
have readily available, but in your first page of
concl usi ons, page 23, the last bullet, "The fraction
of the flowpath in the Alluviumranges between 1 and
10 kilometers.” And | just wondered for a sorbing
radi onucl i de, what's the i npact onthe travel time for
t hat di stance range? Is that a pretty big difference?
| s that sonmething that's being characterizedalittle
better? Are you going to go with that, or what's the
i mpact of that?

VR. ARNCLD: There's probably a
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significant inpact to that uncertainty with regardto
Neptuni um transport, and that's because of the
contrast in the sorption in the Al luviumversus the
vol canics, for Neptunium in particular. That
statement is alittle bit inconplete. That range of
1to 10 kilometers is not all due to our uncertainty
in flow paths, and uncertainty in the geol ogy of the
system That's partly a function of variability in
flow paths depending on the site of origination
beneath the repository, sothis 1to 10 kil oneters is
a conbination of wuncertainty in the system and
variability al ong fl owpat hs dependi ng on the starting
poi nt of the flow path.

MEMBER HORNBERGER: Ji m Davi s.

DR DAVIS: Yes. This informationinthe
analysis of the hydrochemical facies, is that
avail able in one of your technical docunents?

MR, ARNCLD: Yes, it is. There's an
anal ysi s nodel report that's devoted entirely tothis
subject. | can provide youwith the current draft, or
current version of that report if you'd |ike.

DR DAVIS: Yes, I'd like that. And one
ot her question - in | ooking at the Carbon-14, you have
the velocity estimates range from5 to 40 neters per

year, and thenin the particle tracking nodel you have
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flowrates ranging from.7 to 2.4 neters per year. |Is
that the agreement in flow velocities that you're
referring to in the concl usions?

MR. ARNOLD: No, these are two different
quantities that are beingreferred to here. The .7to
2.4 meters per year is specific discharge, and the 5
to 40 neters per year is the core velocity. What we
are conparing though is the conclusion of severa
hundred years to several thousand years for unretarded
speci es, that concl usion fromthe Carbon-14 anal ysi s,
and that result fromthe transport simnulations.

DR. DAVIS: Thank you.

MEMBER HORNBERGER: Di ck.

DR. PARI ZEK: Several questions. One, in
terms of the site-scale nodel, as you know, | guess
your regional flow nodel was used to constrain the
input to the site-scale nodel, and it was the old
three | ayer Vall ey Regional Flow Mddel of the survey
that was used. |If you | ook at the updated nodel, the
fl ux boundaries aren't necessarily the sane any nore,
and the quantities you are entering in the site-scale
nodel differ, and al so i n sone cases even direction of
flowdiffers. What difference m ght that make in the
site-scale nodel forecast that you' ve sumarized

today, if you updated it with a nultilayer nodel
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that's now avail abl e?

MR. ARNOLD: Well, that is being anal yzed.
There are sone prelimnary results with regard to
that, and there is an update to the fl ow nodel AMR i n
whi ch the i npacts of those -- the new Regional Scal e
Fl ow Model are assessed. It may be premature for ne
to state what those conclusions are at this point,
because that's still in draft.

DR PARI ZEK: Okay. So it's sonething
that's being worked on, in any event.

MR, ARNOLD: Yes.

DR PARIZEK: Is there any perneability
contrast for the bedrock that would give you flow
directions that woul d be nore sout herly than what you
show on -- well, the page that gives us the red fl ow
lines, | guess it's page 3. And once again, unlike
what JimWnterl e showed us earlier, but is there any
way to get the flowto go south that's credibl e based
on perneability contrast within the tuff units?

MR.  ARNOLD: Well, one thing | should
point out is we do consider anisotropy, horizontal
ani sotropy and perneability in the volcanic units.
And the results that are shown here on page 3 are for
isotropic conditions. And the full assessnment of

uncertainty as shown in those breakthrough curves
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actually at the end of this report, these flow paths
do vary fromrealizationtorealization. And whenthe
hori zontal anisotropy is high, as it is in sone
reali zations, as high as a factor of 20 in the north-
south direction versus the east-west direction, the
flow paths are sinulated to be in a nore north-south
di rection.

