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PROCEEDIL NGS
1: 00 p. m
COHON:  Good afternoon. M nane is Jared Cohon. |I'm
t he Chairman of the Nucl ear Waste Techni cal Revi ew Board, and
it's ny pleasure to welcone you to this winter neeting of our
Boar d.

As nost of you already know, in 1982, Congress
enacted the Nuclear Waste Policy Act. That |aw created the
Ofice of Gvilian Radioactive Waste Managenent, or OCRW
with the U S. DCE, and charged OCRWM wi t h devel opi ng
repositories for the final disposal of the nation's spent
nucl ear fuel and high-level radioactive waste from
reprocessing. Five years later, Congress anended the 1982
law to focus OCRWM s activities on the characterization of a
single candidate for a final disposal site, Yucca Muntain,
about 100 mles fromhere, on the western edge of the Nevada
Test Site.

In the sanme 1987 anmendnents, Congress created the
Nucl ear Waste Technical Review Board as an i ndependent
federal agency for reviewing the technical validity of
OCRWM s program The Board is required to periodically
furnish its findings, as well as its concl usions and

recomendati ons, to Congress and to the Secretary of DOE
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The President of the United States appoints our
Board nmenbers froma list of nom nees submtted by the
Nati onal Acadeny of Sciences. W are, by design, a highly
mul ti-disciplinary group with areas of expertise covering al
aspects of nuclear waste managenment. In introducing the
menbers of the Board to you, let nme rem nd you that we all
serve on the Board in a part-tinme capacity. W all have day
jobs, as it were, nost of themfull-time or even nore. In ny
case, | am president of Carnegie-Mllon University in
Pittsburgh. My technical expertise is in environnental and
wat er resource systens anal ysis.

John Arendt--John, if you could raise your hand--a
chem cal engineer, retired from OGak Ri dge National Laboratory
and formed his own conpany. He specializes in nany aspects
of the nuclear fuel cycle, including standards and
transportation. John chairs the Board' s Panel on the Waste
Managenment System

Daniel Bullen is a professor of Mechani cal
Engi neering at lowa State University, where he al so
coordi nates the nucl ear engineering program Dan's areas of
expertise include nucl ear waste managenent, performance
assessnment nodeling, and materials science. Dan chairs our
Panel on Perfornmance Assessnent.

Norm Chri stensen is dean of the N cholas School of

Environnment at Duke University. His areas of expertise



i ncl ude bi ol ogy and ecol ogy.
Paul Craig is professor eneritus at the University
of California at Davis. He is a physicist by training and

has special expertise in energy policy issues related to

1

2

3

4

5 gl obal environnental change.
6 Debra Knopman is direct of the Center for

7 Innovation and the Environnent at the Progressive Policy

8 Institute in Washington. She is a fornmer Deputy Assi stant

9 Secretary of the Departnment of Interior, where she was al so a
10 scientist in the U S. Ceol ogical Survey. Her area of

11 expertise is groundwater hydrol ogy, and she chairs the

12 Board's Panel on Site Characterization.

13 Priscilla Nelson is programdirector in the

14 Directorate of Engineering at the National Science

15 Foundation. She is a former professor at the University of
16 Texas in Austin and is an expert in geotechnical engineering.
17 She chairs the Board' s Panel on the Repository.

18 Ri chard Parizek is a professor of hydrol ogic

19 sciences at Pennsylvania State University and an expert in
20 hydrogeol ogy and environnental geol ogy.

21 Don Runnells is professor eneritus in the

22 Departnment of Geol ogical Sciences at the University of

23 Col orado at Boul der, and he's a vice-president at Shepherd
24 Mller, Inc. His expertise is in geochem stry.

25 Al berto Sagliés is professor of civil and
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environmental engineering at the University of South Florida
in Tanmpa. He's an expert on materials and corrosion, with
particul ar enphasis on concrete and its behavi or under
extreme conditions.

Jeff Wong is chief of the Human and Ecol ogi cal Ri sk
D vision of the Departnent of Toxic Substances Control in the
California Environnental Protection Agency in Sacranento. He
is a toxicol ogi st whose expertise is in risk assessnent.
Jeff chairs the Board's Panel on Environnment, Regul ation and

Qual ity Assurance.

That's our board.

Many of you know our Board's excellent staff, which
we're very proud and for which we're very thankful. They are
arrayed decoratively there across the wall. Bill Barnard--
Bill, raise your hand--is the Board' s executive director.

|'"d also like to take this opportunity to introduce
to you three guests from Sweden who are attending the

nmeeting. As sone of you may know, the Board has had for many
years a cooperative relationship with the Swedi sh Nati onal
Counci| for Radioactive Waste, or KASAM in the Swedish
acronym Wth us today and tonorrow will be two nenbers of
KASAM the board KASAM W Il lis Forsling, who is professor of

| norgani ¢ Chem stry at Lul ea Technical University in Sweden
and Gert Knutsson, professor of Hydrogeol ogy at the Royal

Institute of Technology in Stockholm Also present is Nls
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Rydel |, expert and senior technical advisor to KASAM and a
| ong-tinme associate of ours with the Board.

Wel cone to our neeting. W're very glad you could
be with us.

We have a very inportant programfor this neeting.

As you know, it will cover a day and a half, this afternoon
and all day tonorrow. Today, we will hear about recent
progress in site characterization, engineering, and
repository design at Yucca Mountain. W wll also hear from
t he Nucl ear Regul atory Comm ssion about its proposed draft
for the disposal of high-level radioactive waste at the
proposed Yucca Mountain repository.

Tonmorrow, starting at 8 o'clock in this room the
entire day wll be devoted to presentations and a di scussion
of the DOE's recently issued viability assessnent of a
repository at Yucca Mountain. This assessnent is a critical
| andmark in the devel opnent of the proposed repository, and

tonmorrow s session will be especially inportant.

Before | turn the rest of the neeting over to
today's chair, Paul Craig, 1'd like to say several things
about the opportunities we're providing during the neeting

for public comrent. The Board has al ways been very
interested in and sensitive to public participation in our
nmeeti ngs, both through comrent and questions. W've nade an

effort to enhance that participation for this neeting,
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enhancenments that we consider to be an experinent, and we'll
see how they go. If we like themand you like them we'll
conti nue them

They' re conprehensive. They even relate to our
seating. Those of you who have attended past neetings know
that we're usually arrayed strategically so the backs of our
heads are pointed at you. W've tried to alter that today by
breaki ng open into this broken sem-circle, if you will, with
your seating accordingly, trying to nmake for a nore open
setup and one in which interaction is easier.

We're al so planning three public coment periods in
this day and a half neeting, one at the end of today's
nmeeting at approximately 5 o'clock, another at the end of
tomorrow s norning session, approximtely noon, and a final
period at the end of tonorrow s afternoon session, again
5: 00, 5:30, depending on what tine we end. You'll follow
that in the agenda.

Those wi shing to comment are encouraged to sign the
Public Comrent Regi ster at the check-in table over there in
the corner. Linda H att--Linda, will you raise your hand--of
our staff will be glad to help you if necessary. Depending
on the nunber of people signing up, we may have to set a tine
[imt on individual remarks.

As an additional opportunity for questions, and

this is new, you can submt witten questions to Linda during
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the neeting. We'll nmake every effort to ask these questions,
that is the chair of the nmeeting with ask the question
during the neeting itself rather than waiting for the public
comment period. W wll do that only if tine allows,
however. |If tinme does not permt during the neeting itself,
we w Il ask those questions during the public coment period.

I n addi tion, you know we al ways wel conme witten
comments in addition to oral ones. Those of you who prefer
not to nmake oral coments or ask questions may choose the
witten route at any tinme, and we especially encourage
witten comments when they' re nore extensive than our neeting
time allows.

|"d also like to encourage you to keep in mnd the
topics of the nmeetings, that is today and tonmorrow. |f your
interest is in viability assessnent or it's a comment that
seens to fit in that, we'd encourage you to save that for
tomorrow, if you're going to be here tonorrow. Cbviously, if
today is your only opportunity, we welconme your conmments on
any topic.

W' ve al so added an additional session. Tonorrow
norning at 7:15 to 7:45 in this room the Board nenbers, and
only the Board nenbers, no staff, will be here for coffee,
and we invite anybody who would like to join us to do so. It
will be an informal session. W wll not be convened. There

will be no record. It wll sinply be a bunch of people
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havi ng coffee together, and it's a way to have inform
interaction if you choose to do it. W're going to have
cof fee anyhow, so you mght as well join us. Don't feel
obl i gat ed t hough.

Finally, | need to offer a disclainmer so that
you're all clear on the conduct of our neetings and what

you're hearing and its significance. Qur neetings are

11

spont aneous by design. These are not scripted events. Those

of you who have attended our neetings before know that the
menbers do not hesitate to speak their mnds, and let ne
enphasi ze that is precisely what we are doing when we're
speaki ng. When we do speak, we're speaking for ourselves.
We are not stating Board positions, unless we indicate
ot herwi se. \Wen we speak, we're speaking as individuals.

Wth that introduction, I'mnow pleased to
i ntroduce to you Paul Craig, ny colleague on the Board who
will chair the rest of today's neeting. Paul?

CRAIG Thank you, Jerry.

Today's session is entitled Progress in Design,
Sci ence, and Regulatory Criteria. W're covering a nunber
very different and interesting topics this afternoon in a
very short period of tinme. The first presentation wll be
the DOE's efforts to re-exanm ne the repository reference
design, in light of different alternatives. Rick Craun of

DOE will summarize the infornmati on on these efforts which

of

on
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were presented yesterday at the neeting of the Board's Panel
on the Repository.

After Rick's presentation, we'll hear from Tor
Brekke, an internationally known geotechnical engineer and
professor eneritus at the University of California, Berkeley.

Last nonth, he chaired a DOE sponsored workshop on drift
stability at Yucca Mountain.

The Board has been concerned about drift stability,
its effects on design and performance, and the need for the
DOE to take a serious look at this issue. W're |ooking
forward to Professor Brekke's summary of the workshop and his
panel's conclusions on drift stability.

Mark Peters of the Managenment and Operating
Contractor and Los Al anpos National Laboratory will then
present an update of recent site investigations at Yucca
Mount ai n. The updates have becone an integral part of Board
nmeetings, and we're particularly interested in results from
and plans for investigations in the now conpl eted east/west
cross-drift in the repository block. The Board views these
i nvestigations and their potential for increasing
under st andi ng of seepage into the drifts in particular as
bei ng of great inportance.

W're also interested in what's being | earned about
retardation in the unsaturated zone fromthe Busted Butte

Test Facility. We were inpressed with the speed of which
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this particular project got underway.

I n addi ti on, new borehol es have been drilled, such
as the SD12 and W24, such as the Cwells, others such as C
wel I s have been revisited. The question is what are we
| earni ng about the hydrol ogical regine at Yucca Muntain.

