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PROCEEDI NGS
(8:30 a.m)

COHON:  Wel cone to the neeting of the Nuclear Waste
Techni cal Revi ew Board which we're hol ding under a pall, to
say the least. As you all know, the country has suffered a
national tragedy this norning, one that is still unfolding,
and it's not too nuch to say it's a national crisis. Lake
and | conferred this norning to deci de whether we should go
ahead with the neeting, and obviously, we decided to do so.
The Federal Governnment is basically closed and that's,
think, for security reasons to keep people out of buil dings
in Washi ngton. But, here we are and we can't go anywhere
because all the airports are closed. W decided to go ahead
with the neeting, anyhow.

We'll all be distracted, there's no question about
that. 1t will be perfectly understandable if sone people
decide that during various times during the day they'd prefer
not to be in here and prefer to be el sewhere. |In addition, |
for one have to keep ny cell phone on because | also run a
research university in Pittsburgh. So, | have to be in
touch. So, interruptions by telephone will be perfectly
under st andabl e t oday.

May | ask you all for a nonment of silence in
respect to those who have died already and with our prayers

to those who are trying to handle this crisis. Please rise?
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(Wher eupon, a nonent of silence.)
COHON:  Thank you, very mnuch.

This nmorning's session will be chaired by Jeff

Wwng, Board Menber. Jeff?
WONG. Good norning, everyone. Today is our second day

and we will begin the session with a presentation by the U S.
EPA on their environnental protection standard for the Yucca
Mount ai n Repository. After that, we'll turn to preparations
by the DOE on possible site recomendation. W' Il hear a
presentation regarding the response to key technical issues,
a summary of the prelimnary site suitability evaluation, and
a presentation on the supplenental science and performance
anal ysis. Anong those after that, we'll tal k about or we'll
hear a regular update to the science program and then updates
on Nye County and on the Nevada funded studi es tal king about
--well, actually, look into the flowin the saturated zone
near Yucca Muntai n.

This nmorning, Dr. Craig will be helping nme with
keepi ng us on schedule, as he did so great yesterday, and I
don't want to ruin his reputation. So, with that, 1'd like
to start.

Today, our first presentation will be by Ken
Czyscinski of the Radiation Protection D vision of the U S.
EPA and he'll provide us again with a presentation on the EPA

st andar d.
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CZYSCINSKI:  On behalf of the agency, I'd |ike to thank
the Board for the opportunity to cone and tal k about a rule
that's been a long tine in the gestation. First of all, 1'd
point to sonme introduction that you're well aware of. On
June 5th, we finalized the standard and the Nucl ear
Regul atory Conmi ssion will inplenment our standard through
their inplenenting Regulation Part 63 which has just recently
been approved.

Alittle bit of history. 1In 1992, the WPP Land
Wt hdrawal Act exenpted Yucca Mountain fromthe EPA generic
standards, Part 191, that applied to geol ogic repositories.
Qui ckly thereafter, the Energy Policy Act directed us to set
standards specific to Yucca Mouwuntain and no where el se.
Establish a limt on individual dose as part of these
standards. In the process, we were to contract with the
Nat i onal Acadeny of Sciences for themto provide technica
input, insight to us for use in devel opi ng these standards,
and directing us to nmake our standards as consistent with the
NAS findi ngs and recommendations. In 1995, EPA received the
NAS report.

We, of course, followed the usual rul emaking
process. W had a public coment period, public hearings in
four different places. W received about 800 comments, 28
peopl e testified, we had about 69 sets of witten conments

that had npbst of those 800 comments within them
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The fist part of ny talk, | sinply want to run
t hrough the standard, itself. Then, I'd |ike to tal k about
sonme specific aspects of the standard and give you a little
bit of the reasoning and rational es behind why we did what we
did. The standard is divided into two parts, the storage
standard, Subpart A and Subpart B, the disposal standard
whi ch has three substandards; the individual-protection
standard, the human-intrusion standard, and the groundwater
protection standard, and a few other m scell aneous provisions
that are necessary in order to understand what the rest of
t he standards are supposed to nean.

The storage standards. 15 mllirem maxi mum dose to
any nenber of the public in the accessible environnent, which
is outside of the Nevada Test Site, the Yucca Mouwuntain site,
the Nellis Air Force Range. An inportant aspect of our
regul atory devel opnent was what happened when Yucca Mountain
was taken out fromthe purview of 191. The directions to us
were to devel op standards that were unique to Yucca Muntain.