And t hat horizontal anisotropy is kind of
a lumped parameter. It sort of inplicitly considers
t he ki nd of perneability contrast I think you m ght be
referring to here, higher pernmeability in north-south
orientedfaults, or | ower pernmeability across barriers
that are oriented in the north-south direction that
woul d lead to that anisotropy in a nore north-south
di rection.

DR. PARI ZEK: That's the one that gives
you that 1 kil onmeter distance of travel in Alluvium
t he shortest of the range from1 to 10 kiloneters, if
you take that --

MR. ARNOLD: That's right. The travel,
that distance of only 1 kilonmeter corresponds to a
case i n whi ch you have a hi gh ani sotropy, and the fl ow
path is nore north-south, and the source originates
fromthe southern end of the repository.

DR. PARI ZEK: And woul d you expect the
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effective poracity and matrix di ffusion nunbers that
you use to vary i f you went through a long-termtracer
experinment? | guess nost of what's happened to the
Al l uvium has so far been short-term push-pull-type
testing. But again, if the long-termexperinents are
run as originally planned, do you think that would
change the effective poracity and/or diffusion
properties?

MR. ARNOLD: Well, mny inpression is that
t he uncertainty distributionwe' reusingfor effective

poracity in Alluviumnow is really a bias towards a

high or a low value. | think it's probably a good
estimate. It's got a fair anpunt of uncertainty in
it. We would certainly reassess that uncertainty

distribution with the results from a large scale
cross-hole tracer test inthe Alluvium and | think it
woul d reduce our uncertainty in that paraneter, and
gi ve us greater confidence in what we're using in the
nodel .

DR. PARI ZEK: Al'l right. Andis there any
i nput tothe sciencetesting, theconfirmationtesting
program dealing wth saturated =zone flow and
transport? Are there any studies included in there,
or is that nmaybe a premature conmment on a report

that's due out later in the year.
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MR,  ARNCLD: I[''m not personally very
famliar with what's in that report, the confirmation
pl an anyway. There is sonme work in the science and
t echnol ogy area.

DR. PARI ZEK: You have sone proposal s for
t he sci ence and technol ogy program Coul d you ki nd of
gi ve us some details of what those m ght include, or
hints at what' s i nvol ved i n t he sci ence and t echnol ogy
area?

MR. ARNOLD: 1'Il let Drew Col eman make
sone conments on that.

MR. COLEMAN: Yes. This is Drew Col enman,
DOE's Saturated Zone Lead. Yes, we have in the
confirmation plan to finish the Alluvial Tracer
Conpl ex testing, be kind of contingent onthe ability
to get permt fromthe state to finish that testing,
but that's in the performance confirmation plan. And
t hen they have in the sci ence and t echnol ogy program
t hey have a | ong-termpunp test that we're working on
the details of right now, sort of planning it with a
vi ew t owar ds maybe doing the testing in ~05. And then
there's also a natural gradient test where you woul d
put tracers in and let themtravel under the natural
gradient, and try to collect themin sone reasonabl e

amount of tine at a downstreampoint. Those are sone
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of the saturated zone plans in the next one or two
year tine frane.

DR, PARI ZEK: Drew, that 05 long-term
test would be for Alluvium an Alluvial Conplex Test,
or is that another bedrock test?

MR. COLEMAN:. | believe that woul d be up
in the volcanics this tine. There's also the Nye
County Tracer tests that we're going to have going in
the Alluvium It's a little north of the origina
tracer test and that ought to even be going a little
sooner than 05, maybe late 04 here.

VMEMBER HORNBERGER: Don, do you have
guesti ons?

DR SHETTEL: Yes, | have one conment.
The bi ggest probleml| see in the saturated zone is the
guestion of colloids. And | don't know how this is
going to get resolved, but one thing fromthe past is
t he m gration of Pl utoniumfromthe Benhamunder gr ound
t est. s any of that work being incorporated into
saturated zone?

MR. ARNCLD: 1In a conceptual level it is,
because we do have this fast fraction of colloids
whi ch nmove through the system that radionuclides
irreversibly attachtothem Andthat fractionis not

subject tofiltration or retardati on of any kind. And
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that is consistent with the observation of Bob.