Nick Stellavato of Nye County will then tell us
about the initiation of work in the Nye County Early Warning
Drilling Project. These boreholes will fill a data gap in
saturated zone studies that was identified in the DOE expert
solicitation on the saturated zone. It will be the major
source of data on the saturated zone during the next few
years.

Paul Di xon of the Yucca Muntain Project Managenent
and Operating Contractor and Los Al anpbs Laboratory will fill
us in on what tests the DOE is carrying out and is planning
to carry out at these borehol es.

The final presentation of the day will be John
G eeves and Tim McCartin of the Nucl ear Regul atory
Conmi ssion. John is the director of the Division of Waste
Managenent at the NRC. Timis a senior analyst in that
division. As we all know, there has been a vacuumin recent

years in the standards and criteria by which Yucca Muntain

wi || be eval uated.
In the Energy Policy Act of 1992, Congress
initiated a process by which these standards and criteria
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woul d be devel oped. The National Acadeny of Sciences
conpleted its analysis of the technical bases for Yucca
Mount ai n standards, and the Environnental Protection Agency
has been hard at work since then trying to come up with a
standard for Yucca Muntain.

The NRC decided to take the bull by the horns and
has issued a draft proposed rule for inplenenting such a
standard. This draft proposed rule has caused a good deal of

comment from many groups, including the EPA. W have asked

the NRC to brief us on this draft proposed rule. 1'msure
there will be many questions. [|'malso sure the speakers
will outline the extent to which they can answer the

guestions, given the draft nature of the rule.

I"d like to remnd all the speakers that they
should allot half their tinme to questions and coments from
the Board, and | will keep track of your tine, speakers, and
begin to wave at you when you run out, so that we have tine

for questions.

After each presentation, | will then ask Board
menbers for their questions and coments. |If tinme allows, |
will ask if our guests from Sweden have anything to add.

That will be followed by questions fromthe staff and
possi bly individuals fromthe audience. And | reiterate what
Jerry just said. If individuals fromthe audi ence would |ike

to address questions to the speakers, please fill out a form
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and that formw || be passed by the staff to ne.

After the last presentation, | will turn the
nmeeting over to our chairman, and we will have the first of
the three public coment periods that he nentioned earlier.

Rick Craun, your turn

HARRI NGTON:  Unfortunately, Rick Craun is still out
sick. W didn't get that nessage to you. |'m Paul
Harrington. |'malso in the DOE Yucca Muwuntain office and

wi |l go ahead and do this presentation.

W wanted to capture today a little bit of what
went on yesterday. It was a full day's neeting with nost of
the Board nenbers, quite an active discussion of what it is

we're doing in the License Application Design Sel ection
process. W got quite a bit of input through the day, and
particularly at the end of the day, so we'll talk through a
l[ittle bit about what we did yesterday.
We opened it with a discussion of the LADS process.

It was basically an update to the previous design efforts
that we had done. One of the questions at the end of the day
asked us why it is we were even doing this. There are a
nunber of factors that play into that, not the | east of which
are the Board's annual reports suggesting that given current
under st andi ngs of the nountain, other alternate design
approaches m ght be appropriate.

Fol ks fromw thin the project had the sane sort of
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t houghts. So Decenber of '97, we started an alternative
process that ran for about six nonths, and the results of
that pronpted the LADS process, which we'll talk through
today. Basically, it's to review alternate designs, given a
relatively clean sheet of paper, to see what we think the
nost appropriate design m ght be, given our current
under st andi ng of the nountain.

We tal ked through the design selection process and
we got into a discussion of the Defense in Depth process.
"1l go through these fairly quickly. | have 15 minutes to
get all of this out to you, and then we can go back to
guestions if you want to go back to sonme of these in nore
detail. W also talked through the role of performance
assessnent and identification of the benefits for various

desi gn appr oaches.

We broke out this LADS process. It was a two week
wor kshop. It was the culmnation of the first phase of it.
There had been four or five nonths |eading up to that point

of analysis by the organization of various conmponents.

In the Phase | cul mi nati on workshop, we took the
input to that and cane up with a series of enhanced design
alternatives, and then farnmed those out to three sub-groups
for evaluation from Thursday of the first week, through
Wednesday of the second week. To try and handl e that,

distribute that work, we did it in three nodes. One was a
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hi gh tenperature concept. That teamwas sent off to try and
define, given all of the design features and alternatives
that had been discussed in the first three days, what steps
of those features and alternatives were nost prom sing for

hi gh tenperature designs.

A second teamwas sent off to do the sanme test
| ooking at | ow tenperature designs, and a third teamwas sent
off to do the sane test |ooking at enhanced access designs.
The concept behind enhanced access is to facilitate potenti al
of f-normal operations. | know that's one thing we've briefed
the Board in the past, is what do we do to recover from an
of f-normal operation.

One of the main focuses of this work was to reduce
uncertainties. Wat is it we can do in the design role to
mnimze the uncertainties that are inherent in both the
nat ural processes and the physical processes, the engineered
features.

The Phase Il process we then discussed. That's
what happens at the end of this two week workshop that we
cl osed a week and a half ago out through May. W had a
roundt abl e di scussion at the end, invited Chris Whipple up
here, and then closed out the day with a public coment
peri od.

What this is intended to do is update the design

process to support the site recomendati on and |icense
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application. The project has gone through a nunber of design
evol utions over the years. W had an SCP design a nunber of
years ago. W evolved that to an advanced conceptual design
That evolved to the viability assessnent design. W're now
trying to focus on what are the best attributes of that, and
what other attributes m ght we invoke to come up with a
suitabl e design for site recommendati on

There will be a report that's generated by the MO
contractor to the DOE on April 15th of this year. That wll
contain their recommendation for the design to take forward
to site recommendation. Now, that report will be reviewed by
the DCE frommd April to md May. The M&O has two weeks for
comment, then that report becones a deliverable fromthe DOE
project to the DOE program office in Washington. That may or
may not be a specific design. W would not propose a single
design unless we felt there was sufficient technical basis to
warrant a down sel ect.

If we don't have that basis, it may well be a
fairly high | evel recomendati on, possibly just a selection
between a high and | ow tenperature repository. There may be
a couple of alternatives, or a primary plus a coupl e of
opti ons.

The LADS wor kshop, we just tal ked about what
happened there. W started into that with 26 design

features. Actually, a few of those have been consoli dat ed.
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There were 22 features. They're in the handouts from
yesterday if you want nore detail. And also eight design
alternatives. The difference between alternatives and
features; alternatives we felt were nore broad based design
approaches, things |like a borehol e enplacenment versus an in
drift enplacenent. Sonme of the features were things that we
felt could be applied to nost any fundanental design
approach. You could lay a dual corrosion resistant materi al
design into either a borehole or in drift enplacenment schene.
So that's the difference between features and alternatives.

At the end of the breakout session, the teans had
conme back with--those three teans | nentioned earlier--23
enhanced design alternatives. |In a scrub-down during that
| ast day that was brought down to ei ght enhanced design
alternatives, and we're still working on defining the details
of what we review of those in this Phase Il activity between
now and the May 28th closure date.

Before | go into the issues, let ne put up a couple
of slides fromyesterday, give you a little better concept of
what those eight are. These are not in your handouts. |
pul l ed them out of yesterday's. In the |ow tenperature area,
there are two fundanental design approaches. One is line
| oadi ng; the other is point |oading.

In the line | oad, the packages are thermally

bal anced. There's sone bl endi ng that goes on, m xing hot and
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cold individual waste assenblies into a single package so
that we can stick themvery close together, less than a
nmeter. That's to ensure heat transfer from one package to
t he next.

In a point |oad concept, we're treating that as an
equi val ent energy density concept. We'IlIl look at the thernma
content of each package and space the packages appropriately,
given their high versus |ower |oadings. There's sone val ue
to each of those. The line is being | ooked at as a 50 MU
per acre, and the point as a 40.

Wthin those, there are al so considerations about
just how hot the packages can be. Possibly this will result
in smal |l er waste packages, |ower thermal content per package.

Those are the two fundanental |ow tenperature approaches.

The high tenmperature summary had three. There's an
85 MIU per acre line | oaded, a 150 MIU per acre |ine | oaded,
and even hotter or denser, 170. The significant feature
about this is the bowie post closure ventilation. | didn't
bring the schematic of that, but in essence, there are
parallel drifts that are staggered between upper and | ower
peri pheral drifts, and you would set up a convective therma
flow to renove heat and noisture fromthe center of the
repository area where the packages woul d be | ocated, and
transfer that to the outside of the package to try and keep

t he actual package enpl acenent area cool er and dryer than
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ot herwi se woul d be the case.

The enhanced access had three. The first one is
t he waste package itself would provide access. That is a
t hi cker waste package, dual CRrim The thicker package
woul d be on the order of 200 to 300 mllinmeters. It's a
stainless steel wwth G22, if | renenber that one right. The
wast e package and enpl acenent node providing access woul d be
havi ng short enpl acenent cross-drifts between the main
drifts. Those main drifts would be avail able for personnel
access. The packages would be in short ones. This also
woul d have a relatively thick waste package, 30 centineters
of carbon steel, 8516. Then the enpl acenent node access is a
trench in the bottom of the enplacenent drifts where the
wast e packages woul d be enplaced and then covered over with a
sl ab.

Sonme of the issues that are key to us is how does
defense in depth play in this, the relationship of
performance of engineered features to the natural system
How can we use that to mtigate uncertainty or variability of
the natural systen? Also, of the engineered systemitself,
and certainly there's uncertainty in our know edge of the
integrity of fuel cladding, for one.

The technical bases that we have for making the
deci sions; do we have enough scientific and engi neering

know edge about the performance of the nountain or the
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engi neered features to warrant making the sel ection between
design alternatives. The evaluation criteria consolidation;
we had in Decenber assenbl ed an i ndependent review panel to
hel p ensure that what we were doi ng nade sense, that this
process was transparent, that we weren't m ssing sone
fundanmental features.

One of the points of feedback we got fromthem was
don't have segregate or acceptance criteria, or review
criteria, as nmuch as we had. W had about eight or nine
separate review criteria. W have consolidated sone of that.

Al so |l evel of design recommendati ons to be made;
the presentations that you'll see tonmorrow will include the
VA design. That's quite detailed. It has a |ot of design on

t he waste package on the sub-surface and even on the surface.

We certainly will not at the end of this alternatives design
exerci se have anywhere near that |evel of design detail. W
don't have the basis for that. W need to develop that. So

we wll not be trying to over commt through this design
alternative work.

And transparency of the LADS process; is it
under standable, is it defensible. Have we docunented what we
di d enough to withstand scrutiny?

We think the process is working. During the EDA
devel opnment activity in the workshop, there was an awful | ot

of we think frank interchange between engi neers, science and
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PA on the relative nmerits of the different approaches. There
was open di scussion of those. The people who were assigned
to go off and | ook at the various design features and
alternatives we think generally bought into the concept of
what they were asked to |ook at. W don't believe that it
was done with an intent of submarining it. The wor kshop
ended with the eight EDAs to be taken forward. Those are the
eight | just showed you a nonent ago.

