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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ 4+ + + +
ADVI SORY COW TTEE ON NUCLEAR WASTE ( ACNW
169t h MEETI NG
+ 4+ + + +
VEEDNESDAY
APRIL 19, 2006
+ 4+ + + +
ROCKVI LLE, MARYLAND
+ 4+ + + +
The Advisory Commttee net in Room1l GL6 of the
U.S. Nuclear Regulatory Comm ssion, One Wite Flint
North, 11555 Rockville Pike, Rockville, Mryland, at

8:30 a.m, Mchael T. Ryan, Chairman, presiding.

PRESENT:
M CHAEL T. RYAN ACNW Chai r man
ALLEN G CROFF ACNW Vi ce Chair man
JAMES H. CLARKE ACNW Menber

WLLIAM J. H NZE ACNW Menber

RUTH F. WVEI NER ACNW Menber
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PROCEEDI NGS
(8:32 a.m)

CHAI RVAN RYAN: Good norning. | think we
will cone to order please. This is the second day of
the 169t h Meeting of the Advi sory Committee on Nucl ear
Waste. M nane is Mchael Ryan, Chairman of the ACNW

The ot her nmenbers of the Cormittee present
are Allen Croff, Vice Chair, Ruth Winer, Janes
Clarke, and WIIliam H nze.

W have a panel of invited experts today

that will be giving us presentations on matters that
Professor Hinze will discuss in a mnute. And that
will be today's working group session.

|"m not sure who the Designated Federal
Oficial is. ©Ch, John Flack is the Designated Federal
Oficial for today's neeting.

W have received no witten coments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's session. Should
anyone wi sh to address the Conmittee, pl ease make your
wi shes known to one of the Conmttee staff. It is
requested that speakers use one of the mcrophones,
identify thenmsel ves, and speak with sufficient clarity
and vol une so they can be readily heard.

And it is also requested if you have cell
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phones or pagers that you kindly turn them off.

Let ne turn the neeting now over to
Prof essor who is going to | ead our technical sessions
this norning and early afternoon on matters related to
Yucca Mount ai n and i gneous activity. Professor Hi nze?
Thank you very much

MEMBER HI NZE: Thank you, Chairnman Ryan.
As M ke Ryan has said, we will be hearing this norning
t hree briefings on updating of activities at the Yucca
Mountain site, two of them by representatives of the
Depart ment of Energy and one fromthe Nye County.

W will start off with an update on the
Yucca Mountain activities by Scott Wade who is
Director of the Ofice of Facility Qperations and
Scott you will be discussing with us, as | understand
it, the Infrastructure Inprovenent Plan. |Is that
correct?

DR WADE: That's correct.

CHAI RMAN RYAN: Scott, just for the
record, we do have sone partici pants on the conference
phone. So if | may, for the record, just ask the
folks around the conference phone to identify
t henmsel ves for the recorder and then we will turn
right back to you. Thank you for the interruption.

VR. FITZPATRICK: This is Charlie
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Fitzpatrick, State of Nevada. Can you hear ne?

CHAI RMAN RYAN: Just fine. Can you hear
us all right?

MR. FI TZPATRI CK:  Yes, thank you.

CHAI RVAN RYAN: All right. Thank you.

DR WADE: Do we need to have the
m crophone on here?

CHAI RMVAN RYAN: Yes. The red part needs
to be show ng.

DR. WADE: Ckay, great.

Good norning. M nanme is Scott Wade.
amthe Director for the Ofice of Facilities
Operations, the Departnent of Energy's Ofice of
Cvilian Radi oactive Waste Managenent. And |I'm here
today to di scuss site safety upgrades and i nprovenents
going on at the Yucca Mouuntain site.

Vell, why am | here? To try to
comuni cate to you what the departnment is doing at the
Yucca Mountain site, how we are focusing on inproving
the status of the systens at the Yucca Mountain site.

Qui ck i ntroductory about ny organi zati on,
the Ofice of Facility Qperations is responsible for
not only the Yucca Muntain site, including the
exploratory studies facility tunnel, but all of the

facilities within Yucca Mountain including our | eased
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facilities in Las Vegas, our new one we are about to
open in Pahrunp, facilities in Washington, D.C as
well. Qur major charge is to ensure that they are
mai ntained in a safe and reliabl e neans.

Turning to the second slide, we focus on
the Yucca Mountain site facilities. | know that you
are very well acquainted with these facilities but
this consists of the exploratory studies facility, the
ESF tunnel, eight mles of tunnel that we devel oped in
the "90s, the facilities in both the north and south
portal, the utility systens that support our
activities within the tunnel: water, power, sewer
ventilation, et cetera.

|"m going to focus a great deal of tine
this norning talking about what we are doing wth
t hese systens. The paved and unpaved roads that
support activities at the site, parking and
present ati on areas, our bore holes, trenches, and t est
facilities, we are accountable for rmaintaining and
operating those as well, as well|l as | ay-down areas for
equi pnent .

Next slide please. W focus now on the
north portal facilities. It consists of two pernanent
structures. | was expecting a slightly different

slide so |'ve got a laser pointer but |"mgoingtotry
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and use one of these where you can see it here. So |
apol ogi ze --

CHAI RMVAN RYAN: |'m sure that everybody
can see it because we can see it behind you. So I
t hi nk everybody has a view. If you just describe it,
| think we'll be okay.

DR WADE: kay, |'Il do that. 1In the
upper picture there is an aerial shot of the north
portal of the exploratory studies facility. It
consists of 121 structures and two permanent
structures. The two permanents, of course, are -- |I'm
just going to use the | aser pointer, the change house
and the swi tchgear building right there.

And then tenporary structures consisting
of trailers, cargo containers, seal/land containers or
Conex shops, whichever term nology you are famliar
with. And then two sprung structures. These are
| am nar covered, plastic covered tent structures we
use for material storage. | have approximately 225
full -time enpl oyees stationed out the Yucca Muntain
site.

Next slide please. W focus a great dea
of funding -- and, again, to answer the question why
am | here, the Departnents focus a great deal of

funding starting in 2005 and pl anni ng t hrough 2008 to
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invest in the condition of the ESF systens. W focus
gquite a bit on the underground. The next three slides
are going to focus on the underground systens.

Next please. Underground el ectrical
mai nt enance, as with all of the systens, we've done
detail ed assessnments to make sure we understood the
conditions of these systens, understood what needs to
be prioritized for nmintenance and operations.
Electrical is a great exanple. W did an assessnent
back in 2004 that led us to wanting to invest a great
deal of tinme and energy in naintaining the system

Now the wunderground electrical system
consists of 13 of these itens. These are m ne power
centers, the large orange units you see there in the
picture. These are stationed at various |ocations
within the ESF tunnel. Wat you have is 12,000 volt
power |ines that cone into them You have a dry air-
cooled transfornmer within the unit. And you have
breaker boxes. W needed to nake sure that we are
doi ng effective nai ntenance of these units. This
actually required us to shut down underground
activities, you know, to limt tours for about a six-
nmonth period as we went through and systematically
mai nt ai ned each and every one of these.

Now a little bit later | amgoing to talk
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about sone nore planned activities in 2008. And one
of those planned activities has to do with further
work on the underground electrical maintenance
conmponents. And that includes the platformthat you
see on the left.

The original design for the underground
el ectrical system had us actually cutting out smal
niches for these transformer units. Instead, they
were nounted up above grade so that that platform
projects out, you know, kind of from the position
where the canmera is looking right nowis where the
tunnel train would be. And it creates very limted
access.

Sol will talk alittle bit nore about how
we are going to fix that but | wanted to focus on t hat
for a nmoment. W did get all of our electrical
mai nt enance conpl eted at the very end of cal endar year
2004 and the very beginning of fiscal year 2005. W
are now in a three-year mai ntenance cycle for it.

Next slide please. W don't want to just
assume t hat everythi ng has been adequately planned in
the "90s for things that needed to be installed. One
of those great exanples is our fire detection alarm
system W did an update to our subsurface fire

hazard analysis in 2004. And identified that we
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needed to reduce ri sk by putting sonme systenmati c neans
of detecting fires within the underground.

There i s not much that can burn withinthe
ESF tunnel, you know but that doesn't nmean that there
isn't conbustible materials within it, the cabling
certainly is, the conveyer belt, which I'll tal k about
in a few nonents, while flanme retardant, is
conmbusti bl e.

Sone of the material in what we call our
301X areas where we had poor ground, particularly
newer the surface where we have cribbing material,
wood cri bbi ng, excel sior, hay, and such. All of these
t hi ngs are conbusti bl e.

Qur subsurface fire hazard analysis
determ ned that we woul d be best suited to find sone
systenati c means of detecting fires in the underground
and al arm ng surface firefighting personnel.

So we started deploying this. It starts
at the north portal. W are currently about halfway
t hrough the tunnel. W have done zones 1, 2, 3, and 4

and are focusing on zones 10 and 11 within the cross-

strip. Every 25 feet within the tunnel, we've nounted

a tenperature sensor that alarms back to our
changehouse which then alarnms all the way back to

nmercury to the firefighters. So that if we have
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changes in the anbient tenperature, we would be able
to detect those, there was sone indication that there
was a fire event.

The inportance then is then you can
trigger the conmunication systemand tell underground
wor kers which way to egress. So we intend to continue
the installation of this the remainder of this fiscal
year and conplete it in early next fiscal year.

Next slide please. Underground lighting
-- this again listens to some of our craft personnel.
They identified the very early part of this decade
t hat we needed to do sone i nprovenents to the |ighting
system The lighting systemwhen originally installed
led towards |low maintainability, led towards early
failure rates.

To make sure that -- and again in the
event of an underground fire or sone reason for egress
for the site, you want to make sure the peopl e can see
clearly to get out of the tunnel. So we have been
goi ng through and upgradi ng the underground |ighting
systemto nmake sure it is reliable.

W are doing this actually as we are
installing the fire detection alarm system And we
will conplete that again early next year.

Next slide. Ventilation system-- we have
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a series of ventilation fans that provide the air flow
for the workers. Many of those fans were installed in
the "90s, have been operating since installation.
Wat we wanted to do was again, achieve two
obj ectives. One, nake sure that they are reliable and
have sone predictive nmeans of identifying when there
is a fan failure.

So the first thing we've done is installed
t enperature and anperage alarns with each of the fans
systens to give us a nmeans of identifying if there is
an immnent failure comng. And then we have al so
ordered some new fans that will have | ower noi se so we
can reduce the noise zones around the fans.

Some of the fans that were originally
deployed -- and | believe this is fan three in the
north ranp -- also weren't configured in a way that
woul d al l ow for easy maintainability. So the new fans
will also be much nore maintai nabl e.

Bet ween these two efforts, it is going to
allow for the systemto be a |lot nore operable in the
com ng years.

Next slide. Gound support -- the ground
support shown here basically the two main types you
are going to see within the tunnel, the upper |eft-

hand i s where -- deeper in the tunnel where the ground
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is very conpetent, you have m nor ring steel near the
crown and then match nostly for safety purposes.

The | ower slide shows particularly nearer
t he surface where you have nore consol i dated ground,
where you have a great deal nore of the ring steel
You have the steel |agging between. And behind it you
can even see -- in the picture it is kind of right
there -- that is some of that excel sior.

This is probably one of the 301X areas.
And |I'm not sure exactly which of the areas are
phot ogr aphed here but behind that, you will find wood
cribbing. You will find sone of the excel sior that
goes to sone of the fire load issues we wanted to
address in multi-year.

W' ve had ground support nonitoring going
on since installation and we have continued that.
What we have done in the past year is augnented it.
W have conpl eted sonme additional ground support at
278 locations in the underground.

W have conti nued our convergence as wel |
as ground support inspections. And we are planning --
and again in multi-year to address the fire |oad
behi nd sone of these 301X areas.

Next slide. Conveyer belt system-- the

conveyer belt was deployed in the "90s to support TBM
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excavation. And we haven't operated it since 2001.
The conveyer belt itself while flane retardant still
is conmbustible. And again in our subsurface fire
hazard anal ysi s, the engi neers have determ ned that a
desi gn basis event for sone sort of tunnel fire could
consune a section of the conveyer belt, producing
t hi ck dark snoke.

What we wanted to do was reduce risk from
that so starting this fiscal year, we have been
removi ng the conveyer belt system W started by
removi ng the surface sections. So if you were to go
out to the ESF site today, that surface section that
you see in the picture there comng out of the north
portal of the tunnel is conpletely gone.

The subsurface sections within the cross-
strip we have conpl etely renoved. And now are worKki ng
our way through the rest of the tunnel to renpve the
belt first and then the supporting structures |ater.
And all the material is now being maintained up at a
| ocation called our subdoc. So we haven't gotten rid
of the belt. W're just renoving it to provide for
enhanced safety.

Next slide please. Future subsurface
upgrades -- you know | nentioned a little bit earlier

about things we want to do. One of themis to address
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those pinch points on our underground electrical
system Maintaining the systemwas first and forenost
our objective. Now what | want to do is reduce risk
for operations of our tunnel rail |oconotives for
personnel transport, for material transport.

So what we are |looking at starting in
fiscal year 2008 i s reworking the electrical systemin
t he underground, probably cutting in the niches that
were originally planned so that we can drop those nine
power centers to provide for greater safety for
under ground personnel access.

To do that, we al so want to go under ground
and inprove the rail. |If you have been on the rail,
it was not installed to its original design. W have
what is called a floating head for our rail system
It is not fully secured so the gauge wanders sonewhat .
This leads to derails.

Now we have been addressing everything
that we have through nmitigations. One of them has
been a speed nitigation for our |oconotives. They
can't operate at any speeds greater than ten m | es per
hour in the underground. Wat we want to do in 2007
is goinand grout the rail, pernmanently secure it to
the invert such that the risk of derails is

dramatically | owered.
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Once we conplete our entries into the
cross-strip -- I'"'msorry -- into the Alcove 5 Heater
Test, we are going to denobilize that in 2007

W are also | ooking to renove the smal
TBM we have at the very end of the cross-strip. They
conpl eted excavation back in 1998. It has been there
since. W actually brought in the Col orado School of
M nes recently to go and access its condition. And we
are looking in 2008 to renove the TBM and probably
access it through our property access requirenents.

Next slide. Let ne turn to surface
facilities for a few monments and tal k about what we
are planning on the surface. On this particular slide
here -- and | apol ogi ze to those that nmay not be able
to see the pointer here but | wll actually hit a
coupl e screen so that people can see the sane things.

Agai n, we have a shot of the north portal
of the ESF. And right about there in the center of
the picture is our heavy equi pnent mai nt enance area.
And right -- boy, ny hands are shaky this norning --
right about thereis atrailer. At the very begi nning

of February this year, we had a fire at the north

portal. Qur work crew arriving on a Monday norning at
six in the norning -- and, again, in February it is
still very dark at six in the nmorning -- saw | ow | ying
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snoke.

What had happened over the weekend shift,
since the site is not nmaintained with personnel 24/7,
during the weekend the heater unit within that trailer
had caught fire. It fully consunmed that trailer. It
al so destroyed an associ ated Conex shop and danaged
two others. It also damaged the electrica
di stribution panel that was right next tothe trailer.

Vell, this is a great exanple of one of
the risks that we are trying to reduce. And |I'm going
totalk in a few m nutes about a planned fire station
we are going to deploy starting this fiscal year and
conpleting it early next fiscal year.

But the firerisks onthe north portal are
addressed through fire response that cones from
Mercury, which is 45 mnutes away. None of the
trailers, Conex shops, the sprung structures, none of
themhave fire detection units. Only two of the north
portal structures, both the changehouse and the | arge
CMO trailer, large construction trailer right there,
have sprinkler systems. So we have a fire risk we are
trying to address.

Let me turnto the next slide. One of the
t hi ngs that happens if you conme out --

MEMBER HI NZE: Where do you get your water
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fron? Do you have wells there on the site? O is
t hat shi pped in?

DR. WADE: Yes, we do. W get our water
fromwells J12 and J13. There is a piping systemthat
brings it all the way up to the north portal pad to
two storage tanks up on Exile Hll. They are then
pi ped down on to the ESF area for operations and there
are also hydrants for fire response.

MEMBER HI NZE: Thank you, Scott.

DR. WADE: \When people conme out to visit
t he Yucca Mountain site, they arrive at this | ocation.
This is Gate 510. So this is the very entry on to the
Nevada Test Site in the far southern and western edge
of the Nevada Test Site.

If you arrive there and you have
appropri ate badgi ng i n hand, you the proceed up to the
north portal to the ESF to check in. This is about 30
mles fromthis location. One of the things we
identified is that that is a long drive fromthere.
W have had peopl e that have gotten |l ost. W have had
peopl e that have gotten into areas that they shoul dn't
get into because there are other NIS activities
under way.

What we wanted to do was to reduce risk

and to optim ze our security components. So one of
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t he things we recogni zed early onis the very limted
capabilities of Gate 510. It is only a ten by ten
foot guard station nmanned by Wackenhut Security.

It has no utilities there. It has no
ability to issue badges so if you don't have a badge
with you, they send you back to Gate 100, which is
about -- you would have to go down US 95, which is
probably about another 30-mnute drive to check in.
And then another 30-minute drive to return back to
Gate 510.

It has no nmeans of tracki ng personnel even
if after they have been badged fromthe point of
access to their point of activities. It has no ranch
control capabilities. That is our access control
function we perform at Yucca Mountain where we track
where everybody is performng their field scientific
activities. Depending on how renote they are, we have
requi renents that they check in by radio. W nake
sure that they are issued the appropriate radi os and
conmmuni cati ons devi ces.

Vll, to address this -- next slide -- we
are planning to construct a new 9,300 square foot
facility adjacent to Gate 510. Its mmjor function is
security and in access control. Wat you would find

at this location when conpleted is you would arrive
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there, you could issue your badges. They would be
able to verify your training before you go out in to
the field.

W have a large training roomthere so
that if you didn't have your training, we could give
you the training at the location. W would track then
where you went within the Nevada Test Site.

W woul d also be tracking all hazardous
mat eri al s | oads and activities com ng on to the Nevada
Test Site. W actually have started sonme initial dirt
work to relocate the guard station to create a safe
work zone. Sonetine within the next few weeks, we
will be releasing a procurenent for design build for
the structure.

It is funded this year and we hope to have
conpletion by the end of this calendar year, early
part of next calendar year. What you see is a
conceptual design that we have conpleted so far. It
gi ves you kind of a sense of the site layout and site
el evati on.

Next slide. Site access road -- nost of
the utilities and things on the Nevada Test Site that
Yucca Mountain has been working with during site
characterization were originally developed by the

Nevada test site and its support contractors often
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decades before. The roads is a great exanple.

This is a picture of actually Jackass
Fl ats Road com ng towards Area 25. And as you can see
from this particular shot, there are a lot of pot
holes init. There is a lot of uneven road surfaces.

Vell, you know, of ny laundry list of
worries | have on a daily basis, one of my worries is
t hose 225 folks that conme out to work at the Yucca
Mountain site, making sure that they get out there
safely.

W bus them out there but we worry about
the road condition. W went and did a detailed
assessnent of the roads, determ ned that nost of the
roads are probably constructed in what is called hil
and dale road construction. |In other words, they
graded the area then they asphalted over it. There is
very mnimal sub bed.

You can drive on the roads and | ook over
and notice that the desert surface, in sone cases, is
actually elevated above the road structure. So you
have washouts frequently in many of the areas. So
what we are looking at is a nmeans of providing for
better and nore safe road access for our work crews.

Next slide. Wat we are studying and what

we have created is a draft environnmental assessnent

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

22

that is looking at two alignnments for road. Again,
what you see here -- and it is easier in the handout
and | apol ogize to those in the audience -- is a nap
of the Nevada Test Site's western edge. And let ne
kind of wuse this laser pointer to describe the
| ocati ons.

The western edge of the Nevada Test Site
is slightly off screen here. This is that Gate 510
location | nentioned earlier. Let ne do it on a
coupl e of | ocations here so people in the audi ence can
refer to what | amreferring to.

W are studying two different alignnments
for roads. So right now when our work crew dones in,
they cone into -- since they are all badged, they cone
inon US 95, they cone up to Gate 510, security guards
check their badges, then they proceed up to our
exploratory studies facility, all the way around to
this final point here.

That is about 30 miles. Wat we want to
do is make for a nuch nore direct route. Now keep in
m nd, for particular the winter parks of the year,
t hose buses arrived during the dark. And, you know,
it is pitch black out there in the w nter nonths.

So we're |ooking at two alignnents. One

is conmpletely different redo existing road all the way
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around with an engineered road, two |lane or we are
al so | ooking at a direct alignment which woul d cut out
about ten mles of road.

Qur environnent assessnent wi s | ooki ng at
the inpacts of either of those two activities. But
either one will enhance safety because we wi Il have an
engi neered road. It won't just be the hill and dale
road construction.

What we have done is we have funded the
US. Any Corps of Engineers to do a road
specification and prelimnary design. Once we've cone
to our NEPA decision points, we will then |ook at
which of the activities to inplement or whether we
just go with the no action alternative and we don't
i npl enent anything with it.

But should we nake the decision to
proceed, we have funding this fiscal year to start
construction on the road.

Next slide. At the Yucca Muntain site,
we al so have probably another 30 miles of dirt roads.
And one of themthat is routinely used as the crest
road. And shown here actually in this topal map is
alignnents comng up to the crest road, particularly
this section right there. | want to call your

attention to it.
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| f you have been on the crest road it is
a graded dirt road. As you get nearer the crest, the
grade goes up to 25 percent. And actually | was
struck with that figure and |I've been on it hundreds
of tinmes. |1've been on the crest nany tines with
visitors. And we mitigate that by driving very slowy
and carefully. But | had no idea that it was a 25
per cent grade.

Vell | asked the question well is there
any way we can inprove it on its existing alignnent
and the road engi neers advi se back no, not with that
alignnent. The topography woul dn't even support
getting it down to the preferential grade of seven to
ei ght percent nmaxi num

On the next slide, you've got kind of an
aerial shot. Again, for everyone's information this
is the crest road com ng through there. And this is
that sane section we've been focusing on where the
grade is particularly bad.

What we're | ooking at nowis -- next slide
-- is an alternative to pioneer a new direct
connection to the ridge crest. This is H Road. ESF
is right there. H Road paving stops at about that
| ocation. To go ahead and conpl ete paving up on this

existing graded dirt road and develop a new road

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

25

connection of about 1.3 miles onto the crest.

In | ooking at topography with our road
nodel s bel i eve that we can get it down bel owt he ei ght
percent grade. So that same environnental assessnent
that | nentioned earlier is also |ooking at options
for pioneering a new crest road.

The reason for doing a crest road i s not
just for taking visitors to the top. W have a series
of bore holes on the ridge crest that we have to go
out and continue to i nspect. W have weather stations
on the crest. So we have operational reasons for
being on the crest in addition to institutional
reasons for going up there.

The ot her advant age of doing a crest road
here is this al so woul d gi ve us a good connecti on down
to Solitario Canyon. And | really like that idea
because that then gives ne a second egress capability
fromthe Yucca Mountain site.

On rare occasions, we actually do have
stormwater flow within 40 mle wash. W've had to
actually stop our field work activities a couple of
times last fiscal year to allow work crews to go hone
early because of fears that there would be enough
stormwater flowin 40 mle wash it would inpact our

ability to egress the site.
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Since we | ack sone of the basic emergency
response capabilities, fire and such, we sent the work
crew homes. Wth a second egress, we will have other
options for getting the work crews hone.

Next slide. Let netalk alittle bit about
what we are planning to do with the conditions of sone
of the other facilities onthe north portal. Wat you
see here is a nunmber of photographs from our
Expl oratory Studies Facility North Portal Pad. Upper
| eft corner is one of those Conex shops, a sea-land
container with an awning. | believe that is our
el ectrician's Conex shop right there.

Adj acent to it in the next picture is one
of our heavy equi pnrent mai nt enance ar eas where we pul
the | oconotives in. There are tracks that run into
the center of that shop.

Final |ower picture is also a series of
Conex shops. Now if you have been out there, the
approximately 100 to 125 craft workers out there have
been working in those kinds of conditions since the
early "90s. Tenperatures, you know, vary anywhere
fromnear freezing in the winter to over 100 degrees
in the sunmer. The shops aren't clinmate controll ed.

|"ve been out there actually in January

during rain events and watched electrical workers
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standing in several inches of rain in that very shop
trying to do their work. W feel strongly that we

need to gi ve our work crewthe kind of conditions that
they deserve to do their nmaintenance activities
safely.

Now in the earlier photographs of the
North Portal Pad, | tal ked about the other kinds of
structures out there. W also have a series of
trailers. Many of those trailers date back to a
vintage in the late 80s. Sone of them go back to the
very, very early " 80s.

Actually before | worked for the
Depart ment of Energy, | worked as a contractor on the
Nevada test site and | actually worked i n one of those
trailersinadifferent area. W actually borrowed --
or as they excessed trailers, we took themand brought
them to the North Portal Pad. So sone of those
trailers are getting fairly ol d.

And as they get older, they create
mai ntai nability i ssues and they create safety i ssues.
W' ve actual |y had sone workers put their foot through
the floor of sone of the trailers.

The sprung structures | nentioned earlier,
those were deployed in the md 90s. They were

depl oyed new but the tent covers are beginning to
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fail. That is not unforeseeable after ten years in

t he hot desert sun. As | |ooked at options to address
the immnent failure of a tent structure, | had a

coupl e of other different challenges. |If | wanted to
go replace that tent structure, |1'd have to go and do

a coupl e of things.

First off, I"d want to sizeit to neet all
of our property needs. It is not sized to neet all of
our property needs. | can't even store all of our

materials within that tent structure right now So we
have to store our other materials out in the open air.

It is not climte controlled. So the
workers in there can't even store materials in
accordance with manufacturer's specifications. 1'd
have to address the drainage issues in the North
Portal Pad. | nentioned |ooking at some of the raft
workers standing in water. That is because we never
finished the final drainage on the North Portal Pad.
W never brought the final surface contours up to
control drainage.

| would also want to address buried
utilities. W don't have very good as-built draw ngs
for the buried utilities in the North Portal Pad. So
just putting them in place is taking sonething out

that | have today and putting a new one in that sane
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pl ace wasn't a good investnent.

So what you are going to see in the
following slide -- next slide please -- is what the
department is examning alternatives on. W are
| ooking at an alternative that will be addressed in
t he environnmental assessnent.

In this picture here, again what you have
is an aerial shot of the North Portal Pad right there
-- | can do it for the rest of the audience -- an
aerial shot of the North Portal Pad. And that is the
ESF right there. Adjacent to it is what we called the
Lower Muck Yard. This was an area that was graded in
the "90s when we originally intended to extend our
conveyer belt system and stack all of the 600, 000
cubi ¢ yards of rmuck down at that |ocation

For budgetary reasons, we didn't end up
constructing the conveyer belt all the way down there
so it was cleared and then unused. The shot that you
see there has superinposed on it a proposal that we
are exanmning alternatives to construct a series of
new facilities on that |ocation.

These new facilities are not repository
structures | want to enphasize. These are sinply to
repl ace those 121 existing structures to naintain the

exi sting operations of the Yucca Muntain site. So
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they are not repository assets.

What we are | ooking at is a series of four
to five structures, all about approximtely 30,000
square feet with the exception of afire station. And
| want to talk about the fire station in nore detai
in a subsequent slide.

These structures woul d be conpl eted over
t he next several fiscal years. These would conpletely
replace all of the structures in the North Portal Pad
ot her than the changehouse whi ch was a conpl et ed
per manent structure and the swi tchgear buil di ng which
is a partially conpleted structure. It has the site

information center in it. And it also has a 5, 000

volt on one end -- a 5,000 volt electrical swtch.

So we will maintain those two structures
up there. We will keep our |oconotive maintenance up
there. But we will migrate our craft workers, our

field engi neers, our nmintenance personnel, everyone
down into these new structures at the proposed
| ocation in the Lower Mick Yard.

Next slide. Let nme talk alittle bit
about the fire station. | nentioned the fire we had
at the ESF in February. If we had a fire today, we
woul d surmon fire response fromMercury, which is over

45 m nutes away. They have fire crews stationed 24/7
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in Mercury. There is no fire response within Area 25
of the Nevada Test Site. And as you | ook at changi ng
requirenents within DCE including the recent
pronmul gati on of 10 CFR 851, the Wirker Safety Rule, it
brings into play newrequirenments for conpliance with
NFPA 1710 for fire response timng.

In fact, actually even within the State of
Nevada, fire response withinrural areas is very, very
limted. W want to have on-site capability for not
only fire response but technical rescue.

An exanple of how inportant this is
actual ly happened |ast Thursday. One of our site
el ectrical craft workers driving her own private
vehicle on US 95, actually near Mercury, rolled the
vehi cl e several tines.

Response cane fromMercury fromnutual aid
dowmn to U. S. 95. They had to cut the top of her truck
apart to extricate her. That's technical rescue
expertise, they were able to renove her. She was
Flight-for-Life air lifted back to Las Vegas. And
t hank Goodness she actually left the hospital that
same day with only m nor injuries.

But every day as we bring our workforce on
to the site, we have that sanme risk. W also want to

be abl e to, as a good nei ghbor, address any nmutual aid
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requests down at US 95. So what we are proposing is
a new 8,300 square foot fire station | ocated out at
the Lower Miuck Yard area.

This fire station, when constructed, w ||
house a five-person fire crewwth full technica
rescue capabilities. So any incident on Area 25 or in
nmut ual aid on the Nevada test site they would be able
to assist on.

They would have the ability to fight
structural fires as well as range fires. You may have
been inforned | ast sutmer there was a series of range
fires adjacent to the Nevada test site. One of them
actually came on to the Nevada test site. That sane
range fire that cane on the Nevada test site started
in Solitario Canyon. So it started several mles to
the west of our ESF facilities.

So by deploying this capability, we are
going to be able to really reduce a risk for Yucca
Mount ai n operati ons.

Also located within this structure is
going to be onsite nedical facilities. W currently
keep two paranedics out at the north portal pad. In
this location, we will be able to do all of our worker
physi cal s, ideonmetric nmeasurenents as part of our

wor ker safety program and in nmulti-year |I'm | ooking
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at depl oying augnented nedical capability probably
with a nurse practitioner such that the work crew, if
they are sick, if they are not feeling well, whereas
today we would either send themto Mercury Medi cal
you know, 45 mnutes away, or back into town. They
would have the ability to come into our nedical
facility and to give nedical aide.

This fire station is funded this year.
And as we conpl ete our environnent assessment and cone
to our decision point so if we decide to go forward,
it is funded for construction starting this fiscal
year and conpl eted by Decenber of next year.

Next slide. O fsite power to our
facilities. Right now we use power conming fromthe
Nevada test site's power grid. | know | am burying
you with a lot of detail and | apologize but, you
know, you've probably have never hear a | ot of these
conmponents. And | just wanted to give you a sense of
t he operational challenges that we have on a daily
basis for our field activities in supporting our
scientific testing.

And one of themis just the reliable
provi sion of power as well as cost effective power.
The Nevada test site power grid, a lot of it was

devel oped decades ago.
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There is only one section of 69,000 volt
lines remai ning on the Nevada test site and that is
t he section that serves Yucca Muntain. Now we don't
mai ntai n those sections. That is maintained by the
Nevada site. And as they have devel oped their nulti-
year infrastructure of nmintenance and i nprovenents,
they not planning to fund any inprovenents to our
ar eas.

They are not planning to fund any
i nprovenents to our areas. They have nade it very
clear that that is Yucca Mountain's responsibility to
fund. They have limted our power access to only ten
nmegawatts. And for all of this service, they charge
us between 21 and 25 cents per kilowatt hour power
charge. So our power consunption cost per year is
greater than two mllion dollars.

What we are | ooki ng at nowis options that
woul d replace this. And options that would al so
replace this one transforner shown in the picture
here. This is a 6,900 1247 transfornmer. It is
decades old. If that transforner goes out, it would
be 42 weeks to replace it. It is not an off-the-shelf
item So it would actually shut down underground
operations for the better part of a year.

So what we are doing is working with
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consultants in environmental assessnent | ooking at
options to replace this system

Next slide. To do this, we are studying
alternatives to bring a new 138,000 volt line fromthe
Lathrop Wells switch. This is a very simlar slide to
what you saw in the road. Wat you see again -- [|'1l]
hit a couple of different screens so people can see it
-- what you see in this slide -- again for
perspective, is roads conmng on to Yucca Muntain.

What you al so have is the existing NTS
power grid. There is 138 kV power line that conmes in
to what they call Canyon substation -- |'m sorry,
Jackass Fl ats substation right here. And then goes on
to the rest of the Nevada test site. They then carry
a 69 kV feeder line down to canyon substation then
f eeds ESF.

What we are studying is alternatives that
woul d deploy new 138 kV line in one of a couple
different alignments. Either conpletely redoing this
line or teeing off of it fromright here, coning
directly over to that | ower nmuck yard facility |ayout
that | showed you a few nonents ago, or paralleling a
new site access road.

And what we would have is 90-foot

nonopol es spaced about 400 feet apart. The 138 kV
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line woul d provide us the kind of reliable power that
we are looking for. Right now, we have about four
power | osses per quarter. Sonetines we have several
per week, you know, and these range in tines from
mlliseconds to hours.

| believe it was in the nmonth of March we
had a power | oss in Area 25 that shut down all of our
power to the ESF. It went on for about 12 hours. A
lightning strike on to the power lines. W want to
inprove the reliability and in studying these
alternatives we believe that this new 138 kVIine will
address that.

To do this, though, is a very tricky
negotiation. W have to work with the offsite power
vendors and negoti ate a power procurenent agreenent.
They will want fromus what we will comrit to a power
consunption in nulti-year. The advantage is we would
be able to potentially have them extend their power
transm ssion lines so basically they will carry the
burden of the cost and installation.

If we determine that t hrough the
envi ronnental assessnent this is the plan we want to
proceed with, we will enter into negotiations with the
offsite power providers. And hopefully start

construction of that in fiscal year 2007
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Shoul d we proceed again, the |longpole in
the tent is the 42-week transforner procurenent. The
actual construction of the power |ines would be done
wi thin about a two-nmonth period. So it goes pretty
qui ckly.

Next slide. W talked a little bit
earlier about sone of the things that we want to
address in the underground. And one of those is the
rail alignment. Wat we don't have any nore is a
bat ch pl ant concrete production capability. W had an
ol der batch plant that was used during the site
characterization that was excessed several years ago.

It was not a preferable unit by any neans.
What we are | ooki ng at now and what we are al so again
addressing in this environnental assessnent s
deci sions for procuring a new batch plant that would
support a couple of different activities. It would
allow us to have Qgrade concrete to grout the
subsurface rail system

It woul d al | owus concrete for devel opnent
of any of those structures that we are currently
eval uating, whether it be the fire station or the
security station, or the subsequent, you know, craft
bui | di ng or warehouse buil ding, or an admi nistrative

facility that we are | ooking at.
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It would provide us concrete for those
301X areas | nentioned within the tunnel ground
support where we have the tinmber cribbing. W would
want to do pressure grouting to encapsul ate that
cribbing to reduce the fire | oad.

So we are exam ning buying a new batch
plant, putting it in the exact |ocation as pictured
here. This is the old batch plant location. That is
actually a picture of the old batch plant. So a new
readi -m x batch plant located it the sane |ocation
supporting current site concrete needs.

New slide. Conmunications. These are
i nteresting photographs. Wat you see in the upper
phot ograph i s a picture of the anal og m crowave system
that all of our communi cations go through. So phone,
comut er communi cations all go via an onsite fiber
system into this mcrowave repeater that is then
bounced of f Skull Muntain all the way across Area 25.

Inthe | ower picture, though, what you see
is the cut out inthe nmuck pile. This is actually the
muck pile right here. And that is that sane two-item
power transm ssion. W actually have to put a notch
inthe nmuck pile so that we are not defeating |ine of
sight for the conmunications system

| f you go out and you want to work on your
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conputer at the ESF, it takes you about 30 m nutes to
log on. It is that slow. About 1 M comrunication
rate. It is very annoying. Very, very annoying And
what al ways happens is never fails, I'lIl get a phone
call, Scott, you need to work on sonet hing.
Headquarters wants it right away. And |I'I|l be out at
the ESF. And okay, |I'mlogging on. Bear with ne. It
takes forever. W can't even add new phone systens
out there. W have reached the maxi mum of our ability
to even add new phone systens out there for our site
wor ker s.

| f that system goes down -- and it has
gone down -- we have nothing other than we have two
satellite cellular phones that we keep out there for
energencies. That is our only backup for
comuni cation. So if everything goes out, that is the
only neans that we can use to sunmon hel p.

So we want to elimnate our single point
failure we have here. What we are | ooking at and what
we are addressing again in that environnental
assessment is deploying a new digital mcrowave
repeater system

Next slide please. There you go. Thank
you. It would bounce off a new antennae adjacent to

the North Portal Pad onto the Yucca Mountain crest and
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then down to that Gate 510 structure where it wll
interface with a fiberoptic system It actually cones
all the way up US 95 and comes up the edge of the
Nevada test site.

This woul d increase our transfer rate to
40 nmegabauds. It will elimnate the single point
failure. And if we get to our NEPA decision point and
i npl enent this, we've got funding this year to start
construction of it. And hopefully finally have better
conput er speeds. | can't tell you how happy that w Il
make our site workforce.

The last thing | wanted to talk to you
about is sonme strategic planning that we are | ooking
at. Wat you see on this slide here is, of course,
Las Vegas facilities versus the Nevada test site and
Yucca Mountain field facilities. W have those 121
facilities at the North Portal for our field workforce
but we al so have 1,500 fol ks that we keep at Las Vegas
who work at our leased facilities.

What we are planning in nulti-year is the
strategic mgration of those folks out to where the
work is. Now keep a clear rem nder that our work
objective is not to work in Las Vegas. Qur work
objective is in the field.

So it all starts actually with our first
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new facility that we will bringing online sonmetine in

t he nont h of June. W have negotiated for signing for
-- signed a l ease for anewfacility in Pahrunp. This

will be a new conmbination facility that will have an

augnented site information center for answering

guestions of the public. It will also be a new

wor kpl ace for interacting with |ocal government. So

that facility comes on line in June.

And we are also |looking at |easing a new
facility somewhere within hopefully ten mles of the
Lathrop Wells area that would replace our sanple
managenent facility. The sanple nmanagenent facility
is on the Nevada test site approxi mtely about 10 to
15 mles fromthe ESF. Again, it is another structure
t hat was devel oped in the " 60s.

