UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD
SUMMER BOARD MEETING
June 26, 1997

Crowne Plaza Hotel
Las Vegas, Nevada

BOARD MEMBERS PRESENT

Jared L. Cohon, Chairman, NWTRB

John W. Arendt

Daniel B. Bullen

Norman L. Christensen, Jr.

Paul P. Craig

Debra S. Knopman

Priscilla Nelson

Richard R. Parizek

Alberto A. Sagngys
Jeffrey J. Wong

SENIOR PROFESSTIONAL STAFF

Carl Di Bella
Sherwood Chu
Daniel Fehringer
Russell McFarland
Daniel Metlay
Victor Palciauskas
Leon Reiter

NWTRB STAFF

William Barnard, Executive Director
Michael Carroll, Director of Administration
Paula Alford, Director of External Affairs

Karen Severson, Congressional Liaison
Frank Randall, Assistant, External Affairs
Helen Einersen, Executive Assistant
Linda Hiatt, Management Assistant



316

INDEX
PAGE NO.

Introduction
Jared Cohon, Chairman, NWIRB. . . . . . . . . . . . . 317
REPOSITORY PERFORMANCE AND UNCERTAINTIES IN THE
NATURAL SYSTEM

Introduction
Debra Knopman, NWTRB. . . . . . . . . . . . . . . . . 317
Saturated zone flow and transport
Dwight Hoxie, USGS. . . . . . . . . . . « .« < < . . . 318
Session Introduction

Priscilla Nelson, NWTRB . . . . . . . . . . . . . . . 341
Projected plans and costs of additional work through

license application (post-VA)

Jean Younker, M&O . . . . . . . . . . o . o000 342
Performance confirmation after licensing
Richard Wagner, M&O . . . . . . . . . . « . . . . . . 371
Plan for developing projected costs of repository

construction and operation
Mitch Brodsky, DOE. . . . . . . . . . . . .« . . . . . 390
East-west tunnel crossing the repository block,

planned studies and their objectives
Mike Voegele, M&0O, SAIC . . . . . . .« « « « « « « . . 386
Update on scientific activities at Yucca Mountain

Larry Hayes, M&0O, TRW Environmental Safety Systems. . 453
Public Comment. . . . . . . . . . . . . . . . . . .. 483

Adjournment . . . . . . . . . . . . . . ... .. 519



317



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

318
PROCEEDINGS
(8:00 a.m.)
COHON: Good morning. First, let me inform you of two
minor agenda changes. First, Priscilla Nelson will be
chairing the bulk of this morning's session, but not until
after the first talk. The first talk is really the last talk
of yesterday's session. So, Debra Knopman will continue as
Chair, and she'll take over in one second.

The other is that Lake Barrett will be making brief
remarks to the Board at the end of the published agenda; so,
at approximately noon and just before the public comment
period. And, indeed, there is another public comment period.

If you wish to make remarks, please sign up with Helen. We
welcome that.

And, finally, the all important, remember to talk
into the microphone. This is being recorded, and if you
don't do that, they can't hear you, they can't pick you up.

Thank you. Debra?

KNOPMAN: Thank you, Jerry.

Yesterday, we spent a fair amount of time talking
about the unsaturated zone and remaining uncertainties and
that part of the natural system. This morning, we're going
to have just one talk on the saturated zone flow and
transport. Our speaker is Dwight Hoxie. He is a hydrologist

with the U.S. Geological Survey here in Las Vegas. He's been
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with USGS or he's been in Las Vegas, at least, since 1984.
Dwight manages all the process models, the development and
work with many of the investigators on behalf of the M&O.
Dwight, feel free to correct my remarks there if
need be.

HOXIE: Let me put up a slide. First of all, I'd like
to say that this being the morning of the second day of this
meeting, I do have the opportunity to conduct empirical tests
of two alternative conceptual models. The first alternative
model is that--since it's very early in the morning, the
panel and the audience, as well, are very fresh and eager to
get going and will be very incisive in their remarks and pay
attention. That's one conceptual model. The other is that,
well, maybe some of you have fallen prey to the lures of the
attractions of Las Vegas and spent a night on the town,
perhaps until the wee hours of this morning. Maybe you're
not gquite as fresh and bright-eyed as you might like to be.
In fact, you might even be wishing that I kind of speak
softly and not make too many loud noises at this time of day.

These alternative conceptual models, of course, are
very important to performance assessment; that is, your
assessment of my performance this morning. The thing is that
I am not going to test these models. Actually, I'm going to
borrow from my colleagues in performance assessment, and I'm

going to adopt the stance of reasonable conservatism and take
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the first alternative as my working hypothesis and get on

with the presentation.

Okay. I am going to be talking about the saturated
zone. I want to, first of all, just point out a little bit
about the geography of the region and what it is that we are

going to be talking about. Of course, the saturated zone
comes into play once the engineered barrier systems are
breached and we get radionuclide transport down through the
underlying unsaturated zone to the top of the water table and
fends out to the accessible environment by groundwater flow.

I want to show you this is just the boundaries of
the regional groundwater flow system that encompasses Yucca
Mountain. It's also the boundaries essentially of a regional
groundwater flow model that we have constructed in order to
provide boundary conditions for what we're calling the site-
scale saturated zone flow and transport model. And, Yucca
Mountain is located about right here. So, this is the area
that I'm talking about. The regional model, again I say,
provides boundary conditions for this rectangular box. So,
when we talk about the saturated zone, we really do have to
talk about a large area that encompasses a much smaller area
of immediate concern. I'm going to leave that one up there
so I'll have it for reference and I'll try not to get in the
way of things.

One of the things that--at least, the agenda that I
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had said that we wanted to talk about today are what are the
key uncertainties associated with saturated zone flow and
transport. I was very fortunate in that there was a workshop
that was conducted by the process modelers, the flow and
transport modelers, along with performance assessment
personnel that identified a set of key issues and
uncertainties. This workshop was held in April here in--
actually, in Denver and I will talk about those issues.

These issues also were identified yesterday by Abe Van Luik.

