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PROCEEDTINGS
[8:40 a.m.]

DR. WONG: I think we need to grab our coffee and
our chairs and start up. Good morning, ladies and
gentlemen. Welcome to this meeting of the Nuclear Waste
Technical Review Board Panel on environment regulations and
quality assurance. My name is Jeff Wong, and I'm the chair
of this panel, and luckily I get to chair this meeting.

Let me begin by going through some introductions
of panel members and other board members that are here
today. As you know, the board has undergone some transition
so it would be important for me to give a little background
of each one of the board members that are here.

First, John Arendt. John, raise your hand? John
began his career as a research engineer for the Manhattan
Project. Since then he has acquired extensive experience in
uranium processing, accountability, packaging,
transportation, as well as the management of engineering
projects related to the various aspects related to the
nuclear field cycle. Mr. Arendt is the founder and
principal of John W. Arendt Associates, Incorporated, a
consulting firm located in Oak Ridge, Tennessee.

The next member of the panel is Norm Christensen,
Junior. Norm is professor and dean of the School of the
Environment at Duke University, at Durham, North Carolina.
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Dr. Christensen brings to the Board special expertise in
biology and ecology. One of his research interests, the
effects of disturbance on the function and structure of
populations and communities within the ecosystem, is
particularly relevant to evaluating the possible ecological
effects of the Yucca Mountain project.

Our next member is Dr. Paul Craig. Paul? Dr.
Craig is professor of engineering emeritus at the University
of California-Davis, and is a member of the University's
graduate group in ecology. His expertise and research
interests include energy policy issues associated with
global environmental change. His current work includes
developing the Presidio Pacific Center, a new institution
emphasizing sustainable development in the Pacific Rim
nations.

The next member of the panel is Debra Knopman.
Debra is the director of the Center for Innovation and the
Environment of the Progressive Foundation in Washington D.C.
Her previous experience ranged from free lance science
writing and editing, to Congressional staff member, to staff
and management positions at the USGS, to deputy assistant
secretary for Water and Science at the U.S. Department of
Interior. Her expertise and interests lie in hydrology,
environmental and natural resource policy, systems analysis,
and public administration.
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And there is myself. Again, my name is Jeff Wong.
My day job is with the California Environmental Protection
Agency. And there I am the chief of the Human Ecological
Risk Division, and I deal with the toxicology and the risk
associated with the regulation of hazardous waste.

Also with us, right now there is only one of them,
but we also have three other Board members who are not
members of this panel but are here in attendance today.

And the first person is Dr. Dan Bullen. Dr.
Bullen is the director of the Nuclear Reactor Laboratory,
and is an associate professor of nuclear engineering at Iowa
State University.

He has extensive experience in performance
assessment modeling for radioactive waste disposal
facilities, engineered barrier systems, performance
assessment, radiolysis effects in spent fuel dry cask
storage environments, radiation effects on materials, and
materials degradation in severe service environments.

Later on today, hopefully, Dr. Priscilla Nelson
will be here. She is the program director of the
Directorate for Engineering at the National Science
Foundation, and previously was a professor of civil
engineering at the University of Texas at Austin. Her
expertise is in rock engineering and underground
construction. Her current research interests lie in the
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development of probabilistic risk analysis approach to the
prediction of underground construction project performance.

Later on, also, Dr. Richard Parizek will be with
us. Dr. Parizek is a registered professional geologist. He
is also a professor of geology at Pennsylvania State
University. His expertise is in hydrogeology and
environmental geology. His research interests include
hydrogeology of carst fractured rock found in glaciated
terrains, factors controlling groundwater currents and
movement, and the relationship between land use and
groundwater pollution.

So that's the Board members that are here today.
Before we begin the meeting there is one administrative
announcement. On the agenda today we have reserved time to
receive comments from members of the audience. I would ask
you that if you are interested in making a comment, please
sign up with Linda Hiatt or Devonia. They are sitting back
there in the corner.

Everyone will get a turn and have an opportunity
to speak. We do ask that you limit your comments to five
minutes. And if you have any written records or written
materials you wish to submit, please give them to Linda and
Davonia in the back.

Now that we've gotten past the introductions,
let's turn to the purpose of today's meeting. As most of
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you know, the nation does not have an environmental
radiation protection standard against which to judge the
performance or the projected performance of the Yucca
Mountain repository.

The U.S. EPA was assigned this responsibility and
they are still working on it. And I don't think we need to
delve into the reasons why we don't have that with us today
to discuss.

Our concern today is that of the efforts of the
U.S. DOE, and their efforts to move forward toward the
assessment of the viability of Yucca Mountain as a potential
repository. And this assessment will be done within
approximately a year. One component of this wviability
assessment will be the total system performance to project
how well the repository at the site will isolate radioactive
waste from the environment.

And today we want to review the performance
measures that will be calculated in DOE's performance
assessment. One question, or our question is a fairly
simple one, though I think very difficult to answer. Do we
agree that DOE is calculating an appropriate measure of
repository performance or would some other measure be
better? If we disagree with DOE's plans, it is important
for us to let them know before the performance assessment is
completed.
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It is difficult to evaluate DOE's performance
measure without having some context of how it will be
applied. To provide that context, we will begin this
meeting with a presentation describing the biosphere near
Yucca Mountain, especially the agricultural features of the
nearby Amargosa Valley.

Our first speaker is Mr. Steve Frishman. Mr.
Frishman is the technical policy coordinator for the State
of Nevada's Nuclear Waste Project Office. Mr. Frishman is a
geologist whose previous experience includes work on in situ
uranium mining and mine restoration.

He also has experience in hazardous waste
management and coastal and marine resources management.
Prior to assuming his current position, Mr. Frishman was the
director of the Texas Nuclear Waste Program Office, where he
was responsible for the state's oversight of the search for
a high level repository in the State of Texas. Mr.
Frishman?

MR. FRISHMAN: Thanks, Jeff. This morning before
we started, Tom Cotman and I were thinking back about 15
years ago to what we were doing then, relative to the Waste
Policy Act which hadn't quite passed yet. And we came to a
very somber conclusion, and that's that we're not any
smarter than we were then but we know a hell of a lot more.

This morning I've been asked to talk about what
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you don't see from the top of Yucca Mountain. And that's
the people whose future generations will be the
beneficiaries of whatever performance Abe comes up with.

When you stand at the top of Yucca Mountain, you
look out and you see what looks like desert floor stretching
to other mountain ranges. When you stand down on the desert
floor you look back and Yucca Mountain is very prominent.
The Lathrop Wells cone is very prominent. And in many
places from that desert floor you are surrounded by green
and water, something that you don't know from the top of
Yucca Mountain.

Let me just check. 1I've been curious about this,
I've talked about this before at other groups. How many
people here have actually travelled around in Amargosa
Valley and seen what's there?

[Show of hands.]

MR. FRISHMAN: Well, it's getting better. A year
and a half ago that wasn't the case. I wanted to just sort
of give you a sketch of what is there, how it operates, and
a few of my thoughts about how maybe this ought to be
thought about in the performance system and in a regulatory
system. And I'll just go through sort of statistics with
some discussion. This is not my what-do-your-babies-eat
survey. You'll hear more of that later from the M&O.

The population in Amargosa Valley is about 1,250
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people and is growing fairly fast. A number of those people
are active in farming or agricultural pursuits. It's
becoming -- there is a slightly increasing number of people
who live there just because they want to live there and they
work in Beatty and Pahrump. Some of them are actually in
Las Vegas because it's not that far to go.

And I think we can expect, just as everything else
is happening in southern Nevada, we can expect that the
population will continue to grow. Depending on economics,
we can expect there will be some growing economic activity
in Amargosa Valley rather than it sort of blossoming up into
a bedroom community.

Water is sort of the key to the whole situation,
the population situation in Amargosa Valley. And Amargosa
Valley, from the water administration standpoint, is what is
called by various names but it's a closed basin, closed in
the sense that all the water has been appropriated by the
State. And, in fact, from what almost everybody knows, it's
over-appropriated. There is about 22,000 acre feet of water
appropriated right now.

Of that, on the order of 5,000 acre feet is used
every year. And that's the amount that we can account for.
And that is used in agriculture. Another smaller amount is
used in domestic wells. And we don't know how much it is
because domestic wells don't have to be reported. But
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anybody who owns a piece of property is entitled to a
domestic well. If you are going to use it for farming or
any commercial purpose, then you have to acquire a water
right.

If you look at just the depth of water, at Lathrop
Wells the water table is on the order of about 300 feet. As
you go south in Amargosa Valley the water table comes closer
and closer to the surface. Farmers quite a ways south,
about 10 or 15 miles south of Amargosa Valley, are drawing
water from anywhere from 45 to a little over 100 feet.

I know of one farmer who is drawing water from
about 40 feet. I asked him if he had draw down problems
because his family has been farming there for at least 40
years. And he said that the water is about 10 feet lower
than it was when they first started irrigating

But there is some question about whether that's
draw-down or whether it's a result of some faulting activity
in Ash Meadows that may have resulted in a drop of the water
table. And USGS is not sure what happened. They are not
sure whether it's a draw-down or whether it's due to seismic
activity.

Much of the irrigated farming is done on what are
called pivots. They are circular fields that are roughly
130 acres. And you can see these from the air, and they
just look like big green circles when you are flying over
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them. And I'll show you in a few minutes a very short wvideo
and you'll see how they are irrigated. The other way some
of the fields are irrigated is just by either ditch or drip
irrigation.

On these pivots they're using about 2 acre feet
per year per acre. So it comes out that they are actually
putting a lot of water on these fields. One of the reasons
for that is that they have a long growing season. They have
a growing season of a little over 200 days, which means for
the primary crop, which is alfalfa, they can get about seven
cuts a year. So for the land that is actually in
cultivation every year, which is 2,500 to 3,000 acres, they
are producing about 25,000 tons of alfalfa a year.

And there is about 5,000 acres that actually is in
cultivation but the land is rotated. So sometimes a portion
of it is out of cultivation for a year or two and then they
bring it back in. So at any given time, we are looking at
2,500 to 3,000 acres out of approximately 5,000 acres that
are right now either have been farmed or are being farmed.

Just as everywhere else in southern Nevada, most
of the land is not in private hands. In Amargosa Valley
there is only a total of about 19,000 acres that is
privately owned out of -- and it's about 30 square miles out
of a much larger valley. But, as history has shown and
we'll continue to see in the future, the land that's held by
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the Bureau of Land Management can go into to private hands.
Land trades are depending on who is thinking about it when,
but land trades are fairly common and will probably become
more common.