DR. SHETTEL: What proportion is the fast
fraction of --

MR.  ARNOLD: For our analysis in the
saturated zone, it's asmall fraction. It's less than
1 percent, but | don't have the nunber right here.

DR SHETTEL: GCkay. Thank you.

MEMBER HORNBERGER: Thanks very nuch,
Bill. Abe Van Luik had an item that he wanted to
present. Abe.

MR. VAN LUK  Yes. \What | did was |
faxed a coupl e of sheets of paper. | noted |istening
to Dr. Davis this norning that he's a fam liar figure
at the Nucl ear Energy Agency. He has contributed to
several neetings on these types of topics, and | just
want ed the group -- | know that nost of you are aware
of this, some of you may not be, to be aware that
there are actually docunents that have been created
t hrough the Nucl ear Energy Agency |ooking at these
topics that we're di scussing today. And | noticed in
the two exanples that | give the front page and the
table of contents for in ny fax, that actually DOCE,
Sandi a nostly, and in one case MIS, NRC through the
Center, and USGS through Davis has participated in

produci ng both of these products. And | think it's
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interesting tol ook at the first page of my fax, which
was taken directly from that website that you can
access, anyone can access. And it shows that this
first docunent on usi ng t hermodynam c sorption nodel s
for guiding KD investigations was published in 2001.
They conpl eted Phase 1 of the NEA sorption project,
and Phase 2 is going into alot of the stuff that was
nmentioned inthe Q%A on the Davi s tal k; whichis, what
about Neptunium what about sone of these other
guesti ons?

| think Phase 2 is going on without U S.
participation, which is unfortunate but that's just
ki nd of the way it happened, but it will be conpleted
pretty soon, and a docunent will be available to us.
So | just wanted people to be aware that there are
resources internationally, especially whenit conesto
saturated zone transport. Every repository programin
the world is | ooking at saturated zone transport.

And in the other document, "Radionuclide
Retention in Ceologic Media", it has a section on
matrix diffusion. To the question does it exist, it
says yes. And then it's kind of |ike Bob Andrews,
there's a but after that. And it speaks of coll oids.
There's been a lot of work done by Dick Eldra,

especially, in the European Union on coll oids, and so
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we' re aware of these things. W try to participatein
t hose, so does the NRC, so does the USGCS. And |
t hought that those of you not famliar with these
docunents ought to becone aware of them Thank you.

MEMBER HORNBERGER: Thank you very much
Abe. So we're finally at the point on our program
that says it's 4:15, and we now have tine schedul ed
for public comments. And | think what we'll do is
we'll start here in Rockville to see if there are any
public conmrents, and then go to Las Vegas. GCkay. Do
we have comrents from people in Las Vegas?

MR. ELZEFTAWY: | have a coupl e of conments
|'"d like to nake. 1'Ill introduce nyself first. Can
you hear mne?

MEMBER HORNBERGER:  Yes. Pl ease i ntroduce
yoursel f first.

MR, ELZEFTAWY: | will. M nane is Atef
El zeftawy, and |I'm here for the second review on
behal f of the Las Vegas Payute Tribe. And | have a
couple of things to say to that extent, and then |
have ny own personal conment in general. 1'dliketo
pass it to the conmttee and to keep it for the
record.

| presented these two questions to the

chair of our Las Vegas Payute Tri be here i n Las Vegas,
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and ny answer to that, based on what | know so far
about the Yucca Mountain programin general, is that
after all those years, we have not really nail ed down
the so-called expected behavior of radionuclides in
the tuff and the valley. In other words, we have not
really got enough data for us to say is this the
di stribution of this behavior, is|og-normal or nornal
di stribution, or a ganma function, or whatever that
is. W knowthat we have sonme data. W know t he DCE
has provi ded sone i nformation, but what does it nean
to the normal person mght not be really there.

The second question | think that was very
good with regard to the conceptual nodels and the
mat hematical s, inplenentation of the site data, and
the confidence of the site data with regard to the
recordation of the radionuclides.