So, this talk follows naturally from his. And, I've done
another performance assessment type approach and that--I
think they came up with 14 specific issues in their workshop,
and I've abstracted these and tried to group them into some
larger scale issues. So, I'm going to be talking about
essentially four major issues; the spatial distribution of
advective flux--I'll define that in just a minute--
alternative conceptual models, and effective transport
properties, future climate change.

Under spatial distribution of advective flux, this
is the moving groundwater that it's actually carrying the
radionuclides or solutes or whatever. We have three sub-
issues that we need to address and I'll talk about those
individually. That's the regional recharge and discharge,
channelization of flow, and vertical flow. Again, the

significance of knowing something about the advective flux in
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the Yucca Mountain area is because it's groundwater moving
beneath the site that we feel is going to be the principal
transport medium for transporting radionuclides out to the
accessible environment.

So, now, let me talk about these three issues
individually, define them, and try to give you some
indication of their significance with regards to performance
assessment. Regional recharge and discharge, that has to do
with the amount of water that's actually coming in to this
groundwater flow basin and discharging from the groundwater
flow basin. We can't measure recharge directly. The current
technique is to estimate it using a method that was developed
here in Nevada, so-called Maxey-Eakin method. 1It's been
modified and made more sophisticated, but it's essentially a
correlation of altitude with precipitation; the higher the
altitude in the mountains, for example, the more
precipitation you have and the more likelihood for recharge.

So, down here in the Spring Mountains, the tall mountains
outside of Las Vegas, we have a high potential for recharge.
This is actually reflected in the potentiometric surface
contours. You see we have large hydraulic gradients here
because we have water being recharged in the mountains and
moving down into the basins. And, similarly, you can see
other places where we have potential for recharge.

Unlike recharge, if we talk about discharge, we
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have--in principle, can measure this particular entity. For
example, we can measure discharge from springs. We can go
out to playas and make some measurements that might give us a
handle on evapotranspiration. We can monitor pumpage from
wells, for example. The significance of knowing what the
recharge and discharge distributions are is because these
provide the boundary conditions for our regional groundwater
flow model which, in turn, provides boundary conditions for
our site-scale model.

Another thing that we're concerned about in talking
about advective flux is the possibility of flow
channelization. You heard a lot about that yesterday in
terms of fracture flow within the unsaturated zone. We have
a similar kind of problem with the saturated zone. That is
the flow can be channelized as a result of intrinsic
heterogeneity within the hydrogeologic framework. For
example, the spatial distribution of hydraulic conductivity,
the parameter that measures or quantifies the transmissive
properties of our aquifer systems. So, that can channelize
flow into discrete, more favorable aquifers, agquitards,
confining beds, and so forth. We have to deal with large-
scale structural features like faults which can act as
conduits for flow or even as barriers for flow. Again, at
Yucca Mountain, particularly where we're dealing with the

volcanic aquifers that are highly fractured, we need to know



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

324
something about fracture conductivity because this may also
cause flow to be channelized. Why is this important? This
is important because the channelization actually defines the
flow pathways out to the accessible environment.

Another issue regarding advective flux is vertical
flow and its likelihood. We have limited data at the site
currently that we do have increasing hydraulic head with
depth which indicates the potential anyway for upward flow,
probably from the underlying carbonate rock aquifer system.

We also have thermal data that indicates that we may have
upwelling of groundwater along major structural features like
Solitario Canyon Fault or the Paintbrush Canyon Fault to the
east of Yucca Mountain. The importance is that if we do have
vertical mixing at the site or down-gradient from the site,
this would--mixing of waters would enhance increased dilution
of any radionuclides that may be present.

Okay. Now, away from advective flux, but I'm
talking now about alternative conceptual models that we
tested this morning, for example, or we've talked about. We
have a set of alternative conceptual models also for our
saturated zone flow system. One is that right now we assume
that the flow system is in steady-state equilibrium; that is
it's not changing with time, the water coming in at the
boundaries is being discharged, the same quantities of water

being discharged at the outlets. This hypothesis certainly
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will not be true over time because we expect climate to
change, recharge to change; so that we will have transients
within this system. Of course, as we get down to smaller and
smaller scales by our site-scale model, we may be more
concerned about transient phenomena. Another conceptual
model that we have, right now we're representing the flow
numerically in our numerical models by the equivalent
continuum hypothesis or representation. This was discussed
yesterday very nicely by Bo. So, I don't really have to go
into details there except to say that by using the equivalent
continuum kind of formulation, we may not be able to
represent the channelization of flow to the degree that it
may be occurring.

Another persisting difficulty for us is that if you
just look to the north of Yucca Mountain, you see a large--in
the potentiometric contours, we have a large hydraulic
gradient essentially in this region. It's not a recharge
region that we think anyway, but we don't have any good, firm
explanations for this particular feature. We have something
on the order of five alternative conceptual models and,
although we don't think it will have any impact on the
performance of the potential repository system, nevertheless,
it sticks in our craw because we don't have a good
explanation for this phenomena at this point in time. And,

what am I really saying? Well, I'm saying that if we have
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alternative conceptual models, then this is representing our
uncertainty and our understanding of the flow and transport
processes.

Now, I'd like to get to transport issues
themselves, and I'm just going to be talking and categorize
these into three areas. The first thing is something called
dispersivity which is a parameter that goes into our
numerical models. I would also argue that it is in some
sense a fudge factor, but it's a parameter that attempts to
quantify the fact that if you dump a solute into a
groundwater flow system, not only will it be carried along
with the moving groundwater, but it will tend to spread both
longitudinally and transversely. So, this parameter is a
parameter that measures that tendency to spread and,
therefore, can create a solute plume. We don't have good
handles on that. 1I'll talk a little bit more about that in
just a moment.

Matrix diffusion, if we have the groundwater
containing a solute that is moving in the fracture system,
the water in the fractures containing the solute will have a
--there will be a concentration gradient from the fracture
into the adjoining adjacent rock matrix and so there will be
a tendency for solute to move into the rock matrix as a
result of the molecular diffusion. So, this is what we call

by matrix diffusion, and in our equivalent continuum model,
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we actually represent this by another parameter called
effective porosity for which we do not have good numbers
again.

Then, the other issue an important to transport is
a process that I'm just labeling it here as sorption. This
is the idea that a radionuclide or a solute of contaminant
could interact chemically with the surrounding rock mass
through which it is moving. So, I'm just calling this the
sorption process.