There were a | ot of coments nmade through and at
the end of the day. | tried to pull out sone of the nore
representatives ones. Certainly in 15 mnutes, | can't
rel ate everything that was said.

| think the first one was what | took anyway as the
nost broad based comment | got fromthe Board. There's a
great deal of concern, | sensed, as to whether or not we can
even appropriately do this in the tine frame that's allotted
to us. There were sone suggestions that possibly we should
set this design activity, design alternative activity,

further out in tine, do nore data gathering, nore research

| made a comrent to that yesterday, and I'Il do it
again today. It's really two-fold. One, this activity
bet ween now and May, yes, that's four nonths, but it's really

the cul mnation of years of design activity that have been
going on here. W certainly know that there are nore design

and scientific activities to be done, but it's not sonething
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that we're trying to do in a period of just a few nonths.

The second itemwas we're also not trying to create
nore of a design or propose nore of a design than we think we
have a basis for. The weighting factors in this decision
process have to be defined before we can propose to nmake a
decision. What are the relative tradeoffs that the
Department woul d propose to nmake to support proposal of one
over another alternative?

DIDis a concept. Certainly it is. W have a |ot
nore work to do. One of the pervasive thenes is we're not
approaching DID in the sane manner as we did in the
commerci al nuclear industry. That's certainly true. W
don't have quite the sane set of problens, circunstances on
this project as a standard nucl ear power plant does. What
we're trying to do is take that approach. Wat is it you
gain froma DI D perspective, and translate that to our set of
ci rcunst ances and how m ght we best approach DID activity
her e.

Anot her was that there's limted experience with
many of the engineered materials, particularly the waste
package materials, C22. It's not a historically long |lived
material. It hasn't been around a long tine. That's true,
and that's why we're doing the anal yses that we are now.
Certainly nore time gains nore understanding. We'll try and

gquantify what the uncertainties are for the materials as we
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t ake them forward

One coment was that nost of the EDAs as proposed
al so included drip shields and backfill. That's true.
Cenerally, though, those were not integral to the EDA. There
were some other things that were included in there, such as
activities to be done at reactors that also are not integral.

Drip shields and backfill wll provide some benefits. They
al so have sone drawbacks to them So they're being eval uated
as part of the overall process.

Al so, how can PAreally reflect differing
uncertainties with respect to hot and cold, the anount of
perturbation from anbient conditions, the relative degree of
uncertainty with respect to that. That's one of the things
we're having to work. And we had put up one slide in
particul ar that showed a | ot of performance credit taken for
wast e package at 10,000 years versus other features in the
natural system That generated a |ot of discussion. It
woul d have maybe been hel pful if we had put up sonething for
ext ended periods at 100,000 and a mllion years, that delta
woul dn't have existed in those outer year projections, but
that was a feature of a 10,000 year | ook-see.

Okay, questions?

CRAIG Ckay, thank you very nuch, Paul.

Questions fromthe Board?

KNOPMAN:  Debra Knopman, Board. Paul, | think it would
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hel p us, I was one of the Board nenbers who did not attend
yesterday's neeting, it would help ne to know what your
operational definition was in the course of your LADS

wor kshop, and all this stuff, for defense in depth. Can you
gi ve a succinct characterization of how you all collectively
are thinking about defense in depth insofar as you're using
t hat as one of your--

HARRI NGTON: My take on that would be we're | ooking at
each of the features that provide performance in an overal
design. We're elimnating the features on a one by one
basis, and | ooking at the result and contribution then of
that feature to the overall performance, with an eye toward
ensuring that there is no single feature that would unduly
conprom se the ability of the repository to performif that

feature were not to perform

Now, if Larry Rickertson is here, he can add to
that. Okay, I'll leave it at that. Does that address it?
KNOPMAN:  Yeah, that's good. But there's no sort of a
priori requirenment that your key features each nmake sone

contribution, that is, you' re not sort of starting with sone
i dea that every one of your key features has to pull a
certain amount of performance?

HARRI NGTON: That's true. W haven't assigned a m ni num
performance to a key feature, if that's the question.

CRAIG Oher questions fromthe Board? Bullen, Board.
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BULLEN: Bullen, Board. Paul, | was very pleased to see
that you caught a |l ot of the comments that were nmade
yesterday afternoon, and | was also very interested as |
observed the process of the EDAs to see the open and free
t hought. | am concerned, however, a little bit about the
transparency, and so I'll ask a question that | asked again
yesterday, that dealing with the 3-5 reports and their
avai lability. I'massum ng that the 3-5 reports--

HARRI NGTON: | knew that was going to cone up today.

BULLEN. The 3-5 reports, for those of you that don't
know, are a QA report that docunents the process of
eval uation of all the alternatives and design features, and
they were prepared and provide sort of a traceability in the

sel ection, and | was just wondering about their availability.

HARRI NGTON:  They will be avail able on the Web.
Yesterday, | didn't know that for a fact, so | didn't want to
commt to that. But | talked to both the DOE and the MO

peopl e responsi ble for creating themand putting themon the
web. They are going to be primary reference material. W' ve
commtted to making primary reference nmaterial avail able on

the web, so we will go ahead and put those on.

BULLEN: So in answer to our question fromthe gentl eman
from UNLV, they'll be web-avail abl e?

HARRI NGTON:  Yes.

BULLEN: Ckay, thank you very nuch.
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CRAIG Oher Board questions? Jerry?

COHON:  Cohon, Board. 1'd like to question you further
on this issue of tinme, the time available to do what you're
trying to do. And | understood and accept what you said
before that it sounded |like you just started this design
process, alternative design process, cold. You ve got years
of prior work behind you, including the reference design work
for VA. This is going to be sonmewhat putting you on the
spot, and part of it is just a speech, but | hope to get you
to react to it also.

| guess knowi ng what | do about the process, and we
got a pretty good report fromthe Board nenbers who were able
to attend yesterday, it sounds |like the process you've
enbarked on is very interesting as well as very inportant,
that is, it's got the features that Dan Bul |l en just
attributed to it, it's open and creative. You're starting to
t hi nk outside the box, to sonme extent. | think al nost
unavoi dably, and very productively, in doing so, you're
likely to, and perhaps you already have, identified sonme new
i deas and new questions you'd like to pursue, including, and
especi ally, connections between the design and the natural
system And that's the part that's very hard to deal with as
a designer, yet it's a crucial characteristic of the site,
the interaction between the engi neered system and the natural

system so let ne try to get to a question
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Coul d you give us a little nore insight into how
you see iterating back to the natural system presum ng
t hrough TSPA and further data collection analysis, fromthis
alternative design process so as to nake a decision for the
system and not just for individual pieces of it? And how do
you do that by May?

HARRI NGTON: | think that's really what we created the
desi gn nodeling group for. There have been sonewhat of a
separati on between the scientists and the nodeling that they
were doing and the results that they were getting fromthat
and the engi neers and what they were doing. About a year and
a half or so ago, in recognition of that, we created within
t he engi neering side a nodeling group, if you will, that's
JimBlink and his folks, to be that |ink between the
nodel | ing activities, the scientific side of the house, if
you will, and what the designers are doing. So | see that
role being filled by that group to make sure that what the
engineers are trying to create in this process, and Jimis
actually a nenber of the core teamin the LADS group, is
being integrated with the scientific world.

The peopl e doing the LADS design activities are
having to identify what data they need. They feed that out
to the support organizations through a 3-12, which is just a
docunent formtransmtting data need requirenent. Those

support organi zations then pull together the data, feed it
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back to the group. But the design nodeling group is there
really to try and nake sure that is all pulled together.
CRAIG | think we've now run out of tine, so we're
going to have to nove on. Thank you very, very nuch, Paul
HARRI NGTON:  Okay.
CRAIG Maybe everybody el se can catch Paul Harrington
during the break.
We now nove to a report on tunnel stability
wor kshop by Professor Tor Brekke fromthe University of

California at Berkeley.

BREKKE: M. Chairman, Board menbers, Ladies and
Gent | enen, guests from Sweden. In Novenber this year, there
was a group of seven people invited to constitute a panel to

evaluate the drift stability questions. This is for the

drifts for enplacenent that are at hand. It was nyself, Ed
Cording fromthe University of Illinois, Jaak Daenen from
Uni versity of Nevada at Reno, Roger Hart from NEDASKA in

M nneapolis, John Hudson from Inperial College in England,
Peter Kaiser from Laurentian University in Canada, and

Sebasti ano Pelizza from Turin University in Italy.

This was an i ndependent panel. W were invited to
produce individual reports if we disagreed on sonething. |I'm
glad to report to you that it was a consensus report. W are

wapping it up right now | got the |last comments from one

of ny panel nenbers about a quarter to 1:00 today, and hope
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to have it all done by next weekend, or thereabouts.

Now, the scope that we were given was this; to
obtain an expert opinion and report regarding drift stability
and the degree of ground control needed for varying design
conditions, and that's very inportant. The report will be
used as input to a decision analysis that will determ ne the
types of ground control to be proposed for use on the
project. In other words, it's not a final report where the
design in any way or fashion is set by this commttee. It is
just an input report to try to sort out sone of the questions
at hand.

And then we were told or asked to produce a report
t hat addressed these things; degradati on nechani sns, we see
it, tenperature effects, drift dianeter effects, water
mobility effects, host rock strata effects, identification of
ot her significant variables, expected effectiveness of
varyi ng ground supports.

Now, the way we went at it was that we started with
rock mass characteristics. W asked for and was awarded the
time to spend a day out in the field to visit the main drift
as well as the cross-drifts, and that was very hel pful to us.

And the report has a summary of the conditions out there as
we see them as we understand them and as part of that
di scussion, there were al so questions that we raised that we

t hi nk shoul d be addressed.
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W did alittle conparison of support conditions in
main drift and cross-drift. It turns out that the cross-
drift has quite a bit better ground, if you don't m nd,
better tunnelling conditions, than nost of the main drift,
and there are several reasons for that that we go into, one
of them being that they used a different kind of tunnel
boring machine that didn't pluck as nuch rock as had happened
in the main drift where they had nore bl ocky rock.

It tal ks about rock mass properties of the
i thophysal zones, buggy zones, if you don't mnd. It's a
pl ace where the rock during cooling, there were gas hol es
entrapped, and so they're small, kind of egg shaped or golf
ball| shaped or up to softball shaped holes. And the
interesting thing about that is that when you | ook at the
fracture systemclose, you'll find that a |lot of the
fractures are just going fromone bug to the next bug, maybe
for a distance of maybe one neter.

The inportance of that is that when they did
exploratory drilling here, there's no way with exploratory
drilling with that core that you can decide if you have a
fracture, whether that fracture will go across this room or
just go this far. As a result of that, the postul ated rock
mass behavior or ground quality, if you |like, was much | ower
than that actually encountered. And, in fact, the rock nass

classification systens that were used, which we all use on
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ot her projects, may not be as accurate in predicting the
stability of the ground conditions in this case with
I ithophysal zones.