We al |l have our own - that's exactly what
| said - we all have our own conception nodels, now
i deas as scientists, and as people. W al so have our
mat hermati cal i nplenentations. But | think it's going
to cone down to the site data that would provide
enough confi dence beyond 50 percent range to say t hat
t he geosphere can retard, not may - renenber, there's
a big difference between can and may - can retard the

transport of the radi oactive materials in the system
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So far, ny personal coment now as a
public citizen is that in 1983 when | | ooked at the
dat a of the saturated zone hydrogeol ogy back with the
NRC, we nmade the comment that it |ooks |ike surface
groundwat er nmoving toward the south, naybe a little
bit southwest. After all these nodels, and after 21
years of work, the Departnent of Energy have not
really made any different interpretation, or naybe to
bi nd the groundwater system of the Amargosa Desert
ar ea.

| have a problemw th all the beautifu
nodel s we have and all the noney we spent. | haven't
seen sonebody to sort of push the envelope a little
bit with regard to the nodels. The fellow who tal ks
about the recharge, how about trying 5, and 10, and
15, 20 mIlineters per year recharge and fi nd out how
t he systemis going to react usi ng what you have done.

| have one conment to Ruth. "' m not
really sure what's her |ast nane, but if you go back
tothe University of California at Berkel ey, there was
a paper under Hil gardi a publishedin, | think, 1973-74
related to the so-called soil water or porous nedia
paranmeters that we really deal wwthwithregardtothe
unsaturated zone. The soil noisture, retention

curves, the hydraulic conductivities, theretardation
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factors and all that. | think you need to get it and
read it, and find out what Don N el son has published
in 1973-74.

| published a paper when | was wor ki ng for
nmy second Ph.D. degree in 1973 in the University of
Fl orida, way back then, and it was deal i ng about the
absorption of the Tritiumin just the porous nedia.
You'l | find that. I think | have a copy at hone, but
go and find it and find out what was said about the
absor pti on and desorption of the Tritium And ' mnot
t al ki ng about radionuclide with big veins.

The gent| eman by nane, Ji mDavis, who has
a presentation that | didn't see, | think | told Al
Freas and John Cherry in 1979 that that figure that
you quoted fromhimis really m sleading. Actually,
it's scientifically wong. [|I'mnot sure if Al Freas
and John Cherry has corrected that or not, but it's
m sleading to have this figure. It tal ks about
"Sor bi ng Solutes and Non-Reactive Tracer". | think
you need to switch that back and forth because i f we
tal k about the sorbing solutes breakthrough curve,
that tells nme that this is only the aero function
distribution, and that is not the aero function
di stribution.

There is anon-reactivetracer flat inthe
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curve, and that is not true. Usual l y, the non-
reactive tracer acts as a "piston flow' in the porous
nmedi a analysis, so | think you need to correct that
draft. You quoted it wong.

And one of the things | wanted to nenti on,
way back then when we were working under the 10 CFR
60, we were tal ki ng about the 1,000 year groundwater
travel time. During the public neeting of the Nucl ear
Transportati on Research Board, if they changed the
nane, whatever the case may be - the Departnent of
Energy made the comment - Russell hinself nade the
comments about the transport of the radionuclide in
system in porous system unsaturated or saturated.
And he said they have nothing to do with the existing
regulation, 10 CFR 63. So ny question to you as a
public citizen, why are we sitting here in a sense
wasting all that time trying to find out the nitty-
gritty of the absorption, desorbtion, reversible
groundwater travel tinme and all that, and the
Departnment of Energy and the NRC already nade the
decision that they are not going to consider that,
except in the performance analysis. So how can you
relate all the things you do today with regard to the
licensing? That's really what the bottomline is.

And that probably concludes nmy conments.
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MEMBER HORNBERGER: Thank you very rmnuch.

Do we have any other comments? All right. Wl |,
we' ve actually made it to our 5:15 ending point. |
turn it back to you, M. Chairman.

ACTI NG CHAI RVAN RYAN: |If there are no
further comments or observations, we will adjourn for
t he day.

DR. CLARKE: And you're goingtoreconvene
at 9 tonorrow norning.

ACTI NG CHAl RVMAN RYAN:  Yes, |'msorry. W
will reconvene and start at 9 a.m tonorrow norning.

(Wher eupon, the proceedings i nthe above-

entitled matter went off the record at 5:16:59 p.m)
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