The roof is failingonit. This is where
we keep all of our geologic core in our chain of
custody. |If you want to go and maintain the air
condi tioners on the roof, you can't now unl ess you are
in a crane in a basket because the roof has becone
unst abl e enough you can't walk on it safely. So we
are |looking at leasing a new structure that would
allow fur us to nove in entirety all of our core into
that structure. Hopefully that will be sonewhere near

the Lathrop Wells area.
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The same thing wth the Las Vegas
facilities. W are comng up with a strategic plan
that would allow for wus when we have the new
facilities avail able, whether they be onsite or near
site, to start mgrating our engi neers, mgrating our
ES&H staff, m grating the federal staff as well nearer
to the Yucca Mountain site.

Caliente -- as we are doing our
envi ronnment al statemrent for the Caliente rail
corridor, we are currently | ooking at opening an
office up in Caliente that would provide for better
communication with |local governnent as well as
interested nmenbers of the public on what both the
envi ronnmental inpact statenment is |ooking at as well
as what is going on with the Yucca Mountain project.

Now nost of our Las Vegas | eases run
through 2010 so a lot of those |lease -- these
transitions will start towards the tail end of this
decade. We want to do it in a strategic nmanner.

That pretty nmuch conpl etes the key things
| wanted to discuss with you today. And | would be
glad to answer any of your questions.

MEMBER HI NZE: Thank you very much, Scott.
W'l ask the Conmttee if they have questions. Ruth?

Dr. Winer?
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MEMBER VEI NER: Thank you very nuch for a

very thorough presentation. |'mgoing to start with
your |ast point first.

And | ooking at the Waste Isolation Pilot
Plant in which -- in Carlsbad, and I wanted to tel
you that Carlsbad is a nmetropolis conpared to sone of
your nore local facilities in Nevada, and it is
difficult to get people to stay. Sandia and DOE and
t he contractor have all mnaintained of fices in Carl shad
that do not deal with the operational part of the
Waste Isolation Pilot Plant. It is very difficult to
mai ntain sonething like an engineering force in a
place like that. | nean the schools are not that
good. There is no good nedical facilities. Al of

the facilities that exist in a larger conmunity are

absent .

There is no higher education facility.
There are no good libraries. The whole thing -- and
you can't do everything electronically. | sonewhat

guestion how are you going to address that in trying
to nmove people to places |like Caliente and Pahrunp --
out of Las Vegas?

DR. WADE: A couple different responses
for you. First would be conplete agreenent

recognition of the challenges in rural |ocations.
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There are also challenges in Las Vegas. | actually
was born and raised in Las Vegas and what has just
becone striking is the cost of living in Las Vegas,
particularly buying a hone. It is very difficult now
to actually attract workers because it has becone so
pricey.

Pahrump is a little bit better but not
much. Pahrunp has been devel oping a great deal of the
infrastructure that rural conmunities strive for.
believe their first hospital is going to open within
t he next few nonths.

Nye County has been studyi ng and t hey have
di scussed it wth Departnent of Energy several
di fferent options for devel opi ng assets wi th Amargosa
Valley. And | would encourage you to discuss it with
Nye County. | don't want to go on record for all of
their proposals. But they are thinking strategically
as wel | .

They are |looking at not only the
comunities of Beatty but the Amargosa Vall ey area as
wel | as Pahrunp. And they are trying to cone up with
a strategic plan that addresses what kind of
comunities would be devel oped to best support not
j ust Yucca Mountai n devel opnent needs but NTS actions

as well as econonic diversification.
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MEMBER VEI NER:  You al so have the problem

especially with professional famlies, of two-career
famlies. And this has been one of the points in

Carl sbad that has really kept people from noving to
Carlsbad. It is okay one nmenber of a married couple
has a career there. Wat does the other person who is
al so an engineer or a professional or a university
prof essor, what do they do?

DR WADE: Yes.

MEMBER VEI NER:  And | point out that
beyond j ust the physical infrastructure probl ens, that
is a major problem And, you know, | hope you find
ways to address that. But | think that that really
needs to be taken into account in your planning.

DR. WADE: | woul d whol e-heartedly agree.
In fact, | think we have the luxury of alittle bit of
ti me but not a whol e bunch.

The idea would be as we understand and
| ayout our repository schedul e, subject of course to
deci si on-maki ng of NRC or construction authorization
to work with | ocal governnent, have them understand
what our workforce i s going to be, where our workforce
m ght be | ocated so that they can work with the | oca
comunities to antici pate those, to address just what

you are referring to, to address the types of jobs

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

46

that m ght be conmng as well as the associated famly
conditions that they would want to address.

MEMBER VEEI NER:  Anot her question, why were
not things |like proper drainage in the muck yard, why
weren't they conpleted? | nmean it seens |ike such a
| ogical thing to conplete.

DR. WADE: That is an excellent question.
| probably can't do it full justice but in the "90s,
deci si ons were nade for a coupl e of reasons including
noney reductions in the md- 90s. There were sone
striking funding reductions. So because of those
funding reductions, decisions were nade not to
conpl ete sonme of the original design for those onsite
structures, those onsite utilities.

And we had designs for everything
i ncluding the underground rail system underground
power system even the surface attributes. W had
designs for all of that. Qur onsite constructor at
the time was all owed to not conplete those, to do what
we call tenporary construction, which is great if you
do that for a short period but where it falls apart is
in multi-year because that kind of construction neans
it has a very, very poor |ongevity.

So it was probably poor decisions that

were made i n essence.
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MEMBER VI NER: Finally, |'ve heard just
at other neetings in Las Vegas now and agai n sonebody
will get up and conpl ain about sone kind of health
probl em for workers in the underground, tal ks about
injuries. How is your occupational safety and health
record? And is that generally known to the public

what it is like? Do you nmake that public?

DR. WADE: A very good question. |I'malso

in charge of Environnental Safety and Health for the
project. And we have a very good safety and health
record. Qur recordable incident injury rate and our
lost work rates are sonme of the lowest in the
Departnment of Energy and we are very proud of that.

W are always striving to assure that we
have got the right safety programs, the right design
safety solutions in place to protect our workers
overlaying those with both personal protective and
adm nistrative controls. Everything from our
sel ective control programto protect workers in the
underground to all the other OSHA requirenents. For
exanple, if you were to enter a confined space to work
on our electrical systemin sonme of the vaults on the
surface, those kinds of things.

W haven't shared with the public a |l ot of

that directly. W haven't talked with them about
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those work case rates of late. | would acknow edge
but they are quite good. They are readily avail abl e.
| don't know, did | answer your question?

MEMBER VEINER: I n part. Have you
actual Iy had cases of silicosis or anything |like that?
Then 1"l quit.

DR WADE: There is the issue of
silicosis, including sone ongoing litigation between
menbers of -- former workers for the Yucca Muntain
project in a class action | awsuit agai nst the various
contractors that have worked for the project. That is
under way.

The Departnent is not a party to that
[itigation but I would probably be the wong personto
try to describe where that litigation is.

MEMBER VI NER:  Well, | don't want to put
you on the spot. | was just curious.

MEMBER HI NZE: Thanks very nuch, Ruth.

O her questions? JinP

MEMBER CLARKE: |f you do all the onsite
upgrades that you' ve presented to us, do you have a
total project cost estimate for that?

DR. WADE: Yes, the onsite upgrades will
probably be in the neighborhood of 100 million

dollars. W are still conming up with detailed
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estimates but in nmy budget this fiscal year alone,
|"ve got 91 mllion dollars for the operation and
initial seed funding for a |lot of these things.

|"ve got -- until we arrive at the NEPA
decision points, |1've got funding identified for
devel opnent of the first ten mles of road. 1've got
funding for that offsite power. |[|'ve got funding for
the fire station including the initial utilities to
support that. | have funding for the Pahrunp facility
as well as replacenent for the sanpl e managenent
facility.

So last year actually | developed a
strategic plan in multi-year to try to | ook at all of
these things. W have range estimates. |'mactually
trying to look at any initiatives |I can to reduce the
cost where | can. |In fact, | just got fromthe Corps
of Engi neers yesterday the cost estinmate for the first
three mles of road, which is about 3.1 mllion
dol lars, about a mllion a mle.

MEMBER CLARKE: That answers ny questi on,
t hank you.

MEMBER HI NZE: A qui ck one, Scott, the
1992 Little Skull Earthquake created quite a bit of
damage on the NTS and on the field operation center.

What is being done in ternms of preparing for seismc
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hazards in these new constructions?

DR. WADE: These will all be built to
Uni form Bui | di ng Code and I nternational Buil di ng Code
requi renents for a seismc hazard. They don't have to
be as robust as a nuclear-grade facilities would be
for the repository phase. But they would be built to
t he same buil di ng standards t hat you woul d have of any
industrial facility you' d find in Las Vegas, for
exanpl e.

MEMBER HI NZE: So any el ectrical
structures that are being constructed as part of this
enhancenent of the infrastructure would not
necessarily be wused in any way in terns of the
repository or the pre-closure operational facilities?

DR. WADE: Correct. Actually that is an
excellent point. Al the assets that | have
descri bed, whether it be the new facilities we are
proposing to construct, the new offsite electrica
connections, et cetera, these are not repository
assets. These are sinply for the continued operation
and mai nt enance of the Yucca Mountain site.

MEMBER HI NZE: Thank you very much

|f there are no other questions, what |
woul d suggest is it is not in the agenda but that we

take a ten-mnute break. W'I| start at a quarter to
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and tat will give us all a chance to get a breath and
to then hear about the Nye County Early Warni ng wor k.
W will return at 9:45.

(Wher eupon, the foregoing matter went off
the record at 9:35 a. m and went back on the record at
9:45 a.m)

MEMBER HI NZE: Thank you again to you
Scott. And now we nove to the final two presentations
of the norning on the update on the Nye County
| ndependent Early Warning Drilling program and we'l|
start off with Drew Col eman, who wi |l be discussing
the Departnment of Energy's interaction with this
program if | understand correctly. Drew, it's
your's.

DR. COLEMAN: Yes. Thanks again for
letting ne address the conmttee again. | hope | can
be worthy of this two-hour block of tinme you got for
nme here. | was asked to talk, give an update on the
cooperative agreement with Nye County, and so ny
suggestion was we have a Nye County technical person
al so cone and talk, and that'll be John Canpanella
later. | was going to give my overview of how the
cooperative agreenent works, and then he was going to
tal k about some of their technical work. And it's

possi bl e that --
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MEMBER HI NZE: Drew, you do it the way you

wi sh.
DR. COLEMAN: -- there was sone
m sunder st anding here. | don't know that you sent

your slides, so | guess naybe there's not hard copies

around. Anyway, | think he cane with a presentation
that will be viewable on the screen. But for this
talk, | guess |I'd be a technical nmonitor for the Nye

County Cooperative Agreenent. And as | adm nister the
cooperative agreenent with Nye County, | kind of |ook
at the regul ations that guide the Departnent. 10 CFR
600 has sone descri ptions of how cooperative agreenent
wor ks and there are grants that all ow partici pati on by
DCE, and | kind of operate a cooperative agreenent
t hat way.

A cooperative agreenent is a five-year
over-arching agreenent with scope in it for a nunber
of activities. | also |ook at the Nucl ear Waste
Policy Act that talks about how affected units of
| ocal government can engage in nonitoring, and
testing, or evaluation activities, and so those are
kind of some of the guiding regulations or |aws that
| use as | work with Nye County to run a cooperative
agr eenent .

Now annual Iy, they submt a program for
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t he upconming year to ne, and | do a technical review
of that and get it approved. And their fiscal year

runs April to April, so that just happened. | just

finished review ng their upcom ng program and | think
t he Contract Group i ssued an approval of their planned
wor k for the upcom ng year.

| al so get the budget put in the set-aside
for the county activities and work with themto nmake
sure that everything is set froma contracts point of
view. And | also get some project scientists funded
to collect project data cooperatively wth the
program |If we need Q Data from any particul ar
activity, then | would get project scientists funded
for that.

Anot her t hing that we do under cooperative
agreenents i s we provide i n-kind services, where they
make sense. Like we have a sanpl e nanagenent
facility. It's a large facility with curators, and so
Nye County uses that facility to have their sanples
curated and stored in, and then they don't have to buy
their own facility or whatever. It works pretty well,
| think. So with that, | was going to go right into
the work el ements that they have in their cooperative
activity for the upcom ng year.

They' ve got a ventil ation-rel ated studi es
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activity. That's kind of their small activity that

t hey have going in the underground facility. They've
got a work element for ATC, but they aren't doing
anything in that this year. They have the over-
arching agreenent that can have scope. They've got
their well drilling activity, and they're going to
finish Wll 32P. That's a well, | think, in one of
the vol canism centers. And then the big activity
there is the horizontal bore holes that we're
di scussing |l ocations for and different things.

They got some geol ogi cal sanpl i ng
activities where they collect their sanples, and
curate them and so sone anal yses of them They've
got sonme water chem stry activities where they sanple
alot of the holes that they' ve drilled, and we often
take splits of this sanples, reflect our own sanples
for geochemstry. They do sone water |evel
nmoni tori ng, sonme geophysi cs.

MEMBER HH NZE: Drew, are all these part of
this fiscal year's --

DR. COLEMAN:. This fiscal year's
activities, yes. These are what they propose, and
what | reviewed and approved. They've got tracer
testing activities, and just general regi onal

geol ogi cal characterization activities.
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Now | didn't really have a conclusion
slide here. | was kind of thinking what that m ght
look like. | listened with interest yesterday when we

tal ked about working together with stakeholders to
build confidence, and I think this is a nice exanple
of one of the ways that we are doing that. W work
with Nye County. They have an i ndependent program
| haven't reviewed his slides. Their work is their
work, and if we need to collect data, we have our
scientists work cooperatively with these guys to
collect our data sets. And it's been a nutually
beneficial way to work nost of the day that's kind of
useful in the saturated zone. And | think with that,
"1l turn it over to John Canpanella, who's one of
their technical contractors, to di scuss sone facets of
the technical work they've done over the past few
years. Go ahead, John. Thank you very much, John.
MR CAMPANELLA: You're welcone. [|I'm
sorry that | didn't get the word that | was supposed
to come with hard copies. It kind of worked out for
nme since | was doing this, finishing it up on the
pl ane on the way out here. Go to the next slide.
"1l tell youalittle bit about me. 1've
got a BS in Chemcal Engineering, 25 plus years

experience in the oil and gas industry, so |I'mcom ng
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froma different perspective. 1've done production
work, including well design, single and multi well
testing with pressure and chem cal tracers, and then
reservoi r engi neering experience.

|"ve developed work wth conmmerci al
software in large simulation studies of oil and gas
fields, typically running about 200 plus wells. And
also did sonme detailed fracture mapping in a field
with 1500 plus wells, and we validated using actual
field performance. And then | continue to do
simulation studies in oil and gas fields around the
world. Next slide, please.

What do | do for Nye County? | assist Nye
County with independently gathering and verifying
ground truth data, such as well planning and design,
t he punp testing, data gathering and anal ysis, and we
use the | atest methods devel oped for the oil and gas
wells and apply it to the aquifer systemwe' re | ooki ng
at. And then |I've also done the chem cal tracer test
design, data gathering, and I'Il show you sone of the
anal ysis that we're working on now. W analyze well
tests to inprove the system nodels, and we eval uate
t he techni cal data and net hodol ogi es used by the DCE
YMP, USGS and the other researchers. Next slide.

My overviewis going to be, we're goingto
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give an update on the EWDP drilling program W're
goingtolook at alittle bit of history, and then the
nost recent wells, the Phase Five wells, |ocation and
conpletion information that we've gotten off of those
new wel | s.

I | ooked at the [|ast time Dale
Hanmer nei st er was here, and he presented sone stuff on
sonic coring to you guys, so we thought it would be
wi se to kind of go back through and show you what wor k
has been done approxinmately since that time. W're
going to look at tracer testing at Site 22S. That's
taken up quite a bit of our tine |last year, and the
anal ysis phase this year. Look at the tracer testing
i npl enentation and prelimnary results fromnuneri cal
nodel i ng.

W' ll also show you sonme stuff from the
O fice of Science and Technol ogy and I|nternationa
OSTl, the installation of the U-tube in 24PB wel I, and
then we'll followthat up with sone i nformation on the
proposed horizontal well. Go ahead, next slide.

The Early Warning Drilling Program was
begun in 1998, and it's a major part of Nye County's
| ndependent Scientific Investigation Program It's
funded through cooperative grants from DOE. Data

col | ected under a formal Q®A program and the data is

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

58

shared with all interested parties through the Nye
County technical reports and website. Next slide.

The goals, the characterization, the
potential flow paths between Yucca Munt ai n, Amargosa
Val | ey, the reduction of uncertainty in the DOE Yucca
Mountain project performance assessnent nodels is
anot her goal, and support of ground water nonitoring
net wor k design. Next slide.

The activities that we have are drilling,
geol ogi cal sanpl i ng and | oggi ng, and wel |
construction, bore hole and airborne geophysical
| oggi ng, aquifer punp testing, which |I've been a part
of, ground water chenmi stry sanpling and analysis,
ground water level nonitoring, and lab testing
hydraul i c paraneters such as the geol ogic sanples.
And here is the pre-EVWDP wells, and as you can see,
they' re kind of clustered around H ghway 95, and down
in here where they' ve got sone agricultural interest.
And then here's the test site boundary here. Here's
Yucca Mountain. And they're kind of poorly scattered
up in he, the well locations, so it was thought that
t hey needed to be kind of gaps filled in, and that's
how t hi s program was desi gned. Next slide.

So we are | ooking at Phase One through

Four wells. And as you can see here. Here we go.
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Basically it's kind of hard to see at this resol ution
and stuff, and |I'm sorry about not having the
handouts, but as you can see, we go Phase One, Phase
Two, Phase Three, and Phase Four wells, and so we
start out here with our Phase One. W end up here
with our Phase Four wells. And a lot of wells that

| " ve been working on here are the Phase Three area by
Forty-M | e Wash

MEMBER HI NZE: John, while that's up
there, can you tell us sonmething about the depth of
the well, and thus the objective of the well?

MR. CAMPANELLA: Typically, they go down
into about 1,000 feet roughly. It depends on where
we're at. These wells here in the alluvium and when
you get in over here you're into some of the
vol cani cs.

MEMBER HI NZE: They're both in the -- they
go to the vol canics?

MR. CAMPANELLA: No. Typically, they just
end up in the alluvium |'ve got a slide follow ng
this on the new wells, and it shows what they're
conpleted in, and the depths. Next slide, please.

Here's the nost recent wells, the Phase
Five wells. And these are the red dots in here.

That's 24PC, and that's conpleted in the alluvium

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

60

This is 24 PD. It mght be referred to a couple of
slides as PA. They tried drilling it as PA, couldn't
get it down, had problens with well, skidded over and

started and called it PB, and that goes into the top.

And we'll have sone nore information on the
installation of the U2 into that well. And the rest
of these all here, | believe, are all in alluvium
Next slide.

Here's the slide that basically gives the
well type. They're P wells, and the drilling
conpl etion date, the total depth as you can see. This
one goes down to about 15, 13, 657, and about 1,000
feet estimated for this well here, which | think is
32P. And as you can see, here's the lithol ogy that
we're | ooking at, alluvium alluvium tertiary tough,
alluvium alluvium and this, | believe, is in
al luvium too. Drew mght know that one. Right? |Is
that the last well they're finishing up in the
al | uvi un®

DR. COLEMAN: Yes. | think they're going
to drill it through one of these varied volcanic
centers is | think what that is.

MR. CAMPANELLA: Oh, that one.

DR. COLEMAN. Yes. It goes through sone

alluvium and then --
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MR. CAMPANELLA: Into the varied vol canic

kay. So in that case, it actually does go through
alluviumto the varied volcanic. Next slide.

W'l go through the tracer testing. And
|"ve got alot of slides, so we're noving pretty fast.
Reduce uncertainty in the saturated zone transport
paranmeters i s one of the tracer testing goals, provide
estimates of the effect of flow porosity and
| ongi t udi nal di sper si on, i nvestigate possi bl e
exi stence of a stagnate |layer in there, and
investigate possible hydro stratigraphic |ayer
conmuni cation. Next slide.

The net hodol ogy we used was to build upon
t he previous testing that we had done at 22S site, and
that was punp testing. W did two single well push-
well tracer tests were perfornmed on the main well,
22S. We'll show sone maps and sone i mges of that.
And then we did nulti well cross-hole tracer tests
were conducted at Site 22 during January of 2005 with
mul tiple tracers. Next slide.

W wused a total of 10 fluorinated
benzoates and salts, and they were all injected as
conservative tracers. W used Lithiumas a cadine for
one of the halides, Lithium Brom de, an additional

Li t hi um mass was added as a reactive tracer. W used
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2.5 kilograns of 25DFBA, was used as a qualitative
tracer, very small nass because as |'l|l show you, we
are concerned that we'd never produce that back. And
as it turns out we never did, so we put a small nmass
inthere so we could get by with the state. And we're
| ooki ng for stratigraphic communi cation in that case.

W also put in tw plus grams of fluorescent

m crospheres were injected. Next slide.

Here's the Site 22 plan view. This is a
very nice site. Prior to the injection of the cross-
hol e tracers, we actually placed this well, 22PC, on
this location. Oiginally, it was just these three
wells with differing screen depths as we'll see in a
figure here pretty quickly. This well was drilled and
conpl eted again during the testing prior to the
i njection of the cross-hole tracers.

MEMBER HI NZE: What's the di stance there?
| can't see.

MR. CAMPANELLA: That is 18 neters, 59
feet from there, to there, to there. So equal
di stance fromhere to the produci ng well, punped wel |,
22S, and the injection wells here, 22PC and 22PA. And
it's pretty interesting the results that we did get
out of that, them being equal distance. Next slide.

Here's a view of it, and again, the
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coments have been made about the renoteness of the

| ocations and so on. And as you can see, you are out
in the mddle of nowhere, so you have to set
everyt hing up and be pretty self-sufficient out here.
W did alot of work with PVC, and poly tanks to keep

t he cost down. Here's our punping well, and then back
here is one of the injectors. That's 22PA, or PB,
excuse nme. And here's one of the discharge |ines.
Next slide.

Here's our punping well, 22S. W've got
subnersi bl e punp in here capabl e of about 46-48
gal l ons per m nute out of one of the zones. And we
basically go through a nmeter run, and then we head of f
into a sanpling loop in here in the trailer, and then
head out and discharge out here. These |ines back
over this way are basically used to fill our tanks
prior tomxing the tracers with produced water. Next
sl i de.

Again, you're renote so you need to have
generators to run all your equipnent in your trailer
to generators, one for backup and fuel on site. Next
sl i de.

For the push-pull test, we rented some big
21,000 gallon what they're called Baker tanks, and

they're basically a big sem cones up and wheel s back
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there, and they fill up, and that line is going back
into the subnersible punp, and we just fill those two
guys up for the push-pull test prior to doing any kind
of tracer testing. Next slide. And then out here is
our discharge point, and that's nme out as the sun is
setting here in the fabulous Nevada desert. Next
sl i de.

Again, here's the site plan. W're
| ooking at 59 feet 18 neters between these wells.
These two wells here were the injection wells, and
t hen when we | ook at it we'll see why this wasn't used
for injection. Nowit's interesting -- go ahead.

MEMBER CLARKE: Single well tests were
done on --

MR. CAMPANELLA: On this well, 22S. Part
of the reason why is because these are two inch
pi ezi ometers, and you can't punp out of them at any
high rate. This well can handle, | think it's over
five inch, so we put a four inch subnersible into it
right dipped into the top of the water table.

The perneability around this area, and | ' m
inthe petroleumindustry so |l deal with perneability,
is about 14 Darcis, so it's quite high. There is
actually no visible gradi ent anongst any of these

wel | s. It's a flat water table. Next slide.
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Here's detailed informati on on the zones
and screened out since Site 22 wells, and it gives all
the footages and stuff. Suffice it to say, what we
are | ooking at for the test was this Zone 2, which is
about 115 feet thick. And again, there's no rea
di scrim nation between any of these zones. There's
not hi ng that you can really see in the lithol ogy that
says I|'min a subset of the zone. It's all cobbles
and various sorting of different type of gravels, a
giant gravel field, essentially. Next slide, please.

Here's a viewin 3D of what we're tal king

about . Here's 22S, which is the well that we're

punping. What it has is four different screens in the

single well. They're each isolated with a packer
system made by Westbay with little ports that open up
to allowus to nonitor pressure, and then other ports
that allow a sliding sleeve arrangenent, allow us to
punp out of individual screens. Basically, we had
pressure gauges in each one of these screens
nmonitoring the pressure during this test, even in

t hese screens over in here, sowe were fully nonitored
on the pressure on each one of those screens. And
what we had is basically in this well, this port was
open, so this is where we are punping from and

injecting the tracer during the push-pull tests, and
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t hen punping the fluid back during the push-pull and
then the cross-hole test.

I njection occurred in these - next slide,
please. | think I've got a better picture of that,
yes. Zone One, that top set of screens, we injected
gualitative tracer into Zone One in this well right
here, 22PA. And this Zone Two is where the nmjor
action was occurring basically, and we're only | ooki ng
at these three wells now. |'ve renoved the 22PB deep
wel | because it really wasn't involved except as a
pressure nonitoring well in those |ower screens for
the tracer test. Again, Zone Two right in here is
what we are | ooking at fromthe standpoint of tracer
i njection and production with the exception of dunping
that 1.5 kilograns of tracer in here. Next slide,
pl ease.

Here's the prelimnary results that we got
from the first push-pull test. And again, it's a
little hard to see, but what we have here is we used
flourinated benzoate, PFB in this case, and | odine as
the two tracers. They have different diffusion
coefficients, sowe're | ooking for that stagnant | ayer
with that. As you can see fromthis plot, the lines
here are plus or m nus 10 percent which the | ab people

tell nmeis there level of accuracy on the anal ysis, so
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it gives you kind of a confidence band of what you're
| ooki ng at.
MEMBER HI NZE: That's just the instrunent

nmeasurenent arrow. That's not a sanpling there at

all .

MR. CAMPANELLA: No, just the instrunent,
so it's coupled on top of that. You coul d have even
nor e.

CHAI RVAN RYAN:  The instrunment arrow will
typically be the smallest --

MR. CAMPANELLA: The snallest --

CHAI RVAN RYAN:  So | don't think we should
put much value on it. [It's probably much bigger.

MR. CAMPANELLA: Exactly. | agree with
you, absol utely.

CHAI RVAN RYAN:  Ckay.

MR. CAMPANELLA: | have sone people talk
to me about subtle changes in these curves that they
feel indicate sonething, and to ne they don't indicate
anyt hi ng.

CHAI RVAN RYAN:  Thanks.

MEMBER VEEI NER:  Excuse nme. Wat is the Y
axis there?

MR CAMPANELLA: This is cumul ative

gal l ons punped on the Y axis. Oh, the Y axis - it's
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normali zed parts per mllion mlligrans per liter
di vided by the total mass injected.

MEMBER VEI NER:  Ckay.

MR. CAMPANELLA: So we're normalizing both
tracer curves for the total nmss injected. Sorry
about that. It got cut off, it's over here with your
di splay. These are the details of the test
i nformation, and basically I' mnot going to go through
that. That's just up there for information purposes.
The nost inportant feature of this is these two curves
basically are laying right on top of each other,
showi ng no real diffusion effects in this case. This
test was only shut in for 72 hours. This was a very
short test. Next slide, please.

This is just --

CHAI RMAN RYAN: Just out of curiosity,
what's the diffusion length in 72 hours for these -

MR. CAMPANELLA: What's that?

CHAI RVAN RYAN: | nean, what woul d the
di ffusion length be? |Is that test |ong enough to show
di ffusion effects? | don't know. |I'm asking, because
| just don't know.

MR CAMPANELLA: | don't know. | can't
tell you that. | can't answer that one. Wat we

wanted to do is we wanted to do a series of tests
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instead of just one to look at the drift time effect
on it. And | think that's really inportant, too.
What's kind of interesting on these curves, if you
were to look at it from an idealized case, this is
basically where the center of nass would be, would be
right out in here. And so what happens to us in this
case, it actually looks Iike the tracer noves forward
i n punped barrels, so it noves cl oser towards the well
bore, and that's probably because of the gradient.
And we see nore of a nove towards the well bore in the
second test thaninthe first test. This test was for
over 700 hours, or days, excuse me, days. No, no,
hours. | can't read that, it's hours. It was about
30 days, 700 hours.

MEMBER HI NZE: Well, what are we | earning
fromthis, that shift is telling us what?

MR. CAMPANELLA: Well, what it's telling
us is nost likely that we have a gradient that's
affecting us, and it's pushing the tracer. Wat you
can envision is, in ideal space, a perfect ring, a
donut would go out of the tracer, that donut noves
through tinme, so the short period of tine, that donut
doesn't have a very long tine to nove. |In the |onger
period of tinme it noves faster, so you ve got

di ffusion going on, and then you've got the gradi ent
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ontop of that. And fromthe difference between these
curves - and again, this is plus or mnus on the |ab
stuff - they'rereally within the sanme band even here,

even though there's sonme difference between the

curves.
DR. MARSH. Can | ask one question?
MR. CAMPANELLA: Go ahead.
DR  MARSH. Tell nme a little bit about the
experiment now. |It's punped in and then punped out?

MR. CAMPANELLA: Yes.

DR. MARSH. You wait, you punp it in, you
wait 30 days and punp it out.

MR. CAMPANELLA: Right.

DR. MARSH. So there's a hydrostatic head
set up to begin with away fromthe well because you're
punping in, so you're going to get a bulge of water
there. And the material is going to --

MR. CAMPANELLA: Yes.

DR. MARSH. You're going to have a
gradient away by itself, and then you' re punping it
back, and then you have a draw down effect.

MR. CAMPANELLA: Yes, you do.

DR. MARSH kay. And so then you have
di ffusion on top of it.

MR. CAMPANELLA: Yes.
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DR. MARSH. Do you know what the
diffusivities are of these things?

MR. CAMPANELLA: Not off the top of ny
head, but yes. There's literature.

DR. MARSH. Ckay. Are they very
different?

MR. CAMPANELLA: They're fairly different,
yes. | think an order of nagnitude.

CHAI RVAN RYAN: Just for the record,
Bruce, |'mgoing to introduce you. Bruce Marsh was
t he one asking those | ast coupl e of questions.

DR. MARSH: One nore quick one. Wat were
your recoveries?

MR. CAMPANELLA: Nearly 90 plus percent,
in the high 90s on these tests.

MEMBER HI NZE: Do we see anastropity in
the diffusivity?

MR. CAMPANELLA:  No.

MEMBER HI NZE: Any direct fill effects?

MR. CAMPANELLA: No. Wen you go to the
cross-hole test, I'lIl show you sone information that
shows you the anastropity in the reservoir, but you
can't see it on these. And it may be that we haven't
pushed it out far enough, and |I'l|l show you sone

information that kind of supports that process here.
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| f you do sone nodeling and you get out into one of
the fast flow paths, then you would expect to see a
double hunp or a little bit of a break in here, and
you don't see that at this stage, the length of tine.

And goi ng back to the experinment, what we
did was we nixed up the tracer. It was in
approximately 4,000 liters of tracer volune, and then
we displaced it, and |'mgoing to switch units on you,
to about 19,00 gallons of water. And those big tanks
that you saw, those big blue tanks, those were the
di spl acenent volume, so that pushed that ring of
tracer out into the formati on away fromthe well bore.

CHAI RMVAN RYAN: Again, |I'masking this
just because | don't know. Does that put any pressure
on the systemor is it -- | mean, by the very nature
of the tests, do you influence the rates of novenent
and so forth?

MR.  CAMPANELLA: You do have sone
influence on it.

CHAI RVAN RYAN:  Yes.

MR. CAMPANELLA: Absolutely. You' ve got
to. In order to push it away fromthe well bore,
you've got to put a gradient on it.

CHAI RVAN RYAN: \Well, let nme ask the dunb

guy question; how do you then interpret that in terns
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of the natural condition?

MR. CAMPANELLA: You really can't in terns
of the natural condition fromthe standpoint, except
for the drift period, and that's when it goes back
into a natural condition

MEMBER CLARKE: You can't do it with one
wel | .

MR. CAMPANELLA: This was a test that they
had done at the ATC, and these kind of tests |I'm not
real fond of.

MEMBER CLARKE: No, but if you wanted to
reproduce natural conditions, you' d need an injection
wel |, an observation well.

MR. CAMPANELLA: And a producer. You
supposedly, are able to get sone information out of
these from the standpoint of the gradient. Again,
fromthat novenent of that volume of tracer, as that
donut basically noves down, or whatever shape it is,
as you nove that volune away either towards the well
or passed the well.

MEMBER CLARKE: Ckay. Thanks.

MR. CAMPANELLA: But these tests, again
|"mnot real fond of. Sone people mght |ook at that
and say that this is a signal here where they

crossover. | look at it, and again, back to your
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comments on the sensitivity of the information, |
don't see anything really different between those two
curves to speak of that gets ne too excited. Next
slide, please.

Now this is the raw data com ng in,
prelimnary data fromthe cross-hole test. And I'I
go through and tell you what this is. This is
producing time in days on this axis now, producing
time in days. These are the cross-hole. This is from
the well 22PA, which is the well to the north towards
22S. These are two different tracers. One was a FBA
and the other is Brom de. Now there's sone question
on the Brom de mass. W had sone issues on that,
whet her or not we have -- we, apparently, | ost mass in
this fromwhat we t hought we injected, and we're stil
scratching our heads because it doesn't nake a whole
ot of sense to us. And | think it mght be nore
along the Iines of either we had sone spill age when we
were m xing up the tracers or sonmething |ike that, but
things just don't really nmake a whol e | ot of sense.
| don't think there's enough di screpancy bet ween t hese
two invalidating the information.

What's really very interesting here is
during this period of time we're punping back and

produci ng, and then we have a shut-in period here.
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And this is 159-day |ong shut-in period when we're
getting set up to do another tracer test, so we got
approval fromthe state to go ahead and shut-in. And
so what happened here is now we're getting a signa
from the natural gradient, direction, azinmuth, and
magni tude is showing up in these production right in
here, so that, | find, is really interesting. And
that wasn't planned, basically. That was just kind of
fortuitous that we got that information

CHAI RVAN RYAN: \What are the different
col ors?

MR. CAMPANELLA: The different colors are
the different types of tracers. The red is the
hal i de, the brom de, and the blue is the FBA. And I
try to keep that in all the slides to be that sane
col or schene. Ckay. Next slide.

Again, this is the response curve com ng
in fromthe other well, 22PC, which is at 90 degrees
to 22S due east. Again, you see a simlar shape
curve, and I'll put all of themtogether. And again,
right here, we also get a signal comng back. And
this signal isalittle bit different, and you'll see
it in some of the other slides here fromthe ones we
just saw, which gives us, again, the gradient,

magni t ude, and azi nuth, some information al ong those
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lines. Next slide, please.

Here's the curves all together. Here's
now the 22PC well. As you can see, there's a big
difference in basically the first arrival and t he peak
arrival tines between these wells, so this is the
north-south well, and tracers are com ng in rmuch nore
qui ckly than the east-west well right in here.

CHAI RMAN RYAN: Just a qui ck questi on.
guess the areas under these curves should be about
equal. Is that right?

MR. CAMPANELLA: Yes.

CHAI RVAN RYAN:  Ckay.

MR. CAMPANELLA: The recovery curves,
we're still in, | think in these cases, | don't have
it plotted up in this presentation, but we're | ooking
at 80 plus percent. A couple of the curves are a
little better than sonme of the other ones on recovery,
but again, within reason fromthe standpoint --

CHAI RMVAN RYAN: And | guess | asked that
guestion just to kind of -- that's how you verify
nothing is going in a place where you don't --

MR. CAMPANELLA: Exactly.

CHAI RVAN RYAN:  Ckay.

MR. CAMPANELLA: Yes, exactly. Part of

the thing is, when we're looking at, | think on the
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brom de side of things, that's where sone of the
confusion cones in because it | ooks Iike we're getting
pretty close to 100 percent recovery on that curve,
and it's like no, it doesn't nmake sense conpared to
sone of the other ones.

MEMBER VEI NER: Because |'ma conplete
novice in this area, what exactly does the difference
in those peaks tell you, the difference in the
gradient, the difference in the flow rate, what?

MR. CAMPANELLA: This stuff right here,
we'll gothrough alittle bit of that in the foll ow ng
slides here, but this - the arrival tinme has
information on porosity, effective porosity.

MEMBER VEI NER:  Thank you.

MR. CAMPANELLA: And in this case, these
differences in the way these | ook is where |' mgetting
some information on the gradient, azimuth, and
magni tude. And that was fortuitous in that case. But
basi cally, what we're seeing here, and we tal ked about
a fast path in the alluvium we see a fast path in the
al l uvium conpared to what we woul d expect. We'Ill go
t hrough sone of those nunbers and sone of the val ues
in the next couple of slides.

MEMBER VEI NER:  Thank you.

MR. CAMPANELLA: What we did is the reason
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we shut down for that 159 days is because we had a
suggestion to go ahead and run in with Pherenached,
and we used lodine as a tracer to |look at the redox
conditions for Technetium But basically, that's what
we were | ooking for here, was to see whet her or not we
had t he case where we basically would start to deposit
some Rheniumout in the formation. And again, |ooking
at these curves, | don't see anything within that
information that tells nme that we've got any kind of
a situation like that occurring where we've got a
precipitation, and so it looks like it supports the
DCE assertation that it won't precipitate out. And
that's why we shut-in for those 159 days, was i n order
to get the permt nodified to get this test done. And
t he reason we deci ded we coul d go ahead with this test
is because we found this fast flow path, so the
deci si on was nade, wow, we've got a fast flow path.
It took a short period of time to see that; so,
therefore, we could pull off this other test, and if
we saw a delay, we'd still have a fast enough flow
path to pick it up. And that's one of the issues that
you run into in these type of tests.

The tests are easy to perform They're
not very expensive to performfromthe standpoint of

the materials involved. Wat kills you is the fue
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cost and the nanpower really to nonitor and keep t hese
t hi ngs goi ng over a long period of time. W punp for
i ke 60 days each series of tests, approxinmately, so
there's a lot of manpower associated with gathering
the sanples and getting it anal yzed, and goi ng out to
| ocation and refueling the generators and such.

MEMBER VWEI NER: So the fact that you
didn't see any reduction indicates that you have
oxidizing --

MR. CAMPANELLA: Yes.

MEMBER WEI NER. You have unchanged
oxi di zing conditions.

MR. CAMPANELLA: Right. Exactly.

MEMBER VEI NER:  Thank you.