Factors affecting drift stability, there's a whole
chapter on that in our report. W go through each and every
one of these factors, and see how they will affect the
stability of the openings of the drifts, including those that
| listed on the third slide, tenperature, water, and so on.

Anti ci pat ed excavati on degradati on nodes. The
inmportant thing there is to try to get a handle on what wll
happen when tenperature goes up in the rock nmass. There is
presently, as you probably know, there is a heated drift
experinment going on. |It's not conplete. But we believe that
t he observations made there are critical to understandi ng
what is going on, and also critical in terns of input to the
met hods and anal ysis that has been nade relative to the
response of the rock mass to heating or cooling, for that
matter.

W're also interested to see everything they can
get out of that experinent would be very hel pful and shoul d
be put into input into the analysis, the field data from
there, rather than, for exanple, the pertinent rock
properties derived froml aboratory sanples. We have out
there now the possibility for really finding out nore

accurately what's going on
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Now, support design considerations, there are nmany
of those that cone into play, but one of themis--well, |et
me just take a few of themhere. Are we going to have
support that is going to last 100 years, 150 years, 300
years? W as a panel get nore and nore nervous the | onger
that period is in ternms of really predicting what w ||
happen. It's our consensus that to nake the retrieval period
as short as possible, including of course consideration of a
| ot of other factors than just the drift stability itself,
maki ng that as short as possible is very inportant.

What's the need? What are we supporting agai nst?
Is it a load? Wat kind of |oads? Structure load? Is it
thermal | oads of course? |Is it |oads that follow from say,
noi sture mgration that could | ead to degrading of the
joints, sheer stiffness, for exanple, or sheer strength? W
| ooked at that. The ease of installation of a support system
and conpatibility with the tunnel boring machi ne, excavation
system We were told that it could be acceptable if there
was sone mai ntenance to be done after enplacenent, and we
al so | ooked at the influence of things |ike radiation and
heat and noi sture, as |'ve said before.

Now, we were aware of the fact that the Departnent
of Energy and its consultants have devel oped kind of a
systematic way of | ooking at different support systens,

i ncludi ng concrete lining, including steel sets, including
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segnmented concrete |lining, including rock reinforcenent, and
we di scussed and debated that. The one thing that we did not
concur with was the soundness of selecting a segnented
concrete lining system That is where you have precast
concrete lining segnents that are put together in aring. It
is a systemthat's used extensively now days, for exanple, in
the Los Angel es Metro, because it's a quick way of getting
the initial support systemin. At the LA Metro, as an
exanpl e, we put those in, but then we canme back with a second
['ining.

I f such a systemwas going to be permanent, then in
t he i nstances where you' ve done that, they are heavily
reinforced and bolted Iining segnents. The anal ysis
performed by DOE or its consultants shows that due to
tenperature heating, there could be very high stresses
bui | di ng up, and they have suggested that there should be
sonme crushable material between sonme of these segnents that
could take care of that. W respectfully disagree with that.
We think it's a shaky systemand we think in particul ar
under dynam c |oad, that is, under earthquake |oad, that that
systemis not too good.

The system that we selected, not for the project,
but selected as a panel to be | ooked at nobst seriously, is
rock reinforcenent. For those of you who have been out there

in the tunnels, you know, for exanple, that in the cross-
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drift, there is wire mesh and rock bolts in the crown that
could easily in that instance be installed right behind the
cutter head of the TBM because of the type of machinery used.
We believe that that is the way to go. W believe that as
pointed out in the report, they don't have it only to
reinforce a pier, you may have to bring it down to the side
i ke this because as we discussed in the report, sone of the
| oadi ng that you may see down the road, so to speak, is right
there at what we call a spring line, or the |launches, heavier
mesh than perhaps was used. A great asset of that systemis
that you leave it to the rock to take care of nost of the
probl em rock reinforcenent, reinforced rock. W don't |ook
at load that cones and sits on us, like it would do for
exanple in terms of a steel design. So that is our
recommendation, with quite a bit of detail

Concluding remarks. | want to just say that we
felt very confortable as a panel with regard to the
information that we got in advance, the field trip, and the
presentations that were given to us over one day. The | ast
of the three days we used to deliberate and to prepare an
outline of the report. It's inportant, and we are very
confortable that we had the whole story, as we see it.

Thank you.

CRAIG Thank you, Professor Brekke.

Questions fromthe Board?
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RUNNELLS: Don Runnells, Board. 1'd like to ask you
about the lithophysal rock units.

BREKKE: Yes.

RUNNELLS: The repository, the proposed repository wll
resi de about 70 per cent in lithophysal units. You nentioned
that the observati ons suggest that the rock properties are
better than you would have anticipated fromdrill cores.

BREKKE: Yes.

RUNNELLS: Can you expand on that a little bit in terns
of why the rock properties are better and what the surprises
were versus the rock core?

BREKKE: [If | can use this as a rock core, if | had
intersecting discontinuities, fromthat and fromthe nature
of those discontinuities, this roughness, filling material,
what ever, you can deduce these are to be the nmethod, the rock
mass rating system Al right? And fromthat, and based on
experience, |ooking back over the years, and as docunented
for literally hundreds of tunnels, they say, ah, when we had
t hese value rates for these, then we had these and these
nmeasures that had to be taken to stabilize the wall. In
other words, it's a quality index.

When you get these smaller fissures that |
di scussed between these bugs, then they don't really affect
tunnel stability. They are inportant, however, otherw se,

because when it comes to the thermal reaction of the
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surroundi ng rock mass, they play a role, and we think a
positive role, incidentally, because you don't get the very
hi gh stresses you do if you just put in, you know, a
continuous rock mass w thout any discontinuities in it.

RUNNELLS: Thank you.

CRAIG Priscilla Nel son?

NELSON: Nel son, Board. Thank you very nuch, and | ook
forward to seeing the entire report. Congratul ate DOE on
inviting such a wonderful group of people together to neet on

the project and actually hope and suggest that continuing

i nvol venent can be arranged, as | think your input is very
val uabl e.

But et me ask you just one question, and | suspect
you' ve made comments on this in your report. Regarding the

di fference in behavior between the |ithophysal and the non-
i thophysal zones, and given that the test that's being done,
the thermal heat |oad test that's being done in the tunnel
that we sawis in the non-lith rock, what kind of a
difference in response would you expect, or would you expect
any difference, between the lithophysal rock responding to a
t hermal pul se and the non-lith responding to a thermal pul se?
BREKKE: | don't know the answer to that. | don't know.
This is the first heating experinent that |'ve ever been
involved in that involves rock mass. | don't know.

Clearly, without being too general, | think in the
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non-1lithophysal rock, there are nore joints, and so on, if |
observe that correctly. It's alittle bit of a different
rock mass. Wien | say | don't know, |'m not ashaned of
sayi ng that because | don't think anybody knows.

CRAIG Let's see, Cohon, Bullen and Parizek

COHON: Cohon, Board. You tal ked about the segnented
concrete |iner.

BREKKE: Yes.

COHON: Was there anything to add with regard to the
non- segnented concrete |liner, or would your conents to one
apply to the other as well?

BREKKE: No. The comments | made were to the segnented
concrete liner as we were presented wth. Qovi ously, the
same segnented concrete lining can nean a lot of things. |If
it's fully bolted and can be even designed for internal
pressures and whatever have you, that's a different story.
But cost wise, it then goes out of the window The only
reinforcenent that is in the segnented concrete |ining, which
is unbolted, is the reinforcenent you need so you can handl e
t he segnents wi thout having themfall apart.

Those comments do not--we have different coments
on the placed concrete lining. Al right? W don't think a
pl aced concrete lining is necessary if we have understood the
rock mass correctly. That goes in there after you're al

t hrough. You have for tunnel safety purposes, for the rock



© 00 N o o A~ w N P

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

40

bolts and nmesh anyway, and rock bolts and nesh, | forgot to
say that, | guess, that's the beauty with it, that you can
advance the tunnel, utilize the TBM get production, and then
| ater beef up, if you don't mnd, the rock reinforcenent
systemto the extent that you deem necessary after all of the
heat tests and all of that are fully understood. You
decouple that fromthe driving of the tunnel itself, and
that's where there's a | ot of savings.

BULLEN: Bullen, Board. W |earned yesterday of a
nunber of opportunities that DOE is investigating to reduce
the thermal inpact of the waste package on the near field and
on the waste package environnment. Could you conment on
tunnel stability with respect to keeping the tenperature,
say, below 100 degrees C. near field? And I've got a quick
followon after this, but go ahead. Could you comment on
that one first?

BREKKE: Well, let me answer you this way. As our
Swedi sh friends would tell you, they bit the bullet on that
many years ago and said we are not going to heat the rock so
that we get boiling water under atnospheric pressure. And
they sinply said we're going to take our whol e process and
base it on that prem se, and that's what they have done.

| think that the higher the tenperature goes, and
the nore tenperature gradients you get, for exanple, this

bl ast cooling that has been suggested, the nore degradation
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you will find taking place in the rock. | can't quantify
that for you, but there is in the report a significant
di scussi on of that.

BULLEN: Simlarly, the followon of what we | earned
yesterday with respect to enhanced access, you nentioned that
one of the criteria was that mai ntenance is acceptable after
enpl acenment, and | assune you nean enpl acenent of waste.

VWhat type of maintenance did you foresee, and how | ong of
access woul d you suggest? Could you comrent a little bit on
t hat ?

BREKKE: Well, now | talk only for nyself and not for
the panel. | would say once the garbage is in there,
what ever you have to do, backfilling or whatever, and | know
there are other questions related to that, bye, bye, you're
gone. kay? That's ny assessnent. Once |'ve said that, if
they want to maintain a maintenance option, then this rock
rei nforcenent nesh systemlends itself nuch better to that
than any of the other systens, because that you can
literally, at least the rock bolts you can install renotely.

BULLEN: Thank you.

PARI ZEK: Pari zek, Board. You perhaps did not consider
the role of rock bolts or wire nesh or steel struts in the
performance of the repository and its effect on chem stry, as
an exanple. That was not part of your charge?

BREKKE:  No.
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PARI ZEK:  And the length of tine it would remain stable?
| mean, how long a rock bolt is good for, and are we going
to have rock falls?

BREKKE: W addressed that. | nean, there's a longevity
guestion here, clearly, and then again we are not the experts
to deci de how much humidity, if you don't mnd, or water and
air together down the road will get in contact with the nesh
and the rock bolts.

There's another question here that we raised. Rock
bolts, if they are fully grouted with cenentitious grout,
will there be a reaction between that grout and the rock,
considering all of the non-crystalline silica that is in that
rock? We don't know that. W pose that as a question. And
we al so pose as a question if you heat and cool and heat and
cool, will the rock bolts becone |oose teeth that will fal
out because of the inconpatibility in terns of thermnal
expansi on, contraction, and so on and so forth?