And also, 1f you recall when you were in the
county, where the cover of Time magazine pictured the chair
of the County Commission insisting that the Federal
Government return the lands. And that's primarily a
ranching mentality but I think that it can spread to
farming, if that's the way people are so inclined in the
future. So it's not out of the gquestion that much more land
in Amargosa Valley could be farmed in the future.

As I said, alfalfa is the primary crop. And if
you want to sort of break it down, I'd say it is about
25,000 tons a year that's produced. Just to sort of give
you a sense, they get about a ton and a half per acre per
cut. And right now this year the price of alfalfa is way up
because of the floods in California last year. But
depending on demand and availability, alfalfa can go
anything from about $80 a ton up to -- I know some people in
the northern part of the state right now who are getting as
much as $150 a ton.

Now most of the alfalfa is baled, but there are
people who find other innovative ways of dealing with their
crops. Now a few years ago, some people -- one of the
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implement manufacturers invented a way to cube alfalfa. And
what it does is it compresses it after it's cut, and
actually produces cubes that are about this long
[indicating] and about an inch on the side. And so this
makes it very much denser and it makes it a lot cheaper to
ship.

But the problem has been that this equipment is
very hard to maintain and keep working. And it became
really inefficient. There is one guy in Amargosa Valley who
is some kind of a mechanical wizard because he's figured out
how to keep his cubing machine working and is able to make
money at it. And part of the reason he is doing this is
because alfalfa when you can ship it easily, you don't have
to ship in large bales, when you can ship it in cubes is a
good product to ship overseas.

Well, he's got a market through a broker in Los
Angeles where he's shipping about 4,000 tons a year of cubes
to Japan for some of the very high-priced beef that's raised
in Japan. So he's found a specialized market. He's got
about 400 acres where every year, as I said, about 4,000
tons go to Japan. So I think you are going to see, as I go
along, that what we're doing is we know that there are
pathways that go far out of Amargosa Valley. This is just
one.

Another one is something that is fairly new to
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Amargosa Valley and the condition is increasing. And that's
that there is a very large dairy there and there is plans
for another. And I asked the manager of the dairy, you
know, "Why did you set up here?" And he said, "It's real
simple. There is a lot of feed available and there is a lot
of water available.™

So what's happening is many of the farmers in
Amargosa Valley are raising alfalfa, selling to the dairy.
The dairy right now is milking just over 4,100 cows a day.
They are shipping about 32,000 gallons of milk a day to Los
Angeles for processing and distribution. So the primary
output of this valley is to Los Angeles in the form of milk.

There are other agricultural activities that are
much smaller, but some of them approach commercial when the
markets are right. Some of them are working into commercial
markets that exist. The climate is right for growing
pistachios. And there are at least two big orchards, one of
them with over 2,500 trees that is now in production.

Garlic and onions are a rotation crop for alfalfa,
so when they are growing those go into a commercial market.
There are also some sort of small garlic producers that grow
some very specialized, very large garlic. And they have
local markets for it, but it's not a real big market. There
are other places in Nevada that are large garlic and onion
producers compared to Amargosa Valley.
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Oats 1s another rotation crop. It produces small
amounts, but they do go into the market. There is one place
that has in the past commercially raised hogs and will be
doing it again soon. It's just how the people are about
getting in and out of the market.

And then there is a new sort of interesting market
that's been experimented with in a lot of places, and it
looks as if the experiment probably will pay off in Amargosa
Valley. And that's that some people are beginning to raise
ostriches. And they are taking sort of the smart way.

There has been about 10 years of experience with it in the
southwest. And what they are doing is raising breeder
birds, rather than raising birds for meat.

But there is a large world demand for ostrich meat
that South Africa has not been able to meet. And so people
in this country are getting into it. There are just some
logistics problems with it but they seem to be getting over
it. One of the large demands is Switzerland, which I found
kind of surprising. But the world market looks pretty good
for it, so there are people who are interested in playing
with it. And there is good money in it, if you can make it
work.

So I think what you see is, you can chase pathways
around all you want. You can talk about critical groups,
you can talk about the maximally exposed individual. But
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you have to recognize, when you are trying to work out
pathways, is this area that the primary product that could
contain radionuclides from not only Yucca Mountain, but also
from water associated with the Nevada test site, and also
water associated with the Beatty low level site.

The primary recipients are people outside of
Amargosa Valley. And there is no reason to think that this
will not continue. And, if anything, agriculture could
probably increase because the water rights are there. 1It's
just whether the people want to use them for agriculture or
not.

There has been at least one attempt to sort of
force a change in the use of the water. And that's since
there is about on the order of 15,000 acre feet of water
that is appropriated and not used and, as I said before,
maybe some of that shouldn't be used anyway, but there is on
the order of about 15,000 acre feet.

A few years ago a bright group of people went to
the State engineer and told the State engineer they wanted
him to exercise his right to forfeit water rights that were
not being used by those who owned one. And what these
people had in mind was they wanted the State engineer to
forfeit 15,000 acre feet of water per year to this company
so this company could build a pipeline and ship that water
to Las Vegas.
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Well, we don't look too kindly in the State of
Nevada on interbasin transfers of ground water. And also,
Las Vegas has access to water from other ways. And it would
also most likely turn into mining water out of Amargosa
Valley that probably would not be recharged because we
really don't know what can recharge in that basin.

So the State engineer just denied the whole thing
and those water rights are still sitting there, owned but to
some extent not used.

Just so some of the Department people don't think
that I don't read the paper, I noticed that you'wve just
applied for a very large amount of water compared to the
temporary water right that you acquired back in 1992. The
Department had applied for something over 2,000 acre feet
per year when right now their permit is for 95 acre feet.

So that will not go unnoticed. I did have to read it in the
paper, so thanks for the information.

There is one other feature in Amargosa Valley that
is noteworthy, and that's the wildlife refuge and the
springs in Ash Meadows. The springs in Ash Meadows are
discharging on the order-- from the carbonate aquifer,
discharging on the order of 25,000 gallons per minute.

Large springs.

Crystal Springs, which is one I'll show you quick

glimpse of a video in a minute. Crystal Springs alone is
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discharging about 10,000 gallons a minute, and that's the
surface expression in Amargosa Valley of the water table.

The Amargosa River flows through the southern
part, well, flows from Beatty down through Amargosa Valley.
Most of the time, it doesn't flow. But when it does, it's
in a flash flood condition. About the only way you can find
the Amargosa River most of the time is watch for what looks
like sort of a straggley line of trees and taller brush.

You know, most of the time that's about the only way you'll
recognize that there is a river there. But when there is a
flash flood, it becomes a really raging river. And that
happens maybe once a decade, maybe not even that often.

One of the things that is worth thinking about
relative to Yucca Mountain and water and the surrounding
area is that I've been watching the developing information
on El Nino for this winter. And looking at any of the maps
that I can find for forecasts shows that southern Nevada
this winter is going to be considerably higher than normal
rainfall.

And it has occurred to me that if from what we are
thinking we see relative to Chlorine 36, maybe this is a
good time to start planning some tests. Because it's
possible that this is going to be one of those winters when
we actually have episodic flow both in the fractures in
Yucca Mountain and some heavy surface flows. So it seems to
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me that the project ought to be thinking about how to get
ahead of that and collect some worthwhile data, rather just
lose trucks in a 40-mile wash again.

That's, I guess, a general description of what's
there. I think it's important to sort of keep it in context
when you are thinking about the concept of what constitutes
a reasonable standard. And if you'd look at the pathways,
look at where the agricultural products go, it's going to be
very difficult to come up with a convincing argument that
you can identify a critical group where if that group is
protected, everyone else is protected. It's going to be
very difficult to work that out.

And this is the same message that I left with the
NRC's Advisory Committee and I'd like to leave that message
with you as well. Just in terms of how are you going to, in
a very conservative way, convince people that any standard
will protect people, out in the general global population,
who are the recipients of the performance or lack of
performance of Yucca Mountain in the future.

Let me put on just a very short video tape so
those of you who have not been around can see these scenes,
get a less than a five minute feel for what it looks like in
Amargosa Valley sort of looking back at Yucca Mountain.

[Presentation of video.]

MR. FRISHMAN: Pump fish. Some of them are
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threatened, some of them are endangered. And for Devil's
Hole there is an endangered species. And one of the keys to
the whole question of water production in Amargosa Valley
and Ash Meadows is that there was a law suit to preserve
that endangered species. They ended up at the Supreme
Court. And at this point the rule is that there is a mark
in Devil's Hole, on the side of the spring on the rock wall,
and the water level can't go below that. And we know that it
will be pumping that takes it down if it goes below that.

So that's a constant monitoring point.

And if the water table will start dropping,
something is going to give. What's going to give is people
are going to have to stop pumping in areas that are even
possibly related to the discharge at the spring.

The reason for that water level is that there is a
rock shelf in the spring, very near the surface, which is
where the endangered pump fish breed. And if the water gets
below the level of that shelf, they won't reproduce because
that's the only area where they do reproduce.

So you've got sort of a walking tour of Amargosa
Valley. And I'll be glad to take any questions or just sort
of let the pictures settle into your heads so with the next
talk you can think about the relevance.

DR. WONG: Thank you, Steve. Any questions from
the panel? Dan.
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DR. BULLEN: Bullen, Board. Steve, you mentioned
that there is 20,000 acre feet that are currently available.
So is alfalfa the best example of a crop that uses a couple
acre feet per acre so you basically have a limit of like
11,000 acres cultivatable per year, or do you expect that to
change?

MR. FRISHMAN: The only other crop that takes an
equivalent amount of water would be onions and garlic. And
they are rotation crops. I think the situation right now is
one that is best suited for alfalfa just because it markets
better within a system. People can make more money on it
and more easily. I don't know of another crop that would
take more water.

DR. BULLEN: I guess the question I'm asking is,
could you bound the maximum number of people and tillable
acres that you could have, based on the amount of water
that's currently available, and do you expect the amount of
water to change or do you expect that that 22,000 acre feet
igs the maximum you are ever going to have?

MR. FRISHMAN: That 22,000 acre feet is probably
the maximum that will be appropriated. My guess is 1if it
started being used at that level, we would see draw down and
there would be some adjustments made.

DR. BULLEN: So you could bound it and put a limit
on it?
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MR. FRISHMAN: You could put a limit on it. But
at this point you could double the agricultural production
and it would still be well within available water and maybe
even triple. Also, this gquestion came up before. They are
drawing from fairly shallow wells. As you go up gradient
towards Lathrop Wells, you are still in a range where it's
not out of the question that you can lift water.