And, the significance of these three different
transport quantities, entities, issues is that, of course--
they're two-fold, actually. First of all, they will reduce
downstream radionuclide concentrations. That's what we're
concerned about especially with a dose based standard, and
they will delay arrival times to the accessible environment.

Just briefly now, the last issue is future climate
change. Again, another area of uncertainty, as I think we're
all aware with the prospect of global warming and what that's
going to do to us over time, we know--I think we can be
fairly secure in predicting that sometime in the next 10 to
100,000 years the climate is going to change. It has done so
in the past. We've had glacial ages. We can anticipate that
we will have glacial ages once again. Accompanying the
return to glacial ages or glacial episodes, we will probably

have wetter periods, pluvial episodes, in which we could
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expect to have higher recharge in our recharge areas,
increased discharge from the system, and its consequences.

So, the significance of future climate change,
first of all, it could lead to potential water table rise
beneath the Yucca Mountain site. We know that inferences
based on limited data again that the water table probably in
the past has been as high as 100 meters or so above the
present water table at altitude at Yucca Mountain as a result
presumably of past climate change. So, this gives us some
idea of what the potential groundwater rise might be under
climate change. The other thing is that we have groundwater
rise and increased gradients perhaps. We can have higher
effective transport velocities that might impact us. The
good news is that it's also possible that by having more
water moving through the system, we could lead to a state
where we would have increased enhanced dilution of the
concentrations of radionuclides. So, climate change may not
all be bad.

Okay. How do we address uncertainties? What are
we doing about addressing uncertainties? Well, there's good
news and bad news. I think a lot of people recognize that in
some sense the saturated zone has been the forlorn, abandoned
child of the Yucca Mountain Project. The reason for this, I
believe anyway, we have not conducted a lot of saturated zone

studies. For one reason, it's very deep beneath Yucca
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Mountain so it's not easily accessible. But, in 1987 when
the Yucca Mountain site was mandated by Congress to be the
candidate site for site characterization to determine whether
or not it might be suitable as a repository site, the
standard at that time to which we were working was
promulgated under 40 CFR 191 from the EPA and was a
cumulative release standard at a distance of five kilometers
from the potential repository. That is a mass release, not a
concentration or dose kind of standard; although there was a
dose component to that standard, but the important thing was
we were really concerned about mass releases. Now that it
looks like we are going to be given a new standard that's
going to be dose based, we're now concerned about
concentrations and now the saturated zone probably is going
to play a much more prominent role. And, in fact, we're
talking about doses to individuals perhaps as far as 25 or 30
kilometers south of--or down-gradient/downstream from the
Yucca Mountain--potentially, Yucca Mountain Repository. So,
the only thing that I know of right now going on testing-wise
in the saturated zone is we are still continuing to
periodically monitor the water wells in some wells and we are
just finishing up the sequence of testing at the C-Holes
complex, tracer testing, hydraulic testing, about which you
heard in your January meeting. And, we're planning--well,

let me get on to that; wait.
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Addressing key uncertainties, we do have plans,
however--that's the good news--to continue studies and do
more studies. We are continuing with laboratory studies and
planning to do more studies to get handles on some of the
transport properties themselves and also solubilities of
various radionuclides. And, we're also measuring hydrologic
properties of the various aquifer materials. We also are
planning to do more field testing. At the C-Holes complex,
we want to move up the borehole and start testing in a zone
closer to the top of the water table, for example. We have
plans and actually have the funding to do that study. We are
just finishing up the Fortymile Wash recharge study.
Fortymile Wash is a drainage that runs along just east of
Yucca Mountain and there is a potential there that water--
ephemeral flows coming down the wash may recharge the system
locally. That would be a transient kind of flow problem, for
example.

We are planning to drill a borehole called WT-24
that will penetrate the large hydraulic gradient that's a
little problem for us up here to the north of the site to try
to get a better handle on the configuration of the water
table at that location and perhaps some idea of what's
causing the feature. We are planning to do hydraulic and
hydrochemical testing in boreholes that have not been

accessed previously. We have an existing borehole, WT-17, in
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which we want to do some Eh measurements to try to get some
understanding of oxidation potentials in the groundwater
system itself and we're planning to drill four--excuse me,
three new boreholes to the water table essentially in the
repository block itself or just to the north and south of it.

We also have plans to develop a second SZ testing complex
somewhere down-gradient from the potential repository, and we
are continuing with paleo discharge studies to et a handle on
how climate change in the past has impacted the hydrologic
system.

We're doing modeling studies. The kinds of
modeling studies that we're doing actually have come out of
the workshop that I told you about previously that identified
these key uncertainties and issues. Now, we are doing
sensitivity analyses to try to determine the importance of
these various parameters and issues to performance assessment
and to the flow and transport process models. And, I might
just mention that we have completed some future climate
modeling that was done on our behalf by--and in order to try
to bound what we think may be potential future climate
states, fold that in to try to get estimates of what the
regional recharge might be under changed climatic conditions.

And, we are doing what you just heard about in
great detail yesterday. Now, we're doing an SZ, saturated

zone, expert elicitation on flow and transport; very similar
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to the expert elicitation that we did for the unsaturated
zone about which you heard yesterday. We've convened our
panel. The panel members are listed here. You might
recognize some of those names. We have had our first
workshop and are planning to have our second workshop in
July. So, it's going to be the same kind of structure that
Kevin Coppersmith told you about yesterday. Many of the same
people are involved. I'm very pleased that Shlomo enjoyed
his tenure on the unsaturated zone expert elicitation to join
us on this one. And, of course, Don Langmuir, I think,
perhaps some of you--that's a name, I think, you probably
recognize as a former Board member and, therefore, he's our
internal sort of Yucca Mountain expert, if you will.

What I have done here, you can't read this from up
here, but it's in your handout. What I tried to do is all of
the issues that I've addressed in this talk are listed over
here in this column and all of the, I think, testing that
I've been talking about that we plan to do or perhaps are
doing currently are listed over here so you can get a
crosswalk between what testing addresses what issues. This
is my subjective or objective or whatever assessment. So, I
just want to let you have that so that you know we are trying
to address these things.