PARI ZEK: | have a foll owp question regarding the
stress relief damage that could be done by tunnels of
different sizes, and this is the so-called onion skin effect
of propagati ng open apertures away fromthe tunnel, and if
you were to use rock bolts and those onion skin stress relief
features help funnel water flow in a beneficial or harnfu
way, would rock bolts connect to those and maybe cause

dri pping that otherw se m ght not have occurred in the
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repository? And if so, could you design rock bolts to
support the roof in a way they wouldn't leak or drip on a
cani ster?

BREKKE: | think the answer to that is that the Swellex
bolts that they are now using, as they are being used, they
have a little groove when they are expanded, and that is
obviously a pathway for water. | can't see that to be
sonet hing that should stop us in the sense that we can't take
care of that one way or the other. Drift size really doesn't
play much of a role in terns of the disturbed zone.

PARI ZEK: Did you see a disturbed zone? D d you see
evi dence of a disturbed zone?

BREKKE: Well, right there, | nmean it's |oosening up a
little bit. Wiat I'mreferring to here is, for exanple, both
in Sweden and in Finland, they have nade estinmates of
typically how deep is the disturbed zone that in terns of
mobility of water, you know, has an effect, and that zone in
a TBMtunnel is typically in the order of one foot. And in a
drill and blast tunnel, it is typically in the order of one
meter. And that is backed up by Japanese data that they have
done for other purposes.

PARI ZEK:  Thank you.

CRAIG O her questions fromthe Board? Wy don't we
turn to our Swedi sh guests? Wuld you care to cooment? It's

not required. This is optional. | think the answer is no,
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not at this time. Questions fromthe Staff?
(No response.)

CRAIG | see no questions fromthe staff, and it's
about tinme to nove on, so we will now Thank you very, very
much, Professor Brekke. And we turn to the report on recent
site investigations. Mark Peters, Managenent and Operating
Contractor from Los Al anpbs National Laboratory.

PETERS. GCkay, |I'mgoing to give you all an update on
the list of things that we heard at the beginning that you
all wanted to hear about. | have a whole bunch of things to
tal k about today. |1've got a lot of slides so I'mgoing to
go through them |I'msure we'll have |ots of questions.

|"mgoing to tal k sonme about ESF testing, focusing
on the infiltration/percolation testing that we've done
recently, also touch on results fromthe drift scale test in
Al cove 5, and then spend a good bit of tinme on the cross-
drift, talk alittle bit about the predictions that we did
for lithostratigraphy, and al so how that conpares to the
mappi ng results; have a slide or two on the noisture
nonitoring results, the data we've collected to date, and
al so tal k sone about the current plan for the cross-drift,
which I know is of some interest; give an overvi ew of what
we' ve seen at Busted Butte in terns of Phase | and Phase |
results, and the status of where we're at there; discuss the

Prow Pass testing results fromthe C Wl conplex, which
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we're just now finishing up; give an update on the status of
SD-6 and WI-24, and al so give a brief overview of the
objectives and plan for the EBS pilot-scale testing at the
facility in North Las Vegas, so a lot to cover. So I'l
start with ESF testing.

This is just a slide, a layout of the ESF and the
cross-drift with the repository block to the west of the ESF
main, just to get you oriented. |1'mgoing to focus today on
results fromAl cove 1 up near the north portal, talk sone
about the infiltration and percol ati on experinments we've done
at Alcove 4 in the Paintbrush non-wel ded, and then al so touch
on again thermal testing activities in Alcove 5 and then
down to fracture matrix interaction studies in Alcove 6 in
the m ddl e non-lithophysal in the Topopah Springs tuff.

This is just a schematic di agram show ng the
| ocations of sonme of the hydrologic testing in the ESF.

Again, we're addressing infiltration in both Al coves 1 and 7,
| ooki ng at how t he Pai nt brush non-wel ded acts in terns of
diverting flow as it cones fromthe Tiva into the PTn, in

Al cove 4, | ooking at seepage, issues related to seepage in
the niches in the ESF main, and al so | ooking at fracture
matrix interaction in the fracture welded tuffs in Al cove 6.

Let's start with Alcove 1. Here, we're doing an
infiltration and percol ation study, basically associated with

the EI Nino studies. W're basically flooding the top of the
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nmountai n right above the north portal, and then | ooking for
wat er drippage into Alcove 1 below. W're using traced
water. In Phase I, we used lithium brom de traced water, and
we were using very high infiltration rates, akin to a
superpluvial type event. W're |ooking for not only the
timng of when the water reaches the opening, but how nuch
actually enters the opening, and the character of the flow
through the fractured welded tuff and the Tiva.

This is just a layout to get you a little better
oriented. The top part shows a plan viewwth the
infiltration plot that sits over the top of Alcove 1.

There's about 30 neters between the infiltration plot and the
crown of Alcove 1. And then the bottomjust shows a cross-
section of that, so the infiltration plot is right up in

her e.

In terns of results, the first phase was conpl eted
back in cal endar year '98. W applied about 63,000 gall ons
of water at the infiltration plot. W actually saw seepage
at close to 60 days, it took to get seepage into the opening,
and it was after about 30,000 gall ons had been appli ed. And
of the applied water, we've collected about 10 per cent in
the collection trays in the roof of the alcove itself.

Again, that was with lithium brom de traced water.
The second phase has begun, and here we're going to

vary the infiltration rates and also use nmultiple tracers to
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get a feel for nore of the transport phenonmena within the
Ti va Canyon

| should comrent that we did do predictions for the
first phase, and within the range of the sensitivity anal yses
that we did using an ECM conceptual nodel, we actually were
able to predict the first arrival in terns of seepage into
t he opening very well.

To nove on to Alcove 4, Alcove 4 is again in the
Pai nt brush non-wel ded units, and as you know, that's a key
part of the natural barrier at Yucca Mountain. Here, we're
doi ng sone snmaller scale percolation tests to | ook for not
only how the PTn, the mcrostratigraphy within the PTn
diverts flow, but also how faults and fractures within the
PTn perturb that flow Faults and fractures in the PTn are
of course very inportant to conceptual nodels for Chlorine 36
and sone of the other observations in the Topopah itself
bel ow.

So what we've done here, we've really just started
this test, and we don't really have nuch in the way of any
significant results. W have done predictions, but to date,
| don't have nmuch in the way of results to talk to you about.

But | can show you the layout, what we're done to date, and
where we're goi ng.

This is a map of the back of Alcove 4. This is

again in the PTn. Wat we' ve done is we've excavated a sl ot
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down here and we've drilled a series of borehol es above. The
key part about this part of the section is that you have a
fault with about a quarter of a neter of offset, and also a

| arge fracture.

We've injected at this point in Borehole 12 several
hundred liters of traced water, and we were | ooking for water
to come down the fault and enter the slot. As of yet, we
have not seen any water in the slot, but again, it's very
early in the test. W're about to start back up injections
in the next nonth or so.

Okay, noving on to Alcove 6, the fractured wel ded
units in the repository horizon. Here, we're doing a simlar
experinment as in Alcove 4. W've got a slot. W've got a
series of borehol es above. Again, we're doing injection and
| ooking for fracture matrix interaction within the Topopah.
We' ve done two liquid injection tests in Al cove 6, and sone
of the prelimnary results for the high perneability, we did
air k prior, so we characterized the perneability structure
on the nmeter scale, and we've done sone injections again, and
in the high perneability zone, we found that as nuch as 70
per cent of the water that was injected actually flowed
t hrough the fractures, and that's consistent with the nodel
predictions that we did prior to the test.

The next one will show you a sort of scal e draw ng

of what that |ooks |like. The scale on here, it's about a
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nmeter fromthe injection borehole down to the slot. Again,
we've primarily been injecting in this borehol e here.

SAGUES: What's the scal e?

PETERS:. It was about a neter between the injection
borehol e and the sl ot.

Moving on to Alcove 5, focusing on the drift scale
test today, just to rem nd you of the objectives of our in
situ thermal testing program W' re devel oping a nore
conpr ehensi ve under st andi ng of the coupl ed processes, and
we're focusing on tenperature distribution and heat transfer,
as well as |l ooking at sone of the nechanical, therm
nmechani cal properties, thermal expansion, nodulus, et cetera,
| ooki ng at the novenment of noisture during heating, and then
subsequent cooling, and al so nonitoring the changes in water
chem stry and gas chem stry due to heating and cooling.

Again, I'"'mgoing to focus on the drift scale test
today. This is a diagram show ng tenperature and power on
t he sane plot.

NELSON: This is about where we start hearing the
Def ense in Depth jokes.

PETERS: Again, this is just showi ng where we're at in
terms of drift wall tenperature. On the |left-hand side,
we're plotting power versus tinme, and we started the heaters
Decenber 3rd, and we've been running over a year. W' ve been

running at right around 190 kilowatts. And on the right,
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we're plotting tenperature. This is a representative sensor
on the drift wall about hal fway down the heated drift, and
we're at about--as of today, we're probably closer to about
160 degrees C. This is data as of our earlier January.
Again, our original target with the drift scale test was

to get to 200 degrees C., so we're still working our way
t owar ds that goal

Sonme nore in terns of the tenperature response.
This is tenperature data as a function of time for one of the
borehol es that runs horizontal fromthe heated drift. It's
actually parallel to wing heaters, but above the plane of the
W ng heaters. So renenber the wing heaters are actually two
el ements, outer elenment being higher power than the inner
element. So that's where you get the hunped profile.
There's a cold spot in the mddle. So the borehole collar is
there, and you're noving into the rock there, so you can see
that we've heated up. Wen we got to 100 degrees, to | ocal
boiling, about 96 C., we saw significant flattening at | ocal
boiling. W stayed there for on order of two weeks, and then
we noved on through and continued to heat up, and close to
the wing heaters, we're getting well into the range of 200
degrees C. W picked up again the hunp profile.

Sonme exanpl e contours of neasured tenperatures at
one year, this is a vertical slice through the heated drift,

conpari son of neasurenents versus predictions. For the nost
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part, our predictions have been--we've matched our
nmeasurenents very well. The drift wall is probably not
heating up quite as fast as we would have predicted. But for
the nost part, inside the rock, our predictions are matching
very wel |

BULLEN: A quick question. Bullen, Board. Have you
changed your nodels so that your nodels now match the
predi ction? Have you used the data that's--

PETERS. That's part of the process, but this prediction
is a pretest prediction.

BULLEN: Ckay, thank you.

PETERS: [|'Il talk sone about sone of the issues that
came up in the previous talk; thermal nmechanical properties
of the rock. There has been a | ot of |aboratory neasurenents
of thermal expansion. The thermal test, the single heater
test and the drift scale tests are a great opportunity to get
measur enents of thermal expansion of what 1'Il call the field
scal e, address the scaling issues. So what we've plotted
here is data fromboth the single heater test in blue, and
the drift scale test in the red triangles, and we're plotting
coefficient of thermal expansion versus tenperature, as well
as gage | ength.