And, as our |awers say, we have to devel op those standards
de novo, as they say. |In other words, we start from scratch.
So, we have to look at all the concepts for radiation
protection, radioactive waste di sposal, and say, okay, do
t hese things make sense still for Yucca Mountain? Do they
fit? So, we ook at the storage standards and we say, okay,

is there any reason why the public should get a different
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dose from any rel eases through storage than they m ght get
t hrough di sposal ? The answer is no. So, the standard is 15
mllirenms for storage.

Moving on to the disposal standards for the
i ndi vi dual -protection standard, again when we go back and
| ook at the fundanental concept of should there be an
i ndi vi dual -protection standard, there's no argunent about
that. Congress told us to make one. The question arose as
to just what should that standard be? If we got back to Part
191, we have a 15 mllirem standard there. Again, that was a
generic regulation. It applies to any and all repositories.
We asked ourselves is there sone reason why the Yucca
Mountain Site should be allowed to give people a | arger dose
than what we had in the generic standard? Again, the answer
conmes back no. W |ook at our precedents, we apply Part 191
to WPP. The standard there was 15 mllirens. |s there any
reason why Yucca Mountain should have a higher individual
rel ease standard than what was allowed in WPP? The answer
cones back no. So, this was actually probably one of the
si npl est deci sions, alnost clear cut in devel oping the rule.

The individual -protection standard is 15 mllirens.
The receptor to that is what we define as a reasonably
maxi mal | y exposed individual, the RVEI, who lives in the
accessi bl e environnment above the hi ghest concentration in the

pl ume of contam nation. W require a 10,000 year dose
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projection. In other words, this 15 mllirem standard
applies for 10,000 years within the regulatory |egal context
of the rule. The standard also is an all pathway standard.
Again, these are things that are very much consistent with
Part 191 and previous precedent in applying Part 191. \When
we ask oursel ves do these things nake sense for Yucca
Mount ai n, the answer conmes back, yes, they do. So, these
provisions are very nuch simlar to what was in 191.

To talk about the RVEI in alittle nore detail, the
RMVEI is a hypothetically representative person. W |ooked at
t he denographics in the area downgradi ent fromthe repository
and decided that our RMElI should be representative of the
majority of people in that area. So, we called this a rural
residential lifestyle. There's about 1,000 people or so in
the Amargosa Valley area. Only about 100 of themfromthe
informati on we have actually call thenselves full tine
farmers. The rest of the people do other things. In fact,
when you | ook at people out there, nost of themare doing two
j obs and sonetines three or nore. So, we cast our RVElI as a
rural rigid residential person. The characteristics of the
RVEI shoul d be characteristic of the people who |ive
downgradi ent fromthe repository now in the town of Amargosa
Valley. W've used the termreasonably maxi mally exposed.
So, what we do here in this rule is we don't assume all the

characteristics of that RVEI are always to the worst extent
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in ternms of potential exposure. This is not a maximally
exposed hypothetical individual. 1t's a reasonably maximally
exposed. So, what we're doing is setting a couple of
paraneters at the high end. The location, we're putting them
smack on the border of the controlled area which is sonething
"1l talk about a little later and we say that the RVEI
drinks two liters a day of water. Again, this would push the
i kely exposure or distribution toward the high end, but not
excessively toward the high end.
Ckay. Wiat's the accessible environment? This is

a termthat's been around a good while and again was in 191.

It's an area outside of the fire area, outside of the
controlled area. Now, the controlled area, which I'Il talk
about inalittle nore detail, for the Yucca Muuntain site
shoul d be no nore than 300 square kiloneters and shoul d
exceed no further south in the direction of groundwater
transport than the southern border of the Nevada Test Site
which is a distance of about 18 kilonmeters fromthe
repository and should extend no further than five kil onmeters
in any other direction. [I'll talk about this inalittle
nore detail later. Again, the whole concept of a controlled
area was sonething that cane from191. So, we had to | ook at
that and say in terns of the Yucca Mountain site, does it
still make sense to have a controlled area? And, the answer

conmes back yes.
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The human-intrusion standard, we agree very mnuch
with the assessnent that the NAS made in terns of the
useful ness, the inportance, the intent of the human-intrusion
standard. W recognize that resources are rather sparse in
that area. There hasn't been nuch found except groundwater
which is the predom nant resource. So, in conparison to,
say, a sole repository, human-intrusion is not a particularly
i kely pathway where individuals woul d get exposure, but it
is a potential pathway. The NAS reconmmended that you | ook--
we | ook at human-intrusion in terns of resilience of the
di sposal system They're effectively saying, okay, if you
had sonme sort of intrusion, would it cause severe degradation
of the disposal systen? They recommended that the exposure
limts for a human-intrusion scenario, a stylized test of
resilience like this, should be no higher than the exposure
| evel for the anticipated case. W agree with that. So, the
exposure standard for human-intrusion is 15 mllirem They
recommended that this exposure should take place when the
cani sters have begun to fail, and at this point where they
have failed, such that an intrusion may be possible w thout
the drillers actually being i mediately aware that sonet hi ng
has happened. So, we've included this recomendation also in
the rule. These last two bullets effectively address the
time when this human-intrusion event occurs. Again, that's

sonet hing the applicant has to determne for the |icensing
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process. W're giving them sone direction here. The tinme of
this possi bl e penetration happens when the cans are begi nni ng
to be degraded.