MR. CAMPANELLA: Next slide, please.
Ckay. Wiat I'mgoing to show you here is an aeri al
view - thank you Google Earth for their copyright -
but basically, this is where we're | ocated, with that
| ocation. We're pretty close to Forty-MIle Wash, and
| want you to | ook at these channels in here. You see
t he sinusoidal thing going on there. W use that as
a nodel to set up our fast flow path, because we're
| ooki ng for sonething that makes geol ogi cal sense t hat

we could put into a nodel that's not just totally nade

up.
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As you all know, when you nodel, they're
non-uni que. They're essentially whatever you put into
it, you can force sonething to work, so we tried to
use that as information to help us put in some
di screet features here to allowus to do the fast fl ow
path, and then the offset performance. Next slide,
pl ease.

So what we ended up doing here is the
original nodel was set up with this, and we can't
really read any of that, unfortunately. This is too
smal | a display, but what you're looking at here is
approximately - we'll stick with porosity inthis case
to tal k about, because | don't have anything cl oseup
to look at either. This is 30 percent porosity out
here in the green. W started out with that. That's
a good reasonabl e nunber for the alluvium Alittle
bit towards the high side, but it's sonmething that you
woul d expect to see in that kind of a system

This ended up being matched in at 24
percent right in here. Again, a very reasonable
nunber for alluviumgravel. This here, and this was
a single layer nodel soit's the total 115 feet. This
was matched with 8 percent right in here effective
porosity, quite different. There's information in the

signal that's com ng fromthese two wells that there's
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probably sone | ayering effects going on here, but in
order to get a first pass at a sinple nodel, because
that's what we're shooting for, sonething that we can
sinply nmodel and then we <could go into nore
conpl exity. Again, when you do any kind of nodeling
or history matching of nodels, you're limted by
budget and tinme. You can spend a |ifetime doing these
kind of things, and coming up with a non-unique
sol uti on.

MEMBER HI NZE: |Is there any support in
lithol ogy of these hol es?

MR. CAMPANELLA: To see only 8 percent?

MEMBER HI NZE: Well, yes . W see the 8,
t he 20, and the 34.

MR. CAMPANELLA: There is sone
information, but it's very hard to look at. | | ooked
at the sonic core information, and there's nothing
there that really stands out and tells you that
there's sonething that's really low, |ow porosity.

MEMBER HINZE: No variation in the silt
content?

MR. CAMPANELLA: Oh, there is that type of
i nformation out there, but there's just nothing that's
really definitive, | guess, fromthat standpoint, from

what |'ve seen. | tried to do sone correlations |ike
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on ganma ray cross to see if | can see any kind of
gradations with these wells. Unfortunately, the
gquality of the logs inthis area aren't sufficient to
get a good nornalized gamma ray to go back and forth
between the two. | just couldn't nake it work from
t hat aspect, so when | was | ooking at the i nformati on,
| could not see anything that | could just | ook at say
ah-hah, hereinthis log information that we got or in
t he hydrol ogy information that we got fromthe sonic
core, here's the reason, here's the |ayer that
suggests that this should be 8 percent.

MEMBER CLARKE: John, can | ask you to
hol d that slide up there. Again, just how you put al
this together. You' ve got travel tines, velocities
from the travel tines, hydraulic conductivity and
gradi ent stay constant. You've cal cul ated porosity.
s that what --

MR. CAMPANELLA: What we did was we vary
all three, basically, but for the nost part, the
controlling factor here is that effective porosity.
The hydraulic conductivity in these --

MEMBER HINZE: Did you get that fromthe
single well test?

MR. CAMPANELLA: W have a punp test on

this well.
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MEMBER HI NZE:  Ckay.

MR. CAMPANELLA: Yes, so we had sormet hi ng
to anchor it with, basically. And in addition to
that, we also have information because we have these
fully gauged, about some non-honpbgeneous behavior
between this well, this well having  hi gher
perneability from engaging --

MEMBER HI NZE: And that was the sl ower
travel tinme.

MR CAMPANELLA: And that was the sl ower
versus that zone there. And again, this is a very
over-sinplified nodel, because it's only one |ayer,
and there's multiple layers. Wwen | first set this
up, | got a little too anmbitious and had nultiple
| ayers.

MEMBER HI NZE: Just one nore quick
guesti on.

MR. CAMPANELLA: Go ahead.

MEMBER HI NZE: When you did those
nmeasurenents you were using the packers to keep the
depths the sane in all the wells? 1In other words, you
were measuring the same depth --

MR. CAMPANELLA: Onh, the screens.

MEMBER HI NZE:  Yes.

MR, CAMPANELLA: Yes, the screens are --
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you basically have two P wells in each one of these
wel | bores, and they're set up in a different screen,
t wo-i nch.

MEMBER HI NZE: | understand, but you were
usi ng them

MR. CAMPANELLA: And in this well, yes.
W basically went and we did, opened up individua
screens and punp tested individual screens.

MEMBER HI NZE:  Okay.

MR. CAMPANELLA: So that's what we're
| ooking at, the values. Wen you get your hard copy
you can see sonme of the values that we ended up using
for the match in this, basically. But really, the
overriding driving force here is the effective
porosity that's really driving that. Next slide,
pl ease.

MEMBER HI NZE: Wi ch is just another way
of saying the hydraulic conductivity and the gradi ents
are the same, and the velocity 1is inversely
proportionate.

MR. CAMPANELLA: Right. Yes, exactly. 1In
this area right in here, again we're | ooking at very,
very high perns, and there's not a |ot of contrast in
the perns that could detect between the wells,

although it |ooked like there is nmaybe 30 percent
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hi gher perneability that way than this way.

This is just a picture of - [|'ve got
anot her presentation that | need to give at Devil's
Hole, so | have a m xed audience there, so you get
pretty pictures to show. Basically, here's our screen
nunber two, and that's the tracer plunes in the nodel
novi ng towards being picked up at 22S. And you can
|l ook at this, it's comng in faster than the tracer
plume comng this way. And if this was a little
bi gger screen, you could actually see the gradient
here pulling that tracer this way.

MEMBER HI NZE: The high pernms are in the
direction of the channel s?

MR. CAMPANELLA: Actually, no, they're
not .

MEMBER HI NZE: What are they? Wat is
their relationship to the channel ?

MR. CAMPANELLA: | don't know. | don't
have any good definitive -- usually, that's what you
think of, and that's what | thought of originally, was
that was going to be the case, but | ooking at the
pressure data, it was the opposite, sol'ma little
bit confused at this stage as to why that is. They
don't see a whole | ot of cenmentation. That's normally

what | |look at, and would think would cause ne sone
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stratification, would be sonme cenentation. W really
don't have a whole lot in here. There's not a lot to
| ook, to kind of focus your attention in the sanple
information that we have. It pretty nuch | ooks pretty
honmbgeneous and a bunch of junk.

MEMBER CLARKE: You said they weren't that
much different.

MR. CAMPANELLA: Right, they are not that
much different. But, obviously, the tracer response
tells us they are quite different. Next slide,
pl ease.

Here's the nmatch where it sits right now.
This is comng fromthe 22PA wel |l towards, this is the
fast pathway. And on this area right down in here,
thisis - we're | ooking at gradient sensitivity right
here. And here's the match, and this is the gradient
that is basically used in the current nodel. And |
have to say looking at it, here's what it does, it
goes down. Now the nodel, these are the data points
we have here. Right? And here's the nodel, is this
red line com ng off of here, so what we're | ooking at
istrying to match that rapid breakthrough, the peak,
and we're missingalittle bit hereonthis tail. And
then it peaks up here, and we're trying to hit it

right up in there.
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Nowthis is the area where |I' msayi ng t hat
you can get sone gradient information on magnitude,
magni tude basically from the standpoint of how high
t hi s noves up or down, and then on direction, what the
shape of this curve is. The fact that this just goes
right up and falls right off tells us that the tracer
plunme is noving fromthe north into that south well
22S. And the reason why you see the peak and then
fall dowmn has to do with the fact that you basically
are, through natural gradient, noving that tracer
pl ume towards the producing well. Wen you turn the
producing well on, then all of a sudden that tracer
plunme starts to get diluted fromall the fresh water
sitting around that well bore as it cones in, so
that's why you see this big i medi ate drop here. But
the fact that you get that rise because the plune is
nmovi ng towards the well, and then that i medi ate drop
in here.

So from our standpoint, we're probably
pretty close to being finished with the nodeling
effort at this stage in the gane. | have to talk a
little bit with Dal e and see how nmuch nore he wants us
to put into it because, again, | could spend a | ot of
time and a |l ot of noney trying to fl esh out sonet hing

that's still alittle better nmatch, but is still non-
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uni que that | can't answer the kind of questions you
guys are aski ng me about what specifically is driving
all these things. Next slide, please.

Here is the case of the other well which
had the nore expected behavior with the 24 porosity,
effective porosity. As you can see here, we cone up
match that pretty well. In this case, what we're
| ooking at is this blue curve is what we're saying i s
our best guess here. And what's interesting, you see
it actually better here in this case, which is 6.25
times the original gradient, which is in the current
nodel s. As you see this type of behavior, see how the
pl unme actually drops down and then peaks up again so
you get that rollover, just like you see in here in
this data, where it drops down and picks up again.
And again, what's going on there is that tracer plune
is noving, 22S is here, that tracer plume got pulled
over that way, and now it's shifting away fromthe
wel | because the gradient is pushing it away. And
t hen when you turn the well on, you force it back into
the well, so that's why you see the di p down and t hen
the peak back up in here. And so that's where |'m
saying that | feel that we've got sonme pretty good
information that confirnms that we have a good nort h-

south gradient, and it's in the magnitude that we
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expect and have mapped out based upon the results that
we see fromthese tests.

Basi cally fromthat standpoi nt, usingthis
type of information we should be abl e to maybe do sone
tracer testing in sonme other areas where we're not so
sure about the gradient, especially when you get down
around H ghway 95 where we have sone up-welling, and
we'll talk alittle bit about that. And there's sone
confusion, does the flowstill go passed Hi ghway 95 in
those faults, or is it basically effectively bl ocked
off fromthe up-welling fromthe carbonate systemis
what the belief is, and kind of back-flows into the
alluvium So there's, | think, sone utility in doing
this type of thing, and doing the shut-ins on the
cross-hole tracer tests, any ones that we performin
the future. Next slide, please.

MEMBER CLARKE: John, one quick questi on.

MR. CAMPANELLA: Go ahead.

MEMBER CLARKE: | think Bill asked this
al ready, but your porosity are a factor of three?

MR. CAMPANELLA:  Yes.

MEMBER CLARKE: Eight to twenty-four?

MR. CAMPANELLA:  Yes.

MEMBER CLARKE: Now is that consistent

with your understanding of the geol ogy and those
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t hi ngs?

MR. CAMPANELLA: Well, | know that when
the DOE and they look at it, they use the lower limt
of 5 percent for the alluviumfor their --

MEMBER CLARKE: Yes, | nean, that's a
fracture rock porosity.

MR. CAMPANELLA: Well, yes, it's high
fractured rock porosity. Typically --

DR COLEMAN: Yes, that's a distribution
of porosities that we use, and sonme of the | ower end
ones are lowprobability. | think the reasonabl e ones
are -- | mean, these guys - this is their analysis,
and they don't | ook at PRA-style analysis. They're
nore interested in actual analysis.

MEMBER CLARKE: That's not where it's
going at all. It's just that you're varying a | ot of
di fferent things.

DR. COLEMAN. Right. And we've been
guestioned a little bit on sonme of the val ues of
porosity in the alluvium and we think we got a pretty
good basis for our porosity val ues.

MR. CAMPANELLA: Again, yes, if you |look
at the data that is out there, 8 percent - yes, it
seens pretty | ow, especially when you I ook at it. Now

you can do sonme nore detailed work with sonme of the
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anal ytical solutions. And actually, if you go back
and actually do a derivative on the response curve,
you can see nultiple peaks in there. You can see
where it cones up and then starts falling off. And
there's at |east three separate peaks which woul d
indicate there's probably three separate little flow
paths coming into that well, so one of them nay be a
ot lower like around the range of 5 percent, and the
ot hers m ght be higher than that, but they conposite
back into that roughly 8 percent if I'"mgoing to match
that on a single | ayer system

And again, | guess the real big issue is,
fromour standpoint, we | ook at this for understanding
bits of information, not trying to match the thing
perfectly in a non-uni que way, because it just doesn't
add that much value. Again, | could spend ny entire
budget on that and have no noney |eft.

In this case here, what we're | ooking at
is what if we took the values that we have in those

bi gger areas and i npose themon this as a honpbgenous

system And what you're seeing here is if we take the

fast flow path, the 8 percent, that's the type of
response that you would see. Well, we don't see that
kind of response. That's a little too aggressive.

This is in the Brom de, which is the pathway com ng
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from22PA north-south to 22S. And then if you go out

here in the 24 percent that's the kind of response you
see. Well, we didn't get that. That's our actual
response, so that's too slow, so that tells you that.
And here's the 30 percent way out here. So
originally, what we are | ooki ng at was expecting this
type of behavior, and we ended up with that behavior
fromthe north-south well, so it was a surprise.

And again, you can see these different
type of end effects from the gradient and shutting
things in. Those are at the actual gradient that's in
the nodel right now north to south. Next slide,
pl ease.

MEMBER VEEI NER: So do you then adjust your
nodel to conformto your experinental results? Do you
do that on a continuing basis, or you're just
collecting data at this point, and then eventual |y put
it all together?

MR CAMPANELLA: As far as the
nodi fications to the overall |arge nodel ?

MEMBER VEI NER:  Yes.

MR. CAMPANELLA: That probably needs the
-- | think these guys | ook at the information --

DR COLEMAN: This is Drew Col eman. She's

aski ng about your nodel, so answer it with regard to
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your nodel .

MEMBER VEI NER:  Yes.

MR CAMPANELLA: Ch, our --

DR. COLEMAN. O if you're talking about
nmy nodel --

MEMBER VEI NER:  No.

DR. COLEMAN. -- then you need to ask ne.

MEMBER VEI NER:  |'m asking with respect to
your nodel. Do you then adjust your nodel to

correspond to your experinental results, or are you
collecting a lot of results, and then --

MR. CAMPANELLA: We're collecting a |ot of
results. Right now, Nye County doesn't do like a
| ar ge- scal e nodel

MEMBER HI NZE: You don't iterate your --

MEMBER VEI NER: Yes, that's a better way
to put it.

MR. CAMPANELLA: OCh, we iterate on this?

MEMBER VEI NER:  Yes.

MR. CAMPANELLA: Yes, we iterate on this.

MEMBER VEI NER:  Ckay.

MR. CAMPANELLA: And that's where we got
to the history match you're seeing right now, is
t hrough iterations.

MEMBER VEI NER:  Thank you.
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MR. CAMPANELLA: But do we take that

information and nove it out beyond the 22S | ocation
right now? No.

MEMBER VEI NER:  No.

MR. CAMPANELLA: Because we don't have a
| arge-scale nodel. Al we have is a nodel set up for
22S right now. But yes, we do iterate, and we have
iterated in order to cone up with the matches that we
have. And we've got plenty of plots to | ook at that.
W don't want to go through that.

MEMBER VEI NER: | can see that, yes.

MR. CAMPANELLA: Basically, again, here's
the well coming fromeast to the west from22PC. And
if we put in that fast flow path, that's what we'd
expect to see. O course, we didn't see that, we saw
that. And here's what it would look like if we were
at 30 porosity, and the rest of the properties that
went into that area. That's the shape of the curve,
but it's domnated really by that effective porosity.
And again, we're not getting very close out here. You
could say well, that nodel here peaks out there, and
that looks alittle better than that one. The probl em
is you don't see the kind of hunping in that |ast
little bit of the curve. Next slide, please.

This is one of the first nmatches. W now
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went back and | ooked at -- got a paraneter set for the
cross-hole test and then just ran on a nore refined
case the push-pull test. And if we do that, this is
the type of response curve we end up with. And it's
the scale effect of the dispersivity. If we reduce
that by over a factor of 10, we get a nuch better
match in the first push-pull test. And there's
probably sone nore work that needs to be done. That
was sonething that was just recently done, is trying
to go back and | ook at those push-pull tests to cone
up with some infornmation on that.

Agai n, part of the reason why |I wasn't
told | needed hard copies, and it woul d have been hard
for me to acconplish that, too - |I think | got this
Sat urday. Next slide, please.

Just to go through a sunmary. Miltiple
tracer tests have been conducted on the saturated
alluviumat Site 22 inthe |ower Forty-MIle Wash. The
non- absorbing solid tracers, different diffusion
coefficients were used on two consecutive single well
push-pul |l tests beginning in Decenber of 2004. And
yes, things do freeze in Decenber in the desert, as we
found out. W were very concerned about breaking our
pi pes because they're PVC and it was freezing.

Single well tests were followed by two
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mul ti-well cross-hole tracer tests using conservative
reactive and microsphere tracers begi nning i n January
of 2005. The prelimnary analysis of the tracer tests
using both analytical and nunerical sinulation

i ndicates that the diffusion into the i mobile water
was m ni mal or non-existent, and that a fast fl ow path
exi sts between one of the injection wells, 22PA and

t he punping well, 22S, and the shallow all uvi um

aqui fer.

A long punping interruption between the
two cross-hole tests allowed natural ground water
drift to nove the tracer plunmes and tracer response
curves contain that information about the site's
nat ural gradi ent and nagni tude, and azinmuth fromt hat.

MEMBER HINZE: In ternms of the overal
objective which is early warning, what's the major
result that we're seeing here? |Is this just a matter
of collecting data and paraneters for nodeling?

MR. CAMPANELLA: Wiere is this going?

MEMBER HI NZE: Yes, where is this going in
early warni ng?

MR. CAMPANELLA: Well, it's going towards
better site characterization, really. The bottomline
is if you look at those well spacings, they're quite

few wells for such a large area. Wen | was out on
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| ocations, for instance, we were trying to figure out
what the gradi ent was, and so one of the suggestions,
well, we've got four wells, go neasure the gradient.
Vell, we can't neasure the gradient there, it's flat
as a pancake. W don't have any instrunments. You
woul d have to basically use very, very - | don't even
know i f you have a sensitive enough pressure gauge to
know exactly where they're sitting inthe Z and the Y
and Y, in order totry to get a gradient. So we said
oh, well, we can go up and pick of f the gradi ent that
you see in the big maps. And people said well,
there's a lot of contention that those aren't the sane
gradi ents, because what happens is you have a pretty
steep gradient up in the volcanics, then you hit the
alluviumand it goes flat. Well, in my opinion, it
goes flat because it's a high perm There's no reason
for it to stack up anywhere. And that's why | think
we see off of that. So fromthat standpoint, it's
that site characterization where we can use sone of
that information

Now as far as the fast flow paths, it
hel ps us try to deterni ne whether or not what we're
getting fromthe DOE nakes sense fromthe standpoint -
one of our concerns, | guess, that has been voiced, is

alittlebit that there's alot of stochastic nodeling
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goi ng on, but that they have a tendency to take all
the values. And when you get done with the
nmet hodol ogy, they basically end up with kind of a fl at
profile. There's not a worse case scenario, and then
there's not the | onger case scenario. They don't al
kind of go to a catastrophic type of behavi or where
you'd say we have a fast flow path, and it's fast in
the volcanics, and it's fast in the rest of it. o
ahead.

CHAI RMVAN RYAN: | guess just to put a
ri sk-significance kind of viewon it, when you have a
range of values in any paraneter, whether it's
gradient, or velocities, or those kinds of things, you
can factor some range of val ues based on however you
come to consensus on what that range ought to | ook
i ke and run your performance assessnent code, which
is the inpact part. It's does it matter or does it
not matter, and what the influences are. Have you
gained - and this may be an unfair question for your
part of the project - but do you have any insights as

to what the risk-significance of this work is fromny

definition of it, if you'll allowit?

MR CAMPANELLA: | don't know that | can
answer that. | know that --

CHAI RVAN RYAN: Fair enough. | realize
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was putting you on the spot, but for us, that's really
where the value of the work cones in. Wat's the
ri sk-significance of a range of values in porosity in
terms of calculating a dose at sonme reference point,
or to a reference individual, that kind of thing, and
does it matter or not?

MR. CAMPANELLA: Wiat | renenber | ooking
at is we | ooked at basically, kind of the controlling
nmechani sms for the barrier systems in place. And it
seened |ike once the material gets into the aquifer,
that's the shortest thing that you have to deal with
So all of the work needs to be done --

CHAI RVAN RYAN:. Ch, sure. No, | agree
with that, but does it matter is the real question
what's the inside of the risk-significance to that
happeni ng or not happening? So we're not there yet,
| guess.

MR. CAMPANELLA: Right. | don't know t hat
we're there. | know that sone people inside of Nye
County's working group has put together a recent

position kind of paper on sone of these issues that

you're discussing right now, but | wasn't part of
t hat .

CHAI RMAN RYAN:  Fair enough. | appreciate
it. It's maybe a little out of your zone.
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MR. CAMPANELLA: That's right.

CHAI RVAN RYAN:  Ckay.

DR COLEMAN: Well, and that's one of the
project's challenges, is the county |ooks at things
differently than say the regulators and the DCE in
this whole risk-based analysis. And so they would
prefer to gather all the data that you need, and
understand it fully, and so that's a little bit of a
t ensi on between the county and t he project and t he way
t hi ngs are done.

CHAI RVAN RYAN:  Well, it's ny experience,
the one common thing anong all geologists and
hydrol ogi sts is they want to dig one nore hole, at
| east .

MEMBER HI NZE: And usually with good
reason.

CHAI RMVAN RYAN:  Your fast paths are both
hori zontal and vertical in space that you're | ooking
at?

MR. CAMPANELLA: In this case, the way it
was nodel ed, yes. In reality, | don't think so. |
think you have vertical, a fast path that's probably
less - |"mpretty sure you have a fast path | ess than
8 porosity units that's thinner, that's giving you the

first arrival. Again, like | said, if you take and do
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a derivative on that response curve, you can see
nmul ti pl e peaks coming in, and they basically are
| aying on top of each other.

Part of the issue from our standpoint on
t he nodeling side of things are the [imtation of the
software. One of the things that | saw in the
software that we are using is that it didn't do a good
job of telling me what mass | was producing fromeach
| ayer; therefore, | couldn't get back to ny response
curve, so it's easier to set it up as a single |ayer
than try to work backwards and try to figure that out.
And again, it's noney, tine constraints, any tinme you
nodel , especially from our standpoint. Unless Drew
wants to open up the flood gates of cash and nostly
like to drill other wells than watch nme nodel

DR COLEMAN. Go for it.

MR. CAMPANELLA: Ckay. Next slide,
pl ease. Gay. Ofice of Science and Technol ogy
| nternational OSTI U-tube installation in 24PB. Next
slide, please. This is Barry Freifeld. |Is that the
proper nane? Yes, Barry Freifeld s design for U 2.
And the purpose of this is to allowfor the down hole
sanpling, and keep the sanple at reservoir pressure,
so you don't have any kind of clashing of that, or

contamnmi nation with oxygen of the sanpling. O course,
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any tinme you're dealing with little small U tubes,
you're limted in the size of the sanple you can get,
and the vol unes you can produce out of it. But that
was the basic design. It's real sinple. A check
valve permts the native fluid to enter to the U tube,
and then prevents it from backing back out, so then
t hey have the drive line here, and they' ve used high
pressure Nitrogen then to lift that fluid up to
surface, and then they gather it at pressure so they
don't have any kind of oxygen, any contam nation or
gases flashed out. Next slide, please.

This is a schematic, and | think this says
PA, but it's nowPB. But basically, what they've done
is they've gone in here and here's -- it's really
difficult for me to see at this scale, but here's the
U tube bundl es, and they' ve done four of themin here.
They have redundancy, so they went ahead and they've
actually done this installation. This well has been
drilled, and finally got drilled and was installed.
Next slide, please.

And there you are out on | ocation. Again,
any tinme you're dealingwith all those little Utubes,
it's quite an operation to nake sure that everything
gets into the hole correctly. Next slide, please. |

think this was in February when they got this off. As
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you can see, there's some snow on the ground. Again,
lots of things to keep track of and pay attention to
for these guys as they're running this equi pnent into
the hole. Next slide, please.

Ckay. Now we're going to go through a
series of slides. Do we have enough tinme?

CHAI RMAN RYAN:  You have 35 minutes.

MR. CAMPANELLA: Ckay. Sounds good. Talk
about the proposed horizontal well. And these were
are sone takeouts on sone slides we presented at
Devil's Hole to talk about the horizontal well, so
it's got sonme information in here that's a little bit
out -of -date that we could discuss a bit.

How have we i nvestigated | arge-scal e fl ow
features, drifts, vertical well bores, |arge-scale
geophysi cal neasurenents, geochem cal analysis, tracer
testing, lab testing of rock and fluid interactions,
and data integration in the nodeling side of things.
Next slide, please.

Key hydro geol ogic features are still not
wel | understood. Hydraulic properties, the ngjor
bl ock bound faults, we don't know what they are
| rpact of fracture frequency, fracture mnimalization
and matrix fracture interaction is still somewhat of

an unknown. Connection between the tuffs, alluvial,
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and carbonate system It's a big issue. Again, one
of the things |I kind of got out of that last little
tracer test in that gradient was that yes, they are
comuni cat ed and they' re not | ooking at two different
gradi ent systens nysel f.

These features can inpact the transport
time by thousands of years, so | guess that kind of
comes back into sonme of the comments that you had.
That's what we see, is that it pushes things up by
t housands of years.

CHAI RVAN RYAN: Well, again, just that may
have been one piece of the story. That's not the
whol e story of risk.

MR. CAMPANELLA: No, no, it's one piece on
the --

CHAI RVAN RYAN: Differences of thousands
of years mamy be uninportant in sonme Pas.

MR. CAMPANELLA: Exactly, what | was
sayi ng before, what we see is that by thetinme it gets
to the aquifer, your big chances to slow things down
are in containnent and that kind of thing. Next
slide, please.

How do we cost effectively reduce the
uncertainty? W need to, we feel, intersect the

faults in the saturated zone, quantify the fault and
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fractures, obtain geophysi cal nmeasur enent s,
hydr ogeol ogi cal properties, and allow for future
access and long-termnonitoring. W think horizontal
wells fulfill those requirenents. Next slide, please.
W'll talk a little bit, and we'll have

sonme slides that are sonewhat redundant, but you're

going to have a slant well, a vertical well, and then
a horizontal well. And the purpose of this slide is
just to illustrate the fact how difficult on a
vertical well it is to intersect vertical fractures.

It's just really difficult to do. A slant well gives
you a better chance. The best way to intersect near
a vertical or near vertical features is to use a
hori zontal well. You can also see variations in the
lithol ogy bedding also in a horizontal well. Next
slide, please.

Why go horizontal ? You get inproved well
productivity, vyou get better connection to the
fractures and the vertical features, obtain detailed
information over l|arger scales than you can in a
vertical well through the vertical fractures or faults
that are poorly identified in the vertical wells.
Next slide, please.

Are horizontal wells experinmental? No.

Over the last 15 years, horizontal drilling for the
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oil and gas industry has exploded. In 87 there was
51 horizontals, by 97 it was 4,000, and now it's |
t hi nk over probably 10,000. Major horizontal well
areas include Al berta, Canada; Texas, North Dakota in
this part, the hem sphere we're dealing wth.

Thr ough 2000, t here were 23, 385 hori zont al
wells inthe U S., and just about 10,000 i n Canada, so
it's a very conmon thing to do in the oil and gas
industry. It's not your pushing the envel ope by any
nmeans fromthat standpoint. Next slide, please.

W coul d probably skip through quite a bit
of this because you guys are obviously very well
versed in it. Death Valley Regional Flow Systemis
t he regi onal hydro geol ogic setting. Yucca Muntain's
site scale nodel is the subset of that. Bounding
conditions go into that nodel. Local hydro geol ogic
setting, we've got the Early Warning Drilling Program
wel l's, and that gives us information on the sedinent,
the contacts between the different axis. And then
information on the water table and the gradi ents.

CGoal s of the proposed horizontal drilling
program - what questions are we expecting to answer
wi th proposed wel Il s? Cross-sections with the proposed
hori zontal wells will look at some of that. Next

slide, please. Here's regional hydro geol ogic
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setting. Again, this is the big area that we're
| ooking at. Death Valley is over there. Here's your
site scale nodel. Next slide, please.

Most of the ground water flowis fed from
the north, in the northeast, the discharge areais to
the south and the southwest, and that's the current
t hi nki ng. Next slide, please. Wen we get into nore
| ocal i zed area, the saturated zone in the | ower
sections of the upper vol canics, Topopah Spring tuffs
and the flow occurs predomnantly in the UVA and the
| oner vol canic aquifer discharge to the alluvium
towards the south and southeast. That's the current
t hi nki ng. Underfl ow nay occur at depth, we don't
know.

Nye County is concerned primarily with the
shal | ow accessi bl e aqui fers because that's nost |ikely
what water source is there outside the repository.
Next slide, please. Gound water flowis driven from
the steeper gradients to the north, the northwest,
much flatter in this area, of course, where it dunps
into the Forty-Mle Wash area |ike we discussed,
sout heasterly flow direction may be intercepted by
north-south steep faults. Again, that's suggesting
that that's the general flow. Wt | found, | can't

di scrim nate between southeast, that type of flow,
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that type of flow, or north-south, with the data that
we have.

W are planning a natural gradi ent test at
that | ocation dunping tracer into 22PA and letting it
drift, and then sanpling it at 22S. Again, that's
pl anned for sone time this year. W've got sone
i ssues we've got to take care of in order to place the
tracer and get along with that test.

One of thethings | forgot to enphasizeis
that tracer that set off in screen nunber one,
remenber, we never did see it. W could see pressure
response between Zone One and Zone Two, but we didn't
find any mass to that screen nunber two, so we never
saw any tracer show up there. So, apparently, there's
sonme stratification froma nass transfer standpoint.

One of the things we're planni ng on doi ng
for the natural gradient test is opening up screen
nunber one in 22S and doing a sanple to see if that
tracer noved towards 22S that we placed in that screen
nunber one prior to the natural grading test. Next
slide, please.

Again, we talked a little bit about the
vertical gradients. W had sone downward fl ows, and
then we had sone upward flows here. There m ght be

some possibilities to sit down and think about somne
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tracer testing and such down in this area, and nmaybe
try to get a sense of are we back-filling into the
al l uviumfromdeep carbonates, or does it continue to
flow up and then flow out? W don't know yet. Next
slide, please.

Arrow nmagnetic. Again, nost of this is
just trying to display sonme conpartnentalization that
we know exi sts out there. Next slide, please. Again,
that' s what the purpose of this slideis, to enphasize
that we have sonme evidence of conpartnentalization
potential out here. W don't knowif it exists yet,
but we had sonme information that suggests that it
does. Next slide, please.

Ckay. The mmj or EVDP fi ndi ngs,
perneability of the alluvium and underlying vol canic
aqui fers can be very high. Now the upward hydraulic
gradients generally observed from the deeper to the
shal | ower aqui fers, |ocal |arge dowward gradi ents at
the paleo spring well sites, focus on flow likely
occurs in the Forty-Mle Wash alluvium due to the
perneability contrast. Particle-size distributions of
the al luviumsanples is significantly different inthe
saturated alluvium drill cuttings and core sanple
sonic coring is the best. This is what Dale tal ked to

you guys about last time, was the sonic coring. And
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t hey got sone good information off of that. Again,
they had a sonic core in the 22S area. | can't
remenber which one. Was it PC the did the sonic core
on? And looking at that information, | couldn't see
anyt hing that would just strike ne as to how to
popul ate the tracer nodel based on that information,
so there wasn't anything just wow, that's it. Next
slide, please.

Okay. Layer cake hydro stratigraphy at
Yucca Mountain does not exist at the H ghway 95
continuity of the volcanic aquifer units conplicated
by buried older faults in the volcanic units at
H ghway 95, and several mles north of H ghway 95.
They're likely to conplicate flow paths, |onger and
nore convoluted. W have older growh faults likely
to either termnate najor ash flow sheets or create
abrupt textural facies boundaries. Structures also
provi de pl unbi ng for | arge upward hydraul i c gradi ents,
and the vertical gradients can be orders of magnitude
| arger than the horizontal gradients, so the verti cal
gradients can be pretty inportant. Next slide,
pl ease.

Flow in the volcanic aquifers likely
occurs in structurally controlled conpartnents, that

t he t hought process. Flowin the alluviumaquifers is
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controlled by the textural units, channels, and |likely
affected by local vertical gradients near the
underlying fault. And | guess we can enphasi ze that
that's sonething that we saw fromthe tracer testing,
that there is that going on. Wether it affects
things on a large scale, | don't know Next slide,
pl ease.

Okay. Proposed horizontal wells,
justification, nodel flow paths depend on poorly
constrained hydraulic gradient information. Flow
occurs i n areas of variabl e upward vertical gradients.
Model flows apparently wunaffected by the large
vertical structural features currently. Next slide,
pl ease.

Qur goal is cost-effective nethod to test
large faults within the projected flow paths from
Yucca Mountain, determne hydraulic properties of
structures for future updates of the nodels, and
better align nonitor wells with flow path. Again,
we're trying to figure out where things are goi ng and
where best we should be pre-positioning some wells.
Next slide, please.

The nmethod - drill, conplete, and test.
W're saying here two horizontal wells, actually,

we' re tal king about a total of three | ocations that we
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have. W have funding currently for one. W are
going to have a neeting, testing programwll be a
cost-effective test of the larger faults in the flow
pat hs from Yucca Mountain to the Amargosa Vall ey,
programcan be conpleted in a tinely manner using of f -
t he-shel f technology. W're not trying to create
anything here. Programcan be inplenented in a
cooperative manner with all the interested parties.
Next slide, please.

Agai n, t hese are j ust di fferent
net hodol ogies to go vertical and go down vertically
and kick off, go out slanted, kick off. This is
nostly, and we'll probably bl owthrough alot of these
slides, just an understanding. | don't know your guys'
experience with horizontal wells, so if there's
something that you have a question about, ask ne.
Next slide, please.

This is a steering notor. Wat you have
is a mud notor is what they're called, progressive
cavity punp, and they punp nmud down. It spins the
bit, and it allows you to use like a bent sunp in
order to steer the drill bit. Next slide, please.
Here's just a picture of what it would |l ook like in a
hol e getting kicked off. Next slide, please.

How do they neasure things? Typically,
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they send a pulse up the drilling nud to the surface
and that tells them information about azinuth,
inclination, that kind of stuff. And you can actually
get logging information, Iike gamma ray and t hat stuff
t hrough a pul se backup through the nmud system  Next
slide, please. And that's all that's show ng you
there, is they basically send a signal and they get
information from that signal about what's going on
down hole back away from the bit, probably about
anywhere from 20 feet back fromthe bit, so it's
pretty much alnost realtime information as you're
drilling what's happeni ng. Next slide, please.

You get inclination, azi nuth, you get tool
face and you get these type of things. And then you
can get |like gamma ray, and you can do formation and
val uati on neasurenents as you're drilling. W're not
proposi ng we do that. Those are very costly to do,
but you can do them You have density, sonic pressure
information. Next slide, please.

Anot her type of tool that they have, they
basically have a little control notor here, and they
have basically an actuator that kicks out a pad and
directs the drilling bit as you're going down. Next
slide, please. That's just another picture of it.

Next slide, please. kay.
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W tal ked a bit about this al ready. Next
slide, please. GCkay. Drilling and conpletion. W're
going to nmove in a top drive single drilling rig
drill a 12-1/4 inch hole to 100 feet bel ow the water
table. W're going to obtain Nye County standard
geophysi cal | ogging suite, and then we're going to go
ahead, and that's in the vertical hole. It's at 9-
5/ 8t hs casing, 100 feet below the water table,
approximately 1,200 feet. Next slide, please. You nay
think that this is what we're talking about for a
drilling rig. That is adrilling rig. That is the
typically older type of drilling rig. Next slide,
pl ease. This is actually the type of rig that can do
this work. |It's basically a very small footprint. It
has hot drive here, and extensible nmass so that they
can pick up casing, and it's pretty amazing, they can
acconpl i sh what they can nowadays with that snall of
a footprint, which allows themand us to go sone
places that are sonewhat challenging from the
st andpoi nt of topography, maybe. Next slide, please.

Top drive unit here. Nornally what you
have is the old style rigs, you have what's called the
Kel Iy bushing and a turntable, and that's down on the
rig floor. That's all the pictures, you see the guy

spi nni ng chain and that kind of thing. These are much
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safer. They basically are top drive hydraulics, can
actually push the pipe into the hole. [It's not just
the weight in order to drive the pipe down, so that
allows themto do horizontal wells a lot easier. Next
slide, please.

Here's just alittle couple of schematics
of what we're tal king about. The vertical hole here
bel owthe water table. Next slide, please. Drill out
with 7-7/8ths bit, under-bal anced nud system so we're
trying not to dunp a bunch of nmud into the fracture
system of course, so we're using under-bal anced
drilling. Build a mediumradius horizontal at 10
degrees per 100 feet so, therefore, the curve will be
900 feet long, drill 500-1,500 foot of lateral, and
final lateral Ilength wll depend wupon drilling
conditions. If you hit a lot of fractures that are
very conductive and take your boot away from you,
you' re done, but that's information you didn't knowif
you go 500 feet and all of a sudden use circulation.
You know you hit a pretty high flowfeature that close
to where you were

They' Il try to do the best they can to
keep things going, but that's what's going to pretty
much kill it. If you don't hit any high flow

features, and you can actually maintain fluid in the
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hole, we'll go out to 1,500 feet. And maybe,
dependi ng how t hings go, | suppose, you could go a
little bit longer than that, but you're going to run
out of noney. Next slide, please.

So here's a schematic what that kind of
| ooks at. You're building your curve here. That's
going to go for 900 feet. The next slide, please.
Here's t he proposed | oggi ng programfor the horizontal
section. Log the well with Wreline tools and dril
pipe, run formation mcro imaging log FM, run a
pl at f orm express which is nore your typical |ogging-
type stuff, resistivity, formation density, that kind
of thing, Dipole Shear Inager. That's a fancy
conmput eri zed sonic tool that gives you information on
the rock properties and gives you information on
fracturing. A couple of other |logs basically for
determining lithology information. Next slide,
pl ease.

Basically, that's kind of what it | ooks
like. You basically do drill pipe conveyed | ogging,
because you' ve got to push the tool out and then pul
it back in. You can't do it with a Wreline. Next
slide, please. | don't know if you guys are famliar
with Formation Mcro Imager log. It's basically kind

of a diplog on steroids. You end up with a bunch of
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resistivity pads on a series of arnms at high density,
and it can give you a resistivity inmage of the
formati on, and then you can go - next slide, please -
basically tie those back in, that detailed information
back i nto what your fracture systeml ooks |i ke in your
lithol ogy, your bedding plains, and that kind of
stuff. And it pretty much al nost gives you a core-
i ke i mage of what the subsurface | ooks |ike without
getting a core, especially on the fracturing side of
things. Been very successfully used in the oil and
gas industry for |ooking at fractured systens w t hout
trying to take core. And as you well know, coring is
costly and difficult, especially in fractured rock
It's even nore difficult to do, get a whole sanple,
come back. Next slide, please.