Lifting water 300 feet is something that people do
all the time. 1It's just that it's cheaper if you don't have
to. But if the markets are there, if land trades are
desired and can be accomplished, it's not at all out of the
guestion that you can see agricultural production right next
to Highway 95 at Lathrop Wells, because the water 1lift is
not that limiting.

DR. KNOPMAN: Knopman, Board. Steve, could you
walk us through the population changes over time? What
approximately was the population of the wvalley at, say, the
turn of the century, what was it, let's say, after World War
IT? I don't know if you know these numbers --

MR. FRISHMAN: I don't know the numbers --

DR. KNOPMAN: -- but if you could say just
approximately. And, again, the last part of the question
would be, suppose you had no agricultural production going
on in the valley and all the water available currently were
used for municipal purposes, municipal and commercial? What



O oOoJO U WNE

24
would be the approximate carrying capacity of the area, if
you weren't importing any water and you weren't --

MR. FRISHMAN: I'd have to do some fast arithmetic
in my head here.

DR. KNOPMAN: If you want to get back to us on
that, that would be fine.

MR. FRISHMAN: Okay. I'd rather do that because I
can do the numbers in my head but I'd have to think about
them and I'd probably miss by an order of magnitude. But I
will calculate that out for you.

I don't know actual numbers. I think the
population is probably larger now than it's ever been. In
the past the stable population were farmers. There are a
lot of absentee land ownership. There was a proposal at one
point, in fact, what led to the lawsuit over the endangered
species, there was a proposal to put in a residential
development for about 5,000 people. And its location, it
was determined, would result in a draw down of the water
table.

But my guess is that the population there has
probably grown 300 or 400 people in the last 10 years, and
they are probably all people who are not farming. But I
will try to calculate out what the available water would
support in population.

DR. KNOPMAN: I think it'd be good just to get a
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sense of history over the last 100 years or so.

MR. FRISHMAN: Okay. And you are very well aware
of what Las Vegas Valley has done. And it's a much larger
valley. But at the same time even 25 years ago I don't
think anyone would have predicted that we would be looking
at over 1 million people in Las Vegas Valley now.

DR. WONG: Steve, I have a question. This is Jeff
Wong. You were talking about the alfalfa production. You
said there is 25,000 tons per year being produced. And you
said approximately 4,000 tons is destined for Japan. What
happens to the remaining 21,000 tons?

MR. FRISHMAN: A good part of it either goes to
the dairy in Amargosa Valley or it goes to dairies in
California. It just gets shipped -- it's baled and you see
it on the doubles and the triples heading down the highway.

There is an interesting 100 tons that I was really
surprised to hear about. It's an alfalfa that has a very
weak stem and very large leaf. And about 100 tons of it a
year i1s actually cut and picked up by a company in
California that uses it as a filler in herbal tea.

And I asked the farmer, "Isn't this stuff really

hard to handle? It doesn't bale." And he said, "Well, I
get the same per ton as everybody else is getting and all I
have to do is water it." People come cut it and pick it up

and haul it off.
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But that's certainly another novel use for it
because it's just a particular type where the herbal tea
people are looking for the leaf. The people who bale
alfalfa need to have the stem in order to make it bale. And
that's about 100 tons a year. You know, every year you are
going to see something different.

DR. WONG: One last question. 1In terms of the
production of alfalfa what's the limit? Is it the water
that's the limit or is it the market demand currently?

MR. FRISHMAN: It's how much land you have in
production. You can sell all the alfalfa you can grow.

DR. WONG: Okay. Thank you, Steve.

Before we move on, I'd like to point out that Dr.
Parizek has arrived. And I have been remiss in forgetting
one member that's with us, and that's Dr. Dan Fehringer.
He's senior professional staff. He's right here. And Dr.
Fehringer has been key to arranging and putting together
this meeting, so if it weren't for him this would be running
much less well.

So now we will turn our attentions to modeling
the biosphere that Steve has just described to us. Our goal
is to project how any of the radiocactive materials that
might be released from the Yucca Mountain repository could
enter the biosphere, move into drinking water, into the food
chain, and ultimately reach human receptors.
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Today we have Robert Kimble, who is the assistant
vice president for program management and department manager
with the Science Applications International Corporation. He
is a member of the management and operating contractor for
Yucca Mountain site characterization activities. He will
describe for us today the M&O's effort to develop models of
the biosphere near Yucca Mountain. Please, Mr. Kimble?

DR. KIMBLE: Can everyone hear me? You already
did the introduction so I'll skip on past that.

As indicated, my presentation is related to effort
to get my project to model the biosphere in the vicinity of
Yucca Mountain. The efforts we have undertaken the last
year and a half or so to work with the environment Mr.
Frishman described.

DR. KIMBLE: A brief schematic of total system
performance assessment as it's being done for the Yucca
Mountain project. And following TSPA-1995, they began work
on the biosphere modeling, which is wvirtually the last total
system performance assessment once the radionuclides have
passed through the unsaturated zone and the saturated zone
and reached the accessible environment biosphere. And at
that point, we've been working at essentially that area
above the root zone where people might be living, using that
water for agriculture, using contaminated water for domestic
purposes.
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And then the final product of the biosphere
modeling is biosphere dose conversion factors which are fed
back to the performance assessment group and they do the
dose calculations. Here is the definition of biosphere that
we're using, a section from the National Research Council
Report, commissioned by the Environmental Protection Agency.
I'm going to read this one. "The bio is a region of the
earth in which environmental pathways for the transfer of
radionuclides to living organisms are located, and by which
radionuclides in air, ground water, and soil can reach
humans to be inhaled, ingested, or absorbed through the
skin. Humans can also be exposed to direct irradiation from
radionuclides in the environment." Again, that's from the
recommendations report from the National Research Council.

The objectives of the biosphere modeling efforts
project of the Yucca Mountain project are relatively
straight forward. We are attempting to model radionuclides
movement through the site-specific environmental pathways.
And there are obviously a number of those that need to
address. We are calculating the biosphere dose conversion
factors for each radionuclide expected to enter the
environment from the repository.

And those factors are unit concentrations and the
total effective dose equivalent for in-ground water. The
unit of measurement is milli-rems per year, per picoCurie,
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per liter. The total system performance assessment group is
providing us with the radionuclides of interest. We are
comparing the biosphere dose conversion factors which are
literally per unit calculations. And then back in the
performance assessment effort the conversion of those
factors to a total dose is concluded.

The factors we are looking at are scenario-
specific. 1In particular, we are looking at the population
in Amargosa Valley and the immediate vicinity of Yucca
Mountain. We're looking at the hypothetical subsistence
farmer. While that individual does not exist in the real
world out there, it's obviously an issue of some interest.

We're looking at the potential residential farmer
which probably is the population characteristics that Mr.
Frishman was assessing. And we're also looking at the
average person within the area. And I'll discuss a little
bit later biosphere food consumption surveys we've recently
completed.

We're also looking at three precipitation
scenarios. The actual precipitation currently in the
Amargosa Valley area, as well as double and triple
precipitation possibilities. Those scenarios were added as
a result of a review process that we went through in the
June-July time frame.

Again, a brief schematic of the process, as we
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started it, again, relatively straight forward. We were
assigned a task to look at the biosphere in the region and
develop a way to model the effect of the repository on the
biosphere. We began that process with the development of a
scientific investigation implementation plan.

The next step in the process was to develop a
site-specific assessment context. In other words, looking
at the region, the Yucca Mountain project itself, and
determining exactly what factors, what scenarios, what
issues were relevant in the process of biosphere modeling.

From that we built a conceptual model, again,
trying to identify exactly what issues would be key to the
biosphere modeling process. And also to enable us to then
look at the available computer codes for biosphere modeling
to see which one or ones of those available programs would
address our particular needs.

The initial work with the selected code, and I'm
going to address that a little bit later, the initial work
was to do some sensitivity analyses to try to better
identify the key parameters, where we should focus our
resources in looking at additional data acquisition to drive
the biosphere modeling effort. We conducted some of that
data, did the acquisition analysis effort.

We, at this point, are in the process of
calculating preliminary biosphere dose conversion factors.
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We are rerunning the analyses to verify that the parameters
that we thought would be included are, in fact, the ones
that are most interesting and useful for the modeling
process. And we will shortly be developing a set of
biosphere dose conversion factors to hand back to the
performance assessment group for use in total system
performance assessment for viability assessment.

One of the early steps in the process, that I just
showed you, was developing a site-specific assessment
context and a conceptual model that would allow us to go
forward with some of the other steps. To do that, we formed
a team within the Yucca Mountain site characterization
project, and started looking at the relevant site-specific
features, events, and processes that would need to be
considered in the biosphere modeling efforts.

We looked at environmental compartments of
interest. Obviously, right at the top, those are the
plants, the animals, the humans that would be potentially
affected by contaminated ground water. And then we are also
starting to look at that point at available transport
mechanisms to determine how, in fact, those pathways would
work, what pathways needed to be examined.

Now, based on that, we've established a conceptual
model of the issues that we needed to address.

The human exposure pathway for a ground water



O oOoJO U WNE

32
release scenario is a simplified schematic of what we're
looking at. The radionuclides of interest and the ground
water unit concentrations, again, from our perspective, as
far as the modeling, we are just dealing with units rather
than concentrations at this point. Potential contamination
of a well that is used for drinking water, irrigation water
from that same well to another well in terms of potential
concentration of radionuclides in the soil and external
radiation sources. Those result in a potential for
livestock uptake, crop uptake, re-suspension from the soil.

As Mr. Frishman was alluding to, from the crop
uptake you may, in fact, have a pathway where humans consume
crops, humans also consume animals that have consumed those
crops. And that leads to that ingestion dose. From the
soil we have the potential for an inhalation dose. And we
also have the potential for an external dose of radiation.
All of these together lead to the final biosphere dose
conversion factors for each radionuclide of interest.

Evaluation and selection of computer code was the
next step in the process. Selection criteria for the model
that we wanted to use is that it had to be an existing,
essentially off-the-shelf model. We didn't have the time or
the resources to undertake code development process. We
needed to find a model that had been used in a regulatory
environment, some indication that it would withstand the
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test of a project like this. And it also had to be capable
of handling a multitude of scenarios.

At that point in the process, we had a reasonably
good understanding of what scenarios we would be dealing
with, but we also had to deal with the possibility of
additional scenarios would be added along the way. And, in
fact, they were.