Ckay. Wiat do you do with the dose? |If this tine
of intrusionis wthin 10,000 years, the dose, when it gets
to your receptor down at the end of the control barrier, if
that is within 10,000 years, that's reported in the |icense
application. [It's judged against this 15 m|lirem standard.

| f the intrusion happens or the dose gets to the receptor
after 10,000 years, that dose then is not conpared in a | egal
| icensing context against this 15 mllirem standard because
of the conpliance, the regulatory period that we've denoted
of 10,000 years. This is a line in the sand effectively from
a |l egal standpoint. What happens before 10,000 years is
critical to the Iicense acceptance. Wat happens after

10, 000 years is additional information and understandi ng of
the di sposal systemthat's made avail able during the
licensing process. But, again, the legal Iine in the sand is
the 10, 000 years.

Ckay. Circunstances, sone nore detail on the
intrusion. A single intrusion fromwater exploration, again
the only type of resource exploration that seens reasonabl e
for the top of Yucca Mountain. As the NAS recommended, the
borehol e woul d penetrate the waste package and proceed

directly to the aquifer. The borehole is not carefully
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sealed. Only releases through the borehole are anal yzed
since this is a test of resilience of the disposal system
No rel eases caused by unlikely natural events or processes
are consi der ed.

Ckay. Moving on to the third standard, groundwater
protection, we've applied the EPA MCL limts to what we call
the representative volune which I'Il talk about in alittle
nore detail. Representative volune is an annual groundwat er
wi t hdrawal representing current and planned groundwater uses
in the town of Amargosa Valley. The size of the
representative volune is 3,000 acre feet. It's in the
accessible environment and it's to contain the plune's
hi ghest concentration. So, the representative volune is
centered on the plune. There's been quite a bit of
controversy as to whether or not groundwater standards should
apply, its EPA policy, its national policy to protect
groundwater. G oundwater protection requirenments are put on
every sort of disposal facility down to nunicipal landfills.

W feel that when you're putting, oh, nore than 5 billion
curies of high-level radioactive material in a systemthat's
sitting directly over a fresh water aquifer that is the sole
source for people downgradient of it, it just nakes no sense
to stand up and say we're going to throw away groundwater
protection requirenents.

Sone of these other provisions, |I'll talk about
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this oneinalittle nore detail, but it's a very fundanenta
point in ternms of evaluating |ong-term performnce of a
geol ogic repository. How do you predict over a 10,000 year
time frane what people will be doing, what the world wll
| ook like, what the whole disposal systemw ||l really | ook
like in those kinds of tine franes. |If you look in detail at
what's involved in projecting performance, there's virtually
nothing that is actually verifiable in real time. Everything
is an extrapolation. So, this question of what you--just how
confident can you be in the nyriad of extrapol ations that you
do is a very critical one. This is sonething that's been
| ooked at ever since the geol ogi c di sposal concept was born
in the 50s. It's been exam ned by expert panels and bl ue
ri bbon panels over the years. About every 10 years, the
whol e issue recircul ates again and the sanme concl usi ons cone
up. So, you assune that society, biosphere, human bi ol ogy,
t echnol ogy, and know edge are essentially as today because
any ot her assunption | eads you to specul ative scenari 0os none
of which are any nore defensible or usable than any others.
So, the only thing you can really do is sinply default and
say, okay, things are the way they are today, the only thing
we can deal wth.

The question of where do you cut off the events,
processes, and so on that are involved in this process al so

pops up. Do we have to | ook at highly inprobable things |ike
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met eoriting packs, again a question that's been around for
really generations? The sane kind of probability cutoff that
existed in Part 191, we sinply carried forward. It nakes
just as much sense in Yucca Mouuntain as it does generically.
So, you do not analyze events that have a probability of
| ess than one in 10,000 occurring wthin 10,000 years.
Again, as | said, the 10,000 year conpliance period is a |line
in the sand froma | egal standpoint. That does not nean that
the assessnents of disposal system perfornmance are absolutely
infallible one year before 10,000 years and neani ngl ess one
year after. It would be irresponsible for us to sinply nmake
any kind of statenents or inplications like that. Qur rule
does require that the | ong-term performance, the post 10, 000
year projections, be exam ned by the applicant and that they
be put in the environnmental inpact assessnment which is part
and parcel of the whol e package of materials that goes into a
i censi ng process.