Get strike and dip calculation fromfully
oriented i mage. You don't |ose anything. Next slide,
pl ease. You can devel op structural nmodel fromthe
oriented beds and faults. Next slide, please. It's
probably the nost inportant log that we'd | i ke to get.
Characterization of fractures from the electrical
i mges, you basically see these sinusoidal things.
They can be either beddi ng pl ains, depending on what
they |ook I|ike, you can determ ne some aperture

information fromit, and you can | ook and do fracture
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counts and that sort of thing. Next slide, please.

Aperture is conputed al ong each fracture
trace. That's what they' re doing here, calculating
some apertures, depending on the size and the
coloration. Next slide, please. It has been run in
fractured volcanics. That's fromthe Col unbia R ver
Basalts. Next slide, please. GCkay. And they've
actually run it at Los Alanps in a fractured tuff,
al so, so it's been proven to be able to image these
type of formations. Next slide, please.

This is a funny thing. | couldn't figure
this one out. Next slide, please. This is the sonic
tool basically on steroids, conmputerized sonic tool
with different spacing, and it gives you sone
i nformati on on shear and S&P waves, basically. So you
get a full wave formcom ng out, and they can do sone
anal ysi s based upon that. Next slide, please.

You conbi ne the two together, DSI and the
FM, and you get a better answer fromyour fracture
standpoint. What do they |look Iike, what nmakes sense?
Next  slide, pl ease. This is for formation
geochem stry. Next slide, please. This just tells
you what types of elenents it |ooks at. Next slide,
pl ease. Natural gamma ray. Next slide, please. This

is their, what they call Platform Express, and it's
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their standard |ogging suite, typical resistivity,
caliper, gamma ray, that type of thing, single pass.
Next slide, please.

Conpl eti on program- determ ne the screen
and packer configuration. Drill and | ogging data wll
be used to determne that. |Install six inch screen to
bl anks i n external packer so we can isolate the major
flow features that we want to study. The drilling
changes to a conpl etion fee schedul e at that point, so
we're trying to save noney. Next slide, please.

Initial testing program - individual
screen conpletions are tested for productivity,
retrievabl e packers and plugs are used to isolate the
screens. The well is produced with air lift, and each
screen is logged with a spinner tool so we can get
sonme rates informati on out of it. Next slide, please.
That's basically the kind of tool that they would use
to go out there and | ook at that. Next slide, please.

Long-term punp testing and observation
tracer testing is what we could see happen with this
wel |, detail ed production | oggingwth water flowl og,
detailed pressure transient analysis with multiple
pressure transducers and retrievable packer plug
conbi nati ons so we coul d set on one side of the fault,

put a nenory gauge at there, and then punp into the
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ot her side or produce out of the other side and see
what ki nd of pressure response, if any, we get, that
type of information. And then nultiply the inpact of
the | ower cost vertical wells. W could go in and

of fset the horizontal with vertical wells and use t hem
as like tracer injection, from that standpoint,
produce out of the horizontal. Next slide, please.

Estimated cost - basically, this is what
t he cost structure that we're | ooking at, drilling and
| oggi ng over 800,000, conpletion 137,000, testing
132,000. Next slide, please. Total estinmated cost is
roughly a little over one mllion per well, and that
was basically trying to get three wells because denobe
cost is a big thing, because there are no drilling
rigs of that type sitting in Nevada because there's
very little oil and gas in Nevada, especially around
there. Next slide, please.

Hori zontal wells can intersect faults and
saturated zone, increase productivity in fracture
dom nated flow, quantify faults and fractures, obtain
geophysi cal neasurenents, hydrol ogi cal properties, and
all ow future access and long-termnonitoring. Next
slide, please. That's it. W nade it.

MEMBER HI NZE: W did, indeed. Thank you

very much, John
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MR. CAMPANELLA: Thank you. Again, |
apol ogi ze for not having hard copies for you guys to
| ook at.

MEMBER HI NZE: We've asked a | ot of
guestions along the Iine here, but perhaps there are
sonme addi tional questions. Ladies, gentlenen? Ruth.

MEMBER VEINER:  1'd like to know from j ust
general |y, how DCE expects to use these data? | nean,
these are very good data, and it seens to nme that a
nodel , a good nodel of anything is based on the data
you've got. And I'mvery interested in how you expect
to incorporate this into the larger perfornmance
assessnent nodel .

DR. COLEMAN. Yes. 1've got ny scientists
wor ki ng cooperatively with these guys doing simlar
anal ysis on all the work that's shown here, and those
anal yses, past and present, are being incorporated
into our docunents. We're revising our AMRs and our
saturated zone case. | didn't feel |I could cone and
talk about ny saturated zone case under a talk
entitled "Nye County Update". | mean, the county is
the county and the project is the project, but | think
some of our perspectives onit as we m ght assert that
sone of these data that he's collected are sort of

confirmng the ranges that we're using in our nodel.
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We have a lot of material in our nodels and in our
docunents that incorporate a lot of the work that's
been done and associated with Nye County, and that's
continuing. W're working with themagain this year.

MEMBER VEI NER: How do you deci de what to
i ncorporate and what not to incorporate?

DR. COLEMAN: Well, we incorporate
everything that it seenms reasonable to incorporate.
| mean, yes, we don't -- | nean, | guess, what are you
tal king about? Are you asking if |I'm cherry-picking
the data or ignoring sone --

MEMBER VEI NER: Wl |, you just used the
term "reasonabl e", and | wonder what you nean by --
I"'ma novice in this and | just ook at all the data
that's been collected. And it seenms to me this is
very wel |l done, and | just wondered when you deci de to
i ncorporate, do you pick sone, do you discard sonme on
the basis of sone discard criterion that you have?
|"m just curious. You used the term"reasonable."
What ' s reasonabl e?

DR. COLEMAN. Well, you might not rework
your entire case if the data froma Nye County test
confirmed the ranges that you were already using in a
nodel , but yes, we would incorporate all of it, is

what | woul d assert.
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MEMBER VEI NER:  Thank you.

MEMBER HI NZE: Dr. d arke.

MEMBER CLARKE: Just a couple of quick
ones. And this wasn't included in either of your
presentations, but | just wonder what the current
thinking is on the horizontal extent of the alluvium
the percent of the flow path, or how much are we
tal ki ng about when we tal k about transport it through

the alluviun? That may not be conpletely

characteri zed. | don't know --
MR. CAMPANELLA: | have not | ooked at
that, so | can't answer that question. |'mpretty

much site-specific at this point in tine.

DR. COLEMAN. I n our analysis, we had an
uncertainty zone that was kind of a probabilistic
sanple, the uncertainty zone for the alluvium And
recent drilling has really narrowed that down to the
poi nt where we can renove that fromthe saturated zone
case. And | think there's sonewhere between a half a
kilonmeter and 1.5 kilonmeters mnimumtravel in the
al luviumin any scenario to the 18 kil onet er boundary.
There are sone fl ow pat hways that go sort of due south
and stay in the volcanics for a large part of their
travel, but | don't believe there's any that don't at

| east have sone half a kilonmeter worth of travel in
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the al |l uvi um

MEMBER CLARKE: Ckay, thanks. Very
interesting. Tracer study is very interesting
interpretation of the data. Thank you.

CHAI RMAN RYAN: Just a quick question
Latif, while you're comng up to the nicrophone, if I
may. | really appreciate the fact that there's a | ot
of detail ed geohydrology in all of this, and it was an
excel l ent presentation. But for me, it's back to the
ri sk-significance of it. Have you optim zed your
drilling plan based on what you need to knowfromthis
ri sk-significance point of view of perfornmance
assessnent ?

MR. CAMPANELLA: | think that's what we're
trying to do with the horizontal wells, because we
really feel that the major flow features are going to
be the faults, are the barriers, baffles, or conduits,
and we really don't know that. |If they're conduits
then, of course, then the travel tinme is going to
really increase because the flow is going to be
concentrated along those. And in addition to that,
too, when we get down to H ghway 95, there's that
uncertainty about whether or not the up-welling is
kind of alnmpbst a hydraulic barrier noving down

fart her.
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CHAI RVAN RYAN. |'m asking you to go to

t he next step back toward performnce assessnent. All
t those questions nmake sense to ne based on what you
expl ained this norning, but I'masking a different
guestion. Do any of those natter?

MR CAMPANELLA: | don't know that | can
answer that.

CHAl RVAN RYAN. Okay. Maybe that's
sonmething "'moffering to others to think about, but
| think, to me, that's really where the rubber neets
the road in terns of, apart from not in terns of, but
apart fromthe basic scientific information of high
gquality to understand the system behavior. That
certainly has nerit onits own tw feet, but | think
interms of perfornmance assessnent, really whether or
not this will enhance that or you need to get all this
detail ed i nformation to nake a decision, | don't know.
| don't see the connection yet, and | think for us,
that's helpful for us to try and understand that
connecti on back to enhancenent of understanding inthe
cont ext of performance assessnment. So just sonething
to think about. Thanks.

MR. CAMPANELLA: Al right.

MEMBER HI NZE: Latif, we have tine for

just a couple of very brief questions.
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DR. HANMDAN: Lati f Handan, staff, and this

is an excellent followup on Dr. Ryan's | atest point
and the point he nmde earlier about assessnent.
Probably the nost inportant property in the alluvium
to the dose calculation and to difference is
absorption. And you have these tracer tests that you
have, and it was not apparent from your presentation
that either DOE or Nye County have used that to
determine or to shed light on the absorption
coefficient, whichis in the different assessnent, so
the question is wll DOE or Nye County use the
information from this to shed nore light on the
estimate for the absorption coefficient in the PA?

MR. CAMPANELLA: | think that's going to
be part of the work that's going to happen with the U
2 well, if I'mnot mstaken. |It's supposed to be
| ooking at that. And we did punp Lithiumin here, but
it appears froma |ift response, | didn't show that,
that we totally overwhel med the system with Lithium
because we got a fast response tine for Lithiumthat
overwhel ned the system and then we have a slow
degrade there that | have not seen the nodel that
we've got to be able to handle that right now

DR COLEMAN. This is Drew Col eman. |

guess |'d say that Rheniumtracer tests were kind of
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an analog for Technetium and |ooking at redox
conditions that have been discussed in the saturated
zone. And you can't get permts for true
radi onuclides in the field, so alot of the work goes
to doing that work in the I ab and | ooking al so at the
behavior of pernmittable tracers, if you will, and
maki ng anal ogous cal cul ations on that. And there's
some work going on at Los Alanps to trickle tracer
through sone of the sonic core sections in the
alluvium so | would say yes, we're |ooking at the
transport characteristics, and that nay be nore of a
project thing than a Nye County thing.

MEMBER HI NZE: Dave, you had a quick
guestion?

DR. DI ODATO  Yes, 75 seconds. Dave
Di odat o, Technical Board Staff. In ternms of the risk-
significance question, first, the project thinks that
the saturated zone alluvium at least is risk-
significance. Wen the MIS did their scoping anal ysis
for peak dose out to a mllion years, which they
represented to the board in February, the saturated
al luvium was the only geologic unit included in the
assessnent. The unsaturated zone was not in there, no
vol canic rocks at all were in there, in fact, in that

anal ysis, and that's scoping analysis. But on the
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ot her hand, the TSPAin the saturated zone, the travel
times range from 20 years to 200,000 years for a
conservative species. Now | don't know how

hydr ogeol ogi sts that find that credible. They | ook at
the nmean values, that's one thing. But those
extrenes, again, the realismof that is a matter of
guesti on.

But with this work that's presented today,
| think you can | ook at the tracer tests and conme away
wi th a nessage that the stratigraphic architecture and
the stratigraphic details could nake a difference in
ternms of radionuclide transport, especially if this
i dea of kind of the buried paleo channels bears fruit
and works out to be a conceptual nodel that holds
water in this case, so those are ny three conments on
t hat .

CHAI RVAN RYAN: | appreciate all of those.
| guess what |'mthinking ahead to is this concept of
stovepi ping. You know, the geol ogists work on
geol ogy, the hydrologists work on hydrology, and
per formance assessnent fol ks use codes and cal cul ate
stuff in athird stovepi pe. Somewhere along the line
you've got to tie it all together as a system

DR. DI ODATO  Absol utely.

CHAI RMVAN RYAN: And that's what |I'm
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suggesting. W're trying to reach for where's the
system vi ew of this.

DR. DI ODATO. That's a rel evant
per spective, obviously. And then the only other
comment | woul d nake woul d be to the Nye County fol ks
internms of the horizontal drilling program | would
say if you're do a horizontal well and you stop when
you get to the high perneability feature, then isn't
that really the part that you want to test, so why not
conplete in that zone? That's part of what you' d be
| ooking for. Right? | wouldn't just give up hope
when you get to a zone that you start to |ose
circul ation in.

MR. CAMPANELLA: No, it's not that you
would give up hope when vyou started |Iosing
circulation. It's you're going to reach a point where
it beconmes so catastrophic you can't continue to
drill. You can dry drill. You can go ahead and shove
your cuttings into the fracture system but then
you' ve damaged them so there's a fine |line between
having a little bit of |eak-off basically of your
fluids, and that's why we're going with an under-
bal ance system 1is try to prevent that as mnuch as
possi ble. But when you hit |large features, you're

done.
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DR. DIODATG Ch, | think you take ny

poi nt, though.

MR. CAMPANELLA: Yes, but it would be
conpl eted then at the end, and we woul d be able to at
| east touch into that.

DR. DI ODATO Yes. Thank you.

MEMBER HI NZE: Thank you very rmuch, John
Drew, and Scott. W appreciate the briefings this
norni ng. They have been useful to us. Thank you very
much.

DR. COLEMAN. Thank you for having us.

CHAI RMAN RYAN: It was an interesting
nor ni ng and good updates all around, so we appreciate
it. W are at our appointed |unch break, and we'll
reconvene pronptly at 1:00. Thanks very rmnuch.

MR. CAMPANELLA: Thank you.

(Wher eupon, the proceedi ngs went off the
record at 11:34 a.m and went back on the record at
1:01 p.m)

CHAI RMAN RYAN: | guess the appoi nted hour

is here and | would ask everyone to conme to order.

One small announcenent is the designated federal
official for the afternoon session will be Nei
Col eman.

And, without further ado, | will turn over
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the first part of the afternoon session to Professor
Hi nze.

MEMBER HI NZE: Thank you very nuch,
Chai rman Ryan.

This afternoon, as | am sure we all are
awar e, we have two di stingui shed professors that wll
be maki ng presentations to us on the topic of nodeling
i gneous activity.

VW will start off with Dr. Andrew Wods of
Canbri dge University, who we are very pl eased that you
could finally get over here to make this presentation.
W do appreciate that.

And we understand that you have been
working with the Center for Nucl ear WAaste Regul atory
Anal ysis on this program And we will be interested
i n hearing your corments on nodel | ing the dynam cs of
simul taneous flank and summt eruptions of basaltic
magna.

Andy, it's yours.

DR. TRAPP. Before we start, just a couple

of comments.

MEMBER HI NZE: John Trapp?

DR TRAPP: Well, first off, one of the
great parts of this job is getting a chance to work

with people like Andy. It's been a trenendous
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experi ence.

As you nentioned, he's at Canbridge. He's
t he BP professor of petrol eumscience, head of the BP
Institute, and professor fellowat St. John's Coll ege
at Canbri dge.

The talk today is really what | woul d cal
an internmediate talk or an interimtal k because i f you
take a | ook at many of the eruptions that occur, you
do have this phenonenon sinmultaneously sunmt and
flank eruptions.

Bef ore you can get to the point that you
can really understand the effects of these things on
a repository, you have to understand sone of the
basi cs of what causes these things and how t hey woul d
function, which is really the basis of this study.
The phenonena of sunmmit and flank eruptions is not
directly how it applies to the repository. That's a
| at er phase.

Wth that, | will turn it over to Andy.

DR. WOODS: Well, thank you.

Yes. In the next half-hour or so, | want
totalk through a tal k on the dynam cs of simnmultaneous
summit-flank eruptions. And | guess you all got
copi es of the slides.

| will give a brief outline, in which I
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will sort of introduce the problem talk alittle bit
about geology limts for field observations, where
there has been simultaneous summit and flank
eruptions, talk a little bit about how we can start

devel opi ng sone sinple nodels, concentrated nodels,
that allow us to understand sone of the controls on

t he system sone of the dom nant predecessors that are
actually controlling the eruption rates and
particularly the different eruption rates for the
sunmit and the flank.

| will then talk a little bit about sone
| aboratory experinments, where we devel oped an anal og
| aboratory systemto actually sinmulate some of the
ef fects on sinmultaneous flay through sunmt and fl ank
eruptions. And | will draw sone concl usions.

So the cartoon at the bottomof this slide
really -- | guess if | can go back to the previous?
Yes. The cartoon at the bottomsort of paints a very
sinplified picture of what we're thinking about, the
deep supply of magma rising up a dike or a conduit.

And at sone point in the subsurface, this
bi furcates into two flow parts, one to the sunmt,
| eading to eruptions of the sunmit, and one to a
flank, which will lead to lava flows into a type of

eruption on the flank.
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| am first of all, going to develop a
nodel to try and quantify the flow through a very
sinplified picture of this detailed plunbing system
| guess | woul d enphasi ze that the detail ed structure
of the subsurface plunbing system it's difficult to
get detail ed geophysical data to constrain that, too.
" m going to devel op sone very sinplified bullets to
understand for a given geonetry what the controls are
on the eruption rates.

So, to turn to the next slide, numerous
facility systens have evolved both summit and fl ank
eruptions. |'ve listed three eruptions here. There's
the fanmous eruption in Paricutin, which |I guess was
descri bed by Krauskopf in 1948. There have been many
papers about this since where there were summt
eruptions and then there were flank eruptions
si mul taneously, inplying the subsurface system was
coupl ed.

Mount Caneroon erupted in 1999-2000.
Agai n, that was a 20 to 30-day eruption. There was a
recent account of this in Bulletin of Vol canol ogy
tal ki ng about high-level events, about 26-50 neters
above sea level and lowlevel events 1,500 neters
above sea level, both erupting. And the eruption

t hrough both the high-level events and the | ow | evel
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events evol ved over tine.

| guess an overall characterization would
be that there was slightly explosive activity at the
hi gh-1 evel events and nore | ava fl owtype behavi or at
the lowlevel events, but there was a range of
eruptive filament at both events.

Mount Etna, which has erupted many tines,
t he 2001 eruption had very conpl ex eruptive activity
with both summt and flank eruptions. The slide on
t he next page shows sone data col |l ected by Behncke and
Neri during that eruption, and it shows the -- and
this is a plot show ng the conmunicative flowrate as
a function of tinme during that eruption.

And so the darker line is the total
eruption rate. And each of the thinner lines just
corresponds to one of the flank vents or sunmt vent,
just showing that there was magna erupting from
di fferent vents.

And we can | ook at the sort of cumul ative
eruption rate but al so see that there was behavi or at
a nunber of different vents at the sane tine. So
there is a sort of conpl ex subsurface pl unmbi ng system
but the observation is that, you know, simlar magma
eruptions with different events.

And we were trying to understand the
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controls and the dynanics of these sinultaneous flank
and summt eruptions. The first thing we have done is
to develop a very sinplified theoretical nodel, where
we are trying to understand what inpacts the volatile
gases; i.e., the water and carbon di oxi de, that exalts
from the nmagma and the nmagma, what inpact the
separation of the gas and the liquid phase has in
controlling the eruption rate.

I n a nunber of situations, in a nunber of
cases, effusive eruptions or lava flowtype activity
have characterized the eruptions at the flank;
wher eas, nore expl osive-type eruptions, nore gas-rich
eruptions have been seen at the sunmt.

And so one of the questions we can | ook at
is the inpact of the separation of the gas and the
liquid. And another issue is how far the flank vent
is fromthe sumrit. Cbviously, the flank vent is a
littletight, but it is also at sonme di stance fromthe
main feeder dike. And so there is a different
frictional resistance in the flank path to the flank
vent as the rest of the summit. And understandi ng how
that can control the eruption rate is al so one of our
obj ecti ves.

And then we'll show you sone | aboratory

experinments, just | ooking at the eruption regi nes and
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seeing how we can see systematic changes in the
eruption style.

So the theoretical nodel is really going
to start | ooking at the controls on the gas content of
the magma and al so |ooking at the distance of the
flank vent from the sunmt vent. And then the
experiments are going to look at a sort of physical
anal og in which we're going to | ook at the separation
of the gas phase fromthe |iquid phase.

So in developing a nodel, this is a very
conpl ex process. So we have devel oped a very
sinplified nodel. And this really follows a nunber of
devel opnents in the literature over the last 15-20
years, where a series of sinplifying assunptions have
been devel oped and t hey have been tested with a nunber
of historic eruption in sinple erupting geonetri es.

What | have done in this study is we have
real ly taken t hose nodel assunptions and extended t hem
to account for having two flight paths to the surface
from some deep source.

And so we have a deep source of magna and
a fixed conduit geonmetry in the nodel. And we're
going to look at steady state flows. Cbviously in
real erupting flows, there is a tine factor as well.

But once a fl ow becones est abl i shed, then
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typically the tine it takes nagma to rise fromthe
source through the systeminterrupt at the surface is
short conpared to the time of evolution of the whole
system

And we saw the data from Munt Caneroon
when the eruptions were persisting for tens of days,
several days to tens of days. And the actual travel
time of the material through the systemis nore |ike
ours.

And so as an approxi nation, we can assume
that we're in quasi-steady flow. And then if we want
to understand the |l ong-termevolution of the system
it's possible to build in effects where you can start
changi ng the conditions deep in the system But we're
going to |l ook at steady state flows in this study.

One of the key constraints is the exit
conditions at the vents. And the exit conditions at
the vents really depend on how rmuch of the very high
pressure the magna has in the subsurface, is able to
be dissipated before the magnma reaches the surface.
And it's possible of the magma is quite degassed,
nmoving quite slowy, it's possible that the resistance
to flow in the work described to you rising to the
surface actual ly dissipates nost of the overpressure

and the material issues of atnospheric pressure at the
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vent.

But what we find is that as the gas phase
or the gas content increases, then the flowtends to
rise nore rapidly in the conduit. And the pressure
doesn't dissipate as rapidly because the density of
the mxture falls. And as a result of that, the
material issuing fromthe vent tends to issue at a
pressure greater than atnospheric. And it cones out
with the speed of sand of the mixture. And so
essentially we get choked fl ow.

And so what we see is a change in the rate
of change of flow rates as we go through the
conditions, but I'Il talk about that later. So there
are conditions at the vent that are inportant.

One of the main sinplifications in this
sort of initial nodel is to assune that the flowis
honogenous; i.e., that the nagma and the gas bubbl es
actually rise together as they rise through the
condui t.

Now, what happens is deep in the systemat
hi gh pressure, the water phase, the gas phase is
di ssolved in solution in the magma, but as the nagma
ri ses and deconpresses, sone of that gas phase cones
out of solution and produces a bubbly liquid or a

t wo- phase |iquid. And depending on viscosity of the
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magma, the rise speed of the nmagma, the bubble rise
speed through the magma i s either greater or | ess than
the actual assent rate of the nagma itself.

And t hat det erni nes whether we're goingto
see primarily honbgeneous flow, where it noves as a
bul k, or whether we see what is called separated fl ow,
where the gas actually rises nore quickly than the
['iquid.

And in this first nodel, we're going to
assume we've got honogeneous flow. And sonme of the
effects of the separated floww || be added in | ater.
But we'll see in the experinments, the experinents
obvi ously | ab experinments, ina-- thereis an el enent
of separated flow in all the experinents, but
obviously it depends on the liquid flowrate in the
bubbl e si ze, howinportant that separated flowis, but
the experinents do -- | nean, they are physical
experiments. So there is no assunption of that. But
in the nodeling, we are going to assune honbgenous
fl ow.

We're going to assune the magma is in
equilibriumwith the gas in terns of the way the gas
comes out of solution. And this really follows a | ot
of the literature nodeling basaltic eruptions. And

" m | ooking at the data about how water cones out of
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sol uti on.

So we have devel oped a nodel. And it's a
sort of quasi one-di nensi onal nodel, where we have a
honbgeneous m xture rising up the -- there is a sort
of feeder dike or feeder conduit, then partitions into
the summit and the flank dikes. And so there is a
certain amount of gas rising in the summt to the
sutmmit vent, a certain anount of gas rising to the
flank vent. And a certain anmobunt of the ascending
magnma ri ses and erupts at the sunmit and sunmit erupts
at the flank.

And what we are interested in is
understanding the partitioning of those fluxes and
what some of the controls are within the context of
this sinplified nodel.

And the dynanmics of the flowis really
driven by what is called the buoyancy of the bubbly
m xture and the overpressure of the chanber. And so
| guess the idea here is that there is a feeder
chanber or reservoir of nmagma whi ch has some pressure
deep in the crust. And that will drive the nagm
upwar ds.

Typically the magma itself if it remai ned
as a pure liquid would actually be denser than the

material close to the surface, the crust nmateri al
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close to the surface. And so it wouldn't actually
ascend unless there was a |large overpressure in the
chanber.

But, in addition to any overpressure in
t he chanber, as the nagma rises and exsol ves gas to
f ormbubbl es, becones a bubbly m xture, the density of
t hat bubbly m xture obviously is | ess than the density
of the pure |iquid.

And so if we look at the weight of the
colum of bubbly magma fromthe surface down to the
chanber, the wei ght of that bubbly colum is actually
less than the weight of the surrounding rock, the
surrounding lithostatic pressure, if you like.

And so the effect of the bubbly m xture
gi ves us a net buoyancy force, which actually drives
the mxture to the surface. And so there are two
things driving the flow It turns out that the
buoyancy force associated with the exsolution of
bubbl es is the dom nance, is typically the dom nance
effect driving the flowto the surface. But we
include both effects in our nodel.

As the magma rises, typically in these
sort of basaltic systens, the viscosity is a range of
viscosities but 10 -- sorry -- 10 up to 1,000 m ght be

a range of viscosities depending on the tenperature
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and the exact conposition of the magna.

And the typical Reynol ds nunbers in those
flows are quite high. So we're |ooking at flow where
there is turbulent friction on the walls of the
conduit. In fact, we have included both the |am nar
and the turbulent drag law so that if the nmagm were
slightly nore viscous and the Reynol ds nunber becane
nore margi nal, the band between turbul ent and | am nar
flow, you can actually take a prioritization of the
way the effective drag coefficient changes as you
undergo that transition, but the flowis typically
dom nated by the turbulent drag in nobst of these
si mul ati ons.

And so the equation at the bottomof that
page really shows howin steady state fl ow, the output
of nmonentum of the flow changes because of the
buoyancy force, whichisreally the difference between
the first termon the right-hand side, which is the
gravitational deceleration, and then we have not put
pressure gradi ent because of essentially the
lithostatic pressure. And then we have this drag
term And the termin brackets corresponds to the sum
of the dianmeter in the turbulent drag. And so that is
an enpirical nodel, which allows you to nap through

and nodel different play regines.
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And then, of course, there is nass
conservation in each conduit. W are not |osing
material as the flow rises up each conduit.

And so we conbine equations for the
nonentumin the mass conservati on of each conduit and
conmbi ne those with a |l aw for howthe gas phase changes
with height as the material rises to the surface.

And there is a nunber of different
experimental data about how gas cones out of sol ution,
but as a sinplifying approximation, we put a
paraneteri zed version of this in aformof Henry's Law
for the exsolution of the gas. And this is obviously
a sinplification of any particular nmagnma, but it's
representative of |oss of experinental data.

And then, as |'ve nentioned before, we
have our condition at the vent that the flow either
i ssues atnospheric pressure, which typically occurs
with low gas content or the nagma is choked at the
vent and issues at the speed of sand.

DR. MARSH  \What is n?

DR. WOODS: Sorry. N is the gas content
of the gas content.

DR. MARSH  Concentration?

DR. WOODS: Yes. |It's the nmass --

DR. MARSH: Yes. |I'mjust asking -- Bruce
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Marsh -- Andy what the units in --

DR WOODS: Yes, the mass fraction.

DR MARSH  Mass fraction.

DR WOODS: It's the mass fraction. So
typically n will vary. Wll, it's normal magna, but
it's a few percent.

Then | guess one of the issues is with
separated flow, the tricks would be the sane, nmaybe
different to the summts and flank vents. And the
pressure may be different at the two vents because t he
speed of sand depends on the pressure and the
conpressible mxture. So if the flowrate is
different in each of the two vents, we woul d expect a
different speed of sand and a different erupt from
pressure.

DR. MARSH. Andy, one other question
What is Sin there in that --

DR  WOODS: This a constant which
deternm nes how the gas cones out of the solution as
the pressure falls.

DR. MARSH. Ckay.

DR WOODS: So it's an enpirical nunber.
"1l give you an exact nunber.

DR. MARSH. That's all right.

DR WOODS: So in our nodel, we're
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assumng there is no gas |eak separation, it's
honmogeneous flow. And what we did, the governnent
equations are sufficiently conplex that it's not
possi bl e to devel op an anal ytic solution. So we solve
t he equations nunerically.

And we have to nunerically shoot to
actual ly ensure that we have got the right conditions
at the vents. W have to ensure that the materials
used at the speed of sand at the vent or wth
at nrospheric pressure. And so there is a need to
actually ensure that the band efficients block both
vents.

And this is a sort of non-trivial
nunerical integration because we've got two different
vents and two different trait conditions. And so we
need to search t hrough perineter space in ternms of the
eruption rate, give themsource conditions to get the
consi stence eruption.

Essentially, the material erupts at the
fastest rate possible, consistent with deconpressing
as nmuch as it can into the surface. And that
deconpressi on, the maxi mnum deconpression, is the one
that takes you to the speed of sand. And so we have
to solve that and have it consistent in both vents.

And so the next slide really shows,
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guess, sort of one of the headline results. And it's
really the principles that arise fromthis that are
nost inportant, the qualitative principle.

What this graph shows is the eruptionrate
as a function of the magnetic gas content. And we
have a red Iine, which is the total flowissuing from
t he vol cano. The green line is the flank vent. And
the blue lineis the sunmt vent. And this is for one
particular fixed geonetry of the conduits.

Wat we are looking at here in a
parametric sense is howthe eruption rates vary as we
change the gas content. And so as the gas content
i ncreases, we're seeing the overall flux increasing up
to about .03. Once we go beyond that, the flow at the
vent starts beconmi ng choked. And because it starts
becom ng choked, it's that the flow rate as we
i ncrease t he gas cont ent doesn' t i ncrease
substantial ly.

And what we al so see is the partitioning
between the flank and the sutmit vent changes. Both
increase for lay gas contents, and the flank vent is
actually erupting noreinthis particular realization.
But what we see is once we get to choked conditions,
the flank vent actually starts erupting progressively

|l ess and the sunmit vent is erupting progressively
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nore. So the flowis partitioning between the two.
And, if youlike, the preferred path to the surface is
evol vi ng.

But these cal cul ations depend critically
on a nunber of other paraneters that the actual size
of the two flow paths to the surface and the | ength of
t hese fl ow pat hs.

So | guess the thing to take away from
this is the fact that we're seeing a shift as the gas
content increases fromeruptions preferring the flank
vent to eruptions preferring the summt vent.

And t hen t he next graph on the next slide
illustrates another key control.

DR. MARSH. Excuse nme. One thing, Andy.
| was just wondering if the flank and summt conduit
size are the sanme in this case.

DR. WOODS: Yes

DR. MARSH. Everything is identical?

DR. WOODS: In the actual distance, flank
vent is obviously at a | ow el evation --

DR. MARSH. Right, right.

DR. WOODS: -- fromsunmt vents. So that
has a sort of material inpact on the eruption rate.
Sowith very little gas contents, what is the gravity

erupting froma flank vent is obviously --
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DR. MARSH R ght.

DR. WOODS: -- less than the summt vent.
That tends to lead to preferential eruption fromthe
flank vents. Once the flow becomes choked at the
vent, then the pressures are actually increasing.

And, if you like, the benefit of all of
that, the ease of access to the flank vent relative to
sumit vent changes. And so it tends to take the sort
of straight vertical path.

DR MARSH. So in terns of a drag, for
exanple, at the point of bifurcation, the length of
each vent --

DR. WOODS: Well, the next slide actually

DR. MARSH. Oh, okay.

DR. WOODS: So the next slide is really
| ooking at as we change the solidification, but now
what we're doing is we're changi ng the di stance of the
flank vent fromthe main feeder dike, as it were.

So we have a nmai n di ke com ng up going to
the summt. And we have a flank vent. But the
| ateral distance of that flank vent from the feeder
di ke is actually increasing.

And what we see is that as the latera

distance to that f eeder di ke increases, t he
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partitioning between the summt and the flank tends
nore towards the summt because that is the shorter
fl ow pat h.

DR. MARSH  \What is the sunmt vent
di stance, then? |If you nornmalize that bottomaxis to
the sunmt distance, let's say, at the point of
bi furcation, what would --

DR. WOODS: At the point of bifurcation,
the sutmmt vent is about a quarter of the height of
it. It's about 500 neters.

DR. MARSH. Ckay. So it's off to the
left?

DR. WOODS: Yes. And the reason is that
because the flank vent is actually |ower elevation,
there is less work against gravity actually erupting
material out of the flank vent and the sunmit vent.
Essentially we have to lift the material another 500
neters upwards to get at the sunmt vent.

But obvi ously that crossover poi nt depends
critically on the actual geonetry of the system So,
you know, we shouldn't take away our ratio of four to
one as a rule.

| nean, it depends particularly on the
ratio of the whole geonetry. This is nore

illustrative of the fact that there can be a
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transition fromthe control beam the summt vent, the
control beam the flank vent, depending on the
detail ed geonetry of the system

And t he other principle that cones out of
it inasimlar graph is that we changed the wi dth of
the fl ank vent conpared to the width of the conduit to
the flank vent conpared to the width to the summt
vent. (Qbviously the narrow one woul d have | ess fl ux
agai n because there is nore resistance to flow And
SO you get a very simlar flux in that case.

So these are sonme broad principles that
all ow us to understand that depending on the detail ed
geonetry, it nmay be the sunmit vent that donmi nates or
it my be the flank vent that domi nates. And it can
change dependi ng on the gas contents, the properties
of the nmagma

MEMBER HI NZE: Andy, help nme here with the
di agram goi ng back to page 2.

DR. WOODS:  Yes

MEMBER HI NZE: We're looking at a flank
conduit that is at right angles to the dike, then?

DR. WOODS: (Okay. Yes.

MEMBER H NZE:  You know, that di stance can
vary dependi ng upon - -

DR. WOODS: Absol utely.
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MEMBER HI NZE: -- if you want a --

DR. WOODS: Absolutely. This is extrenely
sinple geonetry. It's the horizontal path fromthe
main dike to the flank vent. A little bit later on in
the talk, 1'lIl show you sone graphs where we change
the angle of the dike feeding the flank vent.

It obviously depends on the point of
bifurcation in the master dike, where the two flow
paths originate. So the actual path the magnma t akes
in getting to the flank vent could be in a vertical
path. It could be in a horizontal path. Just it
depends where the di ke actually bifurcates into two.

So in these calculations, which are
deliberately very sinple, I'mtreating it as a
hori zontal flow path. But later on |I've got sone
cal cul ations showing it can be 30 degrees as we change
it fromzero degrees to 30 to 60 to 90. That has a
substantial effect on the results.

MEMBER HI NZE: Can't the flank vent also
come directly off from the dike as a separate
vertical ?

DR WOODS: Yes. It could do. And | have
got a calculation showing that a little later on.
Yes, exactly. | think what we're trying to do is

understand some of the principles because there's
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obvi ously a range of geonetry.

MEMBER HI NZE: Pl ease.

DR. WOODS: | nean, | woul d enphasize we
are not trying to simulate a specific volcano in this
case. W're just trying to understand sonme of the
principles, the physics that we have assuned the
begi nning actually inplies. Gkay? So that's al
we're trying to do. | think that's the objective of
what we're trying to achieve here, is get sone
under st andi ng.

And | think the key understandings from
t hese slides are that the partitioni ng between the two
vents can change depending on the properties of the
magma or the geonetry of the system And one nay
dom nate or the other may dom nate.

CHAI RMAN RYAN: It struck nme as you said
the same thing that you read before. Can you give us
arange in reality of what that m ght be? | nean,
could it be 100, zero in both directions or is it --

DR. WOODS: Oh, you nean the ratio of the

fl uxes?

CHAI RVAN RYAN:  Yes.

DR WOODS: You know, | nean, it can
actual ly change during the eruption as well. So, |
nmean, in sone of these systens -- well, maybe when we
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see the experinents, you will see it a bit nore, --

CHAI RVAN RYAN: Fair enough.

DR WOODS: ~-- but in some of these
eruptions, like in Munt Caneroon, the eruption
started at the summit and erupted quite vigorously
then. And then the flank vents started a little bit
| ater, but they erupted for 20 days or so. And so the
fl ank vent becane progressively nore vigorous and t he
sumit vent becanme | ess vigorous. So there was a
changeover during the eruption.

CHAI RVAN RYAN: And for the rookies in
vol canism if you could naybe as you go al ong gi ve us
some or give nme sone sense of how that m ght range
across different vol canoes or around the world what
the patterns mght be, that would be hel pful. That
m ght be a big apple to bite into, but --

DR WOODS: Yes. | nean, | think if you
| ook at for a mnute the data that | showed, if we can
just go back to that slide, the slide after that, the
next one, the next one, please, yes, if you | ook at
this data, if you look at the thin lines, the thin
lines are showing the eruption rate fromdifferent
vents.

So what we're seeing here is this is one

of the flank vents that was doing this. This is
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another flank vent. | nean, there was a series of
different vents here. And so the different vents are
erupting at different rates. That's the total. Ckay?
But it's the conposition of these different -- so this
one here builds up here while that one cones in.

So this is the domnance. This is
dom nant for a while. But then later on, this one
beconmes dominant. So it can change.

CHAI RMAN RYAN: Yes. That helps a |ot.
Thank you. So it's very dynamc. | don't have a good
answer to ny question other than it's real dynam c.

DR WOODS: It's very dynamc, yes. And
| think what we are trying to do in this is we are
trying to rationalize sone of the controls that m ght
expl ain why there can be such variation

CHAI RMVAN RYAN: Thank you. | appreciate

DR WOODS: So with that sort of
t heoretical nodeling in mnd, one of the issues that
is very difficult to capture with that nodel is the
partitioning of the gas phase and the liquid phase
because we have assunmed honobgeneous flow. So
basically we're looking in the gas and the liquid
t oget her.