I'm going to go out on a limb. This is my

conclusion. I think that by the time that we get to
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viability assessment in 1998, I think that we will be able to
have gquantified bounds on our key parameter and model
uncertainties. I think that with our testing program that we
have planned and currently laid out that by the time we get
to a license application, if we do get there, we find the
site is suitable, I think that we will be able to reduce

these uncertainties significantly.

With that, I thank you and will entertain
guestions.
KNOPMAN: Thank you very much, Dwight; very good and
crisp presentation.

I'd like to entertain some questions now from the
Board members. Dick Parizek?

PARIZEK: Yeah, Parizek, Board. I didn't see in the
data table and testing program any specific reference to
geochemistry, the regional geochemistry, for both
characterizing the patterns of flow and to help validate or
verify your transport models. I see the Eh/pH discussion
with specific wells which we understand why you're doing
that. What's the status of the regional geochemistry
program?

HOXIE: That's probably a very good question. We do
have quite a bit of data and some data are still being
collected not as part of the Yucca Mountain Project--well, as

part of the environmental program at the Yucca Mountain
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Project. Let's see, we have a large data set that has been
compiled. We have a large data set from NTS. We have not
pulled it all together and that's probably the thing that
really needs to be done. There's a lot of data and, you're
right, I probably should have listed in the testing program
there is a proposal for FY-98, in fact, to try to pull all of

that together.

PARIZEK: Yeah, a simulation, an integration of that--

HOXTIE: Yes.

PARIZEK: I think if you don't put it in--probably not
doing it.

HOXIE: Right.

PARIZEK: But, if you intend to do it, it ought to be
shown.

HOXIE: Right. It should be shown in my table. I
probably didn't have a little good place to--an issue there

that that would address--well, flow paths probably.

PARIZEK: On the regional model simulations that have
been conducted, thus far, you put Yucca Mountain in there as
part of the regional domain that you're considering.

HOXIE: Of course.

PARIZEK: 1In order to have the model do anything
reasonable, do you get a Shlomo Neuman percolation values or
do you get--what sort of values seem to fit on a regional

scale? Again, there's some difficulties with this, but--
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HOXIE: Okay. You mean in terms of recharge?

PARIZEK: Yeah, recharge.

HOXIE: Well, of course, we've always felt that recharge
at Yucca Mountain is probably insignificant; maybe five
millimeters--best estimate right now for percolation flux,
say, at or below the potential repository horizon is like
five millimeters a year. Now, I don't know if that's
significant as a recharge. We know further to the north, for
example, on Rainier Mesa, we're probably talking more on the
order of 25 or 30 millimeters per year. So, that may be
contributing something. In the Spring Mountains, for
example, you're probably talking 200 millimeters per year or
more. So, I'm not sure I'm answering your question, but we
don't see a groundwater amount beneath Yucca Mountain that we
can attribute to recharge.

KNOPMAN: Dwight, I'll ask a question. I'd like you to
elaborate a little bit more on the kind of field testing
you're doing to test your hypothesis about the steep
hydraulic gradient north of the site. What precisely are you
planning to do and what do you think you're going to be able
to gain out of the additional field tests?

HOXIE: Okay. Let me just back up a little bit. We
have one borehole that penetrates the large hydraulic
gradient and that's the one we call G-2. It was originally

drilled as a geologic borehole, not a hydrologic borehole.
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It was to get geologic information. That's what led us to
identify, in part, the large hydraulic gradient in the first
place. We have done some limited testing in there, but the
test results, I think, are inconclusive in terms of
discriminating among the various alternative hypotheses.
Some of them involve water going down and into the carbonate
aquifer beneath and then moving beneath Yucca Mountain and
coming back up to the south along some kind of structural
feature or buried feature that may not be visible at the
surface. Another hypothesis is that it's a perched water
body. We thought that maybe the testing that we had done at
G-2 would allow us to determine that, but I don't think we've
got a conclusive result there either.

So, the plan right now and it's the only plan that
I know of is to drill WT-24 which would be--I'm not even
guite sure--let's see, it's going to be southwest of G-2, I
believe. That would also give us just a handle on the
configuration of the water table there. It would allow us to
do some testing that perhaps could at least eliminate the

first water hypothesis if that is not wviable.

KNOPMAN: Testing like what?

HOXIE: Oh, hydraulic testing. I'm sorry, yeah, aquifer
testing. I'm sorry. But, these single hole tests. But
that's the kind of thing that we would do.

KNOPMAN: Okay. And, can you give an estimate of how
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long that might--you know, what might be the duration of the
pump test of that sort?

HOXIE: I can't, no. I really can't because I haven't
really been planning it. But, I'm sure that if it's going to
behave anything like it did at G-2, we're talking about long
pumping times and long recovery times.

CHRISTENSEN: Christensen, panel. This is a potentially
naive question, but one of the issues that the panel has been
confronted with and the project confronted with is the issues
of sort of long-term human intrusion. It strikes me that one
of the most likely violations of your equilibrium hypothesis
may have more to do with discharge related to human water use
in this area in the future. Could you comment on how that
might fit in and whether that's a significant issue?

HOXIE: All right. Let me put this back up. Okay. I
think the most significant thing, first of all, is that you
don't see the boundaries on here, but of course, we have the
Nevada Test Site sitting right over here, we have Nellis Air
Force Base sitting up here, and BLM land all located in this
area. So, much of the immediate area currently is Federal
land. So, we presumably have some control over withdrawals
there. Down in this area right--I might point out that the
southern boundary of our site-scale flow and transport model
actually is in an agriculture area where they are withdrawing

water for irrigation currently and this gives us some control
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for hydraulic heads along this lower boundary because we have
wells. But, this area is being irrigated. Water is being
pumped. It's probably not significant quantities currently
compared to the total amount of water moving through the
system, but certainly there is the potential of increased
development out here. Certainly, I think we know that Las
Vegas is, for example, looking for underground water supplies
to augment their own.

So, I mean, I think that you're absolutely right
that we need to bear that in mind or we could have--it's not
a human intrusion issue directly, but indirectly, it
certainly could change the whole system.