Ckay. |'mbeginning the second part of ny little
spiel today. | want to talk to you about a few areas in nore
detail as to what the thinking was that went into sone of
these things. Sone prelimnary background information, again
the Energy Policy Act mandated that we do a site-specific
standard, not apply 191 to Yucca Mountain as was done with
WPP. W had to essentially rethink everything in terns of

whet her or not it nade sense for Yucca Mountain or not. The
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NAS recommended we use a cautious, but reasonabl e approach to
t he standard devel opnent. And, again, we agree with this
approach. In ternms of |ooking at every conponent and

determ ning whether or not it makes sense for Yucca Mountai n,
an inportant exanple of this is there is no containnent
standard in the Yucca Mountain standard as there is in Part
191, as there was in WPP. The containment standard as
described in 191 was to address the situation where you could
have a poorly perform ng repository which nade its rel eases
into | akes, streans, oceans, |large bodies of water where you
woul d get a massive dilution and that dilution would then
spread this high rel ease over a |large population. If you

| ook at the physical situation of Yucca Muntain, that just
doesn't exist. There is no purpose, there is no need for a
separate contai nnent standard. Between the three standards
that were applied at Yucca Mouwuntain, the rel ease paths are
covered. So, this is a prom nent exanple of what happens
when you have to redevel op the standard de novo, as the

| awyers say.

Ckay. Again, considerations. Consistency with
site-specific informati on doesn't nake sense for Yucca
Mount ai n. The approach to public health and environnment
protection should be cautious, but reasonabl e and non-
extrene. In other words, are we taking a prudent, cautious

approach to public health protection in the options we | ook
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at and in the final decision? The third point is an
i nportant one. \atever we pick here, we want to reduce
regul atory uncertainty. In other words, we want to pick
approaches and requirenents that don't generate a w de
spectrum of possi bl e scenarios, any one of which is as
equal | y defensible as any other, but whose perfornance nay be
dramatically different. The licensing process is really a--
it's not just sinply an academ c neeting. It's a consensus
devel opnent process that involves the regulated, it involves
t he applicant and any other interested parties. Reasonable
fol ks have to be able to sit down and | ook at this assessnent
for licensing and be able to cone to a consensus that this is
okay, this is good. |[If you put in provisions that sinply
i ntroduce a Wi de spectrum of divergent views in your
i censing process, you're setting yourself up for a very
difficult, maybe inpossible tine.

|"ve alluded to this early, a persistent question
in framng the details of the standards. O course, we're
| ooking at long path life waste, waste that will be around
for a very long tinme. So, we have this concern of |ong-term
protection based on these wastes, a generic concern for
geol ogi ¢ disposal. W have to project his performance. So,
what do we use, current conditions or do we use projections
of what we think things mght be? The answer to this is

sonething that's been around a good while. W call it the
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Future States assunption. It was explicitly put out in the
W PP regul ation for these performance assessnents. You
assunme that human activities, technol ogy, know edge,
etcetera, are as they are today. The thing you vary is
geologic and climatic variations because we can have sone
sort of handle on at |least a way to vary these things. |If
you |l ook at the history of predicting human events, it's just
about hopel ess. No one 200 years ago really predicted what
the world would | ook |ike today. Predictions we nmake today
about what the world is going to | ook |ike 300 years from now
are essentially the wldest of specul ation.

So, the Future States assunption again, you cannot
rely on what we predict is human actions and activities,
assunme the current situation. That does not nean that we
assune that everyone at Yucca Mountain is rooted in the
ground like a tree at sone point in tinme. Wen the NAS put
their report out and the license application is submtted, we
think it's reasonable to | ook at relatively short term
projections of changes in the |local area, 10 or 20 years,
rat her than assum ng sone fixed date in tine. And, again,
climate and geol ogic conditions are required to be varied in
t he performance assessnents.

Things | want to talk about in a little nore
detail, the RMEI versus critical group, conpliance point

| ocation and controlled area size--these are closely rel at ed-
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-the regulatory time frame, the representative volunme, and a
concept that we've always used in our regulations is the term
"reasonabl e expectati on.