So we can nove on a few slides. That's
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right. So what we found is we actually devel oped an
anal og systemthat allows us to look in a controlled
fashion at a very sinplified picture of what one of
t hese eruptions mght |ook Iike.

And so in the experinmental system-- and
"1l show you sonme in a mnute, but in the
experimental system we have a reservoir on the
| eft-hand side of the slide. This reservoir we fill
with water. So water is all working fluid. And we
have a pi pe com ng out of the base of that reservoir
going along the short section. And then we have a
vertical pipe feeding off of that.

And, if you like, that vertical pipe
whi ch has "sunmit vent" witten above, at the top is
t he nodel of the main feeder dike. And then at sone
poi nt on that vertical pipe, we put a horizontal pipe,
which is a nodel of the flow towards the flank vent.
So it's extrenmely sinple, but it's trying to capture
t he same geonetry as we have in our sinple theoretical
nodel .

And in the experinmental system we have
actually got a series of sections. So on the vertical
pi pe, just bel ow where the horizontal pipe cones out,
we actually have a series of top sections we can add

on.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

157

So we can change the angle, as Dr. Hi nze
was asking. W actually have a series of experinents
where we change the angle of the pipe feeding to the
flank vent. And we can change the hei ght of the
summit vent and the height of the vents or the smal
pi pes above the flank vent.

And so we can change the geonetry of that
to nodel that series of different types of geonetry.
And what we did in this experinment is, in addition to
having this reservoir of water, we actually have an
air supply. And we feed the air supply through a
controlled valve. And so we can punp in a flux of gas
at the base of the sunmt vent.

And so this is a sort of fixed flux of gas
that we can control. And we set the systemup so that
the I evel of water -- so before we turn the air supply
on, the level of water in the reservoir can be above
or below the height of the sunmt vent and above or
bel ow t he height of the flank vent. Okay?

So we can start with a systemin which, if
you |i ke, the magma chanber reservoir, which is al
tank of water on the left-hand side, is actually
over pressured or underpressured relative to the two
vents.

And obviously if it's overpressured and we

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

158

open the valve, the flow valve, which is along the
line AA dashed, as soon as we open up the valve

liquid starts pouring out the vents. GCkay? And then
we can catch that |iquid and neasure the flow rate of
the i quid.

But we can al so start the systemwhere the
reservoir is underpressured and so, actually, the
level in the reservoir is belowthe level of the two
vents, in which case if you open the valve with no air
fl ow, nothing happens. It's all in equilibrium

And then we have this air supply that we
have. Adding the air supply allows us to generate a
colum of bubbly liquid in the main conduit, if you
like, that |eads up to the sunmt vent.

MEMBER HINZE: Did you ever vary the size
of the bubbl es?

DR WOODS: Yes, we did. In this
particul ar experinmental system we have one nozzle
geonetry. There is a whole series of different nozzle
systens we have explored. You can get little porous
di sks, and you can punp the air into a porous disk or
you can have a needl e where the bubbles come from

It turns out that the bubble -- well
that's a whole interesting other area, but that the

surface tension has a |l ot of control over the sort of
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si ze of the bubbles as they are rel eased froma needl e
or a porous plate.

And for the sort of flowrates we're
dealing with here, we actually chose a size of bubbl e,
particul ar size of needl e, and had the air come out of
that. So we were getting approximtely the sane size
bubbl es. But that could be vari ed.

First 1'll show you the results to show
you the effect here. | mean, the challenge in this
anal og systemis to get extrenely small bubbl es, where
we're going to get exactly absol ute honogeneous fl ow.
So the bubble speed is nuch snmaller than the liquid
speed.

In these experinents, the bubble rise
speed based on the bubble size ranged from being a
factor of about ten smaller to a factor of ten | arger
than the liquid rise speed. And so what we were able
to do in this experinmental systemwas actually node
the transition from honmobgeneous to separated fl ow

So you could obviously do what you are
sayi ng, but | suppose the question is, what are we
trying to achieve with this? Wat we are trying to do
is understand how the eruption mght change as we
start changi ng some of the premses? And | think if

| show you the results, you will see we have achi eved
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t hat .

MEMBER HI NZE: One of those is the bubble,
the size of the bubbles, and resulting honbgeneity.

DR. WOODS: Absolutely. But the
honogeneity really depends on the rise speed of the
wat er conpared to the rise speed of the bubbles. So
| guess we chose these so that we can actually spend
t hat regine.

CHAI RVMAN RYAN:  Ri ght .

DR. WOODS: W could change it, but the
i nteresting changes occur as we go through that
transition fromhonbgeneous to separated flows. So |
think we've captured the principle in a sense.

DR. MARSH. One ot her question, Andy,
before you go on. One of the critical neasures, of
course, is the size of the bubble relative to the
condui t si ze.

DR. WOODS:  Yes

DR. MARSH. And that bears on what you are
tal king about. But what in general range are you
operating in in terns of --

DR. WOODS: All bubbles, they' re probably
about half to a quarter of the size of the --

DR. MARSH: They're fairly significant in

si ze, yes.
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DR WOODS: In terns of the -- again, it
depends on what question you are trying to explore.
DR. MARSH R ght.
DR WOODS: And there's a nunber of
di fferent issues you could explore.
DR. MARSH. You can justify it sonewhat

because in a real system bubbl es coal esce and thi ngs

like this. So they get big. But that's a huge bubble

for a real volcanic system although, | nean -- or
conduit, right? That's a quarter of the size?

DR. WOODS: Yes. kay. Again, it depends
on the --

DR. MARSH. What you're after, | reali ze.

DR WOODS: W're not trying to simulate
t he eruption here.

DR. MARSH R ght.

DR, WOODS: What we're trying to do is
understand sonme of the principles. And there's
obvi ously a huge nunber of different variables in an
experi ment which you can change. And so we have tried
to understand sonme of the controls.

And we al so tried to understand what is it
that we're not simulating what the experinments are
doing and do they need to correlate to different

deductions, | guess, is the --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

DR MARSH
you are after, this part

nmeani ngf ul ?

DR, WOODS:

DR. MARSH
i nstance, --

DR, WOODS:

DR. MARSH:

162

So, in other words, for what

of the experinent is not that

Yes.

You can have big bubbles, for

Yes. | think --

-- or separated flow. And you

want to see the transition fromthat?

DR WOODS:

experiments are fit for

Yes. | think these

this purpose. And yes, |

would Iike to -- by way of context, we have actually

got a -- | mean, this

is called a snmall experinment

system W actually have a very big flow | eaf, about

a six-neter flow leaf as well, which we will be

runni ng experinents of the nmuch broader range of

bubbl e sizes. And we see very sinilar effects.

| think the correlative results fromthis

don't change. W do vary that prem se, but that's

obviously to well-defined experinents. Yes.

And | think the sort of interesting thing

to dois to, first of all, have a | ook at the system

where we're just |ooking at eruption froma vertical

sunmi t .

So the data on the next slide is
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interesting. And the photographs show -- photograph
Ais the case where we have a snmal |l bubble flux and an
enterpriser chanber. So you can see there are sort of
gquite large slugs developing in the pipe, but we' ve
got a rather snall bubble fl ux.

And then B is the case where we have a
| arger bubble flux. And we see, you know, at the top
of the photograph a nore vigorous |looking -- | know
it's a snapshot, but it's a nore vigorous | ooking fl ow
com ng out the top of the conduit.

What we do systematically is we have
vari ed against flux. And we have neasured the water
flowrate. W control against flux. The water flow
rate is what you get in experinments. And we have
changed the pressure of the reservoir feeding the
system from being underpressured to neutrally
pressured, which neans that the water |evels at the
top of the conduit before we use putting gas in, then
we have an underpressured system in which case the
pressure of the reservoir is below the top of the
condui t.

And the data on this graph show the sort
of three cases. So the dianonds are the case in which
we have it neutrally pressured. So when there is no

gas flow, there is no water flow
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So there are the dianonds. And those
woul d be increased against flow. W induce a water
flow The circles are the case in which we have an
overpressured reservoir. So even if no gas flow, if
we open the flowvalve, then fl owstarts out the pipe.
And as we add gas flow, the flow increases and
increases fromin the circles 30 to about 50 cc a
second.

And then the triangle data corresponds to
t he case where we have an under pressured reservoir and
we need to put enough finite flux of gas before any
liquid flow occurs from the conduit. Before that
happens, the bubbles just issue fromthe top of the
conduit. And we get just degassing.

| think this data actually provide a very
sinple analog to interpret some of the behavior you
see at sunmt vents of sone vol canoes, the Stronbolian
volcano in Italy, offshore Italy. You know, you see
a range of activities where you get bubbl e-bursting
events at the surface. And other tines you just get
degassi ng wi t hout any magna i ssuing fromthe vol cano.

| think this provides sonme insight into
how t hose different play regi nes can occur in terns of
t he source of gas and source of liquid. But the key

thing inall the results is the flow increases of the
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gas flux, which is as you woul d expect.

MEMBER HI NZE: What's the line, the open
pattern? What is it? Line? The open dianonds, et
cetera.

DR. MARSH. That's when you have gas fl ow.

DR. WOCDS: No, no. Sorry. Yes. The
hori zontal access is the gas flow Sorry. So the
solid synmbol and the hollow synbols correspond to a
di fferent nechani sm supplying the gas. So we have a
valve which allows you -- we have an air supply, a
coupl e of atnospheres of pressure. And the air supply
provi des a range of gas fluxes for each valve. So we
have to use two different values today for | ow gas
fl uxes and high gas fl uxes.

And so we have actually --

MEMBER HI NZE: So you get the full range
of gases?

DR. WOODS: Yes. You get the full range
of gases. So we actually discussed the data -- just
for proper reporting of what we have done. And what
you say is there is actually very good consistently
between the triangle data, the solars and the holl ow
synbol s, you know, overlapping ag in in the di anonds.

| think another thingthat is interesting.

Just for proper reporting of what we have done, what

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

166

you say is there is actually a very good consi stency
between -- it's in the triangle data. The solars and
over |l appi ng systemsynbols overlap -- and this is the
two gas fl uxes.

I think the other thing that s
interesting to note here is that there is a degree of
scatter int eh data. It doesn't follow a fixed curve.
And | think that is sort of history systens operate.
And there is a sort of range of fluxes.

So we turn to the next slide. What we see
W' ve always done a whole suite of coments. W' ve
i ncl uded hundreds and hundreds of picture here, but if
peopl e order there's a whole series of pictures of a
different play regines. This shows a systemif you
| ook at the bottom phot ograph.

It shows a systemwhere the section at the
top of the vertical conduit pipe now has a hori zontal
section as well as the vertical section. And in the
center of that horizontal, the flank bent actually
gone to that -- you could think of that as alittle --
and was made by comi ng out of that.

W actual ly have a systemwhere we have a
third flank vendor, but in this experinent, it's
sealed up. And so that is passive and has no pot to

pl ay the experinents.
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MARSH: Is that the right-hand --

DR

DR WOODS: It's sealed up

DR. MARSH. Yes. Ckay.

DR WOODS: So that's particularly
passive. The data with two vents in the data with
this external section are identical but within the
experiment for error. But | just think that
phot ographs for -- and what i s happening as we go from
the top photograph to the bottom photograph is we're
i ncreasing the gas fl ux.

And so you see in the top photograph the
gas flux, it's an underpressured system And the gas
flux is quite small. And so what is happening is the
gas is actually causes the liquid in the conduits or
t he pi pe above the main feeder, torise alittle bit.

But it doesn't reach the top. And so
there is no eruption fromthe sunmt for the | ow gas
flux. Some gas is comng out with sumrt. And so
some of the air supply is comng out with sunmt,
then, but there is no liquid comng out. There is
liquid comng out the flank vent. And there was sone
gas taken wi thout Iiquid.

As we increased the gas flux, the height
of theliquidinthe vertical inthe sunmt increases,

but it still doesn't reach the surface. But there is
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nore gas com ng out the surface. But now because the
gas flux is increasing, we're actually carrying nore
gas to the flank vent so that flank vent is becom ng
nore vigorous in this case. So you can see there is
liquid flying out hard fromthat vent.

In the third photograph, the flux has
increased sufficiently to actively liquid out the
sunmit as well as the flank vent. And as we further
increase the gas flux, we get a shift towards the
sunmit vent.

And the data is a systenmatic series of
data shown in the graph or the chart at the bottom of
t he page, the bottomright-hand corner. And there are
three series of data here. But let's |ook at the red
data, just the different colors of three different
experiments. Let's just ook at the red data and
focus on what we are seeing in that red data.

What we see is the vertical axis shows the
liquid flow and the horizontal axis is the gas flow
And it's the gas flow that we are actually
controlling. So that is what we are inputting into
the system

What we see is that for very | ow gas fl ow
rates, the eruption rate, the liquid eruption rate,

increases. And it is all comng out the flank vent.
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The red dianonds are all zero up to a gas flow of
about 15 cc a second. Above 15 cc a second, what you
see is the dianonds start rising off the axis. That
corresponds to a point at which the sunmt vent stops
issuing liquid as well.

So up to that gas flux, we have only got
eruption fromthe flank vent. The |ogic gas fl uxes,
we're getting progressively nore erupting from the
summit.  So the dianbnds are increasing.

What you see at the sane tine is the
anount issuing fromthe flank vent actually starts
decreasi ng because there are obviously two across the
surface now.

The overall eruption rate, which are the
circles, continue to increase. And if we keep an
increasing gas flux, that eventually will saturate.
That is what we are seeing. W are seeing an increase
in eruption rate, overall eruption rate, with gas
flux, but we're seeing a drop in the flank and an
increase in the sunmt with the gas fl ux.

And that is consistent. The blue data,
t he bl ue synbols, are showi ng very simlar data. But
t he green data | guess enphasi ze the point that -- the
green data corresponds to the case where the summt

vent is alittle higher. And so in that case, it's
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actually harder to divert the flank out the summt
vent because we have a nuch higher elevation of the
sunmit vent.

And so | guess the nmessage fromthis is
this is sort of a consistent, sort of consistent with
our cal cul ations, but the detailed geonetry has a big
i npact on the quantitative details.

| think we're seeing sonme of these
princi pl es about separation of the gas and liquid fl ow
very clearly. | think one of the interesting things
t hese experinents shows is it's possible to have a
summit vent that is issuing a |lot of gas, especially
havi ng bubbles bursting at top of the summt vent,
where while you can have vigorous |lava-type activity
for a flank vent because at the point of connection,
a lot of the gas can carry on rising, but the liquid
can sort of nove down the lateral vent.

| f you are interested in understandi ng how
this ties into the dynam cs of what we were seeing
before, if we think about the conduit bel owthe | evel
at which the dike bifurcates, in that zone in the
conduit, we have got a m xture of bubbles and |i quid.
And so the density of that m xture is actually nuch
| ess than the density of the surrounding crust or in

this case the reservoir.
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Qur driving force for the fl ow goi ng out
the flank vent is the buoyancy of the bubbles. It's
just that when we get to that bifurcation in the
di kes, the bubbles actually separate fromthe |i quid.
And so we're getting mainly lava issuing from the
flank vent.

| think this is discretional as is why
it's possible to get any points, large lava flows
coming out from flanks when you have actually got
guite volatile nmagnma because the bubbles -- sonme of
the gas can separate and conme out the summit and the
sort of multi-gas nagma sort of whizzes at the fl ank.
So |l think that is an interesting |l earning fromthese
experiments corroborated with the data.

The next slide if we just turn, sort of
goes back to the cal cul ati ons that addresses the point
Dr. Hinze is asking about, just changing the angl e of
the vents. What we're seeing here is that as we
change the flank so that the line at the bottomis
where, if you would |i ke, we have got a vertical dike.
And as we change the angle of the dike, what we're
seeing is the way the eruption changes.

So we have got a point of bifurcation

where we're nentioning just a dike at different

angles. So, again, it's a paranmetric study. And it's
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| ooking at what is the eruption rate as a function of
t he gas content for different geonetries of that flank
di ke.

What you see is that the vertical dike has
a harder tine erupting for gas content than a | atera
di ke, essentially because we' ve got, you know, not the
sanme elevationto Iift the magma through. But as the
gas content increases, there is a changeover. And the
magma prefers to go or it's easy to go on the shorter
flow path, which is the nore vertically aligned dike.

So, for exanple, if we look at the
picture, the black line, the 90-degree, which is a
hori zontal dike, and the red |ine, the 30-degree dike,
the eruption rates cross over with a gas flux of .03.

And, you know, above that gas flux is
easier for nore of the material would erupt fromthe
30-degree flank dike. And that's really a result of
the fact that that is a shorter flowpath. And so the
resistance to flow is less. And that is what is
dom nating, rather than the working its gravity.

And that's really because as the gas fl ux
i ncreases, the buoyancy of the m xture i ncreases. And
so gravity becones | ess of an inpedinment to the flow
And so there are sone quite subtle changes in what

controls which is going to be the dom nant flow path
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to the surface, which arises fromthat.

So, really, there are sort of headline
learnings from this study. And | guess the
conclusions are that fluxes are petitioned between
summit and flank vents. And we deduce sone of the key
controls onthis fromnuneri cal experinental nodeling.
This is an initial study, and there is a |ot nore.

What can be done is totry and | earn nore.
But | think some of the principles have been al ready
establ i shed through the sort of systematic experinents
and some paranetric studies of the sinplified nodel.

And what we're seeingis that with alarge
gas content, we tend to get greater play from the
summit. Wth |arger bubbles, there's going to be nore
separation. And so you'll tend to get nore effusive
eruptions in the flank. That really cones fromthe
experiments. And for the snmall gas content, we're
going to expect to see nore effusive-type eruption
fromthe flank dom nati ng.

On the next page, you know, the distance
or the geonetry of the systemreally has a big control
over whether the summt or the flank -- which one is
i mportant, how far the flank vent is fromthe sunmt.
And, you know, with |ow volatile content nagmas, we

woul d expect to see nore of the material issuing from
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the flank than the summt.

Gas-liquid separation can lead to an
expl osi ve degassi ng behavior at the sunmt wthout
very much liquid being erupted fromthe summit while
you can have quite a |ot of effusion going on in the
flank. So this is sort of interesting.

This is the geonetry | guess of the
pl unbing system It can actually do a | ot of
separation for you and all ow you to get
St ronbol i an-type bubbl e bursting or pops going of f at
the top of the vol cano with vigorous |ava fl ows goi ng
out the side. And | guess that seens to be consi stent
with the separated flow picture

So | think we have learned quite a few
things that were in the field data, sheer observations
of lava flows fromflank vents and the nore expl osive
behavi or consistent with nore gas going to the sunmt.
But I think we have sort of got the beginnings of a
rational basis to try and understand the origins

behi nd that fromsonme of the controls on that fromthe

st udy.

MEMBER HI NZE: Thank you very mnuch, Dr.
Wods. | appreciate it. You had us all enthrall ed,
| hope. | think we kept com ng back to what John

stated, that we weren't on the analog, the actual
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vol canic problem W were | ooking at the principles
i nvolved. You were | ooking at the principles
i nvol ved.

Let's ask Dr. Weiner if she has any
guesti ons.

MEMBER VEI NER: | just have a coupl e.
amreally enthralled by your experinents. D d you
| ook at or coul d you specul ate on what woul d happen i f
you used liquids of a different viscosity glycerine?

DR. WOODS: Yes. W did glycerine
experinments, too. Sorry. | forgot to nention. Yes.
Real |y, what happens is it depends on | guess the

Reynol ds nunmber of the flow That's sort of the peak

control

MEMBER VEI NER:  Yes.

DR. WOODS: And the reason we were using
wat er here was to get -- in these experinents, we were

getting Reynol ds nunbers of a few thousand. And that
starts to coincide with the case you woul d expect in
a lot of these basaltic systens.

| f you nove to glycerine, which tends to
be -- it depends on if you use water, you can change
its viscosity. That tends to get nore viscous. And
you nove to a | ow Reynol ds number flow regine.

And when you do that, the dynam cs change
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because it's essentially not the turbulent flow. The
bubbl e rises through the liquid as well as the sort of
overall liquidflowrates because much nore controll ed
much nore by the viscosity of the glycerine.

| guess the broad principles of separated
fl ow persist, but "mnot sure that -- in the scal e of
our experiments because they're quite smal
experiments, we need to use a less viscous liquid to
sinmulate the -- to get the Reynol ds nunber regine.

Wth a | arger system where you want to,
say, explore the effect of different bubble size
di stribution, you know, and you have a nuch |arger
pi pe systemin experinents, using glycerine would have
been nore appropri ate because you' ve only got Reynol ds
nunbers of a few thousand. And you need to make nore
vi scous the water in that case.

So | think what we have done is we have
tried to scale the experinents so we're in the right
-- we have done a simlar regine for the volcanic
case, albeit we've got a snaller system And if we've
got a Reynol ds nunber flow, we can start noving to a
slightly different play regine.

MEMBER WEI NER: The ot her variable |
wanted to ask about was tenperature. | assune you

didn't nmake any attenpt to control the tenperature.
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DR. WOODS: These were all at | ab

t enper at ur e.

MEMBER VEINER  Just anbient |ab
t enper at ure?

DR WOODS: Yes, yes.

MEMBER VEEI NER:  But as you heat water, you
evolve gas from the water also. Now, | don't know
anyt hi ng about nmagma, and | don't know how t hat woul d
represent a nmagna system but have you | ooked at what
happens if you change the tenperature or Kkeep the
tenperature constant in such a way that you are al so
evol ving gas fromthe |iquid, rel easi ng di ssol ved gas,
basi cal | y?

DR WOODS: Yes. So in the nodel, it's
not an experinent, but in the theoretical nodel, we
are actual |l y rel easi ng gas by depressurization. Ckay?
So we're actually -- so in the experinents, we have
t he gas by having a conpressed air supply. And that's
a nodel for sone of the gas flux that you get by
deconpressi on exsolution in the nmagnetic system

Yes. So | think, you know, we're trying
to | ook at the bubbly fl ow and see howt he bubbly fl ow
evol ves.

DR. MARSH. Well, you are basically

simulating that by interjecting the bubbles in.
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MEMBER VEI NER: I nterjecting.

DR. MARSH. That basically handl es that
ki nd of phenonena in this experinment, yes.

MEMBER VEI NER:  Thank you.

VI CE CHAI RVAN CROFF: Have you tried to
use your nodel to predict the experimental results?
You' ve got data points. Use the nodel

DR. WOODS: Yes, yes. What we've | ooked
at is what are the critical conditions for -- sorry.
"1l step back. In a lot of these experinents, we're
actually dealing with a nore separated fl ow regine.

So thereis sone slip velocity between the
liquid and the bubbles. But we're able to take the
nodel and try and predict the critical gas flux at
whi ch we woul d expect to see liquid issuing fromthe
summit vent, for exanple. And you can get a critical
gas flux, and we should expect that to occur. And
that seens to coincide with the theory.

Once you go into the two-phase flow, just
say the single conduit flow, trying to predict the
actual flow rate, because of the slip that we're
getting between the two phases, you have to include
that in the nodel. So the honbgeneous nodel we have,
you're probably specially pushing happily you can

apply that nodel to these experinents.
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It woul d be possible to do experinents in
a bigger conduit with some running at length, but it
woul d be possible to do it in a bigger conduit, where
you have small bubbles, which are noving much nore
slowy than the liquid. And then that nodel should
coincide with the experinents. But we haven't done
t hat yet.

VI CE CHAI RMAN CROFF:  Thanks.

MEMBER HI NZE: Dr. Ryan?

CHAI RMAN RYAN: No. | asked ny questions
al ong the way. Thank you.

MEMBER HI NZE: Dr. d arke?

MEMBER CLARKE: | was going to ask about
tenperature, too. It doesn't appear explicitly in
your equations, but | guess it cones in in other ways.
I's that --

DR, WOODS: kay. In the sort of
t heoretical nodel, where we're | ooking at doing the
studies, we're assumng that the system has reached
steady state. And so the material is issuing at the
sur f ace.

There will be sone tenperature change
associated with sone of the exsolution as the nagm
rises to the surface, but that will be quite a snal

change in tenperature conpared to the starting
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tenperature of the magns.

Yes. So we haven't specifically included
that in the nodel.

MEMBER CLARKE: As | understood it, all of
your scenarios or your experinental conditions
resulted in eruptions. |Is that correct? Did you | ook
at it?

DR. WOODS: In the experinments?

MEMBER CLARKE: Yes. |In other words --

DR WOODS: No. Wen we have an
under pressur e chanber and we have a gas supply, we can
just get pure gas issuing fromthe surface. But yes.
So in that case, we're getting eruption of gas, |

guess, but not I1iquid.

MEMBER CLARKE: Yes. | was just
wondering. |Is the point at which the phase separation
is conplete inportant to -- you know, | have just a
very basic question reflecting ny lack of

understanding that if you had total separation and you
were still belowthe surface, would that be the end of
it?

DR WOODS: COkay. | think there is a
slightly bigger picture. Wat we have been | ooking at
is the conduit on the surface. And there is a source

of material actually driving that flux to the surface.
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And so i f you go sonewhere |i ke Stronbol i,
where you see bubbles bursting at the surface and
there is alittle gas issuing and not as nuch |iquid,
inthat sort of eruption style, the gas is still being
derived fromsomewhere. |It's still comng from
deconpressi on or exsol uti on of gas sonmewhere deeper in
t he system

MEMBER CLARKE: Ckay.

DR. WOODS: And then you need to have a
di ff erent mechani smof repl eni shing or rechargi ng t hat
liquid flux. So in these systens where we're
i magi ning a reservoir builds up somrewhere in the crust
that then triggers the eruption, that's the source of
the liquid and the gas.

So in that sort of scenario, whichis sort
of the scenario we have been tal ki ng about with these
exanples in Etna and Paricutin and so on, you know,
we've got eruption of both the liquid and the magma
because when we ask that accunmulation across the
eruption of that chain but to surface.

And to get fully separated, experinents
showthat the summt has fully separated fl ow, but the
flank will still sort of erupt lava, you know, sort of
erupt the liquid.

| guess it would depend on if you had a
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chanber that was underpressured sitting in the crust.
You know, the question would be, why did it start
erupting in the first place? Typically, which is a
whol e different topic, it does start to erupt.

There wll be sone initial pressure,
actually, driving that initiation of the eruption
And that will be driving liquid to the surface. And
t hen what has happened is the bubbles increased, the
buoyancy increased. The bubbles are there providing
the driving force as shown in the nodel

So the steady state nodel is really
illustrating that the evolution of the gases is
actually key for driving the continuing eruption.

MEMBER CLARKE: Any future experinments
pl anned that woul d | ook at other conditions?

DR. WOODS: What sort? |I'mnot quite sure
what you're --

MEMBER CLARKE: Well, |I'mjust asking.

DR WOODS: | think there is a nunber of
-- | mean, there are a lot of interesting experinents
to do to understand Dr. Hi nze's question about the
bubbl e size distribution on that dynam cs. And there
are a nunber of other questions to |ook at.

| think one of the challenges in

experinmental nodeling is to get anal ogs that are sort
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of physically consistent with the system And so it's
necessarily sinplified to try and get a handl e on sone
of the processes. But there are clearly other
processes there that it would be nice to sinmulate as
well. So, | nean, there are all nore experinents to
do.

MEMBER CLARKE: Thank you.

DR. TRAPP: Just a very quick add-on. One
of the things that we were doing this norning and we
will be doing tonorrow is sitting together with Dr.
Wods and tal king about our planned experinents,
studies, et cetera, for the next year or so.

| can't tell you what they are right now.
W're still working on it.

MEMBER HI NZE: Dr. Marsh, did you have a
guestion?

DR. MARSH: Yes, a couple of questions.
Just so | can get this straight nyself, you start up
the system for exanple. And let's say it's
underpressured. So basically it can flow fromthe
flank because it's lower in height. You can set it up
so there is sone flow

And I'm kind of getting straight why the
bubbl es know how to go up to the flank. And that's

because when t he bubbl es are small, they're entrained
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in the fluid and the fluid is carrying them al ong,
basically. And so the fluid is venting up flank. So
t hey go that way.

W increased the bubble size and the gas
flux. Wen they get to the corner, for exanple, they
have their own novi ng faster than the fluid basically.
They're rising faster than the fluid. So they want to
go straight. And so as you increase the gas content,
it becones a very |lowdensity colum. And it starts
goi ng out of the gop. And so you have both erupting.

Now, | don't know. Maybe Britt can answer
this. Have you ever seen a systemwhere the flank
actually starts erupting first, shoots sone flows
before we get the Stronbolian phase?

| don't know, but, I nean, it's an
interesting trade-off here in terns of the -- you
know, that critical transitionisinterestinginterns
of 1've never known -- usually flank erupti ons devel op
after the main event starts or shortly thereafter
like Paricutin and stuff |ike this.

But the transition also -- there is a
maj or transition also in the flow, then, really, in
terns of oleoneter flow, which is fluid-domnated
smal | bubbles. And then you increase the gas m xture,

gas content, and it becones, really, a gas-doni nated
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flow --

DR WOODS: | nean, | think we need --

DR MARSH. -- at the corner, to the
cor ner.

DR. WOODS: Yes. Then you --

DR MARSH. D gas is at the corner, |
guess.

DR WOODS: Yes. | nean, in these
experiments, we fixed the geonetry.

DR. MARSH R ght.

DR. WOODS: And so we're in that geonetry.
And clearly in a real erupting system the geonetry
evol ving --

DR MARSH: That's fine. | understand
that entirely. Sure.

DR. WOODS: You're ordering in a rea
systemof which water erupts first. It's going to be
controll ed by the geonetry of the evol ving di ke system
as well as by sort of bubble Iiquid dynam cs.

So | amnot saying they are simlar. |
think what | amsaying is that if during the eruption
the geonetry evolves, all of the pressure of the
chanber evolves, all of the -- either of these effects
can have an effect of changi ng the bal ance during the

summit and the flank eruptions. The flux is com ng
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fromthe sunmt and the flank

And | think what we're seeing fromthe
experiments is very -- it's sort of one physically
consi stent picture in which we can understand why
we're able to see different styles of eruption of the
same nagma fromdi fferent events sinmultaneously.

But | think there are obviously other
guestions to explore. |I'mnot trying to sinmulate the
eruption here and sone of the processes controlling
it.

DR. MARSH. | appreciate that very nuch
Thanks.

MEMBER HINZE: Qur time is fleeting here,
but 1"mgoing to use the Chair's privilege to ask you
one question. One of the inportant phrases that to
many people's peer review, |I'mwondering if you have
any plans for publication of this work and what that
m ght be.

DR WOODS: Yes. | nean, this is sort of
goi ng through the publication process at the nonent,
the sort of first phase of this. And so that's
basically en route through the journal process and
this further work.

MEMBER HI NZE: What journal is this?

DR, WOODS: That's going to be the
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Bul I eti n of Vol canol ogy.

MEMBER HI NZE: Vol canol ogy. Thank you.

DR. WOODS:  Yes

MEMBER HI NZE: Wth that, your tine has
expired. And I'mafraid we're going to have to nove
on so Bruce has his tinme. W thank you, Dr. Wods,
for an excellent presentation.

Wth that, Dr. Bruce Marsh will make a
presentation entitled "Magma Interactions with the
Repository: The Effects of Solidification.” Bruce,
| imagine that you will be using the pointer a fair
bit.

So | would suggest that anyone who is
sitting over on this side and wants to see where Bruce
is pointing to, that you cone around here because you
can only really point on what is --

DR MARSH. |'msorry that this isn't the
best, as I'msure Andy realized, the venue for a
university professor who likes to get up and wal k
around and gesticulate at the board and point, et
cetera. But we'll make do with this.

| am actually going to talk about -- in
fact, strange as it may be, Andy's tal ks and mine are
somewhat conplenmentary. |1'mgoing to tal k about

what's happening to the |iquid phase of the nagma as
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it degasses as it approaches the surface and what
happens in terns of its solidification effects onit.

And sonme of what | amgoing to tal k about
will be famliar to sone of you before, but to get you
all on the sanme page, | will go over sone -- and, of
course, you have all see that picture. | just cribbed
that in fromDOE to tal k about why we are here to
wor ry about what happens if nagma hits the repository.

So on the next figure, you see ki nd of one
of the main things |'mgoing to be tal king about. And
that is solidification fronts in general. And
solidification fronts, of course, we're dealing with
a magma. And everywhere that magna is, the boundaries
of the magma are going froma solid to a nelt and
somewhere into the mddle, with or without carrying
crystals, entrained crystals, and with or wthout
bubbl es and vesiculation. And so this is what | am
going to talk about in detail.

But to show people, really, what these
things are in detail, | want toreviewa little bit of
how these things actually work and to show what
happens when you actually encounter themin reality.

So what we nmean by solidification front in
the last picture, if you could just go back to that

for a second, please, isthisis onthe left-hand side
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here -- for exanple, on the bottom axis, you see
crystallinity. This is froma crystallinity fraction
from one to zero. And on the right-hand side,
basically it shows the nelt viscosity content, |
guess. This is the viscosity of the interstitial nelt
in between the crystals.

So as nmagma crystallizes because the
crystals are different conpetition than the nagma, the
nelt evolves chemically. And what we see is a
t remendous change in the silica content of the nelt.
So across the top axis, you actually see the
interstitial nmelt silica content.

So starting with a basalt, for exanple,
sonmething |ike we would see in the western U. S., near
Yucca Mount ain, 50 percent silica, and after about 50
percent crystallization, the interstitial nmelt has
increased to 55 percent. |In other words, it has only
gone up by five percent in silica.

And you can see the viscosity increasing
froma value. | can't even see the exponents on it.
Maybe it's in the figure here, yes, 100, sonething
like this. But it goes up very, very large, of
course, and be 10® or so back at the other end of
her e.

| put on words here to describe for those
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who are of the geological mnd this would be a basalt
out in here, be sone kind of andesitic liquid here.
This is a dacitic |iquid wave out in here of about 65
percent silicon and a rhyolitic or granitic |iquid way
out in here. And that's interstitial

Now, the interesting aspect of this | am

goi ng to show you about is that once we get to about

50 percent «crystallization, this material is at
maxi mum packing. In other words, the solids are al
t ouchi ng.

In fact, because they're crystalli zing,
they' re tacked together. And this thing actually has
strength, has a lot of strength in it now. Once you
get to 50 percent crystals, it has a lot of strength.

So this thing is actually basically a
dilatent solid. These are nmaterials that are packed
together. And this material is welded. |[|'ll show you
nore about this in a mnute.

Now, there is experinmental evidence,
actually, to show many basaltic systens that have a
| ot of phals partiture, long, thin crystals that a
| oose chicken wire network actually sets out, even at
25 percent crystals. And this thing has sone strength
out in there, too. This is the basic feature that |

am goi ng to be tal ki ng about.
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If we go on to the next slide, just to
show sonme -- we're going to go to Hawaii and | ook at
Ki | auea Vol cano here.

Next slide. And you will see this is the
mai n Kil auea summ t vol cano, Halema' uma'u Fit. And
right in front of it, actually, is an interesting
t hi ng.

One of the nost difficult aspects of this
subject that we work with is the fact that we never
get to find a gi ant pool of magna somewhere i n Europe.
W all tal k about magna chanbers. W all tal k about
conservations of magma. But, in fact, we have never
found one anywhere that is accessible to us.

W see sone perhaps but along the ocean
ri dges, other places, but we have never been able to
have one of any large size that we can do experinents
in or do anything significant in that woul d approach
what we think is a nagma chanber.

In Hawaii, however, there has been a
series of lava lakes. And this is Kilauea |ki Lava
Lake. Now, this is not a crater, but this is a
substance, basically, froma subsistence of the |and
due presumably to a | ava tube that is underneath the
ar ea.

This pit was preexisting. And, as often
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happens in topographic areas |like this, the eruption
that took place in Kilauea Iki in 1959 took place up
on this shoulder here on the side. That very much
happens. You m ght think about that in terms of
t opographi ¢ i nfluences where these things conme out.

This was a fire fountain. You can see how
t he wi nd pushed sone of the spatter and things around
downwi nd here. This is basically the influence area.

And it erupted. The |ava effusively
fl oned down in here. O course, there was spatter and
things fromthe gas phase, kind of |ike what Andy was
tal king about, but nostly why interruptions are very
low in volatiles. Maybe they contain a quarter of
wei ght percent.

And so it filled this pit up to about 125
neters of magma, lava. And sone people at the U S
Ceol ogi cal Survey, TomWight and Dal |l as Beck and Herb
Shaw, had the wherew thal actually once a crust
started to formto get on it and do sone experinents.

Next slide. So you can see drilling here,
where | was partly involved in this inthe '70s. And
there is TomWight there. And here is the drilling
goi ng on.

And i f you | ook at the next slide, hereis

the drill hole. This is an annex core. So we're
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| ooki ng at about two inches across here. And you can
see the about 500-degree red spot down there.

It's about what your toaster is in the
norni ng, 550 Centigrade or sonething like this.
That's down about five neters or so and rapidly gets
-- of course, 550 degrees is well below the
solidification tenperature. It begins getting into
the nelt here at about 1,000 degrees. And it gets to
the upper end of the solidification front at about
1, 200.

Now, the one interesting thing that I want
to tell you about a little bit is that when you' re on
the drill rig here and you're actually drilling al ong,
it drills, of course, chunking along |like a rock. And
we're using water as a |lubrication.

You can drill. You're drilling out. And
suddenly vyou're bringing core up all the tine.

Suddenly you realize that you' re bringi ng up quenched

magna
But you're still drilling al ong as a rock.

It sounds like a rock. It acts like a rock. It has

strength. You keep drilling. You get 10 percent

liquid, 15, 20, 30, 40, 50 percent liquid. At about
50 percent liquid or 55, the whole sound changes

entirely, the drilling. It gets a quieter sound.
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You realize that you could actually stop
the drill rig. And you can take the stem And you
can actually start pushingit inalittle bit by hand.

But before this, up until you get 50
percent liquid, thisthingdrills with great strength.
The material has great strength. |f you go any
further, you can actually push it. It's alnost |ike
feeling you're puncturing a menbranae. You could
actually push the stemright out into the system

So we go t hrough these series that we call
the rigid crust out to 50 percent crystals. Now we're
in a nmushy region out to about 25 percent crystals
that we call the suspension zone out in front of that.

So the next slide -- and it shows you the
sequence. Now, ignore these large crystals. These
| arge crystals are crystals that were carried up in
the flow fromthat depth. So these are phenocrysts
that were brought up with the flow.

And these are thin sections that we made,
of course, fromthe drill as you're noving fromhere,
where it's totally crystallized in the back end out to
the front end, where it has about 15 percent crystals
init.

And t he brown stuff out inthereis glass.

Those tiny, tiny little areas are the crystals. You
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can see, actually, there are little strands of these
t hi ngs that actually hang together, |ike ganglia, nore
or |ess.