And you can see that as you go to a |larger gage
length, there is a correlation where you get to | ower therm

expansi ons, and also the correlation of increasing therm
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expansion with tenperature. The decrease in thernma
expansi on as you increase your gage length is probably
attributed to the fracture nature of the rock. This is the
kind of data that we're getting out of here, which is going
to be very useful for sonme of the issues related to tunnel
stability and things |ike that.

To nove on to the cross drift, start wth the
lithostratigraphic predictions and results. A couple of
inmportant points to start out with is the unit variability
wi thin the Topopah. The formational thickness of the Topopah
is predictable. W were within less than two neters of SD- 6.

But when you | ook at the subunits, neaning the m ddl e non-
lith, the lower lith, et cetera, they're nmuch nore variabl e,
and you see variations, nine neter thickness changes over 150
nmeters, as we've seen it in outcrop primarily, and al so
boreholes. But in general, the predictions, the
lithostratigraphic predictions for the cross drift have
actually matched our mapping results very well.

This is a tabulation of predictions fromthe nost
recent version of the geol ogic framework nodel versus the
actuals, and then fromthat, the vertical difference between
t he mapping results and the framework predictions. You can
see this larger difference in the Iower non-lith contact is
primarily due to three small faults that have actually offset

us by greater than eight neters that weren't in the framework
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nodel .

This is the tunnel station, so this is basically
1000 and 15 neters fromthe breakout of the cross drift. So
to go through it, we encountered the mddle non-lith at about
a thousand neters in. W encountered the lower |ith at about
14, 50 neters in, and we encountered the | ower non-lith at
about 23, 20 neters in.

In terns of mapping results, we've seen sone
interesting fracture zones and some faults. W' ve seen three
unexpected faults, all less than five neters offset. They do
not correspond to any known faults at the surface. The main
splay of the Solitario Canyon was encountered very near the
predicted |l ocation, and there's the strike and dip
information as neasured in the tunnel. The main splay has
greater than 250 neters of vertical offset. Footwall is in
the lower non-lith and the hanging wall is all the way up to
the upper lith. The footwall was highly fractured as we
approached the main splay, which actually had an inpact on
the TBM production. And then in the hanging wall again we
were in the upper lith, and it's cut by several smaller
faults with mnor offsets.

Moi sture nonitoring. W have drilled systematic
boreholes in the cross drift. Every 25 neters, we've
install ed heat dissipation probes which allow us to neasure

water potential. And we were also drilling holes to try to
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track construction water use and understand how t he water we
wer e using during excavation was interacting with the rock.

So these are sone bullets that summarize sone of those
results. W're continuing to collect water potential data as
we speak fromthe systematic borehol es.

But to sumarize, we found that over 50 per cent of
the water, construction water that we applied, noved into the
fractures. 45 per cent of the total evaporation of water
fromthe cross drift due to ventilation, et cetera, was from
construction water, with the bal ance being rock formation
wat er . And we saw penetration of the construction water in
the upper lith nore than three neters, which is nuch | ess

than we see in the mddle non-lith, which is nore than 30

meters, and that's sinply basically a function of the

fracture density.

But overall, the bottomline, which I think is the
nost inmportant point, is there's a net |oss of water. On
average, we're drier than we were in pre-construction.

In terns of current plans in the cross drift for
'99, now, this is what's in the current plan, we're finishing
up the geol ogi c mapping. W' ve conpleted systematic drilling
and coring and as | nentioned, we're continuing the noisture

monitoring. W' ve taken consolidated sanples to support
Chlorine 36 studies, as well as the fracture m neral

geochronol ogy work and sent it to the USGS. And we had done
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a |l ot of hazardous m neral anal yses associated with TBM
construction |ast fiscal year.

In terms of the current plan for FYOO through 02,
we have a series of alcoves and niches in the plan that
address seepage as well as thermal and flow issues within the
repository horizon rocks. W have the cross-over al cove,
which is an al cove we're going to excavate out over the top
of Niche 3, ESF Niche 3, and we'll do a flow and transport
test. They're separated by about 15 neters, so we'll get a

good understanding of the scaling within the fracture wel ded

units.

We've al so got two seepage niches, one within the
lower lith, Niche 5, which will likely nove further down
tunnel. This diagramis fromearlier stations, as well as
Ni che 6, which is a seepage niche within the [ower non-lith.

And then we have a crest al cove where we're doing hydrol ogic
noni toring under the high infiltration area that's at the
crest of Yucca Mountain. The crest of Yucca Muntain
projects across the cross drift right in this area here.

We al so have a cross drift thermal test within the | ower
l'ithophysal in the plan.
This just summarizes what | just said in words.
Again, Niche 5in the lower lith to | ook at flow and seepage,
Niche 6 in the lower non-lith to al so address flow and

seepage issues. Again, this is the first time we've seen
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| ower non-lith and lower lith in the underground setting. W
saw a little bit of lower lith in the ESF, but we're getting
much deeper in the section.

Then the cross-over alcove, again, that starts out
in the upper lith within the cross drift, but when you get
down to Niche 3, you're in the mddle non-lith. So you
infiltrate in the upper lith, but you' ve noving into the
m ddl e non-lith between there and N che 3.

Crest al cove, again |looking for flow under the high
infiltration area that's present at the crest, and again the

cross drift thermal alcove, thermal test within the | ower

[ith, because the Alcove 5 work is all done in the mddle
non-1lith.

This is just a schematic of what one of these
ni ches, one of the seepage niches in the cross drift wll

| ook I'i ke. We have an access, and then we have the
characteristic niche like you' re used to seeing in the ESF
itself at the back end, with the borehol es that we use for
liquid release tests. And also in the plan, we have a sl ot
cut simlar to what | described in Al cove 4 and Al cove 6 for
| ooking at fracture matrix interaction in the lower lith, as
well as the |lower non-lith.

NELSON: Where is that?

PETERS: One of these would be in the lower lith and one

woul d be in the lower non-lith, according to the current



© 00 N o o A~ w N P

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

57

plan. The lower non-lith would |ikely be at about 1620 or so
into the tunnel, pretty nmuch smack dab in the m ddle of the
lower lith that's exposed.

Moving on to Busted Butte, some of the results from
there. This is just a location map to show you here's the
bl ock, repository bl ock, show ng Yucca Muuntain and then
showi ng Busted Butte to the southeast of Yucca Muntain where
you get the distal extension of the Calico Hlls. And so
what we have is we have a very simlar section at Busted
Butte that we have under the repository, just significantly
t hi nner.

The | ayout of the Busted Butte transport test.
We're | ooking again at the Calico Hlls formation. W're
tal king fl ow and transport underneath the repository horizon
here. Previously, we' ve been tal king about above and within
the repository horizon. Here, we're belowit. The test
really takes place across three sub-units, the | owest
vitrophere within the hydrol ogi c Topopah, as well as the
upper part of the hydrologic Calico. So you' ve got two
vitrophere units and then the bedded tuff unit bel ow.

It's broken up into two phases--really three
phases; Phase 1-A, which is being done in the hydrol ogic
Calico, and that's primary four injection boreholes. Phase
1-B, which is two pairs of injection and collection

borehol es, and those are done in the upper vitrophere unit,
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which is a fracture vitrophere. And then Phase Il, which
exploits all three of those units on a nuch larger scale and
is a much | onger test.

Just sone results. Initiation of testing for both
phases was conpl eted on August 5th of this past year. |In
Phase 1-B, which is again in that fractured upper vitrophere
unit, we saw breakthrough of the fluorescein on June 16th,
whi ch neans we travelled 30 centineters in 30 days in that
fracture

For Phase 11-B, and for all phases, we're varying
the injection rates to get an idea of the sensitivity to the
flow and transport to injection rate. For Phase I1-B, which
is located in the |ower part of the Phase Il block in the
bedded Calico, we're injecting at 10 mlliliters per hour per
injection point, and we've seen breakthrough in three of the
borehol es to date.

Phase 11-C, a nuch higher injection rate, nore
superpluvial like injection rate. It's in the upper part of
the Phase Il block in the fractured vitrophere. There, we
initiated in August and we've seen breakthrough in two
bor ehol es.

And then for Phase Il-A, which is in the sanme part
of the upper part of the block, but at a rmuch | ower injection
rate, one mlliliter per hour per injection point, and we've

seen no breakthrough to date.
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For Phase I-A, which is, as | was describing it, is
the four blind injection holes, we're doing a mni m neback
as we speak. We're mning back, mapping the surface as we go
back, and it's probably six successive steps, and actually
using a black light to map how the tracer has travell ed.
That's going on as we speak in the field. So the results of
that, hopefully for the next neeting, you will hear nore
about that.

We did the overcoring on the Phase |-B boreholes.

That was the two pairs of injection and collection
boreholes. And we did a |lot of prelimnary observations
again with a black light to see where the fluorescein tracer
travelled. And in general, we found that the ingress of the
tracer was very consistent with what we thought we were going
to see fromthe breakthrough data.

I nplications for sone of the early results for flow
and transport. This is mainly focused on the results of the
overcoring of the Phase I-B. W're seeing a |ot of
interesting things in terns of providing insights on fracture
matrix interaction in that fractured vitrophere unit. And
also, we're finding that fracture fl ow does not occur in
these lithologies unless it's acconpani ed by substanti al
matrix flow, and this of course has inportant consequences
for transport beneath the repository. And we're working to

guantify the fracture matri x coupling, and incorporate that
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into the site scale nodels that we use for the SR LA process.
C-wel |l conplex results. This is a map, plan map
showi ng the layout of the Gwells conplex, with CG1, C3 and
C2. 1'Il refer to ONC#1, which is in this direction up
here, about close to 3,000 feet away. A nice schematic of
the stratigraphy of the CGwell conplex. The testing zone
mar ked here is the Bullfrog test zone. This is an over
slide, so this is when we were testing the Bullfrog. W're
actually testing the Prow Pass right now, which is this blue
ri ght here.
In ternms of the hydraulic tests in the Prow Pass,
we' re punping out of G2, and then we're observing in CG1, C
3 and ONC#1 as well. W' ve actually anal yzed sone of the
data and we've seen draw-down in G2 primarily from wel |
| osses, but we've seen response in C3, C1 and ONC#1, and to
date, the analysis yields the transmssivity that you see

here of 400 square feet per day and a storativity of about

. 001 between C-wells and ONC#1, which again is in this
direction.

And as a generalization, the Prow Pass test results
were applicable to | ow perneability tuffs at Yucca Muntain,

whereas the Bullfrog results, which were discussed in
previ ous neetings, are nore applicable to high perneability
tuffs.