One of the major concerns has been who shoul d be
the receptor? Should it be this RVEI or should it be a
critical group? The RMElI, as | said, was a hypothetical
individual; a critical group is a nore diverse group usually
spread out. The site-specific situation, in other words what
makes sense at Yucca Mountain? W have a small, but wdely
di spersed popul ation. The characteristics of the site is we
have a fracture dom nated hydrol ogy, contam nation plunes,
and this type of hydrology will be relatively narrow. The
cl osest popul ati on downgradi ent fromthe repository--again
this is rural residential group

The exact path of contam nation plume will remain
uncertain. For small exposed popul ations, dose to the RME
or critical group menber is expected to be very close. So,
we don't see that there should be a big difference in the
actual dose assessnents to the critical group as is usually
defined conpared to this RVEI hypothetical person who
actually will have a lot of characteristics of a critical
group if you follow the normal way critical groups are
defined. In fact, if you look at international texts on
critical group devel opnent, you'll see that one of the ways a

critical group is actually inplenented is to define a
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hypot heti cal representative person. | believe the German
program uses this approach. There will be | ess deci sion-
maki ng uncertainty wwth an RMVEI in the path of the
contam nation plune as opposed to a critical group.

To kind of illustrate that, this is a rather busy
slide, but it's fromone of our technical reports. Wat we
have here is a particle track of the contam nation plunme from
Yucca Mountain. The critical group--the groups that have
been | ooked at in the past have largely been coll ections of
farms. So, to look at this, we effectively took a 255 acre
alfalfa farmwhich is the |largest water consuner in the area
and as an average size for the farns there and then we just
arranged themin a couple of different geonmetric patterns.
Here's a pattern of 25 alfalfa farnms in a square, here's 25
in a curves outline, 15 in a vertical line. The inportant
poi nt you see here is that the particle part path cuts
through only a relatively small nunber of these farms. |If
you were to use a critical group, you're faced with basically
an arbitrary choice of how you were going to arrange these
farms to get a representative dose or a truly protective
dose. You could put all these farns in sonme sort of
arbitrary line in the direct path of the plunme itself.
They'd all get very nuch the sanme kind of concentrations.
There's all sorts of essentially regulatory uncertainty and

arbitrary decisions that have to be made to use this kind of
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farmcritical group approach. W believe that it's nore
protective to take a bit nore conservative approach and
sinply put your RVEI up here in the path of the plunme, the
characteristics of which again are defined to be
representative of the people in this entire area down here
where the actual farmng takes place. |It's sinply nuch nore
straightforward than a critical group approach, it reduces
the uncertainty, and is unquestionably a conservative public
heal th protection stance.

The conpliance point |ocation, this one of the
fundanmental concerns. The location should reflect again the
cautious, but reasonabl e approach. It should be consistent
wWith site-specific information.

Let's ook at the site-specific information. The
predom nant rel ease path is through the groundwater. The
groundwat er noves down and to the east in the unsaturated
zone. Wen it hits the saturated zone, it noves generally
south. The location of potential receptors now, the cl osest
peopl e are a handful or residents down at what's called the
Lat hrop Wells area about 20 kil oneters di stance fromthe
repository. Again, |looking at the relatively short-term
projections of what's going on in that area, we see sone
i npressi ve devel opnent plans, industrial park, a science
museum projections of thousands of people com ng through

this science nmuseum So, this area between 20 kil oneters and
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the Test Site which is a boundary that's very nmuch fixed--
|"ve been told it's legally been determ ned the Test Site
Wil be a restricted area essentially indefinitely. So, the
nort hward extension of people can only really go up to the
Test Site boundary. So, the Test Site boundary appears to us
to be the cautious, reasonable, sensible southern limt for
the conpliance point. That's as close to the repository as
people are likely to be keeping in mnd our Future States
assunpti on.

The di sposal systemcontrolled area again, a very
closely related concept, sonething that's been around for
quite sone tinme. The controlled area has two maj or
regul atory functions. |It's a conpliance neasure. The
standards apply at the border of the controlled area. The
controlled area essentially defines the extent of the natural
barrier which is part of the disposal system So, the
standards apply at the boundary and beyond. They do not
apply inside the boundary. It also has an institutional
control function in that you want to--by institutional
controls, you want to keep people out of this area maybe
potentially contam nated. So, the controlled area is of a
m ni mum si ze, exclusionary to prevent inadvertent exposures.

Again, we | ook at the concept, is the concept of a
controlled area valid for Yucca Muntain? The answer cones

back, yes, it makes sense. A site-specific assessnment is
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based on the receptor |ocations, again you can't be any
closer to the repository than the Test Site boundary, the
proj ected repository performance--and here's an inportant
point for determning the size in terns of projecting
repository performance--we considered both the antici pated,
as well as the unanticipated releases to cone up with a
maxi mum si ze of 300 square kil oneters.