The codes evaluated. I won't read through a bunch
of acronyms, those are on the screen. The computer program
that was selected is the GENII-S program that was originally
developed at the Hanford site.

The next step in the process involved some data
collection and sensitivity analyses, again, to identify the
parameters and pathways of interest. Initially, we used the
generic data that was available with the model, as well as
generic information available from other sources, to conduct
that initial sensitivity analysis. We used that analysis to
identify the parameters and pathways of interest.

The next step then would be to collect data in the
area, site-gpecific information that would better inform the
model regarding that particularly sensitive information.
Then repeat the analyses and finalize the input parameters.

Based on those initial runs, we determined that
there was certain information that we probably need to
develop a better understanding of. And some of these
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processes have already started, some of them have been
completed, others are just in the works now.

But we initiated a program of far-field water
monitoring to determine background radiation in in-ground
water in the area. We put the biotransport mechanisms and
processes, we did a soil types and characteristics survey
just this past summer in the Amargosa Valley area and north
of the area that's currently being heavily used or heavily
used for agriculture, looking at the possibility of that
agricultural practice expanding to the north.

And we also did a pretty robust survey of
consumption patterns of locally produced food.

It is, in fact, my area of interest, food
consumption. I'm going to use it as an example of exactly
what was done, what site-specific information for the
biosphere modeling effort.

Back in the spring, actually back last fall,
almost a year ago, we initiated work at the University of
Nevada-Las Vegas, to identify some of those issues that
needed additional research in the Amargosa Valley area.

The first effort was a focus group where we were
in Amargosa Valley and discussed with a small group, 10 or
12 local residents, including some of the major agricultural
producers, discussed with them the issues that they
considered relevant. What kinds of questions we would need
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to ask to determine how much locally produced food was
consumed in the area.

Following that focus group we did a pilot survey
again utilizing the resources of the University of Nevada-
Las Vegas to make sure that we had an survey instrument that
was capable of getting the information that we were seeking.

And following that process, in June we completed
1,079 interviews of households in the immediate vicinity of
Yucca Mountain. And the distribution by the community in
the area is shown here. The concentration in Amargosa
Valley, the survey of the respondents there represent almost
half of the population in the Amargosa Valley.

The disconnect with the information Mr. Frishman
gave us 1s that our respondents were households rather than
individuals. So 195 households represents upwards of 700 or
800 residents.

We used the inverse gradient sampling process to
focus the survey results in the immediate vicinity of
Amargosa Valley, less so when you get further afield. And
then, at the end of that process, we also at that point had
been asked to look at the double and triple precipitation
scenarios, which obviously are very difficult to do in the
Amargosa Valley area because it is the 1x scenario.

So we added about 400 surveys, in addition to the
one shown here on the screen, in the Lincoln County area,
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Pioche, and Canaca, and Caliente in Lincoln County have
annual average precipitation rates that approximate double
and triple what's current in Amargosa Valley. That
information gathering effort has just been completed and the
results from that should be available within the next couple
of weeks.

One of the interesting aspects of the survey, in
fact from the pilot study, we identified a not particularly
large but nonetheless significant Hispanic population in the
Amargosa Valley area. As a result of that, we asked NLV to
create a spanish language version of the questionnaire, and
have an interviewer who is a telephone survey interviewer or
interviewers for people to administer the survey in spanish.
As a result of that, of that 1,079, 21 of the surveys are in
spanish.

The other thing that we did as a result of this
process was some relatively rigorous test result
assessments. We went back and we tried over and over again
to interview some of the people who had initially refused to
participate in the survey. As a result of that, we got 33
additional respondents, and it also gave us a set of
responses that allowed us to address the question of non-
response bias.

Here, we did a number of surveys in the four
principal communities in the area and the percentage of the
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total population that they represent. In Amargosa Valley,
it's about 43 percent of the households in the community,
unincorporated town of Amargosa Valley were surveyed.

Beatty it's a little bit less, about a third of the
households. 1Indian Springs and Pahrump, less still.

Preliminary results from the survey analysis to
create biosphere dose conversion factors. The first columns
here represent all the respondents to the survey. The
figures here are in kilograms of locally produced food, or
liters of locally produced water or milk. And the first set
of columns represents an average for all the column
respondents in the survey.

The second set of columns, which show a little bit
more consumption of locally produced commodities, represent
those folks that indicate they eat some significant portion
of their diet from locally produced sources. And the last
set of columns is essentially a hypothetical construct that
we developed. Over the course of the survey we found that
individuals who would be at subsistence level for one or
another of the food groups, no individuals that were
subsistence level for all of those food groups. In other
words, no respondent who was surveyed indicated that they
consumed nothing but locally produced food.

But, nonetheless, based on the responses by
particular food groups, we were able to construct the
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hypothetical subsistence individual in the area. The next
page is a presentation of the results of that table, and I'm
not going to go over those.

This is a graphic depiction of the same
information that was on that previous table. And as you
might expect, as you go through the different scenarios
differences are relatively dramatic. That in the total
population the average individual consumes less locally
produced food for each of the food groups than this
hypothetical construct with the subsistence individual. The
partial subsistence group is in between those.

Some of these processes have been gone through so
far. The attempt here is to calculate the biosphere dose
conversion factor and uncertainty for each of the
radionuclides of interest. There were 39 radionuclides that
were identified in TSPA-1995 that we are currently working
with. We're looking at the three receptor scenarios, the
average individual, the partial subsistence individual, and
the subsistence individual.

And the three precipitation possibilities, current
annual average precipitation in Amargosa Valley area, as
well as doubling and tripling that. And we're evaluating
the uncertainties in terms of the sources of uncertainty and
the range of uncertainties for each of those biosphere dose
conversion factors.
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A couple of examples of the preliminary output
from the biosphere modeling process. This is representative
of Iodine 129. And it shows the efforts and culmination of
the efforts, and the kind of product that we will be
providing to the Performance Assessment Team. One more of
those, and it actually has a label on the top of it. This
one represents the biosphere dose conversion factors for
Technicium 99.

In summary then, to indicate where we are in the
process at this point, the biosphere modeling team has
completed the process of developing the scientific
investigation implementation plan, the site-specific
context, and the selection of the model.

We have conducted the initial sensitivity analyses
and data acquisition. We have completed that data
collection and evaluation for the first runs.

We are scheduled to deliver the preliminary
biosphere dose conversion factors to the performance
assessment group next month. Following that, we will do
some refinements. We may look at the possibility of
enhancing some of the site-gpecific information, as
necessary. And we will provide the final dose conversion
factors to the Performance Assessment Team in March for use
in TSPA-VA.

DR. WONG: Thank you, Mr. Kimble. Questions from
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panel members? Debra.

DR. KNOPMAN: Let me just try and make sure I
understand what you are delivering to the Performance
Assessment Team. You said you are calculating the biosphere
dose conversion factors for 39 radionuclides, 3 receptor
scenarios, and 3 precipitation states. That's 350
conversion factors you are giving them.

Now what do they do with 350 conversion factors,
in terms of some kind of summarizing? Is it a distribution
then of -- how do you take 350 pieces of information, in
effect, and get it into the performance assessment in a
meaningful way?

DR. KIMBLE: I'm smiling and looking at Abe Van
Luik who --

DR. VAN LUIK: This is Van Luik, DOE. The way
that we will use these, the team will have the look-up
tables, and depending on the scenario that we are
calculating at any given time, the precipitation or other
scenario, we will go to the table with the distribution
function, of which you saw some examples, that's appropriate
for that scenario and select from it.

If they are creating a very large data set for us
with uncertainties evaluated and distributions, then we will
sample from those distributions in the actual calculations.
And there will be a chapter in the TSPA-VA that outlines
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this whole process.

DR. KNOPMAN: You generate distribution from the
350 factors? Do you sample from the factors or are you
sampling from something else? Each factor has a
distribution.

DR. VAN LUIK: Yes. It's my opinion at this
point, and I haven't delved into this in the greatest
detail, my opinion is that, for example, if we are in an
enhanced climate, you know, scenario where we have double or
triple precipitation, we will go to the PDF, of which he
showed a couple of examples, for that precipitation state
and sample off of that distribution. Does that answer the
guestion?

DR. KNOPMAN: Somewhat.

DR. VAN LUIK: Somewhat. So we will have multiple
distributions and they are scenario-specific depending on
which scenario we happen to be calculating at the time, we
will go to that PDF and sample from it.

DR. KNOPMAN: And when you are sampling from the
probably distribution function do you have a sampling rule
that you're following, or is this simply random sampling?

DR. VAN LUIK: It's my impression that it's random
sampling at this point. We could, you know, of course as
time goes on, get a different set of rules put together.

DR. WONG: Norm?
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DR. CHRISTENSEN: Christensen, Board. With regard
to the trends in precipitation, and this may be what Debra
was getting at, will there be or are there predictable
relationships going from one 1x, 2x, to 3x? And the reason
I ask that, because another likely scenario would be 1/2x.
Would you be able to infer that?

DR. KIMBLE: I think you probably can. My
understanding of the modeling process, that the intuitively
appealing answer is that as you increase precipitation you
are going to reduce the requirement for, for instance,
irrigation on the alfalfa that has been alluded to.

Therefore, less of the crop will be watered with
potentially contaminated water, and therefore, as you
increase the precipitation you probably reduce potential
radionuclide concentrations in those rocks.

At this point I'm not sure that there is a linear
relationship but there is certainly something we are
interested in examining, because at one point in the process
we also were asked to look at 5x precipitation scenarios.
But the likelihood is that other scenarios are certainly
there, and we'd like to develop an understanding what kind
of relationship there is.

MR. CHRISTENSEN: It does seem to me like the
assumption is that we're as dry as it ever gets. I suspect
that that's not the case. And that, and I'm going to
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bracket on the other side as well, if you have higher
evapotranspiration, greater irrigation needs, if the
assumption is that these are linear relationships than maybe
you can extrapolate but you will be outside the domain of
your data.

DR. KIMBLE: I'm not sure that's the assumption.
We, quite frankly, don't know enough at this point to make
that assumption. That is something we are looking at.

DR. BULLEN: Bullen, Board. As a follow on to
that, isn't a bounding case just 0x precipitation, where you
completely irrigate, and the complete irrigation case would
give you the highest dose? And wouldn't it make sense to at
least do that so that you know what the bound is, what's the
worst possible scenario?

DR. KIMBLE: Actually, that's probably correct.
Given the annual precipitation out there, we're not talking
about dramatic shifts either. You know, our information
would suggest that, in fact, the irrigation of alfalfa which
is the cash crop of interest out there is much heavier than
Mr. Frishman has indicated.