In terns of conservative tracer tests in the Prow
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Pass, we're doing a forced gradient, partial recirculation
test. Here, we're punping in G2 and partially recirculating
back into CG3 and also injecting into CG3. W're injecting
iodine as well as a fluorobenzoic acid, and the results to
date have allowed us to estimate |ongitudinal dispersivity
between CG-3 and C-2, and that gives us a value ranging from
.0 to 4.5 feet for dispersion along the direction of the flow
path. But we aren't able to calculate transverse

di spersivity fromthis particular test because it's a forced
gradient test. W need a natural gradient test to do that.

Moving on to the reactive tracer testing, again
we're punping in C2 and partially recirculating back into C
3, and then injecting into C3. W're using mcrospheres of
different sizes, polystyrene mcrospheres to understand
coll oid response.

We're al so injecting both non-sorbing and sorbing
tracers, fluorobenzoic acid, chloride and brom de, both non-
sorbing, with varying diffusion coefficients, as well as
Lithium which is the sorbing el enent and has an internediate
di ffusion coefficient, and again sonme col ored spheres.

In terms of data today, I'll show a diagramin the
next slide that shows the breakthrough curves for the
different tracers. But today through close to right before
Chri stmas, recoveries have been 46 per cent for the

fl uor obenzoic acid, to 16 per cent for the sorbing Lithium
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W' ve seen evidence of matrix diffusion, and we'll
see evidence of that in the next slide. That's primarily
fromthe responses of the non-sorbing solutes with various
di ffusion coefficients, as well as the rebounds that you'l
see after we've had flow interruptions. And the Lithium
attenuation is consistent with the dual porosity concept of
t he saturated zone at Yucca Muntain

Lithiumsorption is slightly greater than we
observed in the lab tests, and that suggests that the |ab
sorption data that we're using is conservative as it goes
into fee the performance assessnment. And the m crospheres
are highly attenuated relative to the sol utes.

An exanpl e of breakthrough curve for the reactive
tracer testing, the brown is the fluorobenzoic acid, and then
the brom de and chloride with the different diffusion
coefficients, and then finally the Lithium which is sorbing
in this particular system and also way down here is the blue
and orange m crospheres that were injected.

Surface-based testing. Update on where we're at
with SD-6 and WI-24. SD-6, the current depth is 2541 feet.

W're in the Bullfrog right now at the bottom of the hole.

We encountered drilling difficulties. The planned depth is
2850 feet. In terns of the objectives that have been net to
date, those are listed here. W' ve obtained the planned

core. We've collected sanples for mneral ogy and chlorine
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36. We've got critical stratigraphy described down to the
base of vitrophere. That was inportant information for
design. And we've also conpleted |ogging to 2540 feet.

You can read sone of the objectives we have not yet
met. We have no water sanples fromthe regional aquifer at
SD-6. We've encountered the water table, but we have not
measured the water |evel yet quantitatively, and we haven't
done an aqui fer punping test.

We do have a plan in place now to go forward and
conplete that borehole to neet all the original objectives.

WI-24, we've conpleted the borehole to the planned
depth, but at total depth, we encountered perched water. W
punped the perched water. W took perched water sanpl es.

But at total depth, we're in a relatively tight portion of

t he regional aquifer, so we have not done a punp test. At
this time, we are denobilizing the equipnment. W would have
had to have deepened the hol e another 500 to 700 feet to even
have a chance of punping, and there was no guarantees that
we'd be able to punp it at that point. So at this point,

we' re denmobilizing the rig, but we're not precluding the
ability to go back and finish that, deepen that hole at a
|ater date if it's deened necessary as we go through the TSPA
process, up to SR LA

EBS pilot scale testing. W're doing a series of

EBS concept tests using a DOE facility in North Las Vegas.



© 00 N o o A~ w N P

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

64

Again, here we're denonstrating the performance of the
various EBS concepts at the field scale. W're actually
doing it at quarter scale to the current design, and we
started out with anbient tenperature tests, but there's plans
to go into elevated tenperature tests at a |ater date.

We're primarily focusing on how wat er noves through
the EBS materials, so we're using not only instrunmentation
within the Richard' s Barrier of the backfill, whatever we're
studying, but we're also using fluorescein tracer to try to

actually visually see how the water travels through the EBS.
We're varying infiltration rates. R ght now, we're
primarily running at very high infiltration rates,
superpluvial type val ues, but we do have plans to maybe | ower
those to nore |ike present-day val ues.

As we do these infiltration tests, after we're
finished with the test, we're actually going to go in and
physically start to pull the material out, and not only
characterize the material, but also try to observe the
fluorescein path. |It's going to be artful to go in there and
do that, but we're going to try to go in and characterize how
the fluorescein has travelled. W're doing these in test
canisters. There's a diagramat the end that |ays out a
schematic of what one of these canisters |ooks |ike.

We've initiated Canister 1 in md Decenber. That's

ongoi ng as we speak. The EBS concept there is a Richard's
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Barrier. W have a nedium sand over topical coarse sand, and
we're again at anbient tenperatures and superpluvial type
rates.

We just started test Canister 2. That is a coarse
sand backfill. The coarse sand is the sane coarse sand that
we're using in Canister 1 for the Richard' s Barrier. And,
again, we're at anbient tenperatures and the sane
superpluvial rates. That's just starting.

CRAIG That's a tinme warning. You're now cutting into

your question tine.
PETERS:. |'m al nost fi nished.

Ri ght now, the plan for test Canister 3, which
we'll initiate later in February, is another Richard's
Barrier, this tinme fine sand over coarse sand, simlar
configuration to Canister 1, but different hydrologic
properties, different materials, different hydrol ogic
properties.

This is a schematic of what these test canisters
| ook I'ike. They're large nmetal canisters with a clear
plastic tube in themwhich is neant to be |ike the waste
package. They sit on pedestals and then we enplace in this
case the Richard's Barrier over top of that. This is an open
tube that we can run canera in and things like that to
actually see if we can visualize the fluorescein contacting

the canister. Again, we have instrunentation throughout the
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fill to understand how the water is nmoving through the fill.
We al so have wicks on the side of the canisters that al so
nmeasure and hel p us constrain how the water is noving.
Right now, in test Canister 1, we've been
infiltrating since md Decenber, and we're seeing a | ot of
wi cking of the water with these wi cks over here. W see no
failure of the Richard's Barrier today. |It's actually being
diverted by the Richard' s Barrier
| believe that's all | have. The rest is backup.

CRAIG Thank you very, very nuch, Mark. Questions from
the Board? Priscilla?

NELSON: Nel son, Board. 1've got two questions, Mark.
The first is what paraneters about the sand are you
controlling in your experinmental work in terns of the sand
itself, in addition to | assune there's a grain size? Wat
about m neral ogy or |ithol ogy?

PETERS: It's just an Overton sand, it's a straight
guartz sand.

NELSON: It's pure quartz sand?

PETERS: Yes.

NELSON: And are you planning on varying that at all, or
staying with only quartz sand?

PETERS: Right now, they're mainly concerned with
varying the hydrologic properties of the sand. Are you

getting at the chem stry? They're going to vary hydrol ogic
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properties, so the test Canister 3 will use a different sand
with a different hydrol ogic property, set of hydrol ogic
properties.

NELSON: Ckay. But there's no investigation |ike of the
matri x characteristics of sands that have sone porosity in
their grains as well?

PETERS: Well, they're neasuring that in the [ab. [|I'm

not sure if |I'manswering your question.

NELSON: |'mnot sure either. It seens like it's
i nportant, and when people say backfill, lots of tines in the
m nd we get backfill and Richard's Barrier sort of get used

i nterchangeably, but they're treated quite separately in this
st udy.

PETERS. They are, yes. And | guess to try again,
they' re characterizing the hydrol ogic properties of the sand
prior to the test.

NELSON: O the bul k sand, though?

PETERS:. For Canister 1, they had a nedi um sand.
They' || characterize that. And then they have a coarse sand,
it's the lower part. They'll characterize that separately.

NELSON: Ckay. Let nme ask you this. In Alcove 7, was
there a seal-off and waiting for re-establishnent of anbient
hum dity?

PETERS. Yeah, there was a dual bul khead set up down

there. It returned to anbient very quickly, and we didn't
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see any evidence of any dripping into Al cove 7, although near
the fault, we m ght be seeing sone response now, but it's a
little early to tell.

NELSON: That would be very interesting. You can tel
me who to followup with on that, and to see how the rock is
responding as well in terns of regaining of humdity.

PETERS: Sure.

NELSON: And just finally, in Alcove 1, is the Lithium
brom de concentration in the caught water matching the
Li t hi um brom de concentration of the injected water?

PETERS: | don't know the answer to that, to be honest
with you. | can find out, but I don't know.

NELSON:  Thank you.

CRAIG (Ckay, we now have Dr. Sagliés, Knopnman and
Runnel | s on deck. Al berto?

SAGUES: Thank you. On the drift scale thermal test,
how is the gas chem stry com ng along? Specifically, howis
t he oxygen partial pressure inside?

PETERS. Inside the drift?

SAGUES:  Yes.

PETERS: |It's atnospheric. The O2 levels within the
drift right now are very nuch |ike what they are in the ACD
out si de.

SAGJES: Woul dn't one have expected conpl ete steam

spar gi ng by now?
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PETERS: Well, yes, | think if you had a seal ed
bul khead. | think part of it is that bul khead is not a
pressure bul khead. |It's not hydrologically sealed. | think
we're getting comunication across the bul khead. That's
partly why | think we're not seeing--yes, because you'd
expect the air mass fraction to change significantly as you
heat, but we're not seeing evidence of that as of right now

SAGJES: So you're getting about 20 per cent oxygen?

PETERS: Yeah, 18 per cent.

SAGJES: And the water vapor is--what fraction woul d
t hat be?

PETERS: W haven't done any neasurenents of water vapor
fraction in there as of yet. W're neasuring primarily Q2,

CO and CO2, but | believe there's efforts underway to start
measuri ng water vapor fractions.

SAGUES: | see.

PETERS: W're not doing it yet.

SAGUES: Are there any plans at all of closing any

section of the east/west drift to attenpt to detect seepage

in the actual drift |ocations, as opposed to just an al cove?

PETERS: Right. W're actually putting together--we're
working on a plan to try to bring--1"Il give you a bit of a
bi gger answer than just the question. W're working on a

plan to bring forward the crossover alcove and Niche 5

excavation, and starting drilling into 99. W're trying to
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bring that forward fromO0O into 99, and the context of that,
we're starting to look at do we want to possibly bul khead off
part of the cross drift under the high infiltration area.
That's sonmething we're exploring. W haven't really cone to
any conclusions yet. But the crest alcove was neant to be
just that, in the lower lith under the crest, we would
bul khead that off, and then that would be |ike Al cove 7, but
we'd be in the lower lith under the high infiltration area.
But there has been sone di scussion of possibly bulking it
off, but we're just in the discussion stage.

SAGJES: It would seemthat closing off a section of the
cross drift, a couple hundred neters, sonething |like that,
woul d give a unique opportunity to observe how drips occur

within the tunnel

PETERS: Right. And like | said, we've started, in the
| ast month or so, we've started to think about that.