Here's a plat we've put together. Again, it's from
one of our technical reports in the docket. It shows here
the |l ayout of potential repository locations that have been
publ i shed, projections of the contam nation plume fromthe
repository, and again you can see the eastward novenent and
then the southern novenent. Based on the institutional
requi renent of the controlled area is to keep people out from
i nadvertent exposure, you want to essentially put your
controlled area around the entire projected rel ease path from
the repository. |If we |ook at the perfornance projections
within 10,000 years, we see that very little gets out of the
repository under the normal operating conditions, the
normal Iy antici pated sl ow degradation of the engi neered
barrier. However, we've had a |ong-running kind of evolution
in the off-normal performance. |In other words, what's been
called in DCE docunments premature rel eases or early waste
package failures, etcetera. These kind of things can't be

precluded. W can argue about just how nmany premature
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failures there are likely to be, but they can't be

unequi vocally elimnated. W know fromthe fracture fl ow
hydrol ogy that the plumes fromthese kind of rel eases could
be relatively narrow. Those kind of rel eases coul d happen
anywhere in the repository. So, it's possible that premature
rel ease plunmes could be com ng anywhere within this envel ope.
Again, for an institutional control neasure, that envel ope
of potential rel eases should be contained within the
controlled area. W sinply draw a little box around that
down to the Test Site boundary, we cone up with at | east
about a kiloneter or so buffer fromthe actual operation
facilities and the ends of the projected plune. W conme up
with an area, 14 by 25 kilonmeters. That's nore than 300
square kiloneters. However, if we assune that the controlled
area should be tailored to what the actual plunme projection
is, we cut off--taking these areas out of the box, we conme up
with a size of about 300 square kiloneters which we feel is a
reasonably conservative size for the controlled area, itself,
which will still fulfill the two major functions that |

tal ked about initially.

Ckay. The regulatory tinme frame, our objective
here is to provide a reasonabl e expectation of |ong-term
safety. W' ve got very long-lived wastes here. W want to
give the public protection for a long tinme frame. The

deci sion of just what that tinme franme should be nust bal ance
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the long tine frane and the uncertainties inherent in the
projection of repository performance and, again, com ng back
to this point about regulatory consensus. In Part 191 and in
previ ous regul ations, the 10,000 year tine frame was
selected. |If you ook at international regulations, you'l
see the 10,000 year nunber show up in just about all of them
in one way or another. The entire waste managenent community
has apparently nmade sonme sort of decision here, the consensus
feeling, that 10,000 years is |ong enough to have to nake
| ong-term projections of this performance in terns of a
regul atory decision. And, the rational e has al ways been that
as time stretches into the tens of thousands, into the
hundreds of thousands of years, the uncertainties in these
projections begin to get so wde that you can nmake al nost any
nunber of scenarios for performance, any one of which may be
as equally defensible as any other. So, in terns of nmaking a
yes/ no decision on a regulatory tinme frame, if you're doing
it on a wi despread performance scenari os, none of which you
can justify dramatically one versus the other, you' ve set
yourself up with a very, very difficult thing to develop this
regul atory consensus on.

So, | ooking at whether or not 10,000 years make
sense for Yucca Mouwuntain, again we | ook at sonme of DOE's
performance assessnents and you say, okay, when does the peak

dose conme out? If you look at the viability assessnent, the
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peak dose conmes out at about 300,000 years. If you | ook at
the site recommendati on TSPA, the peak dose cones out at
around 300, 000 years. |If you look at the difference between
these two assessnents, you see the waste package has been
fairly dramatically changed, there's no drip shield in the
VA. The corrosion resistant material is put on the inside
and it turns out putting it on the inside nmakes it very
susceptible to a crevice corrosion process which is at that
point intime identified as 25 percent nore corrosive than
the general corrosion. And, there was a rather unrealistic
and extrene nodel of waste package performance and rel ease.
| f you look at the site recommendati on assessnents, again the
drip shield shows up, the corrosion resistant material has
been put on the outside to increase the lifetine of the
package. There's a much nore realistic nodel of waste
package behavior and rel ease. But, yet, the peak dose stil
cones out at about 300, 000 years.

So, this isn't giving us a whole lot of help
| ooking at the tinme of peak dose. It appears that the peak
dose based on the performance assessnents is relatively
insensitive to the waste package design and the nodeling
assunptions. However, if you burrow down into the nodeling
assunptions, you'll see that even with the SR, there are sone
very conservative extreme assunptions taken on the waste

package performance. One could say, as Abe alluded to
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yesterday for the mgration of radionuclides along a
continuous water film these things are incredible. The
assunptions in the TSPA analysis are again difficult to
defend on a realistic basis. So, even though the waste
package design and the nodeling beconme much nore highly
engi neered, the analyses don't help us in terns of realistic
assessnent of just when the peak dose tine is. W' ve got
trouble there if we want to set a standard based on a peak
dose time of arrival. W just don't really know
realistically what that woul d be.