The agricultural operators we talked to out there
have been putting upwards of 5 acre feet a year per acre on
their alfalfa. And so when you are talking about is it 6
inches of precipitation, or none, or three times that, it
doesn't make a particularly dramatic difference.
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DR. BULLEN: A couple of quick questions about
your dose calculations. Did the bounding cases that you
use, you noticed it for the average adult, are you taking
into consideration infants, for example, in milk
consumption, or teens in total caloric intake, when you do
your analysis?

DR. KIMBLE: No. We are looking strictly at
adults in the households.

DR. BULLEN: Okay. And I guess the follow-on
question to that would be how you address cumulative dose
effects. Do you talk about things like bone seekers and
radionuclides that are uptake by the body and not
discharged. Do you take a look at committed cumulative dose
effects?

DR. KIMBLE: I'm going to turn that question over
to one of our modelers who is here. Ning Liu.

MR. LIU: Ning Liu, with SAIC. I think we have to
in the cumulative dose, the dose factor, we are calculating
the total effective dose equivalent which accounts for the
accumulation in the human body.

DR. BULLEN: What's your dose scenario then? Is
it a 50-year committed dose so it's 50 years of exposure and
50 years of dose?

MR. LIU: That's correct.

DR. KNOPMAN: You said you did the sensitivity
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analysis to drive your additional data calculations and then
it led to four different, I guess, you thought out
additional data in four areas. Among those four was far-
field water monitoring, biotransport mechanisms, soil types,
consumption of locally produced food.

What was the single most important, what is the
parameter your model is most sensitive to than the next
parameter down? I'm trying to get a sense of magnitude here
on importance, what's driving the model?

DR. KIMBLE: I'm going to leave the answer to
Ning, also. He's the one who's been actually performing the
model work.

MR. LIU: The defence of the parameter highly
depends on the radionuclide. For example, with iodine 129
the most sensitive, the driving pathway would be beef and
milk. Whereas, the other radionuclides, for example,
technicium 99, there would be water consumption, wvegetables,
fruit. So it depends on radionuclide. Does that answer
your question?

DR. KNOPMAN: So you are talking about the actual
activity of the radionuclide itself is what --

MR. LIU: That's right. It depends on each
radionuclide.

DR. KNOPMAN: I realize it's dependent. I'm just
trying to understand. You have lots of steps along the way
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in processing some concentration here of the radionuclide
until it gets to its exposure endpoint. What along the path
is having the greatest effect on your endpoint dose, what
parameter?

MR. LIU: That also depends on the radionuclides.
I'm still using the example of iodine 129 because beef and
milk is the most sensitive pathway. And all the parameters
along this pathway, for example, transfer coefficient from
soil to plants, from plants to animals is most sensitive
parameters.

DR. KIMBLE: Is there one in particular or is the
transfer mechanism from soil to plants or from plants to
animals, for example?

MR. LIU: Those two are basically the most
important parameters. Could I show you a couple of slides?
If you are interested, perhaps we could discuss this later.

DR. KNOPMAN: Perhaps you could just provide us
with hard copies of your slides?

MR. LIU: Yes. We have breakdowns how much
toxicity each parameter contributed to overall toxicity.

DR. KNOPMAN: If I can just follow up. And the
reason for asking this, in all of the modeling that we are
looking at here we are trying to understand what's in fact
driving the results. And then the obvious question is what
kind of data do we have to estimate that parameter?
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MR. LIU: Yes. If you can give me one more
minute, I can show that very quickly. I have those slides
in my briefcase. It's an overhead.

DR. KNOPMAN: Well, if we could quickly look at
the overhead.

MR. LIU: Or I can send you a copy later on.

DR. KNOPMAN: Well, if you have a summary
overhead, I think it would be helpful. While we're waiting
for that, I guess the other related point has to do with how
one tests your model. How do you know this is a good model?

Do you have some independent set of results of the
independent and dependent variables here in which you can,
in a sense, calibrate your model so you have some idea of
its goodness of fit with real data?

DR. WONG: If we could hold that question.

MR. LIU: We see annual optic scale, which is the
parameter used by this model, GENII-S model, to change the
transfer coefficient from plants to animal. So in this case
you see -- is that better -- here the cracks are, how
sensitive a parameter is.

So you can see from here, the most important
parameter is the annual optic scale and the crop
interception guestion. So you can see that the pathway from
soil to plants and then from plants to animal, it's the most
important pathways. They are the parameters.
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DR. KNOPMAN: So is this one big, is this just a
regression model you have?

MR. LIU: Actually, the sensitivity analysis we
did is we used Monte Carlo technique to sample each input of
parameters. And then we used in the step rise regression, I
tried to establish the relationship between output and input
parameter. And then we identified most important parameter.

DR. KNOPMAN: Okay. That's a huge difference
between the top two parameters and everything else.

MR. LIU: That is correct. In most cases there is
only a few driving parameters for each scenario.

DR. BULLEN: In the GENII-S analysis stochastic
variability, and you've pictured distributions, do you do a
deterministic approach also where you basically just set the
parameter that you are going to evaluate?

I'm a little bit familiar with the GENII-S code,
and so the question I'm asking is, you know, are there a
couple of switches that you can set, one of which basically
doesn't allow you to do the sampling but pegs it as a
certain number so you can essentially do the bounding
analysis by forcing it to the ends of distribution? Have
you done those sensitivity analyses also?

MR. LIU: No. Right now we're taking the
stochastic approach, but in order to get a conservative
conclusion you can take, you know, for example, 95



O oOoJO U WNE

49
percentile from your output as the upper limit. You can do
it that way or you can, like you said, using the upper bound
input parameter and then using the deterministic approach to
calculate end dose.

DR. BULLEN: How does the stochastic nature of
your calculation get transferred on to TSPA-VA where that's
also going to be a stochastic dose and so, essentially, what
you are doing is you are compounding, aren't you?

MR. LIU: That's correct. What we're doing now is
calculated dose from unit concentration. And performance
assessment people will combine the radionuclide
concentration in ground water and a dose conversion factor
to come up with the final dose.

DR. BULLEN: So is there a probability associated
with your dose also?

MR. LIU: That's correct.

DR. BULLEN: And so there will be another
probability -- but that's same --

MR. LIU: Yes. There would be another random
sampling exercise when they come down to PA for the final
dose calculation.

DR. BULLEN: I have two last questions.

DR. KNOPMAN: Jeff, excuse me. There was one more
guestion about the model verification.

MR. LIU: Okay. Previously, the VA in this
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project's language is classified as conventional quality,
which is we do not have to do the QA for the model for VA.
And lately we decide to switch this VA into a Q program. In
that case, we have to do a VME for the model. And actually
we're doing the model verification at this time.

DR. BULLEN: Okay. Again, I have two last
guestions. One is, for your values up there, let's say the
crop interception fraction, how did you arrive at the range
of values? And then, number two, not related to the slide
but related back to overhead number 7, how did you arrive at
the drinking water exposure pathway being limited just to
ingestion? That's the two questions.

MR. LIU: Okay. The first question, like Bob
pointed out earlier, is the parameter sensitivity analysis,
we used generic data basically that either comes with the
model itself, or it's published in the literature, or it
comes from other site, or other similar studies. And that's
the range in this right side of the slide. What was the
second question, again? I'm sorry.

DR. BULLEN: The other question I had which goes
back to Mr. Kimble's presentation on slide number 7, it
shows the drinking water pathway limited totally to
ingestion. And my question was, how did you arrive at
excluding other potential pathways and focusing only on the
ingestion pathway?
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MR. LIU: This drinking water, I'm not sure what
you refer to other possible pathways for drinking water? My
understanding is drinking water is only for drinking.
Obviousgly it's ingestion.

DR. BULLEN: 1Inside a home there are other
domestic uses of water.

MR. LIU: Oh, you mean external exposure?

DR. BULLEN: Right.

MR. LIU: Yes, we did the screening calculation
for external exposure for domestic water usage. Basically
for other radionuclides the external pathway is fairly
minimum compared to other pathways. So most of the pathway
comes from ingestion.

DR. BULLEN: So ingestion is the dominant dose?

MR. LIU: That's correct.

DR. BULLEN: Thank you. Any other gquestions?

It's now 10:00. According to the agenda, we're scheduled
for a 15 minute break. So I suppose that puts us a little
bit behind schedule, but at 1:25 we'll get back together and
listen to a presentation by Steve Brocoum and Abe Van Luik.

[Recess.]

DR. BULLEN: If we can take our seats, please? It
looks like we have a few tardy board members.

I guess the last board member in is going to buy doughnuts
for everybody. Okay. I guess we'll just get under way. We
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have a series of presentations, and then one after lunch,
and then later on this afternoon we'll have a round table
discussion.

So related to our next presentation, as I
mentioned before. The DOE has defined an interim
performance measure that it intends to use for performance
assessment for a potential Yucca Mountain repository. To
describe that performance measure and its rationale, we have
a tag team presentation by Steve Brocoum and Abe Van Luik,
both with DOE.

Dr. Brocoum is the assistant manager for
suitability and licensing. Dr. Van Luik works with Dr.
Brocoum as a team leader for the Technical Synthesis Team.
Dr. Brocoum, Dr. Van Luik, I look forward to your
presentation.

DR. BROCOUM: I will be talking about the DOE
postclosure performance measure, sometimes people refer that
to the interim standard. That's politically incorrect. And
the reason that's politically incorrect, of course, is
because DOE doesn't set standards. Our job is to implement
whatever standards are set by the regulatory agencies, in
this case, that will be set by EPA. So we call that our
interim performance measure. I'll be talking about a little
background, what that measure is, and our rationale for it.

Most of us know the background. Basically, in
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1987 the U.S. Court remanded EPA's 40 CFR 191. Since that
time the Yucca Mountain project has been without an
applicable postclosure standard. In 1992, Congress directed
the EPA to promulgate a site-specific standard for Yucca
Mountain.

And there was a whole National Academy of Science
study that started in 1992, 1993 time frame and we're still
waiting for that standard. We developed our internal
interim performance measure to help guide the technical
program.

I need to make one comment at this point because
at the introduction to this meeting, Jeff Wong related the
interim performance measures to the viability assessment and
they are not related. The viability assessment will state
how the site might perform. It will not necessarily compare
it to a standard or a measure.

Interim postclosure performance measure. The
measure. Expected annual dose to an average individual in a
critical group living 20 kilometers from the repository
shall not exceed 25 milli-rems from all pathways and
radionuclides during the first 10,000 years acre feet
closure.