KNOPMAN: Dwight, I have another question and it has to
do with the water budget for both the regional scale model
and the site-scale model. Can you give us some--do you have
any rough numbers, or perhaps if you don't have them off the
top of your head, you could supply them to the Board when you
can get your hands on them. How much water is moving through
this system in the saturated zone?

HOXIE: I can do that. I do not have it off the top of
my head, though. I'm sorry.

KNOPMAN: Okay.

HOXIE: I might just point out what are some of the
important discharge areas naturally occurring and the

significant one is over here in Death Valley. That's
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probably a base level for our systems since it's below sea
level. There's another area--let's see, I have to think of
where I--I get lost on these maps. Right along in here,
there is a spring line called Ash Meadows. Maybe on field
trips, you've had a chance to go out there. These are a
series of springs that I--again, I don't know the numbers,
the quantities of water that are being discharged, but the
thought currently is that this is water that is coming off
the Spring Mountains located right here. Las Vegas is right
over in here. So, the water that's coming out of the Ash
Meadows spring line may not be water that is coming beneath
Yucca Mountain, for example. We think that the major
discharge for Yucca Mountain--I'm probably going to get lost
down here--is down here at Franklin Lake Playa which is an
evapotranspiration site, but I can get you the numbers. They
have been estimated. There is a water budget that has been
compiled. I just don't have it off the top of my head.

KNOPMAN: Okay. Priscilla?

NELSON: Nelson, Board. Just to follow up on Norm
Christensen's question, do you plan on doing a model for the
development of changing withdrawal because of land
development in the area to the south and east?

HOXIE: I think we could do that. We would have to--
that's a socioeconomic kind of problem. I don't think we'wve

addressed that as part of the site program because we don't
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know what the well development might be, but we could
probably hypothesize something. But, we don't have any plans
to do it that I know of anyway right now, unless it might be
done as part of an Environmental Impact Statement.

PARIZEK: Dick Parizek, Board. On the model, the main
thing that you can measure perhaps is the discharge.

HOXIE: Yes.

PARIZEK: --come back and see what the recharge might be
like.

HOXIE: Right.

PARIZEK: We were appraised of some of the ongoing
efforts to do this. By your evapotranspiration calculations,
you're fine. It seemed like the Death Valley discharge and
the Oasis Valley discharge program was going to take a while
to do that. Is that still in the plans? Is it likely that
that will be done by the '98 deadline?

HOXIE: 1It's not--I don't think we have plans to do any
more currently. I think there is some work that's being done
independently of us, however, at Death Valley on the salt
pans out there. That is probably something that we would
like to get a better handle on, but I don't think we have a
plan right now to do that.

PARIZEK: But, that's something that might be available
by license application time?

HOXIE: Perhaps, yes.
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PARIZEK: But, the other model which is the transient
model is not now being done by anybody that I'm aware of and
that's a whole new problem to do a--

HOXIE: Yes, correct.

PARIZEK: --do a calibrated transient model and that
would then allow you to talk about climate change in some
sort of a time frame, as well as the consequence of
withdrawal, and that could be extremely useful if you say,
well, how long will it take to raise the water table 100
meters? You could buy a lot of time doing that, as an
example, or maybe you can't buy very much time.

HOXIE: But, you're right.

KNOPMAN: Okay. Let me ask you one of those gquestions
you'll groan at. Your chart is very, very useful in the back
of the handouts here by giving us a good idea of what you're
planning to do in the way of laboratory and field testing and
modeling studies for each of the issues. O0Of all of these
remaining issues, which ones would you say present the most

formidable hurdles in data collection and in reducing

uncertainty?
HOXIE: I may have to defer to Shlomo, but actually I
would probably argue that probably the transport parameters.

That's my feeling. I think this is where we have the
greatest uncertainty and the greatest challenge of trying to

come up with reasonable numbers. I think we can get a pretty
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good handle on the hydraulics and infer that, but I think
trying to get a handle on the transport and what is actually
going to happen to radionuclides that are complex chemical
entities and how they're going to move through the system. I

think that's a very formidable challenge.

KNOPMAN: Okay. Any further questions from the panel or
staff?

(No response.)

KNOPMAN: Thank you very much, Dwight.

NELSON: Good morning. I'm Priscilla Nelson, one of the
new Board members. I would like to just make a few
introductory comments about the rest of the sessions planned

for today.
There are four deliverables that are planned for

VA. 1In the past sessions, you've heard about the design
concept for the repository and waste packages, and you've
heard about TSPA. Both of these are rapidly moving forward.
Today, what you're going to hear about in three talks that
immediately follow my comments you'll hear about plan and
cost estimates for license application, cost estimates to
construct and operate, and also about performance
confirmation plans. Some of these are fairly newly starting
activities and they certainly are moving very fast in terms
of the amount of attention the M&0O and DOE has given to them.

The Board will be maintaining an interest throughout the
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year up to the time of VA in the evolution of these tasks,
all four of them, in fact. We'll have a break following the
cost estimate talk and then move into a second area that
deals with the site characterization that's going to be
continuing and focusing on the east-west tunnel and on
ongoing scientific activities. So, that's the plan for the
session this morning.

I'd like to introduce the first speaker or
reintroduce Jean Younker who is a geologist by background and
her crew has been evidence of the versatility of geologists
in this world. She is operations manager of suitability and
licensing with TRW for the M&0O. 1I'd like to invite her to

come up and begin her presentation.

YOUNKER: Thank you, Dr. Nelson, for that nice
introduction.
What we're going to talk about in this presentation
very briefly is the plans we have and the plans we have to

lay out good plans for the work through license application.
So, we're now stepping out after viability assessment and
looking ahead to license application in 2002. I might
mention that my organization basically is kind of the focal
point for getting that LA, what's called the one product of
the viability assessment called the license application plan,
together. So, that's why I think I was asked to stand up and

present this. But, certainly, there are a lot of people
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involved in developing the plans that I'm talking about here.

What we'll do quickly is just an overview of those
products, the information available at viability assessment,
additional work supporting the license application. Very
briefly, you heard some really good information from Dwight
Hoxie already about the kinds of testing that we'll be trying
to do. You heard already a little bit from Dave Stahl
yesterday and Dick Snell about the waste package repository
design plans, total system performance assessment. I'll make
a couple comments about what we expect to do between VA and
LA and then talk about the regulatory activities which really
start to ramp up at that time as we try to make sure we get
the documentation in place for interactions with the Nuclear
Regulatory Commission so that they can become confident
enough to grant us a construction authorization.