Again, falling back on the nore generic rational e,
i.e. that the very |ong dose assessnents contain
uncertainties, if you ook at the |long-term assessnents the
DCE has done, you have considerable uncertainty in the
projection of site characteristics and the sinplest source
termnodel for long-termrel ease has been used. DOE sinply
t akes the waste and dissolves it up in the percol ating
groundwater at the solubility limt. The uncertainties in
very long-term performance really confound our deci sion-
making in ternms of |ooking at these | ong-term performance
scenari os and what the projected rel eases are.

We have to ask ourselves wll the hydrol ogic regine
remai n unchanged over periods of hundreds of thousands of
years? This is a seismcally very active area. |f you | ook

at the displacenents on the active faults over the periods of
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hundreds of thousands of years, sone of the geography here
can be displaced kiloneters. [|f you have a fractured fl ow
regime, the water novenent here is controlled by the fracture
characteristics. Wuld 300,000 years of additional seismc
shaking in this area | oosen up the fracture network?
Assum ng the sane gradient if we | oosen up the fracture
networ k, the groundwater travel tinmes could go down. You
actually have better performance. That's assunm ng the
gradient remains the sane. And, why should we assune that?
WI1l the gradient for the systemstay or alter in such a way
that the performance is in terns of groundwater travel tine a
little bit better, worse, or pretty much the sanme? How can
we really determne that? How reliably can we assune that?
How reliable are climate projections? W can make
estimates of what some of this rainfall can be, but can we
really have any certainty about how nuch it will be or when
it will be within that long tinme period? Again, groundwater
is what takes the waste out. |If we have |large uncertainties
i n how nuch groundwat er over hundreds of thousands of years
will actually nove through this system again we have a hard
time here justifying any particul ar performance scenari o.
How wi Il the heat pulse alter the near-field?
There's been a lot of talk about this over the years. There
have been actually very, very few assessnents that have been

made to try and quantify these results. People kind of wave
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their arns around and say, oh, well, this is a conplicated
busi ness. W just don't know. W have these |arge
uncertainties of what the heat pulse will be. W tend to
assune that it wll always be negative, but yet there are

| ots of exanples in the geologic world where m nerals
precipitate in fractures. W expect a |lot of action
effectively right around these enplacenent drifts in the
situation. WII this heat pulse in the near-field result in
a situation where nore water gets into the enplacenent drifts
or actually less? WII it channel this water kind of nore
uniformy over the entire enplacenent drifts or will you have
just a few places where we m ght have nore conductive
fractures dripping into this environment? How do we know?
Agai n, this confounds the nunber of different scenarios that
can be conjured up and woul d have to be evaluated in a | ong-
termlicensing process.

How wi || groundwater react with and transport
wastes after the waste package is substantially gone? Again,
t he assessnents that DCE uses, so far, uses the sinplest
approach possible. You sinply dissolve the waste into the
groundwater as a function of its solubility limt and again
this considerable uncertainty over the years over just what
the solubility limts are for sone of these poorly sol uble
radi onuclides, that uncertainly remains. 1Is it reasonable to

assune that in the hundreds of thousands of years tine period
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that the systemw ||l behave sinply like stirring the sugar
into your coffee; it will dissolve it at the solubility
limt? |If the waste package is largely gone and water drips
on the waste, it drips off. Perhaps, |eaking experinent
nunbers are just as legitimate in the long-termas solubility
nunbers are. Again, that's a fundanental change in the
source termfor those assessnents. Wiich one is right and
how much is right?

So, with the conbination of all of these
uncertainties in predicting what the systemw Il |ook |ike,
what the performance will be in these very, very long tine
frames, you say for the purpose of regulatory deci sion-
maki ng, this just presents us with a situation where
reasonabl e people just probably will not cone to nuch
consensus.

So, we settled on the regulatory tinme franme of
10,000 years. It's consistent with the existing precedents.

It avoids the specul ative perfornmance scenarios and the very
| ong performance scenarios are required. DOE still has to
make this long-termprediction. It's sinply just not the
subj ect of a |icensing decision.