And they are |like little parasitic
situations, where all the mnerals are crystallizing
together. So olivine is crystallized. Wat olivine
doesn't liKke, pl agi ocl ase eats up; and what
pl agi ocl ase doesn't like, olivine. And we have final
pyroxene. So they run in kind of little parasitic
rel ati onshi ps here.

And you will see whol e areas where there
are no crystals growing at all, unlike what we have
al ways taught our students, that crystal A grows over
here in this corner and crystal Bis over here and C
is here, and they eventually inpinge on each other,
eat up all the liquid.

No. They grow locally. They grow locally
inthese little relationships. And out of these cone
| arge crystals. You can see the large crystals coning
out. W're down at 1,125 now. And so we have cool ed
down by about 70 degrees. And you see these |arge
crystals.

That's from actually, small crystals
hangi ng together, kneeling together, into |I|arger

crystals. So big crystal takes over snall crystal
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because the small crystal is higher, service-free
energy. And we go back all the way through this
t hi ng.

So this is a real solidification front.
This is howthey actually woul d | ook going through it.
Now, the key is that this is happening spatially in
the system So this is what we would think of in
t hese systens all the tine.

Now, we often think in systens that the
magma actually flows freely in here and exchanges
nutrients with this, but, in fact, in these sal aci ous
systens like this, it really doesn't.

One thing you will notice is the crystals
that grow out that are very, very tiny, these crystals
are much less than a millinmeter, for exanple, in size.
And the crystal size in abundance really reflects the
cooling rate.

So high rates of cooling, for exanple,
enucleate lots of crystals. And since the
solidification front is progressing inward deeper
here, there is only a certain amount of time for these
things to grow.

So if you i magi ne yourself sitting in the
magma here in this room eventually the |iquid would

come through. And you would have a nucl eati on wave.
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And that wave would reflect the rate of cooling. And
t hen eventually you would grow a little here. You
woul d have a growing time. And then eventually the
sol i dus woul d approach, and that would be it. You
woul d be done. And so the population crystals, the
nunbers and the sizes reflect the cooling reginme and
how it happens.

So next slide, please. So we often think
that there are systens like this onthe left. This is
a dendritic system where you get netallurgy or in
aqueous sol utions, where you grow |large ice crystals
or where you chill the bottle of wine to quickly white
wi ne in your freezer, you know, people conm ng over,
you got it, and you forgot it, you put it in the
freezer, and you get it out too |late. And you have
t hose great big crystals growing in the mddle of the
bottl e that was brandi ed. And your significant other
is not speaking to you. And these things go on.

Silicate systens are a little different.
Next slide. You can see what they are, they are very
small in the nmelt because the crystals are very tiny.
The chenmical boundary there is on the crystals are
very tiny. And so the nelt is really not noving
around. It's also quite viscous in this. So the

whol e thing is propagating off.
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Any boundary we have, we have one of these
t hi ngs pr opagat i ng i nwar d from it in t he
solidification fronts. And so any process that is
going on in here, of course, has to conpete with this
rate of solidification.

Next slide. So this is what we started
out with looking at this. | just want to refresh you
in terns of keeping this in mnd. Now I|'Il show a
little bit later also if we want to add volatiles in
to handl e what Andy is tal king about, we could ask,
even as Jim asked a question, about what is a nagm
chanber, howis it goingtodoit, howis it going to
pressurize, and things like this.

Vel |, you coul d have a systemthat sat out
here t hat was actual |l y under-saturated with water, but
as crystallization took place, the water builds up in
the nelt. And eventually it will generate a volatile
phase. And that volatile phase, of course, is a huge
change al so i n vol unme upon exsolution. And that could
drive an eruption, for exanple, like a start.

So in Andy's case, you could start out
wi th sonet hing that wasn't nuch vol atil es com ng out.
And eventual |y, as solidification proceeded all around
the margins of a system it could generate a gas phase

internally and start pushing an eruption. Cbviously
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this does happen. W're going to talk about it
dynamically in a little different way.

Now, |'ve been nmentioning to you about you
can drill this thing out into the m ddle out here. So
this actually is alnost ingently viscous out in the
mddle interns of the overall. That's the viscosity
of the interstitial Iiquid.

But if we tal k about the viscosity of the
mushy stuff itself, out here, the magma out here, we
can calculate. Gven this tenperature, given this
conposition, given this water content, we can
cal cul ate viscosity very nicely with various nodels.

As we add solids toit, we can use various
nodel s al so, ones that | put forth in the early ' 80s.
And we can actually get an idea of what this is |liKke.
And sone of these are shown in the next slide, sone of
t hese various nodels. And so these are various nodel s
fromchem cal engi neering and all ki nds of peopl e that
have been known for a while.

So you add solids to any kind of nateri al,
and the bul k viscosity goes up. Wy does it go up?
Vel |, because they approach maxi num packi ng. And at
maxi mum packing, in a container of a fixed dinmension
and volunme, at nmaxi num packing with any anount of

solid material, the nmterial can't be sheared at
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maxi mum packi ng unl ess it expands.

So when you are actual |y wal ki ng al ong t he
beach, for exanple, and you see dry sand around your
foot, that's because the sand is at maxi mum packi ng.
You step on it. You shear it. There's not enough
wat er now. The grains have all noved out past each
other. And now we have excess pore space.

So what happens in this situation, of
course, is the viscosity goes off to -- | put it here
at .6. It could be .5. It depends on the ensenbl e of
solids, the packing of solids. And so it goes up and
basically is uneruptable. So that stuff off to the
right, then, is a very, very rigid rock, even though
it contains 50 percent nelt nore or |ess.

Next slide, please. So when you see a
system like this, then, in the Hawaiian | ava | akes,
anot her way to | ook at this is that every one of these
systens has if we | ook at the bottom it goes from980
or 1,000 degrees up to 1,200, 1,210 for Makaopuhi Lava
Lake, for exanple, the basalt in Hawaii. And the
crystal varies like that.

It varies across because you start, the
liquid has very fewcrystals. And about in the nmiddle
region, alot of phases are growing very rapidly, lots

of stuff growing. So it actually has decided to
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i ncrease here and grows off to 100 percent eventually.

Now, remenber, when we're in the m ddl e of
this thing, once you're in the mddle, the crystals
are all touching. They're all tacked together. The
whole left-hand side of this thing is a rock,
basically. The right-hand side is the magnatic
portion. The closer you get to this transition zone,
the | ess chance you have of this thing actually doing
anything. It becones a solid material.

In fact, about half of this outer nagnetic
region you can get like this chicken wire network of
pl agi ocl ase growing. So it may have sone yield
strength, actually, out in there.

These things are very hard to get at,
al though there are experinments done by sone people
where they actually take sanples at about 30 percent
crystalline. They take a cube of this material, put
it inafurnace. And they notice that the nelt drains
out of it just so you see the network of crystals.
Tony Phil potts and people in Connecticut and ot her
pl aces have done this.

So, renenber, this is the kind of thing
you see all the time. And next slide. So a direct
reflection of that is you can increase the viscosity

of magnma by increasing its silica content or
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increasing its solid content. But you can only put
solids in up to a point at 60 percent.

And | want to just show you briefly here
this no man's | and up here, where you get up. Now, if
we punp a lot of water in, sonetinmes we can nmake it
nore fluid, nove that boundary down a little bit. And
that is what you see here.

But | show here all the bad-acting
vol canos, all the really explosive guys, Mropi and
all these. | can hardly read them Palei and
everything are all up near this boundary. So that's
the real |l y dangerous one.

They get near this. They start flirting
with this 50 percent crystallinity. Wat happens is
t he vol cano gets plugged up, basically, then. And if
you' re goi ng to do sonet hing, then, if magma novi ng up
bel owand it wants to nove, then this stuff won't cone
out of the top.

What's it doing? It explodes. It blows
up. That's why these guys are so dangerous, and you
nmonitor these things for crystallinity and domne
buil ding and things |ike that. There's this back and
forth.

Next slide. Now, another aspect of this

is the fact that when we deal with magnas, you wl|
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see very nany petrol ogists just deal with phase
di agr ans.

This is a phase diagram It's a normative
di agram that our good friends Dave Wil ker and Ed
Stol per developed nore or less. And there is
di opside. And here is silica down here in this end.

So you can think of this as a garden
sal ad. You know, you can think of this as |ettuce up
here. And you can think of this as tonmatoes down here
and maybe carrots over here. These are various
m xtures. But there is a line along anything that
they all rnust vary along, trade-off.

Now, the very curious thing about the
Earth is that the oceanic crust that is here,
continental crust that is up here -- and we can't
understand why with all the magnma being supplied at
Hawai i and nmi d-ocean ridges and things, it all ends up
right there at that one point right there.

In other words, we can cone into that
point. Once we hit that, that is dead. The whole
oceanic crust sits right there. Hawaii, the whole
| sl and of Hawaii, sits there. And it's been a nystery
why because it just slides along this phase boundary,

t enperatures decreasing all along. There's nothing to

stop it on the phase di agram
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But if you go into space, into spati al
di mensions; in other words, when you nove in
t enper at ure on a phase di agram you're actual ly novi ng
in space in a magma chanber, spatially X, Y, Z

So if you nove along this, what you are
doing is that conposition actually is right at the
| eadi ng edge of the solidification front. And when
you nove further down, you're actually in the
solidification front. And these liquids all down here
are actually the interstitial Iliquids inside the
solidification front.

So it shows you how hard those are to
extract, that they're uneruptable. And the only way
to get these things out is by special processes, and
we don't have tine to really go into themtoday. But
it's another whole lecture onit to showyou howthese
fronts are very i nportant in expl aining quite a nunber
of situations.

Next slide. So the other interesting
aspect of thinking about a nagma before it gets to
surface is that nagmas have a pressure tenperature
phase field. |In other words, here is pressure on the
| eft-hand side in kil obars.

So this goes up to 30 kilobars. For

exanple, it's a high low on the basalt. So that's
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like 90 kilonmeters in the Earth. W' re tal ki ng about
great depth

And the phase equilibria is on here, so
this tenperature across the bottom So you can see
the liquidus of this high |ow basalt is about 1,275.
And beyond that, at | ow pressures, thisis all |iquid.

The first phase you come in is
pl agi ocl ase. And you can see we have olivine com ng
in in other phases, final pyroxene and other things.
As we go up in pressure, of course, these phases
change. And these things all basically lean off to
the right nore or | ess except when a phase becones
unstabl e, |ike here, which is |ike many hydrous phases
do.

Now, this systemis also a dry system
partly bone dry, no volatiles in it whatsoever. So
it's very interesting. And all of these systens act
l'i ke this.

Al of these silicate systens act |ike
this. You increase the pressure under dry conditions.
The effective nelting points of the solids goes up
with pressure. And so everything leans off to the
right. And sone of the phases becone unstable. And
you start getting other phases init.

Next slide, please. So what you see in
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general and generically ook at this is pressure,
tenperature. 1In a dry system then, we're | ooking at
a solidification interval that 1increases wth
tenperature as we go up in pressure.

And, you renenber now, part of that is
i naccessible to eruption. If a magma travels into the
lower half of this range, it beconmes a nagma that

doesn't make it to the Earth's surface.

So any tine it actually cools -- so a
magma is comng up and it is going too slowy. It
will actually cool back into this. And it sticks in

the crust. And the Earth's crust is full of bodies of
magma t hat have been stuck in the crust. And we see
themall over. W call themplutons. W change it.

Now, we're interested today in really
tal ki ng about volcanic rock. So we're interested in
t hings that actually erupt fromthe upper half of this
regi on here.

I n Hawai i an systens, for exanple, |ots of
systens t hat we see, the bi g vol um nous systens, erupt
often with very, very small amounts of freshly grown
crystals inthem And I'll show you why that is in a
second.

Now, if we add volatiles to this system

next slide, it's a very different kind of system at
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| ow pressures at least. So if we add enough vol atil es
to saturate; in other words, we add water and CQO,
let's just say water to begin with, it decreases the
nel ting points of these things.

So it has an effect of destabilizing the
solids. And the nelting point, actually, in the
solidus liquids interval decreases up to a certain
point. As we get to a pressure, the saturation
pressure, beyond which there is not enough volatiles
to saturate it, it takes on again a situation very
much like a dry systemthat is under-saturated.

So if you imagine a nagma conming to the
Earth's surface now, it comes up. And it's got
volatilize init. And as it comes up and gets to thi
boundary here, it starts to generate a gas phase, a
bubbl e phase.

And that's what drives a lot of the
eruptions for, like Andy was talking about,
Stronbol i an-type eruptions, et cetera. And the nore
volatiles it has init, of course, the nore inportant
that beconmes in ternms of how fast it's noving, et
cetera.

And so what happens, we  get a
fragnentation or we get a heavy vesicul ation depth

W get a fragnmentation depth, where it starts com ng
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apart spor adi cal |y, basically erupting in a
Stronbol i an ki nd of eruption.

Now, it's very interesting now that this
thing decreases. And we want to worry about a
trajectory of how this actually get to the Earth's
surface on this. Okay?

So next slide, please. So if we | ook at
sonmething like the Lathrop Wells basalt and we do a
calculation and we |ook at even experinentally --
we' ve checked sone of this out experinentally al ready,
but this is for the dry system The dry system then,
goes up like this. And here are sone the phased
boundaries on it and things like this.

The wet system-- and we have every reason
to believe like Lathrop Wel |l s had anywher e bet ween t wo
and four percent water in the system And so if we
|l ook at Mack Rutherford's experinental data that
showed what it nmay be, he said it was right here at
about 200 negapascales, 2 kilobars, and that
tenperature right there.

Now, t he curious thing about these nagnas,
one of the dangerous things about them of course, is
that that tenperature right there, it only has a few
percent or ten percent crystals. Wat you will notice

is tenperature is below the one atnosphere solidus
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t enper at ure.

So for that magna to erupt out as a | ava,
for exanple, has got to get up inthis interval. And
it's got to come out in the upper half of this
i nterval

So that's the interesting aspect of this,
of these bodies you hear. And that's what nakes them
so dangerous. The fact is, as we'll see today, they
actually can't get up in there. And so they fragnent
and conme apart.

So what happens, actually, is as this
t hi ng degasses, it noves the solidification interval,
noves up to here. And this thing undergoes rapid,
enornous solidification.

Next slide, please. So to show you what
this looks like, here's the conpare, MacAvoy Lava
Light, for exanple, with the Lathrop Wells. This is
dry at one atnosphere. You can see it is 1,000
degrees up to 1, 170.

There are no surprises inthis thing, very
simlar. |It's very simlar to a nornal basalt except
that it's an al kaline basalt, not a tholeitic basalt.
kay?

Next slide, please. So this just shows a

little bit of what | was nentioning about volatiles.
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You wi || generate volatile in this thing back in here,
even though it's not saturated at depth.

In the solidification front, you can
generate volatiles. And these volatiles can escape
and get back into the system et cetera. That is
anot her aspect of the story.

Next slide. So here we have now two
different systenms that we're going to tell about the
di fferent aspects of this. One is that these systens,
t hese wet nagmas on the left that have to try to get
up and if they're going to erupt as lava, they
dewater, and other systens, |ike Hawaiian systens,
that are very hot. And they have very | ow anounts of
wat er .

Next slide, please. And | show this.
Now, the one interesting thing about the Hawaiian
systens, systens that are very dry to begin with, is
that if they want to ascend, basically we can do the
i deal situation, where these things do not |ose any
heat to the walls at all. W call that adiabatic
ascent. In other words, it keeps all its internal
energy. And all we do is we undergo any cooling due
to pressure to vol ume change due to pressure rel ease.

And if we actually do that cal culation, it

drives the magma out into the region, burn it up as
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crystals and drive it out into a regi on where we have
no crystals.

And I'll show you briefly that once a
magma gets out in here and it's super heated, it wll
undergo rapid convection. It will punp out that heat.

And it will go back and forth on this system back and

forth. And it will cone out near the Earth's surface.

W always see these magnmas. Hawaiian
systens and systens |ike this in general always erupt
right near the liquidus. W have never seen a super
heated magma on the Earth unless it's sonething
generated by an inpact or sonething like this. But
any magna that comes out is super heated.

Now, these are big, effusive, very hot
flows. And they are at |low viscosity. So if we're
going to cal culate how this would actually work as a
| ava fl ow, we could take the | ava, the nagma before it
got to the Earth's surface. W would say, "Okay.
It's at 1,200 degrees. It has" such and such a
conpetition, such and such a crystal content. W
could calculate the viscosity for it. And we could
then predict what it was going to do as a | ava.

These guys over here are very different.
As this approaches vyour surface, of course, it

degasses. And if it just goes straight up, the big
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guestionis, what isits trajectory as it goes towards
the Earth's surface? 1In other words, what is the need
of 80 abating consent path for this?

So if it goes straight down, for exanpl e,
it becomes a conplete solid very, very rapidly. So if
we took, for exanple, the analog situation of this
magma, basalt, we took it with crystalline and deep
tenperature, et cetera, we put in four percent water,
we could calculate a viscosity.

And then if we were going to calculate
what that would do as a | ava, that woul d be really not
a very accurate cal cul ati on because that's what it is
when it has all of its volatiles init.

And as it approaches the Earth's surface,
of course, it loses all of those volatiles. And if it
degasses t hrough sone kind of a Stronbolian eruption,
where all the gas collects at the bottomof a col umm
whil e you' re shaking up a beer bottle and letting al
the froth go out and the stuff left at the bottom of
t he beer bottle is the degassed magnma, once you degas
that, it goes to this phase diagramon the right.

Vell, if you hold the tenperature the
same, you notice that thing is totally solid there.
It's not going to go anywhere. It's going to be solid

in place. oviously these things do ooze out and
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things. And we'll see what happens with that.

Next slide. Now, this is a summary -- and
| have gone over it, really, before with sonme peopl e,
but it just kind of sunmarizes what our understandi ng
of how magmas actually give up heat.

W don't know exactly fromnmagmas, but all
crystallizing systens that we have | ooked at so far,
we know when they have super heat, they convect
vigorously. As soon as they get down to the |iquidus
and all their super heat is gone, it goes stagnant.
And so we're in basically then a situation where it is
conduct i ve.

So that's what runs the Hawai i an syst ens,
like when they actually generated a little bit of
super heat, they go in a rapid convective node. It
punps that heat out and keeps buffering it, then, at
t hat upper |i qui dus.

Next slide. And these show sone
experiments that we have done over -- this is a super
heated nmelt. |'Il run through thee rapidly. And this
is after about a half-hour in a super heated nelt of
paraffin. The upper solidification front is com ng
down.

Next slide. And, as you can see now, this

i s about an hour, hour and a half, two hours. You can
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see the bottomof it is actually becom ng stagnant,
and it's not thermally stratified. |It's actually

i sothermal as the front is com ng down. And you can
see plunes still dropping off, still has some super
heat .

Next slide. This is about two hours into
it. Convection is alnbst ceased into it. W can
actually calculate the tenperature |oss very well by
conventional nethods. It uses a paraffin with a snall
solidificationinterval init. And so this is what we
are tal king about with that.

Next slide. This is the isopropanol
system where Andy's colleagues and | were in heated
debate because it is magna. So we have to be in a
heat ed debat e on what happens with these. And this is
the same kind of system except that it's nore
difficult in many ways to do these experinents.

And this is ice. As you know, ice
increases in volume as it pushes al cohol around. In
the | ater stages, you can see al so when it | oses super
heat, this beconmes stagnant, too, in terns of it.

Next slide. So this is the situation,
then, we're involved with. Wth magnas that don't
have any volatiles or very low volatiles, this thing

comes right down near the |iquidus dependi ng how rmuch
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it tarries asit's near the Earth's surface. It cones
out as tenperature. And there's usually |ow
crystalline except for crystals that pick up transit
sl udge and other materials. And we're faced with the
ot her guys that are these wet guys.

Okay. So the good question is now, what
is the trajectory of this as it cones to the Earth's
surface? And you heard Andy was nmentioning he is
usi ng exsol ution nodels for what you get for how the
gas has cone out of solution. And this is an
i mportant issue. In his nodel, for exanple, he would
use a nodel in the theoretical nodel for howthe gases
sol ve out of the magna.

This is basically the same kind of issue
except he is interested in how rmuch stuff comes out
with the nmass fraction of stuff comng out. And we're
interested in here wth what the tenperature
trajectory is in ternms of the remaining |liquid, what
it's like, the nelts, howit is com ng out.

Next slide. So these are sone of the nore
earlier calculations we did on sone of these. And
thisis -- and by other folks, too -- showing this is
the pressure. This is the volatiles in the nelt and
how it approaches the Earth's surface. And this is

the crystallinity.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

216

So we don't showtenperature exactly here.
W show how the crystals build up. So you can see
that something that has a lot of volatiles in it has
great depth. This is pressure. So we're down at
great depth. This thing runs in, and it solidifies at
dept h.

As we get to lower volatiles, we can cone
closer and closer to the Earth's surface. You wll
noti ce when we tal k about Lathrop Wells, it's two to
four percent. So we're talking about flirting,
really, with this boundary here about getting either
not to the Earth's surface or at the Earth's surface.
So it's a very interesting trade-off. And so it's an
i nportant issue.

Next slide. So this is an inportant
i ssue, of course, for the whole idea. So this is some
calculation of the nobst recent. A whole nunber of
peopl e have worked on these. And this is Mastin and
Ghiorso. |Is this what you used, Andy, for your node
for degas and inert solution?

DR WOODS: |1'musing a sort of sinple
Henry's nodel .

DR. MARSH. Ckay.

MR HLL: Britt HIll, NRC staff.

W were using the one that was devel oped
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i n SparKks.

DR MARSH So this is a nodel. It's
t hernodynanmically very, very conprehensive Ghiorso
with his NELTS program and Mastin put together. And
this includes gravitational effects also. It
satisfies potential energy constraints. And they put
that into viscous dissipation and things |ike that.

Be that as it my, this just shows a
system Albite-water, which is a nore soliciting
system but anal og that a | ot of peopl e use because we
know a lot about the solubilities. To nake a
| ong-story short, the 80 abating consent paths are
right here, you can see. So this is starting at 200
negapascal es, about the area where Mac Rutherford
t hought the Lathrop Wells would reside in equilibrium
before it got to the Earth's surface, when his 200
nmegapascal es, 1, 000 degrees.

And you can see this is the 80 abating
paths. They all have a huge anmount of cooling taking
place. This is isoenthal pic, where you actually use
some ot her method, but the best you can conme up with
here, really, is alot of -- there's cooling, of
course  -- is the exsolution cones out of
vol atilization.

Wth crystal growh, you add |avidium
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but, actually, you could add in sonme |atent heat.

But, of course, latent heat comes fromyou don't get

| at ent heat unl ess you're cool, your crystal growh.

So basically the best you can conme out is that these
t hi ngs woul d cone up isothermally. |In other words, it
woul dn't heat up at all, but it wouldn't cool any nore
than it was before.

So if you go back now, next slide, the
issue is then that this thing originally when we
t hought that we could nove over here a little bit
t hrough perhaps heat of volatilization, but nowit
| ooks from Ghiorso's nodeling and Mastin there that
basically this stuff is isothernal

In other words, as you come up and you
degas it, the solid part of it, theliquid part of it,
basically you start undergoing quenching to a gl ass
perhaps or to sonething that's a super cool ed nagma

In other words, this is a very serious
issue. And this is probably why these vol canoes, of
course, are so expl osive, because they start novi ng up
and they crystallizing or going to a gl ass, basically.
And they frighten that very rapidly and start breaki ng
apart in this. Gay?

So keep in m nd now when we cal cul ate how

a lava flow noves, the whole ions situation or
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something like this that has intrinsically |[|ow
volatiles or none at all is a very watery type of
mat eri al ; whereas, this material is undergoi ng a huge
amount of intrinsic solidification due to the
depressuri zati on.

Next slide. So when we go to a place like
Hawai i, for exanple, |ook at | ava fl ows and we | ook at
| ava tubes and we | ook at any kind of flow, it is
fairly straightforward to do those kinds of
calculations in terns of how the lava would nove
because we know very well what is comng out. And the
crystal growh that is going on inside dealing with
solidification fronts, et cetera, is due to cooling.
It's not due to depressurization. Ckay?

Now, the other thing, though, you realize
is that magnas when they're in the upper part of the
Earth's surface, they're in a very to them hostile
environnment. They've conme froma di stance of great
depth, where they have come up from an environnment
where they are about 1,200 degrees, very |ow
tenperature gradients. And as they get to the Earth's
surface, of course, there is no generation of heat in
here. These things are just cooling. They're in
their solidificationinterval. So anything they touch

t hey actually quench against at all.
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So if you stick your hamer into this,
whi ch peopl e conmonly do, -- the way to get a sanple
of one of these magnmas is as a geologist in Hawaii is
you take a wire. And you have a good geol ogi ¢ hamrer.
And you throw your hamer intoit. It quenches out in
a big glob on the hanmer. And you pull out the
hammer, and you have a sanple of this going by. So
guenching i s absol utely phenonenal .

Next slide. So you can see, even where
you get spatter flying in the air, it quenches on
trees. You can get this stuff small. It's like
pancake batter quenching on a tree.

Now, this is the key for this is because
it"'sinitscrystallizationinterval. And so anything
it touches, it crystallizes out, either as a gl ass or
as a crystalline naterial.

Next slide. So this is where you actually
see it go around trees in Hawaii. It goes around the
tree. It quenches out all around the tree. And the
| ava because it guenches out and sonetines the |ava
keeps on noving or deflates around it, the tree, of
course, burns up and |l eaves a hollow in the inside,
but these are casks fromtrees. And you could see
t hese things very, very commonly.

The next one at the bottomhere, this is
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an alkali basalt nmodule. This is a piece of mantle
mat eri al .

Next slide. You can see the quenched rind
around it. This is actually a spinelle prototype from
probably 30 kiloneters down. It has a quenched rind
around it. It's an alkaline basalt.

Next slide. These are not typical nodul es
that you woul d see thrown out. These are very heavy
ul cerated nodul es, having cut them open, of course,
because the beautiful quench all around them on the
out si de, you can see the quenched batter over on the
out si de.

Next slide. This is at very high super
heat ed where Sandia did their experinents with their
probe trying to extract energy froma basically
55-gal l on drum of super heated material magnma. Then
they put this probe in, put material gases throughit,
wat er basically through it, steam but you can see
t hey' ve al ways got this quenched rind. They broke it
apart here so you could see their probe underneath.
But it has a quenched rind of they call it lava crust
on it.

Next slide. Here it is in Ponpeii. You
can see how even an ash fl ow woul d quench around hunman

bei ngs. And what happens, of course, it burns the
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humans up, | eaves a cavity. And when they find these,
they inject plaster into these things and then chip
away the material. And these are very dramatic, of
course, with these and sonetines too dramati c.

So next slide, please. |'mnot going to
go through in terns of the essence of a |ot of the
time, but when we're tal ki ng about quenching, we can
do an energy bal ance basically between a canister, for
exanpl e.

W want to worry about how nmuch quenchi ng
woul d take place on a canister. W basically can
equate the anount of basically enthalpy in the
cani ster and equate it to the lava around it, and we
can cal culate the rind thickness here, basically. And
we cone down. There are a couple of them And | saw
for the contact tenperature | just show on here.

For exanpl e, it comes  out about
equi val ently about -- just like we find in nany, many
nodels, it's the average of the two tenperatures, et
cetera. But the bottomline is those red things that
you can hardly see here, and that is that the
guenchi ng thi ckness wi || be about a half the radius of
t he cani ster depending on exactly what the internal
thermal conductivity is to about one radius of the

cani ster.
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And so on the next slide, you'll see a
dramatic sort of verification of this kind of thing.
This is an Eocene conifer in the Western Mull region
of Scotland. It's called MacCulloch's tree. And it
was encased by a giant lava flow And this tree is
over a nmeter, a couple of neters across.

There i s Henry Hi nal ayas, who gave ne the
pi cture, standing on it from Durham University on the
ground there. And you can see the quenched rind
around it.

Next slide. [I'll just show you you can
see there is the quenched rind. 1In fact, it's so
cl ear because the clubner jointing, which tells you
the cooling interface is vertical in nost places, but
around the tree, you can see beyond t he quenched ri nd,
it's horizontal. And it's of the radius you see it
just over the radius of the tree itself, that conifer.
That' s an unusual thing because that tree is about 55
mllion years old, and it's basically carbon.

Next slide, please. Now we want to ask
ourselves, howlong will this take to happen, really?
And this is a cooling of |ava | ake data i n square root
of tinme inthe bottomin days and the thi ckness on the
top. These are the data, and those are sone of ny

calculated lines going through. [It's no surprises
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her e.

And these are the lava flow data from
Hahn, et al., down at the bottom-- they all fit on
the sane trajectories -- for different isotherm
advancenent rates in the solidification for about 800
degrees, 1,070, et cetera.

Next slide. So here is what you woul d
get. In the bottomis the quenched thickness. And so
we're going out to about ten centinmeters. And so we
go up ten centinmeters, and this interval |'ve got of
guenching now. And you see it's within a mnute or so
you can get a ten-centineter rind of quenching.

This is very, very typical of what you
see, really, in dikes or in flows, lava flows, and
things. The first quenching is very, very rapid, of
course, since the diffusive process it slows down. O
course, it's one over distance that you go into this
t hi ng.

So in terns of now cal cul ati ng how | ava
woul d nove, actually, next slide, how a |ava that
entered the drift would actually nove, if we | ook at
the lavas, for exanple, around Lathrop Wlls, next
slide, and look at -- that's a picture of the flow
front -- you will see how these things are. It went

out about a kiloneter at Lathrop Wlls. And you can
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see these big very, very step flow fronts on this.

If we go to the next picture, just put
this on for reference, you can see here's the flow
Here's a scale here. One of the things that it's hard
todointerns of nodeling the flowin adrift is that
if you take the conditions of the magna when it was at
depth, it's very hard to use those because it's been
degassed and you woul d i ke to calibrate yourself. So
what you can do is figure out what is the effective
viscosity of this lava flow you see here.

Sothe first instance is, next slide, here
is atw-day flow And if you |ook at that flow that
came out, | ooking at the nature of it and things, it's
probably a nmonth-long flow nore or |less. Although no
one was around 75,000 years ago, it looks in terns of
its character it was a nonth-long flow. There are 2
days at 10’ poises basically CGS units. It's well
beyond it.

Next slide. There's ten days. [It's well,
well away fromit. So what we want to do is increase
the viscosity. This is just spreading of a gravity
current by various nmethods, Giffis and Fink or
Her bert Hubberts, equations you can use.

And the next slide, then, is for 10°. So

there are two days.
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Next slide. There's ten days.

Next slide. Then there's 20 days. And
that's at 10°, effective viscosity of 10° of it.

Next slide. So if we use that kind of a
viscosity, you can see the variations onthisinterns
of tine and radial extent. And | put on there the red
line up there, showi ng basically what it would be with
Lathrop Wlls. And you can see how you could get to
a nunmber of something like 10° for this eventually.

Here they are for di fferent vol unes on the
bottom different volunes that you woul d use. And the
.03 cubic kiloneters is about the volunme of that.

Next slide. So when we are going to do
that cal cul ation, then, next slide, we worry about
this thing and what happens to it. Wll, evidently
when it degasses, we're blowing all the gas off of the
t op.

The bottom part of it, then, is reaching
down into the system sonewhere. And it doesn't have
enough time to crystallize. That's the inportant
thing. So it probably goes to a super cool situation
and it goes to what would be kind of a glassy, hot
gl assy nmateri al .

Next slide. So we get rapid quenching,

and we get to a hot glassy naterial.
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Next slide after that. So this is what
glass looks like. This is Dingwell and Wbb's
rheol ogi cal nmeasurenents of viscosity. This is the
strainrate. And, of course, a straight curve on this
woul d nean a Newtonian effect. |If you divide, take
the stress divided by the strain rate gives you the
ef fective viscosity.

And you can see here | pulled these apart
because they basically, interestingly enough, all lie
on top of each other nore or less. There's Rhyolite,
Andesite, Tholeite, Basalt, and Nephelenite. They're
all very simlar for the nobst part. And their
tenperatures are alittle bit lowfor us. They're 670
to 818. These are at the glass transition
tenperatures. These are gl asses.

But the interestingthingis if you divide
one side into another, you will see the values are
around 10', very interesting nunbers. They' re about
10 CGS. If we heat this thing up a bit, I'mtalking
about 1,000 degrees, it probably is about 10° or
sonewhere in there. So these are nore or |less driven
by gl assy rheol ogy.

Next slide, please. So if you took
something like this, then, and you followed on this,

i n other words, we basically calibrated ourselves with
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these kinds of flows, and we took into effect the
cooling and crystallization and we had flowin a pipe
-- thisisalittle involved because it's not only the
flowin a pipe but it's the cooling and it's also the
flux integrated over tinme divided by the vol une per
| engt h of tube.

And you can see this is the fl owduration,
very slow durations. This is the viscosity. And
you'll seethis in the range we're |l ooking at in terns
of 10°% 7, % ° ‘and stuff. You can see how
drastically the flow shucks down if you get up into
the range that we're tal king about and things.

On the right-hand side, you see how far
the fl ow would go for those viscosities. Here's the
flow of duration in time and hours. And then you'l
see. And I'll show you this is in nmeters on this
thing and neters on the side. This is one neter, and
it's the flowduration in hours, up to about ten hours
on the right.

So you can see, in the curve for 10 ° is
way down here. These are various dianeters of the
edit. |1've taken for the drift the effect of the
cani ster being in there, which would plug partly the
drift.

So the bottomline, then, is that if we
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actually try to nake a consistent idea of this nagm
com ng up, degassing, conm ng out, why does the flow
only go so far? Wy does it not go very far? Well,
it's because it very much probably is quenching
rapidly, and it won't go very far.

If we use those for the rheol ogical
properties for the lava entering the drift, it gives
us another n nenber, really, for consideration of
this. Instead of using a nunber based on the magna at
dept h under anbi ent conditions with four percent water
and stuff that makes it very, very fluid. And do it
woul d be the wong road to take.

Next slide, please. So | just show here
this is the flow front at Lathrop Wells.

Next slide. And it shows schematically
what one of these things would look like on it.

Now, | just wanted to end with a coupl e of
-- next slide, please -- ideas for where we coul d | ook
at nore information, howto get at this kind of thing
nor e.

And thisis asill inAntarctica. This is
inthe Finger Mountain area. This is about 1,000 feet
thick we're looking at right here. |If you |ook at
these sills, of course, they're very, very fine

grained in the margins. And they're coarser grained
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in the mddle because they cooled instantaneously,
basically enquenched on the margins. But in the
m ddl e, the crystals are |arger.

So we could actually gointo these, not in
this place, of course. W can't sanple it. But we
have sanpl ed sone ot her places like this. And you can
go into this and sanple it all the way through. And
we can nmeasure what we call crystal size distribution.

Next slide. So what we see in the -- |
guess part of it didn't show up on your guy's di agram
So pl ease | ook at the thing up here. So this is what
the margin | ooks like: very, very fine grained; very
chilled very rapidly; large nunbers of crystals; very
small crystals. And there's a mllinmeter size up
t here.

And in the mddle is a -- that's the
m ddl e, what the texture looks like in the mddle,
much coarser grained. And we can actually with a
cool ing nodel and with a kinetic nodel and with these
CSDs, we can actually nodel these very nicely.

Next slide. So what we do is we actually
go in and image analyze all those crystals. W
neasure all of them and we nmake what we call a
popul ati on density.

So here is a population density versus
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length. And if | had those data, those data would
show up on kind of a log-normal curve here. And the
slope of it is S here.

The inportant thing is that we can go
t hrough. W can neasure various things. |n other
words, there is what the function looks like. And if
we look at the first nonent of that function,
i ntegrate the nunbers over, we get the total nunber of
crystals.

It turns out that it's the intercept
value. Basically the inverse to the log of the
i ntercept divided by the slope gives us that. And the
total length of crystals is the -- that's the zero at
the nonent, the first nonent, gives us the total
length of crystals. So we can get all of this
information. The next nmonent up gives us the total
area of the crystals, masks the crystals, et cetera.
And we can coupl e these together with cooling to tel
us really what was goi ng on.

Next slide. And so these are various
rel ati onshi ps, paranetric relationships, that we can
actually get at with these. 1In other words, the
characteristic size that | just showed you actually
scales with the growh, characteristic growh, divided

by the characteristic nucleation rate to the
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one-fourth power. The total nunber, characteristic
nunber, of crystals goes with the nucleation divided
by the growth to the three-fourth power. And we can
conbi ne t hese t oget her, of course, in various fashions
here to get other neasures on things.

Next slide, then. So, for exanple, in
t hat we just showed you, that fine grained one, that's
about 6 mllion crystals per cubic meter. And in the
mddle of that, that's down to 4,400 per cubic
centineter. And the nean |ength changes and t hings
like this.

So next slide, for exanple. So these are
the CSDs for those. The CSD for that, of course, is
enormously steep. And this is where the information
cones from of course. And in the mddle, it's like
this.

So this is the kind of information that we
can actually extract. And when we do these in
envi ronnents where we know the cooling rate has been
and the «crystal growh rate has been due to
tenperature, we can actually -- this is the kind of
relationship we get. And we can predict these very,
very accurately.

So we can actually get at the nodels of

sonmething li ke | amshow ng here and tal ki ng about, if
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it got glassy or whether or not the rheol ogy at

Lat hrop Wells, why the flowdidn't go very far. Is it
due to cooling or is it due to depressurization in

gl assy grow h of crystals? W get not a | arge nunber
of crystals, but we get a glassy matri X.

Next slide. So this shows you a snall
sill in Antarctica. This is a tiny, little sill.
There is granite on each side, horizontal sills off
the tip of one. And you can see what happens in these
situations. W can even go on this.

W can even see tiny variations and even
fracture fronts that go in this. W can see tiny
variations. That tells us this thing cooled in a
couple of mnutes or in a few m nutes across. Ckay?

Next slide. So the thing | wanted to
| eave you with, then, is that when we |ook at a
magmati ¢ systemand it's getting staged for an
eruption, the systemitself has all kinds of different
thermal reginmes init internms of relaxation rates for
cooling, but it also has in terns of staging, intermns
of what its volatile contents are the kind of magma it
is.

Now, if the Yucca Muntain area had a
Hawai i an type nmagma, it would nmake our life a |ot

easier in some ways. W wouldn't have to worry about
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explosivity as nuch. However, we would have to worry
about fluidity a lot nore. This stuff could get in
the drifts. It could go a |ot further.

But we would be msled if we actually did
a cal cul ati on where we conbi ned t he Hawai i an r heol ogy
with a gas-rich magma, which is at depth because the
magma that gets up near the surface, of course, is
going to be gas-poor if it's giving up its gas in an
eruption and it's goi ng to be quenchi ng out remarkably
fast. And so it's very, very nuch nore viscous.