All right. The information available at VA, I've
kind of stepped outside now of what you've been listening to
and tried to give you a sense for where we believe we'll be
at the time of viability assessment. I guess a basic
understanding of site processes is a kind of broad way to say
that we certainly feel like we have a good handle on the
geologic framework major deliverables this year and last
year, have put down on paper what we believe that framework
is. It gives us the basis for the kinds of two and three

dimensional modeling that we do in performance assessment.
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So, we have a good foundation of the framework, I think.

The hydrologic flow, I'm not sure I can convince
you we have a basic understanding given some of the
discussions that you heard yesterday on our expert
elicitation on the unsaturated zone system. However, I think
I have some kind of confidence that a lot of that is going to
come together over the next six months to a year because we
have, I think, some of the best people in the country,
probably in the world, focusing on looking at the information
that we have, trying to kind of pull that information
together, and help us understand what it means about the
hydrologic systems. So, I think, you know, this one
probably--this may be a reach, but I believe that we will
have a good enough understanding to bound the flow system in
our performance assessment models in a credible way.

Geochemical environment is another one where I
think you heard Dwight Hoxie answer a question that--what
kind of sorption, what kind of dispersion processes or
dilution we'll be able to take credit for along that
saturated zone flow system. 1It's probably one of the key
areas where we'll be in a bounding situation probably at the
time of viability assessment, as I think Dwight probably
acknowledged. But, certainly, the near-field geochemical
environment, lots of focus on that in the next year. I think

we'll get a better handle on some of the key parameters.
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Preliminary design concept of the key design
features, you've heard some discussion of the concept of
operations. That work is pretty intense over the next year
heading into the end of calendar year '97. I think we'll put
a lot of that down at least for the key features of the
design that are important to safety and waste isolation with
the big focus, as I think you know, on that work.

Reference repository and waste package designs such
that we can make sure that we're very clear that the
performance analysis that we do is of that particular design
that is the reference case that we're taking forward at
viability assessment time.

Identification and some evaluations of the range of
design options that might enhance performance if it's decided
they need to be concluded in that reference design either at

VA time or perhaps between viability assessment and license

application.
Okay. For total system performance assessment at
the viability assessment time, we certainly will have every

bit of the information that we're talking about here
gathering in the next year, as well as whatever information
we're able to pull in in the design process models at the end
of this year and early in FY-98 and an evaluation of the
performance of the reference designs. And, together, that

should give us the basis along with some of the calculations
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that will be done for preclosure safety that we have an
overall safety case that gives us the radiological safety of
this system for both the preclosure operational period and
the postclosure time that our total system performance

assessment addresses.

This is just a little schematic that walks through
or gives you a framework for the next couple of slides. It
lists out a couple of the key site testing for LA now moving

out to that VA to LA time frame, the design activities that
are most important we've highlighted, total system
performance assessment, leading to these three critical
products that you know we have to deliver which is the
Environmental Impact Statement, site recommendation with that
Environmental Impact Statement going forward with it, and the
license application. And, of course, the key point here
being that our site recommendation at this point in time, we
have to have laid out the information sufficiently that the
Nuclear Regulatory Commission will give us those sufficiency
comments that we're required to take forward with that site
recommendation. So, assuming the viability assessment, in
fact, is a go for license application, these three products
will then just become the major focus of the program.

I won't say very much about this, at all, because
you've heard from other people who are much closer to that

information. Larry will talk, I think, about the drift scale
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heater test or at least can answer questions about it in his
talk, Larry Hayes. It starts in December of this year and
continues for several years. That will give us, I think,
some really key and critical information on coupled processes
on scales that will begin to help us validate some of our
process models and our TSPA use of those process models.

UZ flow and transport tests, the ditch studies that
Larry will talk about in his presentation are going to be key
to giving us a handle on the UZ conditions of flow. Four new
boreholes, I think Mike Voegele in his talk will mention
where they are--perhaps, Larry has that in his, as well--that
will give us a good handle. One of them, we just talked
about, the--oh, that one was for the water table gradient to
the north of the site. Four new boreholes in the vicinity of
the repository block to give us a better representation of
the unsaturated zone properties throughout that area that we
don't have good borehole control.

Saturated zone flow and transport tests, Dwight did
just talk about.

Rock mechanics/hydrologic lab tests, samples that
we get from that east-west tunnel that is in the plan or is
being planned now, useful to us to I think extend our
understanding of the specifics of the rock properties to the
western part of the repository block.

And then, of course, updating the site process
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models for TSPA.

For the design activities, we've chosen to
highlight the engineered barrier system lab testing such as
some that you heard Dave Stahl talk about yesterday on waste
package materials, waste form degradation process models.
It's going to be very important to us to make sure that we
have the best credibility we can in the way we represent the
waste package degradation and the waste form degradation in
our TSPA.

Design option evaluation to enhance performance,
you heard a little bit about that from Dick Snell yesterday.

Evaluating the costs of these options so that we have a
clear picture to take forward to the people who need to
evaluate the safety case that we put forward and what it
would cost if you wanted to make that safety case improve the
performance of that reference system.

We select the design options that are important
from the ones that we've evaluated, focus on the items that
are most important to safety and waste isolation, as I
mentioned previously, especially those with no regulatory
precedent. I think, you've heard discussions about our
binning concept and design where we would focus on those
particular design features, those components of the system
that have limited precedences. Those are the ones we know

our regulator will be most interested in having detailed
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design available to review in our license application.

Update our EBS process models for input to total
system performance and complete the operational concepts, as
I mentioned.

From the performance assessment view of the world,
of course, very important to us is to update and make our
representation of the system better based on the comments we
get from our TSPA peer review panel. As I think was
mentioned yesterday, we have a draft report in the system in
review at DOE right now. It just came in; it was delivered
in the last week from our peer review panel. Of course, we
get a lot of other insight. I was thinking as I looked at
this slide that we get a lot of good feedback from you folks
and the staff, from the Board, and from others who review the
way the performance assessment is represented. So, I think
this probably is just a little narrow now in retrospect
because we do get a lot of insight from the expert
elicitations, from the other people who look at our

performance assessment approach.