SAGUES: Ckay, thank you.

KNOPMAN:  Knoprman, Board. You went through--you had by
necessity to go through this material pretty quickly. [I'm
wondering if we could just quickly turn back to the results

that you summari zed for Busted Butte?

PETERS: Sure.

KNOPMAN:  Because | just want to nake sure | understand
what the inplications are of the flow rate that was

calculated for the fluorescein tracer. That's a centineter a
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day. This is Page 32.

PETERS. Yes. That one?

KNOPMAN:  Right; a centineter a day. What happens to
that result? Wat do you do with that now? It seens to ne
that's fast.

PETERS: We conbine that with the overcore results. W
had snapshots as we collected the pads through tine. At the
end, we overcored, so now what we see, particularly in this
particul ar case, is everything is covered with fluorescein.
But what we have here is we have initial breakthrough, and
then as we collected pads as a function of tine, we've got a
snapshot of how that breakthrough changed in terns of down
t he borehole, and the nature on the pads. So we just take
t hi s breakt hrough and then the subsequent collections, as
wel |l as the overcore results, integrate that into an
under st andi ng of how the tracer flowed through the fracture
vi trophere.

KNOPVAN: Wl |, what did you think--what kind of rate
had you expected?

PETERS: That particul ar breakthrough |I believe was a
little bit faster than we predicted. W've been on both
sides in terns of predictions for Phase | and Phase I, we've
bot h under and over predicted, but they' ve been wthin
reason.

KNOPMAN:  Ckay. And if you can just clarify for ne one
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ot her question here?

PETERS: Sure.

KNOPMAN:  Not just Busted Butte results, but in sonme of
t hese ot her al cove studies where you're |ooking at flow and
transport, where are you or how are you trying to quantify
relative flow vol unes between matrix and fractures? \Were
does that nunber conme out fromthese various studies, or
where are you going to get sonme better statistical handle on
how much flow is going through fractures?

PETERS:. | think fromthe fuel testing perspective, one
of the keys are the Alcove 6 work that | tal ked about, the

fracture matrix interaction stuff fromthe mddle non-1lith.

Also, | think the Alcove 4 work in the Paintbrush non-wel ded.
Those ares really key to understanding at a sort of neter
scal e how things are partitioned between fractures and

matri x.
KNOPMAN:  And right know, what's your hypothesis about
that? You re presumably going in with sone hypot heses for

t hose studies. Wat's your hypothesis?

PETERS:. In the Paintbrush non-welded, it's dom nated by
matrix flow. It's not a fractured unit. It's a bedded tuff,
and it's dom nated by matrix flow. One of the inportant

things we need to understand is how faults inpact that matrix
dom nated system The case of the Topopah, it's a fractured

unit, we expect to see significant fracture flow, and we did
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in that test.

KNOPMAN:  So in Topopah, what woul d be the percentage--

PETERS: | can, based on the field observations in the
hi gh perneability zone, there was nore than 50 per cent of
the water that we injected went through the fractures.

KNOPVAN:  Ckay.

RUNNELLS: Runnells, Board. | just want to thank you
for an excellent presentation. That's a huge anmount of
material in a short tine.

PETERS: Thank you.

RUNNELLS: | also want to endorse the possibility of
closing off some portion of the east/west cross drift and
doi ng sonething sinple Iike | ooking at the back to see if it
drips, a good opportunity. But ny question concerns
comuni cation. | continue to struggle with how the various
conponents of the investigations comunicate with each other.

You have a huge anount of very basic scientific information
you' ve given to us, and we heard earlier from Paul Harrington
that within the engineering group, there is a nodeling group
t hat kind of goes out and asks for the information they need
to come back on the engineering side. Can you describe to us
how you see this vast anount of basic information feeding
into, being used by the engineers for designing the
repository and the canisters?

PETERS. | can speak--that's a big question. | was
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hopi ng you were goi ng down the path of howis this used in
t he process nodels for the natural system
RUNNELLS:  No.
PETERS: | didn't think so. Well, a lot of the anbient
stuff, the seepage work, | mght defer that to sonmebody in
t he audi ence.
CRAIG Okay, |'mlooking for sonmebody from DCE.
PETERS:. But Paul, you can take a stab, or do you want
me to take a stab and you can follow it up? O Jean, maybe.
SNELL: Dick Snell with the M&O, the engineering group.
| think I can answer your question, at least in part. But
woul d you restate for ne briefly, was it how do we get the

scientific information into the engineering activities, in

essence?
RUNNELLS: That's right, especially in terns of a
conpressed tine frame. That plays into it.

SNELL: Ckay. We have an EBS, engineered barrier system
group within the subsurface design organi zation. That was
set up about a year and a half ago, | think, something |ike
that, maybe a little bit longer. That's the group that Jim
Bl i nk has cone out of, and that's the engineering interface
that Paul Harrington nentioned, | think, with the scientific
community with PA, and it was set up with the purpose in mnd
of first of all, making sure that the performance assessnent

nodel s accurately reflect the engineering designs, and
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secondly, a vehicle for getting information fromPA and from
science into the engi neering designs.

The EBS organi zation still exists, reports to Cal
Buttacheria of subsurface design. Specifically, sonme of the
testing for the last thing that Mark covered on the EBS
testing facility, that testing was planned with the EBS
organi zation working with representatives fromall the |abs
and the scientific community. A test plan was devel oped with
inputs froml think all four of the national |abs, USGS and
some of the designers fromEBS, and is being inplenented with

t heir inputs.

Wth regard to data com ng into the design process,
a couple of things. First of all, we have with the EBS group
that Blink was in, an interface between PA and design, which

i S ongoi ng over about a year and a half or so, and |
menti oned especially we have on our alternatives group a
representative fromthe PA organization. W have a

representative fromthe scientific organization, from NEPO

The designs, as you al ready understood, and there
was a conment earlier fromJared Cohon, | think, about how do
you reflect the site, the designs are all based on the site.

The whol e premi se for design is what does the site | ook
i ke, what are its characteristics, and so forth.
So engineering uses scientific data that's in the

dat abase that the project maintains. Data is fed in
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regularly fromall the testing organizations, as well as

t hose that are doing nodeling and | aboratory testing. It
goes into the technical database, and it's extracted fromthe
dat abase for use by engineering, and that's a routine

mechani smthat we have.

For our alternatives work, we'll use the database
to the extent that we have the information we think we need,
but recognizing that testing is ongoing, there's a delay in
getting into the database, we go out and ask for it, so that

the representative we have from science is available to us.
We can request data, recent data fromtests, interpretation
of test results, so we can incorporate it into the PA nodels
and into design rapidly, if you wll.
| guess in summary, | would say that the interfaces
are continuous and ongoi ng, and they've gotten substantially
better over the last year to two years as we've gone forward
and as the project has changed a bit inits texture from pure
scientific investigation to one of a conbination of science
and engi neeri ng.
Does that hel p?
RUNNELLS: That helps a lot. Thank you.
SNELL: Ckay.
PETERS. There's another specific exanple, too, that I
t hought of as | was sitting up here. Thermal testing data,

for exanple, the repository design group is in a |ot of cases
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taking that data directly and conparing that to their nodels.
So there's free data transfer. |I'mnore famliar with the
thermal test, but there's free data transfer between
repository design and the science side to help themconfirm
their nodels that they use for drift stability, et cetera.
That's kind of an exanple of sonme of the things.

PARI ZEK:  Pari zek, Board. The |ast question dealt with
the pile of information already at hand and how that factors
into design. On the other hand, the license application and
design selection process is on a fast, fast, fast track. The
year 2001 is right around the corner, and the hairy head of
LA is 2002, and then | look at Figure 25 that shows niches,
ni ches, niches, niches, and | understand we're going to
probably get going in 1999 with the cross drift seepage
experinment. So there's a lot of data in 70 per cent of the
rock mass that probably is needed in design. It may not have
sci ence backing for it, and so the question is how fast wll
t hese areas of the niche experinents get programmed in with
the vital information to cone out of those? |If that doesn't
happen till 2001 or 2002, you know, then we hope there's
delays in the |icensing process maybe in order to--

PETERS: They're avail able as confirmatory information
as we go into the LA, but you're right, they're not, as the
design freezes here really in fiscal year '99, there's

testing information comng in beyond that. That will be used
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as confirmatory for design

PARI ZEK: Design freezing doesn't nmean there won't be
opportunity to make changes.

PETERS:. Sonebody el se can address that nore than | can.

| think the answer to your question is yes. But the data

will continue to collect and we can provide confirmatory
information to the design, and |i ke you noted, we are
bringing things forward and trying to prioritize what we feel

is nost inportant to do first in the cross drift.

COHON: Cohon, Board. Your Figure 25 showi ng the cross
drift showed two Solitario Canyon alcoves. | don't recal
you sayi ng anyt hi ng about what you're going to do there.

PETERS: Yeah, | forgot to nention that. Right now, the
al coves, we're no | onger planning on excavating al coves.
What we're thinking of doing is drilling | ong boreholes to
explore the west splay of the fault. Renmenber the TBM
st opped short of the west splay of the Solitario Canyon. W

cut through the main splay, but we stopped short of the west

splay. So we would drill forward with | ong boreholes to
explore the west splay, and possibly drill angled back to

| ook at the main splay further fromthe excavation. W
aren't planning--the original plan called for 50 neter |ong

al coves. W would probably use a drilling niche and drill
al ong the borehol es.

COHON:  What were you going to do in those al coves?
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PETERS: Borehole testing across the fault akin to what
we' ve done in Alcove 6, the CGhost Dance, primarily instrunent
across the faults, basically nmeasure tenperature pressure,
relative humdity across the fault zone, hydrol ogic
noni toring, and al so take sanples for |ooking for tritium and
other tracers that mght tell us something about the flow
pat hs.

NELSON: Nel son, Board. Mark, the panel that we heard
fromearlier that Tor Brekke was the chair of has sone
recommendat i ons about investigations of the disturbed zone.

PETERS: Ri ght.

NELSON: Wth recomrendation to do sone testing, either
di rect measurement or nodul us or some sort of surface

seismc, be it sheer, conpressional, do you have any plans to

do those at all, considering that that can fit into support
desi gn?

PETERS: | have not seen the report, so in general, |
don't think we've really addressed what's in the report,

whet her we have it in our program | wll say that as we go
into the ECRB, we are going to be doing drill and bl ast,
which we're going to eval uate excavation effects fromthat.

We're going to drill and blast the accesses to these al coves,
and then mechanically excavate the actual test beds. So we
are going to look at effects of excavation technique on air

pernmeability. That's the focus.
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NELSON: On air perneability. So how are you going to--

PETERS. Right now, | can't really speak to how we're
going to address the report on tunnel stability.

NELSON: And you're going to do air pernmeability by
punpi ng out of boreholes, or what?

PETERS: We inject air and do single hole and cross-hole
tests.

KNOPMVAN:  Knopman, Board. Wuld you, Mark, revi