So we have to be consistent. W have to
understand the fact that what we're dealing with is
magma. It's not a magna that we're looking at in
dept h under its native conditions, but when it reaches
up close to the surface, it's in a dramtic
environnment. Especially if it's giving off material,
degassing, the material is quenching rapidly.

Thanks very nuch

MEMBER HI NZE: Thank you very nuch, Dr.
Marsh, a very excellent presentation again. Take a
breath, if you will.

We want to leave tinme for the Conmttee to
ask questions, but we have a | ot of expertise here in
ternms of vol canic activity and i gneous activity at the

table and in the audience. And | would |like to have
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alittle time for sonme discussion, if we could.

So, with that, Dr. d arke?

MEMBER CLARKE: Bruce, as |'ve been
listening to all the conplexities that have been woven
into this, I"'mwondering if there's a way to --

DR. MARSH. If there's hope for us?

MEMBER CLARKE: I'msorry? No. | was
wondering if there's an experinent along the |ines of
what Dr. Whods did that could incorporate sone of this
because |I' mthinking of carbonated brandy. It nakes
nme shudder just thinking.

(Laughter.)

MEMBER CLARKE: By the way, that doesn't
happen wi th vodka when you put it in the freezer, not
that | would know.

But you have a liquid with crystals, if
you will, at certain tenperature, and gas going into
an open area. | nean, is that a realistic thing to
t hi nk about or --

DR MARSH. Well, one of the real
probl ems, as anybody whose subtitle Andy was talking
about, actually, is that these experinents, even in
their barest bones, are very, very difficult to do.
But when you involve solidification in these things,

it's even nore invol ved.
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However, | think there are things to be
done. For exanple, by conbining --- we do paraffin
experiments. Paraffins are very interesting. They
have a | atent heat and other characteristics, crystal
sizes that are very simlar tosilicates. And they're
guite watery at their nolten self, when they're
nmel t ed.

So, for exanmple, if you did Andy's
experinments, | mean, | would hate to suggest to Andy
that he puts his nmolten paraffin in this system
because, | nean, you know, we do these things all the
tinme.

And nost of them blow up in our faces
because of the fact that if sonethi ng happens, we have
towait a fewnmnutes for this or that. And by then,
it's solid sonewhere in the system And we're
screwed.

Basically we have to go in and cl ean out
t he whol e thing and we' ve done all things like this.
But that's what, really, the kinds of things -- now,
the different aspects of it are the fact that we're
tal ki ng about somet hing, on the one hand, solidifying
just purely due to a tenperature fact, but we're
tal ki ng here about depressurization, devolatilization,

crystallization. And that is a whole other |evel of

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

237
conpl exi ty.

| nean, these things are all different,
but the next step would be just to do it with a hot
paraffin, for exanple, and | ooking at what happens in
the anal og system when it goes into these systens
like this just right, what kind of overpressures you
need to nove it, et cetera. Maybe you coul d even put
sonme gas into the system 1|ike Andy does.

MEMBER CLARKE: Ckay. Thanks.

MEMBER HI NZE: Dr. Ryan?

CHAI RMAN RYAN: No questions at this tine.
"' m happy to listen.

MEMBER VEEI NER:  Just one. In magnm, sSince
you have crystallization as well as devol atilization,
is just using the Reynolds nunber really a good
anal og, as Dr. Wods did, really a good anal og to | ook
at behavior or are there other considerations, other
ways that he could experinment? | would just like to
conpare the two.

DR. MARSH: Well, no. | think et nme put
this in context. Let's say we're |ooking at a
vertical colum, just to be sinple here, a vertical
colum of a gas-rich magna arising up and it's
starting to erupt.

So there is an interface sonewhere where
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it is actually belowthat depth. 1It's under-saturated
because it's at a higher pressure. Above that, you're
getting X solution of volatiles.

And then above that sonewhere, the
vol atil es are so nunerous and they're goi ng t oget her,
that they actually have nore or |ess a fragnentation
i nterface where the expansion, in fact, if you do somne
of the calculations on the gas coming out in some
magnetic form the volatiles can expand up to 10, 000
times their -- in other words, they grow fromnot hing
up to very, very large, large factors. So you have to
characterize it by sonmething. So the Reynol ds nunber
is fine, I think, in terms of where you are in the
systemin ternms of it.

Now, one of the things that Andy didn't
touch on, but I'm sure, in fact, he does this or
t hi nks about, is that the walls of these conduits --
of course, people worry about how Perryville they are.
Wher e does the gas go? Does it all cone off the top?
Does it leak out the walls, et cetera?

But no one puts in or we start thinking
about what happens when you put up a little bit of
guenched magma on the walls. Wat does that do?
Well, that seals this container. That seals the

conduit and keeps the volatiles in the conduit.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

239

So an approxi mation |i ke Andy was doing in
that context is a pretty good approxi mation. 1In other
wor ds, you have got 100 percent of the volatiles.

O her people -- there's a lot of work
bei ng done nowadays on how nuch gas | eaks out through
the walls. Now, | don't know exactly what we have
for, you know, ground truth on that.

So yes. So the short answer for a |lot of
words i s the Reynol ds nunber is perfectly fine. Anbng
ot her things, | nean, you have to go that way.

MEMBER HI NZE: Since ny watch is five
m nutes fast, before |I turn this back to Chairman
Ryan, | would like to open up discussion to either of
t hese very fine presentations anong the group of you
or whoever.

DR. FLACK: | just have a quick question.

CHAI RVAN RYAN: Tell us who you are first.

DR FLACK: John Flack, ACNWstaff.

| hate to steal the words off of a book,
but it's called "The First Three Mnutes." Does it
| ook to you like everything is determ ned within the
first three mnutes of this event when it occurs or do
t hi ngs evol ve during the course of the event that may
change it after that?

DR. MARSH: Well, in ny way, | nmean, a | ot
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could happen in the first three mnutes. | nmean, in
terns of --

MEMBER HI NZE: Are you tal king about in --

DR. MARSH. He's tal king about, yes.

MEMBER HI NZE: -- the repository, the
magma-drift interaction?

DR FLACK: Yes. Fromthe occurrence of
the event, fromthe initiating conditions, the first
three mnutes of the eruptive conditions. That sort
of set the stage for everything else afterwards. |
guess that's --

DR. MARSH. Not necessarily, but, in other
words, the geonetry of the dye, howit's set in terns
of the geonetry of the repository and what the
eruption starts out as, if it vents out somewhere el se
within a shorter tine if it gets into the repository.
These are all factors. But there are nore than three
m nutes invol ved.

I n other words, three mi nutes gives you a
little bit of the inclination, but we're tal ki ng about
sonet hing that' s probably a nonth-type thing, woul dn't
you say, Britt, before we could get the ful
character?

MR HILL: Yes. Britt HIll, NRC staff.

Yes, | would agree that the duration of
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the entire igneous event could |last on the order of
anywhere fromdays to weeks. But | think the specific
guestion here is the initial magma-drift interaction
if that potentially occurs. And that in our nodels
and our view and our understandi ng would occur very
rapidly.

DR. FLACK: And then presumably stay fixed
in the sense of the geonetry nore or less. | nean,
not hi ng that dramatic woul d change afterwards.

MR HLL: Well, what we have nodeled in
a nunber of reports is that because these are
pressure-driven flows that if the magma rises up and
intersects a drift, that inflow between highly
pressuri ze confined flowto essentially an unconfi ned
drift, that inflowwould occur rapidly on the order of
m nut es.

And so by the end of on order of m nutes,
you woul d have a filled drift and the eruption would
continue to progress. And there are a nunber of other
processes that, of course, would go on. But in terns
of the relevant concern for that initial inflow we
woul d say and we have said in a nunber of reports that
woul d occur in the first five m nutes.

DR. MARSH. But let ne add sonething.

t hi nk, you know, in a subtlety in parsingalittle bit
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of what Britt says, | would differ, we would differ,
in details in ternms of filling the drift. | think
Britt would think it fills the drift, wherever it
goes, and | would think it fills the short segnent of
it and depending on exactly the character of the
material comng out, and would plug off itself or
rapidly keep on going in ternms of what it was doing
into the dike. So in other words, Britt mght say it
mght fill a kilonmeter or so of drift, but I would say
it mght only fill ten nmeters or sonething dependi ng
on exactly the character of the erupted naterial.

MEMBER HI NZE: Further comments or
guestions? Latif.

DR HAMDEN: Latif Handen, ACNW staff.
The question | have i s once we reach a point with your
nodel , Andy, that we are happy with it and we want to
apply it to a particular site and the question is how
we go about it specifically in a way of inward data.
Do you go to the three cases of summt and flank
mountain for chemcals that you cited and get data
fromthere as input to your nodel and in the way of
outward, do you hope to get a range of scenarios as to
what m ght happen? |Is that the best you can hope for
or is it nmuch better than that?

DR. TRAPP. Just a sec, Andy. | think
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you're getting into stuff that's past anythi ng we want
to tal k about today because you're tal king about
things as far as scenario developnment as it goes to
the repository. W aren't there yet.

MEMBER HI NZE: Fair enough. So be it. W
have a question back here.

DR COLEMAN: This is Drew Col eman, DCE
| was just wondering why the Anargosa Farns is drier
than Hawaii. It seens to counterintuitive to me, but
is there an explanation or is that just an
observation, just briefly?

DR. MARSH: Do you nean the clinmate or you
nmean the nagma?

DR. COLEMAN. The magna.

DR MARSH. Well, it isn't. Hawaii is
very, very dry. Lathrop Wells is very wet.

DR. COLEMAN. Right, and I woul d wonder
why that was. It seens |ike --

DR. MARSH. Ch, why that's so?

DR. COLEMAN. -- by the clinmate or by any
regul ar observation at the office.

DR. MARSH. Ckay. |It's the nature of the
magma and t he source of the magna. The magma that are
com ng up in these ci nder cones are al kali basalts and

al kali basalts are alkaline rich obviously, but
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they're also volatile rich in general. 1In the
Hawai i an system they're at a very high tenperature,
| ow degrees of nelting, but they' re deep nelting and
they're very dry magna. |It's |like the ocean ridges
are. So these are intrinsically different Kkinds of
bodi es.

MR HLL: Do we have tine for a quick?

MEMBER HI NZE:  Sure.

MR HLL: 1'd like to ask Bruce when we
have a basalt, a Lathrop Wlls type or Crater Flat
type basalt, that has originally four weight percent
wat er dissolved init, we get up to about 300 neters
at depth. W have a volatile phase, but certainly not
all of the volatiles are in the bubbles. There are
still volatiles, water, dissolvedinthe nelt. Do you
have a sense of how nuch, what the proportion, would
be for that total mass of water?

DR. MARSH That actually is really in
t hose cal cul ations for the adi abatic ascent. That's
exactly what's cone out of that also. There's another
whol e graph for how the water is partitioned as you
devol atilize. So that's a byproduct of the
calculations. | didn't put that in, but | can show
you that exactly. So it's partitioned. So the fact

that Mac Rutherford can actually get a nunber of
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phasi c equilibria that shows 200 negapascals in that
tenperature nmeans that the phasic equilibria was
guenched in which is a very interesting thing.

That was preserved and to preserve that
and not destroy, for exanple, all the anphibole and
everyt hing el se and he shows what the reaction rates
are to do that, but that has to be quenched in. So by
and | arge, dependi ng on how fast the magna noves, you
can partition this. Mst of it can go into it, al nost
all the volatiles can goin, but it's progressive. |If
you nove it up slowy and keep it under equilibriumas
Andy was using his nodel, if it keeps under perfect
equi librium of course, it eventually all goes into
t he gas phase and there's no overshoot of it.

But if the nagma starts com ng up and does
go by equilibrium it starts comng out and all of a
sudden it quenches. So if you | ook at people who have
| ooked at |ike these rinds around these al kal
basalts, Rutherford has, he says that al nost all these
rinds t hey find has guenched in vol atile
concentrations that are |larger of course than they
find in the quenched cl ass because they quenched when
that Xenolith got into the body earlier on. So you
can actually see a progression of degassing in the --

The ones that are |east degassed are the quenched
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rinds around these things and as you go up, they degas
nore and nore. And, of course, as it appears on the
surface, if you take sone of those spatters that cone
up, they virtually have no volatiles in themat all.

MR HLL: | think the point we're trying
to get tois that the reality |ies somewhere between
the wet solidus and the dry solidus. That you still
have sone neasure of dissolved volatiles in the magma
when you' re down at 300 neters depth and so you don't
instantly go froma saturated magnma to a conpletely
dry magna when you depressurize it.

DR. MARSH. Well, of course not. But if
you | ook at the phase equilibria there, it has to go
up on the surface. It's already -- |If you run back on
that slide, | mean this is a very inportant point.
You have to --

MR. HLL: It does make a difference
because that's one of the reasons why when vol canos
erupt there's nolten | ava at the surface even when you
have say four weight percent water in the nelt.
You're at atnospheric pressure, but you haven't
conpl eted degassed the magna. You've partially
degassed t he magna

DR. MARSH: One of the very, very long

hol d --
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CHAI RVAN RYAN: Excuse me, Bruce. Could
you tell what slide it is?

DR. MARSH.  Yes.

MEMBER HI NZE: Can you give a nunber?

DR MARSH. It's 15. Page 15, the top
one. One of the very, very long held difficulties in
generati ng magna, under standi ng how much wat er was in
magma before they erupted, is the fact that all sub-
aerial, neaning that all lava flows that erupt on the
earth's surface have virtually zero percent water in
them the only tine we've ever been able to find any
fl ows whatsoever. |In fact, early on before people
could do water solubility measurenments, we wanted to
fi nd magmas quenched at hi gh pressure so that we woul d
know how nuch vol atiles they have in them

The only place this can actually be done
is onthe sea floor. Stuff erupts on the sea floor at
3,000 nmeters or so. So you can actually get a
pressure on it as you go down the right -- ridge. For
exanple, inlceland in the Mdatlantic Ri dge, you can
start out at real low. You can go to 50 bars, 100
bars, 200 bars, 300 bars for exanple and you can see
then the water finally gets up to its background
concentration. But as you get on the surface of the

earth, it's degassed entirely. There's nothing init.
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There's zero in it.

MR. HLL: | disagree with that because
when you go out on lava flows especially in lava fl ows
from nmagmas that have high water content, there's
still degassing. Wen you |look at the lave itself,
you find textures that show that there has been
significant anount of gas escape. For exanple,

di ktytaxitic textures are incredibly common and they

don't preserve a flowregine. They' re degassing after

t he fact.

DR. MARSH This is exactly the case of
Andy's experinments. It has degassed on its way up.
The gl ass does not contain volatiles. It contains

tiny little bubbles that are entrained init. The big
bubbl es have escaped. The little bubbles are held up
in the flow just like in Andy's experinents where
early on when t he bubbl es are small, they're traveling
with the liquids. So the nelt is actually bringing

t he bubbles with it.

As this thing noves al ong the ground, the
bubbl es escape. They cone out of it. It's stil
nolten. The bubbl es nove up because now the magnma is
goi ng horizontally. The bubbles go up vertically and
so they slowy nove up and it surely degasses, but

t hey' re degassi ng not com ng out of solution. They're
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all out of solution already. They're com ng by the
| oss of bubbl es.

MR HLL: OCkay. | think we would have --
W just want to make sure that we're clear that we
would a different view that not all of the volatiles
have escaped from the nelt and that this is a very
conpl ex process of trying to understand what is
happeni ng i n these systens over a very short period of
time. W don't have the answer to that, but | don't
think that we're really going down between a wholly
wet nmagma to a wholly dry nagma and |'d cone back to
the sinple observation that you see nolten rock
flowi ng fromhi gh volatile content scoria cones and it
flows not just for a nmonment, but for sone anount of
time.

DR. MARSH. Well, that's exactly what
we' ve seen. W' ve seen that at glass that a viscosity
of 10° can flow for kil oneters.

MEMBER HI NZE: Dr. Melson fromthe NAPRB

DR. MELSON: Yes, Bill Melson. | would
just like to kind of enter this not as a voting
menber, but |'ve done lots of studies on matrix

gl asses, very fresh glasses, with crystals at Mount
St. Helens. That matrix glass has no water init.

We' ve done -- Even FTIR work shows it, whereas a nelt
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i ncl usi ons can have up to seven percent and every time
| " ve used this techni que where you have a good matri x
gl ass and good nelt inclusions, | see pretty nuch the
same thing Bruce was tal king about.

Now when | did this, it was by suns with
a mcroprobe and I was highly criticized for this.
They said you couldn't do it that way. Well, it turns
out in Muwunt St. Helens you could. But this is what
we see, even the deep sea cases of Canis Ridge.
Bruce, it doesn't go up. You have to go to very
sensitive nethods to see the water in these deep sea
basalts. They're al nbost anhydrous. So ny experience
is that the degassing happens quick and nearly
conplete just in what |'ve done.

The other thing that's kind of confusing
is a kind of obsidian |like rock called a pitchstone
and our collection at the Smthsonian are full of
these things. They can have up to three to four
percent water and they're perfectly black glass. But
this is a secondary phenonena we believe whether it's
been taken up by weat heri ng.

So the work |'ve done would support the
vi ew t hat these things once they start degassing at --
pressure it goes very fast. |If you |look at phase

equilibria calculations or you can look at -- nelt
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data, just a few percent of water in a nelt generates
one heck of a lot of pressure and | don't have a phase
diagramto show you but it's extrenely high. -- the
same thing. The matrix is degassed. The crystals can
have quite a bit of gas in the nelt inclusions.

MEMBER HI NZE: Thank you, Bill. Britt,
did you have a comment back fromthat?

MR HLL: Well, I think we're getting
right to the point of kinetics. How fast is fast?
What is rapid may be occurring on the order of a day.
That mi ght be viewed as a very fast degassing rate.

DR. MARSH: | don't think anyone's ever
found a glass in the earth's surface in alava, active
flow, a glass, they | ooked at in the | ava that has any
amount of volatiles in it at all. [It's a serious
issue and it's very definitively known.

MR. HILL: Again, you are not |ooking at
a lava that's solidified in the first five mnutes.
You're looking at sonmething that has sat at the
earth's surface until a vol canol ogi st could cone up
and collect a sanple fromit.

DR MARSH. If there's gas init, it's a
bubble. It's a bubble. The pressures are too |arge.
The X solution, the solubility is zero so they cone

out as a bubble. So if there's gas in the chunk, it's
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in a bubble or in a nelt inclusion like Bill was
saying. That is really well known. 1It's one thing
that's very well known.

MEMBER HI NZE: Further questions? This is
the chance. |If not, we thank you, Dr. Wods and Dr.
Marsh and your colleagues, for a very interesting
afternoon. |It's been really great for the Conmmittee
and | think | can speak on behalf of the entire
conmmittee. So, M. Chairman, it's back to you

CHAI RVAN RYAN:  Thanks, Professor Hinze.
Let ne add ny thanks too. | think this kind of open
di scussion in presentations is helpful to the
Committee. | think it's helpful to everybody in the
roomto hear the range of views and |'ma big fan of
exploring the range of views so we can sonehow get
that docunented in our role of giving advice and
information to the Conmission. So we really
appreci ate the open exchange and good i deas and
different views and audience participation as well.
It's hel pful to us and, Dr. Wods, thank you for being
over here froma long way away for a short visit with
us, but it's been very informative. Thank you for
being with us. W appreciate you nmaking tinme. And,
John, thanks to you for getting it organized and

Britt, for your participation as well and, Dr. Marsh,
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t hank you very nmuch. So thank you all.

We'l|l take a short break. W're a little
bit behind schedule, but well worth every minute and
reconvene at 3:30 p.m and take up our agenda from
there. Thank you very nuch. Of the record.

(Wher eupon, the foregoing matter went off
the record at 3:19 p.m and went back on the record at
3:33 p.m)

CHAI RVAN RYAN: On the record. The next
presentations will be directed by Dr. Weiner. So, Dr.
Wi ner, go ahead and | ead us off.

MEMBER VEI NER: Qur next presentation is
on the NRC Staff Activity on Perfornmance Confirmation
and it will be presented by Jeffrey Pohl e and Randal
Fedors and pl ease go ahead, gentl enen.

MR. POHLE: My nanme is Jeff Pohle and
"1l start it off this afternoon and then bring in
Randy a little bit later onin the presentation. Just
for some background, the Section 63.74 of Part 63
requires DOE to performthose tests the Conm ssion
consi ders appropriate or necessary for adm ni stration
of Part 63 and specifically in 63.74 it says, "The
test required in this section nust include a
performance confirmation program carried out in

accordance with Subpart F of 63."
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| have sone back-up slides on the back of
this presentation which kind of gives you a quick
sumary of the specific requirenments in Subpart F. |
really had no intention of going through all of those
t oday, but they are available for you to | ook at and
reference if needed. Now NRC will have sone oversi ght
responsibilities «clearly for DOE s perfornmance
confirmation programand nowthat gets us to Slide 2.

So over the past year, the NRC has worked
in terms of performance confirmation. W had three
areas of activities. You could define themas partly
reactive and partly proactive and the three we'll talk
about today, first will be the continued devel opnent
of the XFl o conputer code. Just quick information to
| et you know that we started the literature review on
m noring technol ogies and we'll be conming out |ater
this year with a couple of reports and lastly and the
thing you' re perhaps nost interested in, we initiated
aprelimnary reviewof DOE s perfornmance confirmation
plan. So it will be these three activity areas that
we'll cover. Next slide please.

As | nmentioned earlier, there is partly
reactive work we can do in terms of PC and proactive
work. In terns of reactive work, it would be things

like reviewing DCE' s performance confirmation plan
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eventual ly reviewi ng DOE' s detail ed test plans rel ated
to the activities presented in the performance
confirmation plan and in the future, now this is
| ooki ng ahead, we woul d expect to be doi ng i nspecti ons
subsequent to issuing construction authorization and
| woul d expect that part of inspections we woul d have
some technical experts along and part of our task
woul d be to have sone ability to reviewthe technical
data or information derived by the perfornmance
confirmation program This is out in the future if
budgets al | ow.

So in 2003, discussions with the Center,
was there anything we could do to prepare ourselves
for that time when let's say a |ot of data could be
com ng in, you know, particularly fromthe accel erated
thermal drifts. A lot of sensors, a lot of
i nformati on, how can we ourselves do an independent
analysis of that information? So at that tine, we
initiated the task and this is funded not at a very
high level and it's stop and go whenever. Near the
end of the year, if tinme and noney allow, we'll do
nore work on it.

Develop the XFlo code and this is
basically a next generation code coupled, thernal

hydrol ogi cal and chem cal code. The idea was to have

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

256

a fl exi bl e, adoptabl e code that can be easily nodified
to analyze new information during the perfornmance
confirmation period and this could be all during the
peri od of operations that DOE wi || be i npl enenting the
pl an, their performance confirmation program

Currently, we use MILTI FLO and we use t hat
for the licensing review W were just trying to
position ourselves for the | onger termvi ew of changes
t hat coul d happen in the future, perhaps new i deas or
concepts be incorporated into the code easily. So
basically nost of the work is devel oping the design
and it's nodul ari zed so you can bring in the different
physics if you so desire. | nean to date we've done
a conparison with MILTIFLO on a dual conti nuum nodel .
| think the activity now when it's active is to bring
inthe active fracture nodel. Chem cal nodul es can be
added in as tine goes al ong.

Soit's kind of along termprogram \Wen
time and noney is avail able, we kind of get back to it
and do sone nore work on it. Qobviously, it's not the
position that we really have never used it at this
time. And | really don't have a |lot nore to say about
t hat .

MEMBER HI NZE: Let me ask you a question

t hen.
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MR. POHLE: Certainly.

MEMBER HI NZE: How about the chem cal
aspect of the PC?

MR. POHLE: | could ask BJ to give you a
gui ck answer on that aspect of it. |It's BJ Jain.

BJ Jain, Center for Nuclear Waste. Qur
pl ans i ncl ude --

CHAI RVAN RYAN:. Pull the m crophone
t owards you pl ease.

MEMBER VEI NER:  Who don't you sit up at
t he table?

CHAI RVAN RYAN: Have a seat.

MEMBER WEINER And talk into the
m cr ophone.

DR JAIN. BJ Jain, Center for Nuclear
Waste. W do have plans to include the chenica
aspect in this code in the long term but currently
for this fiscal year, we don't anticipate having a

chemical Cpart of the code built into this particular

code.

MEMBER HI NZE: Thank you. That was bri ef.
Thank you.

MR. POHLE: W really don't have the funds
for that. |It's not a programpriority at this tine.

The whol e effort on PC, what obviously is the program
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is that would increase in priority through tine.'

Let's see. Page 4 or Slide 4 rather, also
to hel p educate the staff when we review particularly
when we get into the detailed testing plan review for
all the activities in DOE's PC program Last year, we
initiated a literature review |l ooking at the types of
nmet hods and instrunents that are available. |In this
case, we broke it down into the Vadose Zone, the
unsaturated zone, or for tools and technologies to
noni t or repository excavati ons. Construction
nmonitoring will be a big aspect of DOE s program and
generally this would include the thermal test too to
the extent that we could | ook at instrunentation on
that. Do you have anything to add?

DR. JAIN. These reports are basically
we're examining if the sensors, the instrunments and
the techniques and tools can be adaptable to the
repository condition especially during the therm
stress test where you have radi ation fields as well as
hi gh pressures. Sone of the tools, they require high
mai nt enance, and we are examning if there are tools
that can be adapted to repository environnments and
that will help us review what DCE is going to present
tous. It will help us understand nonitoring systens

and so on.
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MR. POHLE: Right. W want to have enough

knowl edge so we can whether your plan, your test
obj ectives, are even practical. W need to be in a
position to know that and express an opinion if
necessary on it. So as | said, this is part of the
staff educati on background.

And t he report should cone out this year.
Basically, the only hang-up on themis we're waiting
for some copyright releases. Once you do the
literature review and nmanufacturers and
instrunmentation, you want to use sone charts and
figures. You have to get perm ssion and that's been
a sl ow process.

CHAI RVAN RYAN:  Sure.

MR. POHLE: Next slide. The third
activity area was our prelimnary |look at DCE s
performance confirmation plan. You've been briefed,
| think, last nmonth on DOE s pl an.

CHAI RVAN RYAN: Maybe back

MR. POHLE: The Las Vegas trip.

CHAI RVAN RYAN:  Yes.

MR. POHLE: So basically it's DCE s
activities to neet Subpart F. Activities are
nmonitoring, field investigations, |aboratory testing

and use of data to confirmassunptions, refine process
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nodel and a |l ot of the objectives. The next slide.

Now t he i nportant thing is what context we
used to review the plan. Certainly we used 10 CFR
Part 63, Subpart F which contained all the
requi renents for performance confirmation program A
| ot of acceptance criteria are laid out in the Yucca
Mountain review plan. W considered NRC s risk
baseline report certainly about what the key
attributes of a repository system are and their
significanceto waste isolation, important assunptions
and uncertainties in those nodel s and paraneters that
are used to represent these attributes.

And the last iteml really think | need to
enphasi ze. It was certainly enphasized by DCE on
their comments on the rul emaki ng that the context has
to be tiedto the post cl osure performance assessnent.
Unfortunately at this tinme, we' ve never seen TSPA/ LA
So there's a lot perhaps we don't know and that's
probably changi ng sonewhat today. So we don't know
what we're going to get in the future and | think DOE
t hensel ves nay to rel ook at the sensitivity studies or
what ever the final TSPA/LA is and | ook at their plan
inthe context of those sensitivity studi es and deci de
whet her they need to namke any changes or not. So

that's purely a TBV.
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There was a | ot of disconfort on our
people's part intrying to do a review wi thout having
that because that's really the context of the whole
thing. But even at that, we took a stab at it and
there are sone certain conments one could make. |
suppose t hey woul d be consi dered uni versal whi ch woul d
be on the next slide.

So going through this process, it's
shipping it out to the appropriate technical staff.
At the end, we decided we could kind of bend as
corments cane in, bend these things into four
di fferent categories where there are uncertainties and
barrier attributes that we felt weren't addressed
The second one would be activities that we thought
m ght not be practicable with current technol ogy. The
third category could be activities that nay not
provi de useful data and the fourth one is activities
that may conflict with other activities.

At that point, Randy was certainly heavily
i nvolved in | ooking through the plan and I'Il let him
express a few of the coments under these categories
on the follow ng slides.

MR. FEDORS: Yes, this is Randy Fedors and
that's Jeff's payback for when | was at the Center for

ei ght years, contributed this to some of the comments
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there. There are five exanples that we chose to put
in here and 1'Il just go right down the line. They
cover the four bends or categories or coments or
what ever you want to call them

The first coment deals wi th unsaturated
zone transport issue and it's flow through the non-
wel ded tuff, the vitric portion. W're not dealing
with the zeolitic portion here. Wat we're saying is
the vitric is capable of carrying a ot of the flow
So if water is approaching it, it's going to go
through the vitric material. The zeolitic we're not.
There's a nuch smal |l er anount i f any goi ng through t he
matrix of the zeolitic.

There are two assunptions we |ooked at
here. One, that there's no fracture flow and | shoul d
caution you that what we're doing is based on our
current knowl edge of what DOE is doing. So that's
reiterating the point that Jeff just nmade a couple
m nut es back that we don't know what in the -- yet.
But based on our current know edge, the DOE has
elimnated fractures inthe vitric at Calico Hills in
non-wel ded tuff. Literally, that's not part of the
flow That's the only unit in the repository that has
that distinction. So that's an assunption.

The second assunption, they | ooked at an
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anal og site at Busted Butte and the assunption is that
it's a good analog site. There m ght be sone
guestions there to | ook deeper into but that's another
point. It's a distal portion of the Calico Hills.

| guess one thing that makes it kind of
difficult to assess whether this is a good anal og site
for Yucca Mouuntain is that we have a Yucca Muntain
core base know edge for the repository of just a few
core holes in it and of course your core hole sanple
size is quite distinct from a tunnel through the
distal Busted Butte site. So going on with anything
to do with Calico Hills and cores, you m ght | ook at
poor core recovery because it's friable rock and
there's cavity dissolution and so on. That's sone of
the things that nake it difficult to understand. The
comment then to sumthis up is at the bottom of the
slide there because retardation in the Calico Hills
non-wel ded is of sone significance. 1It's not clear
why there weren't any confirmatory activities rel ated
to verifying the assunptions | would put forth.

Going to the next slide, No. 9, the
comment on activities not practicable with current
technol ogies, we're dealing with activities nentioned
in the performance confirmation report about

nmonitoring drifts, both anbient and accel erated and
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there are some plans for in-drift and near-drift
neasurenents in the thermal tests, nonitoring of
seepage and neasuring hydroel ectric properties in the
fractured rocks.

And our comment would be that sone of
t hese technol ogies are not well devel oped. They're
not well established yet and in of itself, that's not
somet hing that we should say "So don't do it." It's
sonmet hing that should introduce some program risk
What if the technology is not there when you plan to
do this? But certainly we woul d whol eheartedly say
"Go ahead and try." That's how a | ot of advances have
been nade in the past.

MR. POHLE: Yes, | suppose | could add one
point. There are probably sone, what's a good word,
an opportunity here for sone research and devel opnent
on just how woul d you neasure these observations you
pl an to make.

MR. FEDORS: Was that the Oste (PH)
Program conment ? But you didn't want to stay that,
huh? So in other words, we don't want to convey that
as a criticism W just want to acknow edge that
there is some programrisk. |If the technology is not
there, the technique is not there to do things. And

the conment, the major bullet there, there's a couple
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of things that are nmentioned, collecting in drift
wat er when you're near boiling conditions. [It's not
sonmet hing the staff sat around and said "I know howto
do that" and | don't think it's been done yet.

Anot her one is the exanple of both in the
anbi ent and the thermal |l y-accelerated drifts. How do
you segregate seepage, diversion, along-wall flow and
evaporation and drift redistribution and noisture
t hrough convective patterns? Sonmething not as a
bull et there but alluded to in the introductory bull et
was the fracture of flow properties and active
fracture nodel. There's not clear path for how to do
that other than in a nodeling exercise sense.

Slide 10. |In the category or bin of
activities that may not provide useful data, in Rev 5
DCD noted that there were two options for thernmally-
accelerated tests, a one-drift option and a two-drift
option. To clear that up, I'll start with the two-
drift option where you' d have a thermal | y-accel erat ed
drift that had t he obj ectives pointed towards in-drift
processes. The second test would be one that's
focused nore on the near-drift, the host rock,
processes.

Rev 5 described the two-drift optionin a

little bit nore detail. An earlier rev of the
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per formance confirmati on report described alot of the
details of the one-drift option and fundanentally,
what we need to take honme fromhere is that there are
sone di fferences i n the nanagenent of these thermally-
accelerated tests that seemto preclude both being
satisfied by a one-drift option and t he three exanpl es
that | want to nention are constraining the peak
tenperature. For the near-drift experinent, they want
to constrain the peak tenperature to be at that
expected during the repository and the enpl acenent.
So a nuch higher tenperature.

For the in-drift thermally-accel erated
test, they want to look at things that are going on
around boiling tenperature. So they would go just
above a little bit and be able to cone back down and
focus on processes occurring at that place. So that's
a contradiction there.

The ventilation, when they ventilate and
how they get to m cromanagi ng the heat in these, the
in-drift is not going to use ventilation after peak
tenperature is reached. For the near-drift, they're
going to have to ventilate to bring that tenperature
down from the peak tenperature which could be just,
don't quote me on nunbers, but we're tal king 50 or 60

degr ees above boiling or possibly alot nore. So they
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need to bring that tenperature down within for sure
100 years. They will have to ventilate and why is
that inportant? Ventilation has a pronounced effect
on noisture in the test.

The presence of dip shields, the near-
drift test would have themand the in-drift test is
not going to have them That nay affect how the
processes are working inside the drift.

The next slide, that would be Slide 11, a
comment categorized as activities that may not provide
useful data. |In their performance confirmtion plan,
they talked about |ooking at netals, |ooking at
envi ronnmental conditions inthose netals, and actual ly
putting these in thermally-accelerated tests and
| ooking at gas conpositions, water quantities,
chem cal conposition of the water, radiation, things
like that, nonitoring that. Qur conment here is that
it my be difficult to tease out the node or not tease
out the nodes, but replicate the conditions expected
during an actual in-place drift when you're
m cromanagi ng here and then tying that to t he nodes of
corrosion. Different types of corrosion mght be a
wor ry under di fferent environnental conditions and t he
concern is that they may not be able to provide useful

information if you can't tie those to the nobdes.
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Slide 12, the category of activities that
may conflict with other activities, DCE plan to
phot ograph the drifts as they were goi ng and use that
to help themmap out the fractures in particular and
some ot her things, but they plan to wash those so t hey
can get high enough quality pictures. It can be very
difficult to nmap based on photographs if your eyes do
such a great job. You lose information in
phot ographs. So washing the tunnel walls would be
hel pful. But our conment here is that this nmay inpact
other activities especially if the other activities
deal with hydrol ogi c or chem cal, geochem stry of the
sanpl es of the waters around the drift.

So the summary I'Il throw that back at
Jeff and let himsumari ze.

MR. POHLE: Sure. You know, in retrospect
a lot of these cooments when you start getting down to
t he net hodol ogi es and naking sure DOE' s programis
integrated correctly so one group is not stepping on
the feet of another, | would anticipate a | ot of that
could be handled during the review detail ed test
pl ans. Now DCE did nake an attenpt to put in the
anti ci pat ed net hodol ogi es i n there and we appl aud t hem
for that which gave us an opportunity to raise a few

comments. Thank you.
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Certainly the only comment of the nature
on GAPS and their programwas our comrent on the
Calico Hills, but that was the one area that we were
particularly unconfortable with not knowing what's
going to be in the LA the fluidity of potential
engi neering design. | don't know. Al |I hear is talk
and that's nothing for me to base coments on which
makes it difficult.

Now ny current know edge is that DOE is
neari ng the point where they can rel ease two detail ed
study plans. One is on precipitation and one is on
construction nmonitoring. Now the precipitationis
certainly not technically challenging. 1t would be of
i nterest because the study plans will contain the
basel i ne dat aset .

So if you get sonething Iike the precinp,
you woul d have all the baseline precipitation for the
site as well as the process and the plans for
nmonitoring and that and it will be probably be a good
exercise for us when the opportunity, get copies of
those for in this fiscal year, to | ook them over.
don't know what degree we coul d have comments on t hem
or not. You don't know what you're going to get, but
a lot of it will be educational |ooking at form and

format, what's the process.
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Nowt hese are two particularly conplicated
ones when you get into things |like, you know, at some
poi nt when you're dealing with paraneters that are
deened of high significance and there will processes
for notifying the NRC of significant deviations. |It's
probably not a critical elenment of rainfall. |
woul dn't want a phone call in the m ddle of the night
t hat we had three hundredths of an inch nore than the
mean 24 hour or maximumrainfall. But |I think DOE is
working through this process. So it will be
interesting to see those.

And construction nonitoring is kind of an
interesting one too. It's required by the regul ation
and just exactly. That could be a lot of stuff just
observing. That are always surprises underground once
you get underground and what that neans.

Inthe long termreiterati ng back sone day
in the future we'll be involved in inspections and
some techni cal expert analysis on incom ng data. Part
of that will probably be updating our own perfornmance
assessment as well as DOE updating theirs for future
licensing decisions. So if the budget is avail able,
we woul d keep a hand in that.

MEMBER VEI NER: Thank you. Because we're

behi nd schedule, I1'd like to limt questions to
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menbers of the Committee. Dr. O arke?

MEMBER CLARKE: No questions. Thanks,
Rut h.

MEMBER WEI NER:  Dr. Hinze

MEMBER HI NZE: What kind of plans are
there for nonitoring the activities during the tine
after the repository is filled but before it is
permanently closed in the period of retrievability |
guess? That's the problem

MR. POHLE: By regqgul ation, performance
i nformation continues until the permanent cl osure.
don't know. | don't have a clue if it's full, but
we're going to keep it open. | have no idea what tine
frame we're talking there. Unless you've heard from
DOE, | haven't communicate on that |evel and then
there's the i ssue of detail, what nonitoring is after.
The rule requires they cone in with plans for that.
That's not performance confirmation anynore.

MEMBER HI NZE: Ckay. Thank you.

MEMBER VEI NER:  Dr. Ryan.

CHAI RVAN RYAN:. Thank you. A coupl e of
corments. | think we'd recognize as you did that
DCE' s | ast presentation showed a nuch hi gher | evel of
detail and information than their previous one. So

t hey have thought a | ot about it and I think we agreed
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wi th your comment there.

The one thing | keep thinking about when
| hear people talk about performance confirmation in
an heavily instrunmented program of any kind is data
managenment. Data will mgrate. 1'd hate to try and
rel oad a paper tape canera spectroscopy report onto
any gamma spec systemtoday. So have you guys thought
about or has DCE given you an indication about how
data nanagenent, data migration, things of that sort
will be addressed?