We will have to incorporate updated data and
process models. Some of them probably won't change that
much. I think, some of them were pretty confident. We have

a good representation. Some will and certainly in the EBS
area, I think we'll get a fair bit of new information to make

our process models better. For those that we do decide we
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really need to focus on, where there is some new information,
good understanding to be incorporated, we hope to use an
abstraction process like the one we've used because we feel
it's been really successful because it has been--it has
forced the interaction that has to happen between the
performance analysts and the site folks, between the
performance analysts and the design engineering folks. So,
such that they come with us to performance assessment and
understand the way we represent their information in the
performance assessment models. I think that's been the key
advance perhaps in the last couple of years in this part of
the program is that the scientists and the engineers are now
standing behind us because they have a good understanding of
the way we're using our information--their information on
performance assessment.

And, of course, do the sensitivity analysis of the
EBS options that are carried forward into our license
application design.

The key regulatory activities briefly, I've
mentioned already prepare the final EIS which includes the
draft EIS development and public comment period, very
important to insure that we get the external involvement
that's appropriate in this program. Final EIS has to
accompany the site recommendation, as I said.

Prepare the site recommendation which documents
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site suitability in compliance with 10 CFR 960, DOE's siting
guidelines. The key requirement, as I mentioned, is NRC's,
what are called, preliminary comments on sufficiency of our
information as a basis for licensing. So, the way we go
about giving them the information they need in order to make
this sufficiency statement at the time of site recommendation
is a key part of our plan as we go between VA and LA.

Preparing the license application, I think I was
asked the gquestion about this document that we've called the
integrated safety assessment yesterday. I mean, our concept
is that that's our starting point for our draft license
application. We pulled together all of the key information
that's used as the basis for the three technical VA products
and put it together in such a way that it gives us a real
good start on a draft license application.

And, of course, extensive interaction with the NRC
is needed to facilitate docketing, expedite the licensing
review that would start at the time of docketing.

How we document all this, well, of course, the
license application plan is one of the four products for
viability assessment. In that will be a cost estimate to
complete the VA as required by the appropriations language.
The LA plan will contain the overall strategy for LA
development, the work to be conducted between VA and LA, cost

and schedule for that work, and a description of performance
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confirmation program.

We have a draft--and, I think this was discussed
yesterday. We have a draft of that which will kind of be the
framework for that. I wouldn't tell you that every detail in
it will be ready for review, as you all indicated yesterday,
in September, but we'll have the framework of that plan this
year and then the final plan in August of 1998.

I might mention on this slide just because my title
on the agenda did say I was going to talk about cost
estimates, I'm not going to talk about cost estimates, but
tell you that that's what we will be developing as a part of
this LA plan. We're in the stage of updating the long range
plan right now that was the basis for the program plan that
was issued in May of '96. So, you know, our estimates right
now are still those estimates that are in the program plan.
We're going through a detailed planning starting now and
through the summer to really update those numbers. But,
right now, what's in the program plan are the best estimates
that we have.

The work done for VA will help to focus the
remaining work, I believe. The LA plan will document what
will be done between viability assessment and license
application in terms of workscope, schedule, and costs. And
then, obviously, interactions with the Nuclear Regulatory

Commission will help to further focus the remaining work on



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

354
the critical issues per their key technical issues and the
kinds of information that they are now feeding us, helping us
understand what they're going to need to review in order to
gain confidence in the way we've treated this information.

Thank you.

NELSON: Thank you. Let me ask you just one question,
Jean. I'm tending to waffle back and forth between the
current TSPA and what you're talking about LA because you are
you with your responsibilities. So, I may be doing that
here. But, you talked about sensitivity studies. And, it's
clear to me, I think, that the process that is necessary for
VA for your tasks are to really respond to a design, a
concept that is going to be fixed and costed and scheduled
and the whole scenario played out around. But, that there's
an opportunity in between the VA time framework and the LA
time framework to really do more than sensitivity studies to
really look at some tradeoffs that involve costs and the
uncertainties. Is that your office that would manage that?
Do you expect to have this happen as a major operation in
this interval between VA and LA?

YOUNKER: I'm sure it will. And, I think whether I'm
still in this position managing performance assessment is not
something I probably know right now. But, the answer, I
think, is that within the M&0O the responsibility will

certainly rest between performance assessment design and the
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site testing that helps to--the site information that helps
to keep us make sure our process model basis is sound. So, I
think, there's no doubt we understand that will be a big part
of the workscope and a very important part of the workscope.

I think we do believe though that we will have some
reasonable evaluation of the performance of some of the
design options that Dick Snell presented yesterday even at
the time of viability assessment because I think we believe
that having a good handle on what additional performance you
can get out of some of the--like the drip shield or the
ceramic coating, i1f those turn out to be feasible after
further evaluation, I think that will be an important part of
what we lay on the table in the viability assessment.

NELSON: Okay. Alberto?

SAGy[S: Sagpgs, Board. In going through these

programs--again, apologies if this is not the right person to
bring this to. But, I see a number of large scale, highly
structured plans to plan additional information in support of
these activities. Is there any provision anywhere for agile,
small-scale investigations parallel to these large plans? I
just want to bring a couple of examples today. Yesterday,
Dr. Neuman presented what appeared to be a list that had 1/6
or so of the input used to evaluate the percolation flux.
Based on some experiments--has done somewhere maybe on the

side, in talking with Dr. Della Roy today, we reached the
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conclusion that there doesn't seem to be hardly any
information, even minuscule amounts of data, on what happens
to regular concrete if you expose it for periods of a few
years at temperatures of a couple hundred degrees Centigrade
or 150 or so. These are the kind of experiments that again
do not require a Federally funded program, a multi-year
program with 20 investigators to do. But, all of a sudden,
it becomes extremely important because there is zero data on
this. 1Is there any provision in this overall--maybe like 1
percent of the total funding or 0.5 percent or something for
these kinds of things?