You also have a goal, to conduct analyses beyond
10,000 years to gain insight into longer term of system
performance. For this period, the expected annual dose to
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an average individual in a critical group living 20
kilometers from the repository should be below the 10,000
year performance measure. And that is the goal, i.e., not a
requirement.

Our rationale. We believe that 10,000 years is a
sufficiently long time period for public protection. There
is lots of regulatory precedence, for example, RCRA. And we
believe that a time frame greater than 10,000 adds to the
regulatory complexity without providing added public safety
and protection.

Time frame. Post 10,000 year calculations can
provide insight regarding how a system may behave in a long
time frame, and they can help us evaluate potential
engineered barrier enhancements that may allow us to improve
performance. The post 10,000 goal was established to
complement the 10,000 year performance measure, which in a
sense would be a requirement. And it's based on new
information regarding time of peak dose.

When all of this started back in the '92 time
frame, when the Act was passed and the National Academy
began their study, our performance assessments at that time
showed a peak dose occurring somewhere between 4 and 600,000
years in the future. Several hundreds of thousand years in
the future.

Since that, due to increasing percolation, due to
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we're using more current data on solubility of neptunium,
the peak doses in the area from 20 to 30,000 years, so that
when we started the National Academy of Sciences process we
felt that 10,000 years was the appropriate time frame for
regulation.

The goal at that point seemed very realistic since
we were talking about many hundreds of thousands of years in
the future. Now we're talking about peak dose in a few ten
thousands of years in the future.

With regard to the dose limit, we feel a dose
limit on the order of 100 milli-rems a year is protective of
the public. This is consistent with all of these
regulations and the EPA generic draft Radiation Protection
Guidance which was never actually issued but was in draft
form. They all recommend 100 milli-rem or 1 mil 1i-
sievert.

We selected a dose limit of 25 milli-rem a year
for our interim performance measure. It represents a
fraction of the 100 milli-rem limit. We think it provides
for some reasonable assurance, and it i1s consistent with the
NRC Commissioner Jackson's testimony to the House
Subcommittee on Energy and Water on April 29th of this year.
And it is consistent with the recent NRC rule on license
termination which refers to the decommissioning rule which
has a limit of 25 milli-rem per year for unrestricted public
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access.

I'd like to read to you her testimony on this
issue. "With respect to proposed performance standards for
the repository HR 1270, the Commission does not object to a
single overall performance standard for a 10,000 year period
following commencement of repository operations.

"The Commission considers that 10,000 years is a
sufficient length of time to demonstrate the isolation
capability of a system including contribution of engineered
and natural barriers.

"The Commission notes the standard in HR 1270 of
an annual effective dose of 100 milli-rem per year, 1 milli-
sievert to the average member of the general population in
the vicinity of Yucca Mountain. It views that standard as
consistent with the protection of the public health and
safety.

"The NRC believes that within the context of
implementing the 100 milli-rem annual dose limit specified
in HR 1270, it has the flexibility to implement the
internationally accepted average member of the critical
group approach using a reference biosphere as recommended by
the National Academy of Sciences for application at Yucca
Mountain repository.

"To provide reasonable assurance that the 100
milli-rem limit will be met, the Commission anticipates that
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the expected, again, the expected value for the average
member of the critical group would be constrained below 100
milli-rem on the order of 30 milli-rem a year."

So that is the Commission's statement on the

subject. In fact, that 30 milli-rem, that statement was
made in April, the final decommissioning rule came out a
couple of months later. It came out at 25. So we are

consistent with the Commission's statement on our interim
performance measure.

With regard to location, we believe that the
critical group would be located down gradient from Yucca
Mountain where that's the group most at risk. And that the
characteristics of this critical group should be established
based on present day knowledge using cautious but reasonable
assumptions.

That was the recommendation of the National
Academy of Sciences panel and is consistent, and we believe
that protecting future population way in the future, would
be very speculative and insupportable. So we think we are
being consistent with the panel recommendations.

We believe that based on present day
characteristics, the critical group would located in the
community which we heard about this morning. There are 30
farms in the repository, that's where the people are living
today, that's where the majority of the wells are located,
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if you look at a well distribution map.

The ground water is relatively shallow there and
it gets deeper as you approach closer to Yucca Mountain.

The water is used for farming and personal use and the soil
conditions are conducive to farming.

Let's see here. This just illustrates what we're
talking about here. That is the repository, that's the
Nevada Test Site, this is 20 kilometers, this is 30
kilometers, farms in Amargosa Valley, Ash Meadows, that you
heard mentioned, and Franklin Lake Playa which is the closed
basin. The valley kind of goes like this and ends up in
Franklin Lake Playa.

We chose 20 kilometers, that is in compliance with
our performance measure. That's conservative, as we believe
the actual -- as I noted the community is 30 kilometers.
There are several wells located at Lathrop Wells Junction,
although we don't think that's representative of current day
characteristics for a critical group.

So we believe for our program today that the
interim postclosure performance measure provides a
reasonable target to guide our program. And we believe that
it is also protective of public health and safety, and we
think we are consistent with the NRC comments to the
Congressional committee.

That's the first half. Abe follows me here. Are
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there any questions up til for now or should we let Abe go?

DR. BULLEN: Why don't we let Abe go.

DR. BROCOUM: Okay.

[Beginning overhead presentation.]

DR. VAN LUIK: When I looked at the panel's
request for information, Steve Brocoum just gave an
explanation for the overall content and context of the
performance measure. And then I thought well, they're
asking, "This is cute, you've done a good imitation of EPA,
now do an imitation of NRC and tell us how you are going to
implement this.™

So I thought that these questions basically were
implementation questions. And so my outline basically tries
to answer these questions. When we talk about undisturbed
performance, we have to recognize a couple of things. The
interim performance measure is a target to guide the
technical program. One of the reasons we needed that target
is because of design activities, they need a high level
performance goal in order to specify their lower level
design goals.

System and component design performance goals
address the undisturbed case. Now, the undisturbed case
however, does include climate change effects, the thermal
effects from the repository itself, and design basis seismic
events. Higher probability scenarios, in other words, those
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features, events, and processes with a higher probability,
are considered part of the undisturbed case.

If we go to disturbed performance and human
intrusion, all lower probability events like vulcanism,
major seismic events, and criticality in package near-field
and far-field, are part of the disturbed performance cases.
And human intrusion, we are addressing, as was recommended
by the National Academy of Sciences work on behalf of the
EPA. 1It'll be treated separately as a sensitivity study to
evaluate the potential effects on system performance.

To get to the heart of the question that I think
was being asked, the interim performance measure includes
both disturbed and undisturbed performance. The expected
annual dose language that we used is basically based, as
Steve made clear, on Chairman Jackson's wording.

And the way that we are interpreting this for
implementation is that it's expected right now, the 50th
percentile value on a probabilistic dose distribution
function curve. We will also look at the mean value, the
statistical mean value comparison. And we will include both
the undisturbed case with its uncertainties and the
perturbations from low probability events with their
uncertainties.

Bob Kimble just talked about the biosphere
definition and gave a description, which is misspelled, for
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which I apologize, for the critical group. And the modeling
that is described in that presentation, and just to remind
you that he talked about this modeling chain here, this is
the modeling that you heard of this morning that will be
part of TSPAs from now on.

We looked at an average individual at 20
kilometers. The statement, as Steve read it, was to
calculate dose to an average individual in a critical group
within 20 kilometers from the repository. We decided it
would not, you know, we could take our own little goal and
interpret it in such a way that would just look at people at
Lathrop Wells, but that doesn't quite fit the bill.

The average individual defined in the biosphere
modeling, that you heard about this morning, is more
representative of a critical group centered at 30
kilometers. The biosphere modeling, we have to remember,
prepares for addressing a critical group based on current
locations and practices. And the regulatory requirements
are the implementation requirements of that requirement that
are set by the NRC are not presently known.

So the right thing to do is to look at the total
population there and define it that way. That our taking
the reference individual for that critical group, which is
more representative of the 30 kilometers and artificially
moving that person to 20 kilometers is somewhat conservative
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since there is less home or business activity at 20
kilometers. And we expect that ground water concentrations
will be slightly higher.

This is approach that we're taking for the TSPA-
VA. The TSPA for the license application will be based on
the applicable regulations which will be in place by then,
or at least we hope so. As Steve pointed out though, we are
not going to say we meet our performance goal if we don't
meet our performance goal. We will show a series of impacts
in various different settings.

Like we will evaluate at 20 kilometers, we will
evaluate at 30 kilometers, and we will do sensitivity
studies given the different biosphere pathway modeling that
you heard about this morning, and show it all in TSPA-VA.
And that others can make a decision as to whether this is
viable or not and move forward.

This is the map that we have referred to a couple
of times already. Copies are available in the back. It's
not in my presentation per se. And you can see that the 20
kilometers of the NTS boundary, approximately, we just
rounded up. It's about 17 kilometers to the boundary.

This is not, however, what's driving us to that
location. What's driving us to that location is we think
that even in a slightly enhanced rainfall scenario, 20
kilometers is about the limit of where you can practice
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agriculture and pump water unless, of course, economic
conditions change significantly.

So this is the place where the people are
currently. If we were basing everything on current
practices and locations, this is where we would be. For
conservatism's sake, we moved it up a little bit.

Steve had something on one of his viewgraphs about
protecting ground water and I wanted to make a statement.
Ground water protection standards specifies a limit of
radionuclide concentration to protect the drinking water
pathway. That's one pathway. We are looking at an all-
pathway dose goal and therefore all pathways includes that
one pathway. So to us the groundwater protection standard
adds nothing to public health protection, it's redundant and
unnecessary.

In summary, we think that we have provided, for
ourselves to guide the technical program and predictably
design a reasonable target, we think that it protects public
health. Modeling of the biosphere is addressing the current
population and practices of the area. They are resulting in
an average member definition that's pretty good for 30
kilometers. We're evaluating that person at 20 kilometers
to be conservative. And at this point we do not know what
our actual regulatory requirement will be at the time of
licensing.
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Now, Steve and I will be happy to entertain any
guestions.

DR. BULLEN: Thank you. Questions from the Board?
Debra.

DR. KNOPMAN: Maybe you won't be so happy with
this question. How would you characterize right now, based
on what you know, the orders of magnitude of uncertainty
that you have in estimating performance in the biosphere
component of TSPA?