MR. POHLE: Mbdstly when we did the review
pl an, we were nostly thinking in the practicability of
doi ng experinents, things |ike repl aci ng sensors, kind
of account for those things in the detail ed test plan.
Dat a nanagenent on a broader |evel is a good thought.
Frankly, 1 haven't thought nuch about that. 1've
| ooked at it fromthe sense that what's DOE s process
that data conmes into DOE. There will be procedures
for anal yzing that and assessing is this significant
in the context of the performnce assessnment. |f so,
what do we have to do about it, bring NRCinto it,
update the performance assessnent, even make design
changes. | can see that.

CHAI RVAN RYAN: Yes, let ne just give you

alittleinsight. | nean you' re tal king about sensors
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and so forth and how they may or may not fail or
operate |I' mgoi ng to guess | onger periods of tinme |like
decades. You could end up in a situation where the
probe is just fine but nobody elimnates the box
anynore to take the data.

MR. POHLE: That happens.

CHAI RMAN RYAN: That kind of thing and I
just throw that out as sonething to rattle around
about because these technol ogies evolve all pretty
rapidly --

MR. POHLE: | had it happen | ast nonth
with the home irrigation system The tinmer went out.
That's only three years old. Don't make that anynore.
You have to get one this big.

CHAI RVAN RYAN:  Yes.

MR POHLE: And it has to be sitting like
this and there's no room between the el ectrical box.

CHAI RMVAN RYAN: So the good news is you
have an opti on.

MR. POHLE: Right.

CHAI RVAN RYAN: But the bad news is it's
not an easy one. But | don't think this is a real
trivial question.

MR, POHLE: No.

CHAI RVAN RYAN: It m ght need sone thought
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to think about hownot only will the technol ogy evol ve
but howwi Il my ability to handl e data evolve withit.

MR. POHLE: It brings back nmenories from
back in the "80s when at |east one site at Yucca
Mountain, | think, it m ght have had tel enetry to that
area where the sanple managenent facility was, at
| east on one weather station. That's going back
awhi | e.

CHAI RVAN RYAN: Sure. Thanks.

MEMBER WEINER: Allen. | want to thank
you all very much for a brief pointed presentation and
it looks like you're focused very well on what DCE is
doi ng on performance confirmation. So all | can say
is keep right on doing what you're doing.

MR. POHLE: Thank you. Enjoyed it.

MEMBER VEI NER:  And thank you very nuch
| think we are, inthe interest of time, going to nove
directly to the next presentation which is John
Kessler and friends will present the Electric Power
Research I nstitute prelimnary anal ysis of the maxi mum
di sposal capacity for conmercial spent nucl ear fuel in
a Yucca Mountain repository.

DR. KESSLER  Thank you, Ruth. | wll
attenpt to keep it as brief as | can.

CHAI RVAN RYAN: Actually, we're in pretty
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good shape.

MEMBER VEI NER: Actually, we've made up
the tinme.

PARTI Cl PANT: In that case, we'll take as
much time as we want.

MEMBER VEI NER:  There you go.

DR. KESSLER Right. And we again
appreciate the opportunity to share sone work that's
definitely in progress in this case. The second view
graph pl ease.

I'd i ke to start with sone
acknow edgnents. Wat |I'mgoing to talk to you about
today is currently in the formof a draft report of
some prelimnary work. W have the report in
preparation and the intent is to get it out the door
and publicly available by the end of next nmonth. |
would like to acknowl edge the authors. M ck Apted
from Monitory Scientific LLC is sitting here to ny
left who is the lead author on that draft report.
O her authors, John Kenmeny fromthe University of
Arizona on rock mechanics issues, Fraser King on
corrosion, Alan Ross on regulatory, Ben Ross on
hydr ot hernmal issues, Frank Schwartz on really a rock
characterization and Wi Zhou on sone of the tuff

nodeling I'll talk to you about.
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The purpose and an approach. \Wat we're
going to show you again is a prelimnary, and | want
on prelimnary, analysis of the maxi num physical
capacity radiologic repository at Yucca Muwuntain and
in this case we |ooked just at the disposal of
comerci al spent nuclear fuel. W understand that the
current Nucl ear Waste Policy Act of 70,000 netric tons
has been divided between 63,000 for conmercial spent
nucl ear fuel (CSNF) and the rest for other kinds of
wastes. So what we focused on was really the
comerci al spent nuclear fuel potential expansion.

Wiat we also wanted to do in ternms of
criteria on ourselves is if we're going to | ook at
expandi ng Yucca Mountai n, we want to assure that there
were m nimal inpacts on the cost or schedul e of DOE' s
current 70,000 nmetric ton design. So what we did was
we consi dered only the Yucca Mountain areas that have
been currently characterized or consi dered by DOE. W
have started with DCE' s current line |oad, high
tenperature operating node repository design which
"1l reviewreal quickly and we applied many of their
sanme thermal constraints along with a few ot hers that
are somewhat different on the natural and engi neered
barriers. For this first pass, we tried to use

conservative convection only thermal nodeling which
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|'I'l describe and we did a little bit of work on
identifying alternatives that could further optim ze
CSNR di sposal capacity.

The next view graph is a quick review of
DCE's current line-loaded high tenperature nobde
operating repository design. That results in maxi mum
wast e package tenperatures of that 160 to 180 degree
C range. What |'m showi ng, the next bullet talks
about the 81 meter pitch which we know about between
the drifts and that mai ntains sub-boiling of the
pillar of the tuff for drai nage of condensate water.

What | have in the | ower | eft-hand corner
there is a CCDF of really how nmuch of the pillar wll
stay below boiling and what you see is that DCE is
anticipating that only sonething |ike five to maybe
fifteen nmeters of the rock around the drifts will dry
out leaving a significantly large pillar in their
design that's belowboiling. At present, it's unclear
how much exactly of that pillar they need.

The next view graph talks about the
thermal constraints that we put on ourselves in this
prelimnary analysis. W kept sort of the 350 C
cladding Iimt. | have "optional" there because in
sonme cases, for exanple in NRC s TPA, they don't take

credit for cladding and if cladding is not going to be
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taken credit for, then one may not need to apply any
particular Iimt to it.

In terns of waste package surface
tenperatures, we've analyzed up to 309 C already and
we think we could easily go higher w thout
significantly effecting the lifetine of the alloy 22
material .

For the rock wall, we did assune 200 C.
Again if you wanted to sharpen your pencil, you could
go sonewhat higher than that and still avoid the | ow
crystabolite to high crystabolite phase change that
occurs in like the 225 to 250 C range that really
causes the significant danage to rock due to thernma
expansi on of that phase.

W did look, and you will see, that we
rel axed the goal of maintaining those pillars bel ow
boiling at all times in the future. W did entertain
the possibility that the pillars could dry out or at
| east get up to boiling for some short period of tine
wi t hout del eterious effects.

The next view graph talks about the
options. I'mgoing to talk to you about three
different options that we |ooked at. Option 1 is
sinply looking at nore real estate, expanding the

footprint, |ooking at sonme other areas in addition to
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the primary area that they are considering right now
for disposal. Option 2 is looking at a nulti-Ievel
repository. So Options 2 and 3 are really increasing
t he density per square foot essentially of waste that
coul d be disposed. Option 2 is essentially a shacked
repository design that I'lIl talk about. Option 3 is
a grouped single level enplacenment where we have
groups of drifts all at that same el evati on.

What we were after was to determ ne the
range and t he expansi on factor that we could attribute
to each one of these options, expansions factors, you
know, what factor over 63,000 to 70,000 netric tons
each option mght afford. Then at the end, 1'lIl talk
about sone conbi nati on of those options and what that
m ght mean. Next view graph.

Again, a quick review of the real estate
that's out there and what the Yucca Mountai n project
is considering. Wat is really hard to see for
anybody el se except perhaps the ACNW nenbers is that
roughly at that white fold, that horizontal line that
runs through the strata there in that picture, is
where DCE is proposing to put the drifts and | think
Mck is pointing that out on the view graph there.

It just so happens that that folded line

roughly represents the actual dianeter of a drift and
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t he nessage there along with the first bullet is that
the Topopah Spring Tuff unit is relatively thick
especially conpared to that single elevationdrift and
if we're considering stack repositories we do have
qguick a bit of Topopah Spring Tuff there to consider
usi ng.

There is major northwest trending faults
that of course don't show up in this particul ar cross
section that define suitable rock bl ocks and one w ||
have to consi der respect di stances fromthose faults,
you know, with solitary Oak Canyon shown to the |eft
and the Sundance and Chost Dance off nore to the
right. W do believe that even with a multi-|evel
repository one could maintain something like 200 to
400 nmeters of rock cover and 200 to 400 neters of
wat er table below and I'lI|l show you sone options we
| ooked at there in a few m nutes.

kay. On to Option 1 which is to | ook at
nore real estate, the extended footprint, if you go
back to DOE' s Final Environnental |npact Statenent for
the |l ow tenperature operating node, they showed in
addition to the primary bl ock which is really that of
the three that are in the yellow color there. It's
the upper left of the three. That's their primry

bl ock. They | ooked at expanded bl ocks both to the
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south and to the east, the other side of the Ghost
Dance fault. So there is some characterization of
those and DOE has already considered those as
potenti al expansion areas. Certainly those could be
consi dered not for | owtenperature operating node but
potentially for high tenperature operating node with
expanded capaciti es.

MEMBER VEI NER:  Excuse ne, John.

DR, KESSLER:  Yes.

MEMBER VEI NER:  When you said that | ow
tenperature operating node, this was the node where
there was nore space between the -

DR. KESSLER: There was nore space.
Right. Essentially the thermal density was | ower than
the current -- At |east what | understand is at
present still DOE' s plan for this high tenperature
operating node, the 11.8 kil owatt maxi mumpackage, the
1.45 kilowatt per nmeter maximum line |oad which is
what we understand is still the current design. Next
vi ew graph pl ease.

So what Frank Schwartz did and really
sumari zi ng very qui ckly our report here, is he went
through the Iiterature on who's | ooked at what ki nd of
avai l abl e area in the Yucca Mountain region. He went

back to Mansure and Otiz which is the original "84
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report that was used to kind of identify initially the
bl ocks. He | ooked at other studies done by the MO
and Sci ence and Engi neering report, the final EI'S, as
wel | as sone recent work by Pair Peterson (PH) all of
whi ch | ooked at different kinds of extended areas.
And what you see in the right colum is the expansion
factor again, how nmuch bigger are these areas in
proportion to what DOE i s proposing to use for 70, 000
nmetric tons in the HTOM appr oach.

And what we concl uded was that we're quite
confident that we could go to an extended area of
about 13 square kiloneters or roughly doubl e the
footprint that DOE is planning to use and potentially
wi th additional characterization work and study, one
could goto 2.6 to as nuch as 3.5 tinmes the avail able
real estate for potential repository expansion.

Okay. Moving onto Option 2 now, this is
increasing the density for the same unit area. The
first optionwas the multi-Ilevel repository and on t he
right, it's just a sinple cartoon of what a multi-
| evel repository mght ook Iike. This was certainly
not a cartoon specifically developed for Yucca
Mountain but just an exanple of what we're talking
about. \What we considered were additional drifts 30

to 50 neters above and bel ow the current HTOM desi gn
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hori zon. W | ooked at the sanme or |ower line |oads
than DCE has used. The sanme line |oad would be the
1.45 kilowatts per neter. W |lowered that down to 1.0
kilowatts per neter to see what effect we got. Next
vi ew graph pl ease.

| just want to point out that especially
for ACNWa nulti-Ilevel repository designs aren't new.
DCE has considered them in the past for Yucca
Mountain. |I'mthinking of at |east the Ladds era
studi es that were done. Several European nations as
wel | as the Japanese are considering a nmulti-Ievel
repository and back in 99, Charles Fairhurst when he
was part of the ACNW provided a report to the ACNW
call ed "Engi neered Barriers at Yucca Muntain" where
we borrowed the figures onthe right. Again it's just
a sinple exanple to show that at that tinme Charles
| ooked at a three level repository. 1In this case, he
was focused on the Richards Barriers, but he did
consider a three level repository with Richards
Barriers as well. Next view graph.

Ckay. So the other way to stack is that
group disposal drift concept and again, what | have
here is a very sinple cartoon of grouping those drifts
where again we're preserving the 81 neter spacing

between the groups of drifts with 20 neter spacing
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wi thin a group and that woul d | eave roughly a 41 neter
pillar between the groups. Again for this group
di sposal drift design, we | ooked at 1.45 and the | ower
1.0 kil owatt per neter line |oad.

The next view graph shows the two unit
cell nodels for Options 2 and 3 that we pulled into
the TOUGHR Code. TOUGH2, a multi-phase heat and nass
transfer code where as you'll see in the top of those
figures we allowinfiltrationin fromthe top which we
assurmed in this particular nodel 15 mllinmeters per
year of net infiltration and gas novenent could be
either up or down through that top boundary.

W did calibrate our nodel s agai nst sone
DCE results to nake sure we were on the right path.
W picked paraneter values for the different strata
that you see in this particular figure that were
wi thin the range of what DCE i s considering to do that
cal i brati on.

And again, what you see is just one
exanpl e of each one of those options. On the left,
"' m showi ng one that happens to have that 30 neter
spaci ng between t he upper, you know, each of the three
|l evel s. W also considered a 50 neter spacing. Next
vi ew graph pl ease.

So that nulti-Ievel repository, we
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considered really six cases or six pernutations. In
t hat second columm, that shows that we |ooked at
either the 30 or the 50 neter spacing, the third
colum initial loading. Again | can conservatively
say we assuned that 100 percent of this expanded
repository got |oaded at once with a 1450 watt per
nmeter or 1,000 watt per neter line load. You conbine
the fact that we're tripling up the nunber of drifts
with either the same line |load or two-thirds of the
line load. That gets us our next columm which is that
expansion factor of either two or three tines
essentially per unit area what we could get for this
desi gn.

We | ooked at sone different ventilation
durations and efficiencies. W considered ventilation
t hat woul d only go on for 50 years and naybe 50 to 300
years with an increased efficiency as the rock dries
out and things cool off. Again those efficiencies, we
took right out of existing DOE, | think, AMRs in this
case.

MEMBER VEI NER:  Were you | ooking at forced
ventil ation?

DR KESSLER Yes. Forced ventilation.
The next view graph is quite busy. | just wanted to

show you one exanpl e of a ki nd of output that we have.
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What |'m showing you in the three sets of paired
figures there are outputs fromthe TOUGH case, TOUGH2
nodel for Case 1. The left set is tenperature
profiles versus tine at 55, 100, and 1,000 years and
the right is gas saturation

What you mi ght want to keep your eyes on
is that gas saturation. You can see that at about 100
years the gas saturation has risen to one nearly al
t he way t hrough the pillar which neans that the pillar
has just about dried out in its entirely there. But
you see that by 1,000 years we're well past the point
where that pillar is dried out and we've already
started to increase the saturation to allow flow
t hrough that pillar.

| want to point out again that these units
cell nodel s we | ooked at are conservative in the sense
t hat while we included convection, we did not include
any of the 3-D edge effects that m ght cause the
tenperatures to be even lower than what we're
predicting here or the pillars to stay open for either
| onger or forever. So we wanted to be a little
conservative there. Next view graph pl ease.

Agai n, anot her busy one, really all | want
to point out here in addition to commenting that in

this top one we show that our peak tenperatures at
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various positions don't exceed the limts for what we
had for our waste package cl adding or tuff. The
bottom one is the one I want to focus on. Mck is
showi ng you the |ight blue, innernpst curve there.
That is for the center Iine of the pillar and what you
see there is that that gas saturation rises to one,
nmeaning it's dried out for only a very short period of
time onthis sem-log plot such that we'rereally only
drying out the entire drift pillar for naybe a few
hundred years at nost. | have in terns of details how
long they're dried out for each one of these cases for
in a back-up view graph

DR. APTED. Also the --

MEMBER VEI NER: | dentify yourself and use

DR. APTED: M ck Apted. Just adding and
conpare the narrow range -- with this larger dry-out
which is the dry-out in the drift area itself and so
the pillar do dry out for a short period, but that's
very short especially conpared to the duration in
whi ch no water can reach those packages.

DR KESSLER: Exactly. Rght. And if you
just back up one for a quick second in the view
graphs, again you can see there that we do have dry-

outs right around all three drifts for quite a | ong
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period of time and that's reflected as Mck's showed
in the next view graph going on back to that. How
wide the dry-out is right around the drifts versus
time in that |ower curve.

Ckay. Moving on to the grouped repository
options, again we | ooked at six permutations which we
| abel ed Cases 7 through 12 where again in that next
colum we | ooked at in all cases three sets of drifts
that were 20 neters apart giving us a 41 neter pillar.
Agai n, we | ooked at initial |oadings of in some cases
1450 watts per neter, the 1.45 kilowatts per neter.
But we also considered just loading the two side
drifts to half that thermal |oading or 725 watts per
neter such that we go expansion factors in the next
colum of either two or three again in terns of
increased density. And again we | ooked at sone
different ventilation durations and efficiencies that
internms of considered durations and efficiencies are
out of DOE AMRs.

The next view graph again is one exanpl e.
In this case, it's Case 10 of tenperature and gas
saturation at 55, 100 and 1,000 years. Wat you see
for the mddle set that Mck is pointing out is that
at 100 years we have tenporarily dried out the entire

pillar, but a few hundred years past that and
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certainly by 1,000 years in that |ower right-hand

figure you can see that the pillar has nowresaturated
and that we again have sub-boiling in the pillar for
alnost all tinmes still with just a tenporary bl ockage.

Again, that's highlightedinthe next view
graph please. |If you focus on that inner curve on the
bottom one, you see the relatively short period of
time when the entire pillar is dried out for this
particular group drift repository design as well.

kay. Finally, getting to the concl usions
on the next view graph, so what we have to summari ze
is derived expansion factors for the extended
footprint or just increasingthe real estate sonething
like two to three and a half times the current
legislative limt of 70,000 netric tons. | should
just be focusing in the CSNR. They should all say
63,000 nmetric tons because that's what we focused on
and assuned that all the heat was com ng fromthe CSNR
and that the other waste wasn't contributing nuch in
t he way of heat.

For Option 2, that nulti-I|evel repository,
we again think that we can go to two to three tines
the current 63,000 de facto limt for CSNF as wel |l as
for the group drift. W think we can get up to that.

Next vi ew graph pl ease.
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So of course what one can do is conbine
Option 1, the increased real estate, with Options 2 or
3, the increased density and we consi dered that and we
reached the conclusion that we're confident that we
can get at least four times the existing CSNF |imt
t hat we can enpl ace at Yucca Mountain with current or
[imted additional information and when we do the
mat h, that roughly nmeans we can get up to about
260, 000 netric tons.

Now we do think that with additional site
characterization and/or design optinzation, a
conmbi nati on of approaches, we think that possibly
upwards of nine tines that |imt could be achieved
using nore of the square footage, using maybe sone
additional <cooling nmethods as well as certainly
shar pening your pencil. One could go up to nmaybe
570,000 netric tons that's theoretically enpl aceabl e
in the Yucca Mountain region.

So sunmary, next view graph, again our
prelimnary EPRI analysis of the maximum this is a
prelimnary analysis. W intend to do sone nore work
t hroughout this year to explore the options in nore
detail. Bottomline is we think we can get with
confidence four tinmes and perhaps up to nine tines the

existing limt for CSNF in the Yucca Muntain region.
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The options that we kept ourselves to we think have
m nimal inmpacts on the cost or schedule for DCE' s
current 70,000 nmetric ton design. W're starting with
our HTOM They are high tenperature operating node
line loader design. W're using current site
characterization information

And we would argue that additional
information that would be required to expand the
repository can be collected in parallel with DOE s
proceeding wth the license application and
devel opnent and maybe even | oadi ng of the first 70, 000
nmetric tons. This additional information and proving
the bases for expansion could all occur while the
first 70,000 nmetric tons is being |licensed and | oaded.
And with that, Mck and | will take questions.

MEMBER VEI NER:  Ji m

MEMBER CLARKE: John, thank you. Just a
gui ck one. Any anticipated or estimted significant
cost differences between these approaches?

DR KESSLER: We did not |ook at cost. W
understand that anything that would expand this is
going to involve cost. W haven't |ooked at that yet.
At present, we just wanted to focus ourselves just on
the sinple question of is it possible.

MEMBER CLARKE: | was just | ooking between
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opti ons.

DR. KESSLER Right. 1In terns of
expansi on versus stacked versus side-by-side, we
haven't | ooked at cost on those, between options yet.

MEMBER CLARKE: Thanks.

MEMBER HI NZE: What is the significance of
the physical properties of the units both in a
hori zontal and a vertical nanner? Have you eval uated
t he physi cal properties of the rocks there in ternms of
their stability for construction as well as for drift
stability over tinme?

DR. KESSLER: We've taken a quick | ook at
that. At the Appendix Al believe of this draft
report that will be available to you by the end of
next nonth, we do discuss sonme constructability
i ssues. We've had sone informal discussions about
them At present, we see no inpedinments to
construction even if the first 70,000 netric tons was
| oaded.

MEMBER HI NZE: |Is there sufficient anount
of information to nake that statenent or is that just
a wi shing kind of thing?

DR APTED: Let ne add to that. This
doesn't show all the units, but the blue and the

purple are the Topopah Springs and of course, that's
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divided into the non-lith and then these four
lithophysal units.

MEMBER HI NZE: Ri ght.

DR. APTED: Fromtop to bottom that
pretty nmuch covers a huge part of this that the
program has al ready devel oped ext ensive rock nechanic
i nformation, t her mal , conductivity nmeasur es,
mneability estimates and so on. Wen you | ook at
where they're planning to put the repository, of
course, it sort of skips across many of these five
different units.

MEMBER HINZE: So it stays sl oped.

DR. APTED: O course, they do step it out
and slope it in sonme of the designs. So, yes, they
are in terns of even the 50 neter spacing for three
drifts. So it's 100 neter, 110 neters, total. That
110 meters spans the region that the project has
currently characterized t hese four |ithophysal and one
non-lith units.

MEMBER HI NZE: A second question. You
nmenti oned the need for additional characterization
You went through that rather rapidly. Please expand
for us if you will.

DR. KESSLER: Yes. | think it's really

going to repeating partially what Mck said that the
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proj ect has already done a | ot of characterization of
t he Topopah Springs Tuff unit up and down. W think
that a | ot of that could be used. The project has
also as part of their EIS for the |low tenperature
operating node taken a | ook at | east some of that rock
off to the east in some anount of detail. Yes, in
that figure, what figure is that, Bill?

MEMBER HI NZE: It's eight.

DR. KESSLER: Figure 8 please. That shows
not only the ones in yell ow which they considered for
the | ow tenperature operating node, but you see that
there's other areas up to an area eight there. They
have significantly west of the Solitari o Canyon where
there is sonme information available. Now here is
where it's the factor of too confident in the factor
of 3.5 with nore work.

Ckay. W think that there's a good chunk
of information that's available to get us up to about
a factor of two. W recognize that one would need to
do nore site characterization work on sone of these
bl ocks out there that go out to Area 8 to get up to a
hi gher expansi on factor.

MEMBER HI NZE: Maybe | missed it in your
presentation, but Option 1 includes through Area 8.

DR. KESSLER: It can. Wiere's the table?
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DR. APTED: That's right after. Nine.

DR. KESSLER: Yes, Figure 9. Thank you.
This is where we |ooked at different studies that
| ooked at different extended area and that Option 8 --
Excuse ne. The eight areas that you see in Figure 8
come out of the FEIS. Mnsure and Qtiz when they
first sort of did their study of the area | ooked al
the way up to 37 square kiloneters. In early studies,
the M&O | ooked at about 11 square kiloneters. The
Sci ence and Engi neering Report | ooked at 23. So the
point is there are data out there for those |arger
anmounts, but we admt that nore data woul d need to be
coll ected to expand well beyond the factor of two to
do that.

DR APTED: The 23 nunber cones here and
it was also bantered about in the FEI'S but that
certainly includes this Area 8 and so on, those whited
areas you see in the previous slide.

MEMBER HI NZE: And that woul d be where
you' d really have to f ocus on addi ti onal
characteri zation.

DR, KESSLER:  Yes.

DR. APTED: But even at that time, they
consi dered t hey had adequate i nformation to go forward

with putting or at l|east planning to put waste in
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there. Those weren't areas they had no infornmation.
They had maybe | ess information but confident enough
togo forward in ternms of considering putting waste in
t hose areas.

DR. KESSLER Right, but we're not
di sagreeing with you that additional information would
need to be collected out for those other areas. Just
that we're not starting with a blank sl ate here out on
t hose areas by any neans.

MEMBER HI NZE: Have you consi dered the
additional risk by decreasing the vertical distance
bet ween the repository and the water table for Option
No. 27?

DR. KESSLER: Yes. The stack repository
desi gn.

MEMBER HI NZE: Right. And what is that
m ni mum di stance? Wat is the m ni num di stance
between the | evel and the water table?

DR. KESSLER: Again it ranges across the
site as you know.

MEMBER HI NZE:  Sure.

DR. KESSLER: The nunber typically quoted
is on the order of 300 neters fromwhere this
repository horizon would be. So we would be as little

as 50 neters into that in ternms of the UZ Zone.
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MEMBER HI NZE: So you have 30 neters

bet ween the centers.

DR KESSLER W | ooked at both 30 and 50
neters between centers.

MEMBER HI NZE: Both. And you were having
a double so that would then be anywhere from 60 to
100.

DR. APTED: Right. W put a |layer on top.
See it's not all both under.

MEMBER HI NZE: A | ayer on top. GCkay. All
right. So have you | ooked at the risk significance of
t his?

DR KESSLER: W've |ooked at it
indirectly in the sense that we have | ooked at maxi num
tenperatures both for the rock, for the waste package
and asked ourselves is this within our envel ope of the
performance that we' ve al ready nodel ed and t he answer
is yes. So we think there is not a major risk
significance for the stack design or the side-by-side
design at | east for the nodels that we're | ooking at.

DR APTED: | think that UZ zone doesn't
have a trenendously |long hold-up tinme in terns of the
transit across it fromthe bottom of the repository
until it gets there and again if we're |ooking at

radi onuclides with half lives of 17 mllion years and
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2 mllion years and 250,000 years --

MEMBER HI NZE: We have Chl oride 36 too.

DR. KESSLER. O its significance.

DR. APTED:. Right. So that |oss of 50
neters i s not going to unduly conpron se the peak dose
t hat woul d cone out of this repository. Another point
to add to sonme of the things that John said and that's
contained in Professor Fairhurst's analysis 1is
especially with the stack repository, there's a
certain amount of additional water diversion that
would be occurring for the subsequently |ower
repositories.

So it's not sinply taking the perfornmance
of one repository and its release rate and nul tiplying
by three. It wouldn't necessarily track
proportionally. It could actually though second and
third |l evel s based on sone of the coments he's nade
and we've considered but not yet calculated lead to
| ess than proportional increase. So three tines the
waste wouldn't lead to three tines the peak dose.

PARTI Cl PANT: Rick shared a wealth of --

DR. APTED: Exactly. You know that well
t hen.

MEMBER HI NZE: A final question. Jeff

Pohl e a few nonments ago rem nded us of the supposed
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effect of the Calico Hlls upon the absorption of
radi onucl i des. Have you | ooked at the enhanced
tenperature effect upon the zeolites in the Calico
Hlls and what that m ght nean in terns of the risk?

DR KESSLER No, we haven't. W do take
credit for sorption in that Calico Hlls zone. W
take credit for sorptioninthe |l ower zones, nostly in
the saturated zone. Again, we don't think that
changi ng the sorption of the zeolites under the Calico
Hlls is going to nake a huge difference in the
overal | performance of the repository.

MEMBER HI NZE: Means doesn't know it.

DR KESSLER: Yes. Well, | think that
we' ve | ooked at those studies where we've | ooked
al ready years ago at the ranges of potential KDs for
each one of the layers and we found sone sensitivity
but not that nuch.

DR. APTED: You're going to find and this
doesn't quite go down, but | ook at these tenperature
profiles. | mean the zeolite phases in geology go up
to what, 200 degrees Centigrade or so. The type of
tenperatures inthe Calico Hills never get above about
120 degrees and even that's for a very short tine
geologically speaking here. So | think with sone

confidence -- And they're going to be dry. Again,
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wat er woul d nedi ate a rather potential phase change,
but I think in dry tenperatures 120 degrees, these
zeolites are very robust.

MEMBER HI NZE: | think we would all feel
nore confortable if that was really |ooked at nore
cl osel y.

DR. KESSLER: Again, | think we would go
directly to establish geologic science. Again the
nmet anor phi ¢ bases for zeolite clay is 200 to 250
degr ees.

MEMBER HI NZE: Right. Thank you very
much.

MEMBER WEI NER M ke.

CHAI RVAN  RYAN: You addressed the
per f ormance assessnent question and | recognize this
is awrk in progress. | had an early given view of
it which | appreciate. It sounds |ike except for heat
you're really | ooking at these from PA point of view
as independent. |Is that right?

DR. KESSLER: No, we're not | ooking at
that. That's why we were tal ki ng about the dip shadow
effect is potentially the upper one protecting the
| oner two.

CHAl RMVAN  RYAN:. Depends on the

arrangenent .
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DR. KESSLER. Yes. Go to just the next

figure fromthis one. Look at that bottom curve and
what you see is that we have the zone right around t he
drifts dried out for a very long period of tine. So
we get sone benefit there. Again peak tenperatures of
t he waste package are such that we don't expect to
kick in any additional or significantly nore rapid
degradati on mechani sns for the alloy 22 for these. So
we have consi dered themseparately and t oget her, again
nostly subjectively at this point, Mke and formally
gone through all the work.

CHAI RVAN RYAN: No, | appreciate that and

DR. APTED: Let ne just add we're | ooking
at showst oppers on the thermal side and the water fl ow
and so on. W haven't done our own TSPA on this type
of group drip.

CHAI RVAN RYAN:  And you' re working through
all this.

DR. APTED: Yes, that's right.

CHAI RMAN RYAN. This may be a silly
guestion but why are you doing this?

DR KESSLER  There is --

DR APTED: Careful

DR. KESSLER: Let's just say that there is
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some interest in |ooking at options and all | can tell
you is that ny nenbers asked EPRI to take a | ook at
what m ght be the capacity of Yucca Muwuntain just to

provi de an independent estimate. So that's what we

di d.

CHAI RVAN RYAN:  Ckay.

DR. KESSLER. W just | ooked to see what
it could hold and we'll see how this devel ops for us

as the year proceeds in terns of flushing this out.

CHAI RVAN RYAN: We'll | ook forward to your
report. Thanks.

VI CE CHAI R CROFF: For the times where the
pillars dry out, where does the water go?

DR. KESSLER: Some of it goes right out
the top of the nountain. W increase the saturation
alittle bit in the strata above but not very nuch.
Can we go to Figure 24 please. That's one of the
back-up slides. Thank you

It's busy. | appreciate that. Wat I
want you to focus on, Allen, is the last columm for
t hese 12 cases you | ooked at. This shows us where if
you have a stack design. It's the lower two drifts
that dry out. At least it's at that same horizon that
the pillar totally dries and for how | ong and you can

see that we're tal king about a few hundred years here.
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G ven that we have sone water noving out the top and
that the time period is fairly short, we don't
anticipate a few hundred years of total dry-outs to
present any problens for the | ong term perfornance of
the repository.

VI CE CHAIR CROFF: So you're not creating
a huge unbrella here.

DR KESSLER  Heavens no.

DR. APTED. Let ne add just a couple nore
to that. The analysis that we showed today, the top
| evel performance just like the current one | evel
design neaning that, the pillar always persists at
sub-boiling conditions. GOkay. So what really
develops is like a V-shaped trough possibly between
vertical sets of enplacenent drifts.

The ot her thing we're going to work on and
extend or two things, one we're going to | ook at what
happens in ternms of any instability of gas rising
behind hot water at that interface where condensate
water is. But we're also going to look at the third
dinension and | think the nore this is | ooked at and
interns of even the project studies nowis that nost
of the condensate water, 50 percent or nore, is
actually in their nodeling being fornmed and condensi ng

at the cool ends along drifts in this third di nension
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we have not yet simul ated.

So a good bit of the water, this sort of
unbrella idea that people have, really nost of that
wat er, 50 percent or nore, |ooks to be condensing at
t he cool er end of drift and then di sappearing fromthe
system So we're not creating a | ake above the
repository that will later flow down, but when you
include the third dinension along edge effects, the
evi dence to-date so far is that a ot of the
condensate water will formthere and then |eave the
system So it won't return

VI CE CHAI R CROFF: Ckay. Second, in doing
your thermal calcul ations, do you account for decay
during repository | oadi ng and heat | evel s goi ng down?

DR KESSLER Yes and no. W assune that
it's instantaneously | oaded to either the 1.0 or the
1.45 or in some cases 0.725 kilowatts per neter
loading. In terns of decay with tinme, | don't know
what Wei assunes.

DR. APTED: It's a real good question.
think, |I believe, we're using the decay curve fromthe
proj ects.

DR. KESSLER: W have to. W're using the
decay curve.

VICE CHAIR CROFF: The reason | bring it
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up is when you start tal king about 3X, 4X | oadi ngs,
you're talking 80 years to load it.

DR. KESSLER: At |east probably. Yes.

VICE CHAIR CROFF:  And the first canister
to go in is seeing sone half lives of cesium and
strontium

DR. KESSLER: Right. That's why | mention
that we think we have potentially a conservatism it
depends on how you choose to load it, but a potenti al
conservatismin that initial |loading inthe sense that
if you put it all ininitially at 1.45 kilowatts per
neter and you're ventilating by the tine you' ve cl osed
of course you're |less than what we've assuned here.
So that could nmean you could increase the capacity or
that you' ve added some conservati sm

DR. APTED. Allen, one of the things we're
t hi nki ng of doing, and this is the vertical stack, is
right now all three of these |line |oads are switched
on at the sane tine.

DR KESSLER Ri ght.

DR. APTED: In ternms of the assunption.
Qobviously, the first thingis to possibly say okay put
in maybe one horizon and then in 50 years begin to
pl ace in the next horizon and then in 50 years after

that for exanple, start |ooking. But we don't want to
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get into too nmuch of steering | ogistics and so on, but
we do want to exam ne systemsensitivities to exactly
what would be a real world situation that all three
drifts would not be | oaded at the sane tine, but
sequenti al ly.

VI CE CHAI R CROFF: Ckay. Thanks.

MEMBER VEI NER: | just have a couple
guestions. Now in the FEI'S when DOE consi der
alternative cooling times, a cool er repository, they
al so had the repository open for 300 years. Did you
consi der that or was yours closed after it was | oaded?

DR. KESSLER: Wen you take a | ook at
those two figures that had the cases 1 through 6 and
the other figure cases 7 through 12, you'll see quite
a fewoptions on there where in addition to zero to 50
year ventilation we have sone all the way out to 300.

MEMBER VEI NER:  Yes. So you --

DR KESSLER: So we did consider out to
300 like the project did.

MEMBER VWEINER: Did you also |ook at the
option of aging at the surface?

DR. KESSLER: Not yet. We've nentioned
that as an option. W are going to think about doing
that for the next phase of this report.

MEMBER VEI NER:  That was ny next question.
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DR KESSLER  Right.

MEMBER VEI NER:  And you | ooked at forced
ventilation. You didn't --

DR KESSLER Yes. These ventilation

efficiencies that Mck is showing you in addition to
the tinmes there take into account the forced
ventilation, the ventilationrates that the project is
consi dering and one of the things then that obviously
woul d have to be done if you're going to triple or
doubl e this woul d be you're going to have to add sone
nore ventilation in addition to what DOE s al ready
planning for. Froma constructability standpoint,
t hat nmeans yes, you'll have to add sone nore shafts,
but again we don't see any fundanental showstoppers
there in terns of adding nore ventilation capacity
within the sane footprint.

MEMBER VEI NER: And finally, one of the
options that is considered in the EIS is for natural
ventilation and just separating the drifts.

DR, KESSLER:  Yes.

MEMBER VEI NER:  You al so consi dered that.

DR. KESSLER  Wwell, we --

MEMBER VEINER: O did you all consider
t hat ?

DR, KESSLER W thought about it. W
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have not nodeled it. W' ve thought about it. W've
di scussed whet her we want to do that in our phase two
of this work. |Is that a fair statement, M ck?

DR. APTED: Yes, | think right now we call
it prelimnary and there are nunbers down there that
|"m sure are draining the blood out of the faces of
many people saying "Ww, that's a lot." | just want
to stress that while we're | ooking at |ogistics and
costs and schedul e inpacts and trying to do it with
the | east interference, we al so have an eye on safety.
| nmean we're not looking at this as trying to sinply
| ead us down a road where we're not al so considering
what mi ght be the safety inpacts on this, but that's
really the next phase.

Ri ght now, we're just |ooking at do we
lead to sonme sort of thermal conditions or results
that would really invalidate sort of the current | evel
of know edge that would say, "This is no-go right

now. W haven't seen that in this prelimnary
analysis. It gives us confidence and I'll try to
refine it to consider sonme of the other aspects
i ncl udi ng safety.

MEMBER WEINER.  Thank you. Staff

guestions? Anyone else? Please identify yourself for

t he record.
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MR. MALSCH  Marty Mal sch for the State of

Nevada. Just a comrent and then a question. One
corment would be that an obvious purpose of this
project would be to support legislation currently
pending in the Congress to renove the current
statutory limtations. That's kind of an obvious
pur pose here.

| did have a question though and that is
did this study consider retrievability of 600,000
nmetric tons and whether that would conplicate the
obligationtoretrieve the waste i n case somet hi ng bad
happened.

DR. KESSLER: W haven't fornally
considered retrievability. Yes, it would take |onger.
Agai n, fundanental |y we woul d see no problemdoing it.
It could take longer. It just depends on the |evel of
effort you would also want to make in terns of how
much parallel retrievability, how mnmuch surface
facility you would need to bring it back up to the
surface. But formally we haven't consider it. No,
Marty.

MEMBER VEI NER: Thank you and t hank you
very nmuch for an excellent presentation. [1'Il turn it
back to the Chairman.

CHAI RMVAN RYAN: Thanks, gentlemen. W
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appreciate it. It's interesting. Wth that, | think
we've finished our formal presentations and we can
conclude the record at this point. W wll just take
up letter witing which does not need to be in the
record. We'll take a very short five mnute standup
and let everyone that wants to exit exit and then
we'll conme back quickly and begin our letter witing
at 4:55 p.m Of the record.

(Whereupon, at 4:48 p.m, the above-

entitled matter was concl uded.)
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