YOUNKER: That's a very good question. I'll make a
comment and then I can see if there's someone else who wants
to comment, as well. I think, your point is that do we have
the flexibility, I think. Say, coming out of one of these
expert elicitations, quite often those or abstraction
workshops will identify a couple of key activities, either a
lab test or maybe an analytical activity, that could really
help us pin something down in a pretty short time. Do we
have the flexibility to accommodate that into our work plan
and make it happen?

SAGﬂS: And, I mean at the $10,000 level; I don't mean

at the $550,000--
YOUNKER: I understand. Yeah, I think we have a process

in place where what the M&0O does is define it to the best we
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can, take it forward to the Department of Energy, have a good
discussion about it. TIf they feel like it's a good plan, we
have a process in place to make that happen, to reallocate
funding. We have to do a tradeoff because obviously if
everything is fully funded, then you'll have to not do
something else and that sometimes is a difficult decision of
what you're not going to do even if it's a small amount.

And, you know, if it's a really small amount, then, of
course, it should be able to be accommodated. But, I think
we have a pretty good system for doing that; probably, a lot
better than it's been in the past, my personal opinion.
Dick Snell? Could I ask Dick Snell to just comment

on that, as well? You have to go to a microphone, Dick.

SNELL: Kind of a supplemental response with Jean's.
The performance assessment work that's been done over the
last few months has given us probably the best focus that the
program has had ever on which elements in the design, which
elements in the performance are really crucial. We are just
getting into the '98 planning and multi-year planning as you
mentioned. So, we have again perhaps for the first time, or
if not for the first time, we certainly have the best
information at this time, to decide where we should focus
efforts and specifically on cementacious materials, for
example, which may have a significant bearing on long-term

performance. And, there are other features in terms of
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materials and so forth which clearly are important to us and
help when we look at making a safety case for the repository
where clearly we need to put in additional effort. So, in
doing the '98 planning, we're going to use the performance
assessment work, evaluations that have been made so far, and
based on which elements are critical, which elements buy us
the most significant performance improvements, which ones are
crucial to the safety case, those are the ones that are going
to get the attention and the funding.

NELSON: Okay, thank you.

HAYES: Larry Hayes, M& . TIf I could, I'd like to give
two specific examples to your question. First answer is,
yes, we can respond to changing needs. Two examples. Early
in this fiscal year, the DOE and the M&0O identified needs
that we had not planned for in FY-1997. We got together,
identified workscope, products, outcomes. As a result of
that, we have about a $10 million change this year in what
we're doing. Things that we had not planned to do, we are
now doing. Example, additional work in ESF to better define
percolation flux. Some of the cement work you brought up,
we've added that in. Another example is during the
elicitation workshops that Jean has talked about where the
process modelers got together with the PA modelers, things
were identified that needed to be done in order to perhaps

better feed the PA model. Those things are now being done.
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The scientists who worked in the site evaluation program are
to some extent changing what they're doing and they're going
to give things to PA that they had not planned to give by
modifying some of their '97 work. So, I think we can respond
very well to change.

SAGy[S: This will be all done within the context of the

designated laboratories and the like, right?

YOUNKER: Yes.
SAGyIS: Perhaps, I should have said is there any such

thing like additional support for investigation to be
conducted in other areas? For example, the University of--
NELSON: Can you try another microphone?

SAGﬂS: For example, say, universities and the like,

several other programs--again, transportation agencies and
the like--will have in the framework we are doing here
extremely smaller scale levels of funding which introduce an
element of agility that just does not exist when you're
having a national laboratory conduct the investigation.
YOUNKER; Yeah, I think in general the Department of
Energy encourages us to try to use the people who are going
to be able to give us the most cost-effective information we
can get. So, there's no--there's certainly never a
restriction on going to a university and going to a small
company for that matter instead of one of the national labs.

But, again, there are defined responsibilities, as you know,
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for some of the work where I think we probably have the
foundation in place to better do it with the labs. So, we
have got flexibility.

HAYES: Specifically, in answer to your question, some
of the work I'm talking about did go to the university system
in Nevada; UNLV, UNR, as well as private industry such as
Hewlett-Packard. We did realize that some of these things
could be better done perhaps more quickly with perhaps less
bias by some people who are presently not so involved with
the program. So, yes, we're doing that.

NELSON: Okay. At least five people have identified
themselves for additional questions and we have less than 10
minutes. So, keep that in mind as you pose them. We'll go
Dan, Jeffrey, Debra, and Jared and Richard.

BULLEN: Bullen, Board. I'll defer my field test
question to Larry this afternoon or later today because I
think that's appropriate.

NELSON: Thank you.

BULLEN: But, you talked about your preliminary safety
case postclosure and I wanted to bring this question up
yesterday, but I didn't get a chance. So, now, I have you
again; so, will jump in.

We mentioned the 25 mrem per year dose and I guess
the question that you'd have there is that would you expect

that to represent the 50th percentile of a distribution or
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the 95th percentile of the distribution or the 99th percent
out of the distribution? Keeping in mind that if it were a
regulator and it was 25, we would look at 24.99 and that's
acceptable and 25.01 is not acceptable, what kind of
additional confidence do you think you'd like to instill in
the regulators when you come in with a 25 mrem dose and what

part of the tail is that going to represent?

YOUNKER: Well, I think as it's stated on the slide here
I used yesterday, it's an expected value. So, we're talking
50th percentile, you know, middle of the--modal play of the

distribution. But, I think our internal discussions that I
could share with you would be that, you know, there are
people who would feel better if you had, say, an order of
magnitude or so of, you know, additional performance above
that standard. So, I mean, it depends on your risk
preference obviously, but--

BULLEN: And, along those lines, this is the last
follow-on question. I'll be done in a second. Since
neptunium may no longer be the most hazardous of the most
significant contributor to dose and it comes back to tech and
iodine, one of the things you might want to consider is the
similar low-level waste where they're taking an iodine dose
of 75 mrem organ dose as opposed to whole body. Now, you can
do that back calculation and figure that's a 15 mrem whole

body dose, but those kinds of scenarios where you're taking a
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look at individual organ dose in parallel to something that
NRC already accepts might be something you want to consider.

YOUNKER: Yeah, I think the people who are going to look
at the biosphere piece of the process modeling that we have
to do are going to have to look at th