DR. VAN LUIK: You make a good point. The point
is that if we look at all the uncertainties and roll them up
and follow them through the calculations, if we go from the
expected value or the 50th percentile to the 99.9 percentile
there are probably a few orders of magnitude involved.

And this is one reason that I like the bill that
the Senate passed last year because they said, "Take the
average of the 95th percentile distribution," meaning you
lop off the first two and a half percent and the last two
and a half percent of the basically insupportable
uncertainty. And, you know, I like that approach because
the thing that you point out is that the tails of the
distribution could look pretty wild because of the
uncertainties involved.

DR. KNOPMAN: And even when you truncate the
distribution and your 95 percent of your probability, what's
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your range of spread in performance? How many orders of
magnitude, even when you are cutting off the tails, are you
left with?

DR. VAN LUIK: I hesitate to answer that because
if T answer it based on the calculations that we've done to
this point, it would still be plus or minus two orders of
magnitude. However, the calculations that we are preparing
for TSPA-VA are based on different models than we've used
heretofore. 1In fact, you will see some of the very
preliminary results of some of the subsystem modeling, in
this coming full Board meeting.

And so the answer that I might give based on
previous ones may not be as true as it used to be. But my
gut feeling is that if you go to the 95th percentile, you
are probability looking at close to two orders of magnitude,
maybe not quite, plus or minus, on that distribution.

DR. KNOPMAN: Okay. I'm just trying to put that
in perspective with uncertainties of some of the physical,
the other aspects of site characterization.

DR. VAN LUIK: Okay, now, in my answer to you, I
did not say that this is just a swing introduced by the
uncertainties in the biosphere modeling. When you do your
fully probabilistic analysis, it's that very far field that
looks at the extremes of every PDF, you know, the 3 or 400
PDFs that go into the calculation. That may be even more
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extreme than that.

But a reasonable, like 95th percentile, I would
think, given all of the uncertainties, that's not too bad a
swing, especially if the doses stay well below that goal.

DR. KNOPMAN: I'm sure that we'll be following up
with you.

DR. VAN LUIK: Yes. You will be following that
up. And don't forget that in January, February time frame
we will have our first actual calculations for you to look
at. And so that question can then definitely be answered.

MR. LIU: Okay. Thank you.

DR. WONG: Dan Bullen?

DR. BULLEN: Bullen, Board. I just want to make
sure we're getting the semantics right here. All your doses
for the 25 are total effective dose equivalents?

DR. VAN LUIK: Yes.

DR. BULLEN: Which is a cumulative dose?

DR. VAN LUIK: Using the modeling that was
described to you just a while ago.

DR. BULLEN: Now the follow-up question to that is
that you were saying that you picked the 25 primarily
because you had to set an interim performance measure for
the design activities.

DR. VAN LUIK: That was one of our largest
drivers. The other one was that we had other questions, of
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course, ourselves, yes.

DR. BULLEN: Right. Would you expect a
significant change in the design if the 25 turns into 15 and
4? Fifteen total and four drinking water?

DR. VAN LUIK: I believe the answer to that would
be, no.

DR. BULLEN: Okay.

DR. BROCOUM: I think Abe gave you the right
answer. Mr. Snell is in the back of the room, if you want
to contribute to that answer. But let me make a point.
There is a much bigger change if we go from 20 or 30
kilometers. At least past calculations showed a half order
of magnitude of difference, as an example. So a 15 to 25 is
really not significantly different, but it is consistent
with what the NRC has done for their decommissioning.

DR. WONG: Any other questions from the Board? I
have one question. You emphasized the fact that moving a
potential receptor from 30 to 20 kilometers from the
repository is a conservative assumption, or adds additional
conservatism. How much conservatism do you think is, order
of magnitude 10 fold, 2 fold?

DR. VAN LUIK: Steve just answered that question.
In the previous calculations that we did it looked like a
half order of magnitude difference, and so that's about what
we expect it to remain at.
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Our next two speakers, Dr. Mel Carter and Dr.
Arjun Makhijani. Both of their presentations are designed
to provide some view or response to your presentations. And
so Dr. Makhijani would like the opportunity to ask you a few
qguestions. And so I would like to afford him that
opportunity and, on the same hand, I'd like to afford that
opportunity to Dr. Carter, if he so chooses. So, Dr.
Makhijani?

DR. MAKHIJANI: Thank you very much. I really
appreciate your clarifying what is the ratio of the dose of
the maximum to the minimum exposed person in your critical
group?

DR. VAN LUIK: I believe that I'm not aware of
that. I don't know if that modeling has been done.

MR. LIU: Ning Liu, again, with SAIC. I think I
can answer, in part, to that gquestion. The only part I
can't answer is in the biosphere part. From what we see so
far, it depends on the radionuclides, the range between the
5th percentile and the 95th percentile is between a factor
of 5 and a factor of 10. But it depends on the
radionuclides.

DR. MAKHIJANI: Now, is this averaged out over the
whole population so you are not considering a population
that's relatively homogenous but you're considering a
population -- how homogenous is the population from which
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you are sampling, in terms of their lifestyles?

MR. LIU: The assessment end point is the total
effective dose equivalent or TEDE, to an average individual
in a critical group. So that's individual dose, it's not a
population dose.

DR. MAKHIJANI: No, no. How varied is the
lifestyles of the critical group of the people in it? Are
there farmers, for example, computer operators and farmers
in the critical group, or how varied is it?

MR. LIU: 1I'd like to direct this question to Bob.
He is an expert in this.

DR. KIMBLE: Bob Kimble, M&0O. Obviously, in the
critical group and the whole survey we did of the area there
is a wide variation in lifestyles and occupations. But in
the important characteristics, particularly food consumption
pattern for locally produced food, the variation is
relatively minor, not dramatic changes from one place to
another, or one household to another in terms of comparing,
for instance, the four communities.

Food consumption of locally produced food in
Amargosa Valley tends to be a little bit higher than it is
in Beatty on the order of a few percent rather than an order
of magnitude.

DR. MAKHIJANI: I have two other, these are all
just clarifying questions. Now the NRC regulations about
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the 100 milli-rem dose, at least as I understand them, are
that a maximum of 50 milli-rem can be delivered by the water
pathways, and 55 milli-rem by the air pathways. And the DOE
practice is to take 100 milli-rem undifferentiated, and you
seem to be following that in your presentations.

I understand you set a limit of 25 milli-rem, but
you are citing NRC as the eventual regulator, and you said
this is a fraction of 100 mill-rem. But since the dose is
primarily by water, is it true that it's only a factor of 2
away from the limit of 50 milli-rem that NRC has for the
water pathway, or am I making a mistake about that?

DR. BROCOUM: I'm not sure what you are talking
about.

DR. MAKHIJANI: I'm talking about 10 CFR 20. This
is how I understand 10 CFR 20, and perhaps you can clarify
later on.

DR. BROCOUM: No, but I think Abe said two or
three times during his talk, we don't know what the
implement in regulations will be and that will depend on the
NRC.

DR. MAKHIJANTI: Okay.

DR. BROCOUM: But it think this is an important
conversation here because it's showing you the debates. We
can get into huge debates about the biosphere, future
assumptions and all this other stuff. And that's why we've
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always argued these things ought to be in a regulation so we
know exactly what we have to do and they're not debatable
once they're in the regulations.

So these kinds of questions, some of these that
have come up, we can debate forever and there is no right or
wrong answer, you see, so that makes it very difficult. 1In
the regulatory environment you defend your position.

DR. MAKHIJANI: My last question is also about a
regulation, about 40 CFR 190. 40 CFR 190, as I understand
it, limits doses from the uranium fuel cycle to 25 milli-
rem. And since you are using a 25 milli-rem limit here, one
would assume that there would be no other sources from the
uranium fuel cycle to this critical group for a 10,000
period. 1Is that sort of an operating assumption that you
are using?

DR. BROCOUM: There's been some debate within the
project on this, and I think, yes, you are correct. I think
the operating assumption now is that there is no other
sources like, for example, from NTS which I don't think
flows down towards Amargosa Valley.

DR. MAKHIJANI: Or from Beatty. So there are two
potential sources currently of doses from the uranium fuel
cycle to this critical group that you decided to ignore for
the present, for your viability assessment?

DR. BROCOUM: No. We're not using this for the
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viability assessment.

DR. MAKHIJANI: For these calculations.

DR. BROCOUM: For these calculations, we will show
what the impact of our repository is on the down stream
population, which is the whole purpose of the viability
assessment. But you're right, I think the recommendations
that I was quoting earlier on the milli-rem are from all man
made sources of radiation.

DR. MAKHIJANI: Right. So it would be in
violation of the EPA regulations if your critical group got
25 milli-rem from this and then anything at all from Beatty
or NTS?

DR. BROCOUM: I'm not a lawyer so I don't think
I'll give a legal answer on that one.

DR. CRAIG: I'm not a lawyer either but that's a
very good question. Can I throw out a question here?

DR. WONG: Paul?

DR. CRAIG: This is a question that was sort of
working in the back of my mind. Paul Craig, Board. In
going through Steve's presentation and then the later
remarks, I'm confused on the role that you see the DOE
playing. A portion of your presentation was an analytic
role providing the context.

And I can understand how you need to make some
assumptions in order to deal with whatever EPA comes out
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with. On the other hand, you are taking a very clear
position that a water standard is not needed. And there was
a statement that you believe it was not needed. That's not
a baseline position, that's an advocacy position.

DR. BROCOUM: We've had that position since 1992.

DR. CRAIG: I'm just trying to understand the
stance of the DOE with respect to the interaction with the
regulatory process.

DR. BROCOUM: Yes, we are taking the position that
a separate groundwater protection standard is not needed.
And I believe the NRC has taken that same position.

DR. CRAIG: Oh, boy. I think you need to talk to
EPA on that also. There are some EPA people in the audience
here, if they want to contribute to this conversation.

DR. WONG: Dr. Carter, did you have any comments?

DR. CARTER: Let me comment on a couple of things.
The EPA standard 40 CFR 190, my interpretation of this is
when they came out it it indeed dealt with 25 milli-rem
limit but they excluded three specific things when they did.
They excluded mining, they excluded transportation, and they
excluded waste disposal, so those three items were not part
of that standard.

The other thing is that overall the standard for
members of the public is 100 milli-rem, and that's the
controlling standard. And if you allocate then various
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parts to it, the sum should be less than 100. So I think
that's an important point. As far as I know, no one divides
the pathways as far as 50 for the air pathway and 50 for the
water pathway. As far as I know, it's 100. The only people
that are using a specific pathway is EPA with ground water,
drinking water standards.

DR. WONG: Thank you. Any more questions from the
Board. Thank you, Dr. Van Luik. Thank you, Steve. It
looks like things are getting a little more lively. We must
be drinking more coffee and we're all waking up. And I'm
coming off California time and joining you on east coast
time.

We just had two folks come to the microphone and
ask DOE some questions and they happen to be our two next
speakers. Our next two will offer views on DOE's interim
performance measure presumably from a somewhat different
perspective.

First, we will hear from Dr. Melvin Carter who was
just at the microphone. Dr. Carter is an international
consultant on radiation protection who's been involved in
high level waste issues for many years. Among other things,
Dr. Carter was a member of the Committee on Technical Bases
for the Yucca Mountain Standards. He is member of the
National Academy of Sciences Board on Radioactive Waste
Management, and is one of the original members of the
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Nuclear Waste Technical Review Board.

Dr. Carter is also the past president of the
International Radiation Protection Association and the
Health Physics Society, and was on the Board of Directors of
the National Council on Radiation Protection and
Measurement. Dr. Carter, we look forward to your views and
the presentation that's ahead of us. Thanks.

DR. CARTER: Can everybody hear me? Mr. Chairman,
members of the panel and members of the Board, I'm very
pleased to be here, having been steeped early on in the
responsibilities and the work of the Board and also in the
sense of being an alumnus of the Board.

While I mention that, let me indicate that I'm
really travelling under false colors. I'm a Neely Professor
Emeritus from Georgia Tech and not part of it at the moment.
So my biggest affiliation with the University at this time
is going to ball games, football games that is, and
hopefully winning a few, and also tapping into the
retirement system.

[Beginning overhead presentation.]

Now what I'd like to do is start out and talk a
little bit about background exposures of the public to
radiation and radioactivity. To give you some idea of the
system in which regulations are established in this area,
and this is the milieu that you have to deal with.
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Now, to begin with we normally divide up exposures
from items in several ways. And the natural background, we
split it up and usually do this by taking a look at cosmic
radiation, terrestrial radiation, and internal radiation.
And these are some of the things that are involved. And, by
the way, this is a simplification of the area because it is
indeed quite complex.

In both internally, as far as the body is
concerned, and from the terrestrial standpoint, we normally
are concerned with these three series.

You may remember each of these is headed by a very
long line of radionuclide. It decays through several dozen
transformations, and finally ends up with stable lead. So
when you talk about one of these series, there is several
dozen radionuclides that contribute to exposures. And
these, by the way, are listed in the order, that's the
uranium series, the actinium series, and the sopa thorium
series.

In addition, we have to concern ourselves with
individual radionuclides that are not part of this series
thing, and several of the important ones are rubidium 87 and
potassium 40. Now, these are both long lived and then decay
to stable elements eventually.

They also happen to be,



O oOoJO U WNE

77
potassium 40, in particular, is both a beta and a gamma
emitter, so it's of concern from a terrestrial standpoint,
outside the body. 1It's also a problem internally. In fact,
a fair amount of the internal exposure that people receive
come from this single radionuclide.

And if you run in a lab, for example looking at
environmental things, you'd be amazed at the amount of
radioactivity that are in, for example, milk, grass, and
lots of other things. And a lot of that is due to potassium
40. In fact, as I recall a normal liter of milk contains on
the order of 1200 or so picoCuries per liter of potassium
40.

We in laboratories these days, if you are
interested in the environmental side of it, are looking for
a couple of picoCuries of things like strontium 90, cesium
137, and so forth. So you are looking at a milieu that
contains well over a thousand and you are looking for just a
few parts of this. The cosmogonic radionuclides are listed
there, tritium carbon 14 and sodium 22.

There are a number of other ones and probably one
other one from a dosimetric standpoint that makes a
significant contribution would be beryllium 7. Now we have
a fair amount of variability listed here for terrestrial and
cosmic things, not all of them in one instance, but at one
time or another.
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You have to worry about the location, the
elevation, whether you are on a mountain top or at sea
level. The sealing of structures you may live in or spend
time in, the amount of time you are outdoors, the season of
the year, whether there is snow on the ground, and this sort
of thing, whether you have sun spots, and also the weather.

And I've indicated here that cosmic radiation in
the U.S. varies by over an order of magnitude, if you take
picoliter exposed to the smallest amount of this component
to maximum. And also, I might add, that terrestrial
radiation varies by a factor of about 3 in the U.S.

And, for example, if you spent a year in
Washington D.C. versus a year in Denver, Colorado, you'd get
about 30 milli-rem per year if you spent it in Denver versus
here. As far as I know, I know of no one that I'm aware of
that makes these conscious decisions based on whether or not
they are going to visit Denver, a skiing resort, or
something of this sort based on the amount of radiation or
increased radiation that they would receive by doing so.

And quite often these differences, this
variability is quite large compared to some of the standards
that we have already discussed to a limited extent this
morning and undoubtably will discuss a little bit later on.

Now, this is a pie chart I hope you can read.

I'll just mention a couple of things about it. This was put
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together by the NCRP about 10 years ago. It took a look
then at all sources that irradiate members of the
population. The biggest chunk of this, shown at the bottom,
is radon, and it's some 55 percent of the total.

Then the cosmic, terrestrial, internally there,
they are about 27 percent. Man made medical, therapeutic as
well as diagnostics, about 15 percent. There is roughly 3
percent devoted to consumer products. And the other things
concern occupational exposures, fall out, nuclear fuel
cycle, and so forth. All of those constitute considerably
less than 1 percent of the total.

Now we'll take a look at a table that shows the
actual milli-rem or micro-sievert activity. These are the
same items that were shown in the pie chart except now we've
got listed the milli-sieverts per year and the percentage of
the total. So you look then at the natural, look at radon.
I mentioned it was 55 percent of the total, that's shown as
the first item there, some 2 milli-sieverts or 200 milli-
rem.

The rest of the material you can see it gives what
I mentioned earlier, you can see the things that we
discussed at the bottom, the occupational and the nuclear
fuel cycle, and so forth, are extremely small. The
interesting thing about this now, the total is around 360
milli-rem per year, or 3.6 milli-sieverts per year. That's
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roughly 1 milli-rem per day.

So when you are talking about the drinking water
standard, for example, of EPA, at 4 milli-rem you are
talking about the equivalent of 4 days of background average
in the United States. ©Not a year, not a month, but about 4
days.

Now the general standard, and I mentioned that in
the comments at the microphone a few moments ago, and I've
seen this develop by the way, over many, many years, but it
seems to have reached the consensus now that on the order of
100 milli-rem per year, and that excludes medical and
background or radiocactivity, and it indeed is a consensus.

At one time that was not the case, each agency had
their own regulations. And back in the old days --
certainly the EPA, when the media programs were quite
strong, and by "media" I'm talking about air, water, and so
forth -- we complained in the radioactivity radiation part
of the Public Health Service and EPA for the simple reason
that this ought to be looked at uniformly.

For example, all pathways, all radionuclides, and
not have individual water, individual air, and so forth. So
this is still being discussed, obviously, after an awful lot
of years. But the standard is supported by groups that make
recommendations, they certainly don't set standards, but
they do a lot of the leg work, the studies, the analyses,
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and so forth.

The International Commission on Radiological
Protection, the National Council on Radiation Protection and
Measurements in the U.S., the International Atomic Energy
Agency, the United Nations Scientific Effects of Atomic
Radiation, the World Health Organization.

And then from what we are talking about here, EPA
in their guidance for the general public and the environment
and some others, the Nuclear Regulatory Commission in 10 CFR
20 and DOE actually addresses this in DOE Order 5400.5.

That looks at radiation protection for the public and the
environment.

And I might add, in a way it sort of predisposed
dividing up this 100 milli-rem because that standard in that
order sets 100 milli-rem per year as the allowable level for
members of the public. It also admonishes the directors of
the field laboratories or field offices of the DOE that it's
their responsibility to keep the public exposure below that.

Not only that, but to know what's going in the
area, whether there are other sources, that Dr. Makhijani
mentioned earlier, that might make contributions to this.
And actually sort of be the steward, if you will, for the
public in that area to make sure that the total, if you add
up all the pieces, is less than 100 milli-rem per year.

Now the apportionment of dose. I'll talk a little
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bit about this. It's somewhat broader than the discussion
we're having on the performance measure but since I feel
fairly strongly about it, I'll leave this in. We need to do
this, and to some extent EPA has done this, if you look at
their 40 CFR 190, their fuel cycle standard.

They actually looked at a number of parts of this
thing and come up with the exposures that are caused by that
aspect of it. And that in a way is a forerunner now of
apportionment. They've also endorsed this in their guidance
that came out in the Federal Register, as far as members of
the public is concerned.

Again, the basic standard being 100 milli-rem, or
1 milli-sievert per year, and then allocate this as far as
the sources. Again, though, if you do this the sum of all
these pieces must be less than 100. And, by the way, as far
as I know, we're not anywhere close to this. And, in fact,
many of the sources that we're dealing with, major sources,
are sort units standing. There's nothing nearby that
contributes to them.

On the other hand, there is a case in Nevada
where, indeed, there are some other potential sources and
these will obviously have to be considered in the
evaluations and assessments that go on.

Now, internal examples for waste disposal, these
are numbers that other countries are using at least on a
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planning basis, run from .05 to .3 milli-sievert per year.
And there are some roughly 10 countries, or so, that are
this far along that they've actually got numbers. And those
numbers, of course, run from 5 to 30 milli-rem per year.

So DOE selection of 25 milli-rem per year, as far
as I'm concerned, is a fairly appropriate number to take for
design purposes, the basis of evaluations and assessments.
And if that number should change, for example, I think it's
fairly simple in many cases to extrapolate directly from
that, either up or down, whatever way that number may move.

The compliance time. The NAS technical bases for
Yucca Mountain standards suggests that a period of --
essentially a very long period, and we suggested a period of
maximum risk be covered by the standard. I think that
report basically says that if you don't do this, then it's a
little difficult to see how you are going say you are
protecting the health and safety of the public, if you
exclude that.

Now, on the other hand, at that time, and I think
it was Dr. Brocoum that indicated some few years ago, and
it's not been too many, that the expected maximum risk was
to occur at on the order of a half a million years. So I'm
very pleased to see that the DOE has made enhancements in
the repository design, that they are doing several things.

They've decreased that maximum dose considerably.
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And they've also moved the period that the maximum dose will
occur to a much shorter period. Now instead of half a
million years we're talking on the order of 20 to 30