Representative volume. GCkay. |It's a volune of
groundwat er for resource protection. It represents a
spectrum of resource uses in the downgradi ng area; again,

agriculture uses, residential, municipal, industrial uses. A
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cal cul ati onal approach, as we've put in the rule, for the
representative volune for the groundwater conpliance are
essentially based on the plune itself. W have the slice of
t he plunme nethod where the representative volunme woul d be
that piece of the plume which annually goes by the conpliance
| ocation. W also have a punping well approach where you'd
sinply put wells around the plume and punp out the
representative volune and agai n conpare that groundwater
concentration to the MCL imts.

|"mgoing to go back to ny busy slide. How did we
come up with 3,000 acre feet? Again, look at this particle
track here and | ook at about--here's the size of one average
alfalfa farm To put the agricultural use across the plune
where we need at least two farns in there for the plunme to go
through themto get kind of an even reasonabl e approxi mation
of what the plunme conposition would be. W've also added in
the residential and industrial uses and come up with a nunber
that's very close to 3,000 acre feet. W've taken a
conservative approach because, after all, the farmng area is
down here. The anmount of water tapped by that farm ng area
is in the tens of thousands of acre feet. The actual
estimates of the discharge fromBasin 227-A that has the
releases in it is about 8,000 feet. So, 3,000 feet, by
taking the representative volune and putting it up here,

protecting a smaller volune higher up at the conpliance
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point, we're protecting a |larger volune for all the users
downst r eam

This is the last thing | wanted to tal k about.
This is our concept of reasonable expectation. It's a word
that has appeared in Part 191. |It's a word that's kind of in
our | exicon. W believe that absolute proof of conpliance
with the standards cannot be gotten in a conventional sense.
As | said earlier, everything in this business involves a
long-termtinme projection. So, under a reasonable
expectati on approach, 1've got three bullets here that sound
very much Iike notherhood statenents, but really aren't when
you cone right down to actually trying to inplenment them

Recogni ze and evaluate all the uncertainties.
We've heard a | ot of tal ks yesterday about the uncertainties
here. The fact that performance assessors begin to |look at a
couple of different conceptual nodels, but they usually
sel ect one to do analyses on and then all the nathemati cal
uncertainty studies are usually done on that conceptual
nodel , that set of data. There are other conceptual nodels
every bit as defensible that should be | ooked at in order to
provide the context, the total picture, of what the possible
performance could be. Because what happens when you publish
this one conceptual nodel and begin tal king about it and
| abel it as your base case or your nom nal case is that

everyone |l ooks at it and thinks that is the expected
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performance. It may not be, at all. It may, in fact, be a
very conservative, perhaps even extrene, performance scenario
set up for the purpose of doing sone calculations. Oten
performance assessors nake very conservative assunptions
sinply because it's too difficult, too controversial to try
and quantify sone of the processes. So, they take the
extrenme end. They pick the extrene data, the extrene
process, for the sake of conservancy. These things build up
and build up and build up. So, what you're actually | ooking
at in sone of these assessnents are scenarios that have very,
very | ow probabilities and you need to keep this in mnd from
a regulatory context. You don't want to be regulating on
scenarios that are extraordinarily inprobable. Your
assessnment should be as realistic and practical as ever.
Again, this conmes right back to | ooking at alternate
conceptual nodels. And, avoid extrene assunptions to
sinplify your cal cul ati ons.

Yest erday, we heard a | ot of discussion about what
t hese uncertainties were and a | ot of the points brought up
here hit directly at those things. |If you |ooked at, say,
t he VA assessnent, you had an extraordi nary conservative
per formance scenario. So, what you were actually | ooking at
there was a | ow end, not a base case. To give you a little
bit of anecdotal information, when the VA assessnents cane

out, we had our technical contractor burrow down into the
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assessnments to try and find out what the assunptions were and
what the conservatismin them m ght have been. The answer
canme back that the VA assessnents could be as nuch as ei ght
orders of magnitude hi gher than what you would actually
anticipate. So, again, if you were to |ook at these things
inanore realistic way, you would | ook at al so scenari os
that touch on things nore conservative than what you've
actual Iy done.
And, that's it.

WONG  Thank you. Questions fromthe Board? Ladies
before gentlenen, Priscilla first?

NELSON: Right. Modtherhood and fatherhood, both
inportant. Nelson, Board. Can you tell nme about your
t hi nki ng about placing this discussion in the context of
Yucca Mountain specifically with its proximty to the Nevada
Test Site and the existing character of the groundwater and
the site in terns of maybe existing mllirens that are
al ready there or could be expected from ot her sources?

CZYSCI NSKI :  That question cones up a lot. Does this
standard consi der the exposures that may happen in the |ong-
termfromthe other activities of the test site? W've kind
of addressed that in two ways. One is the sinple way that we
were directed by Congress to set a standard for the rel eases
at Yucca Mountain. W can't take that mandate and expand it

to exposures fromthe entire Test Site. That's not what
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Congress told us to do. So, the sinple answer is, well, we
can't do that because Congress told us not to. The nore
detailed answer is in the radiation protection conmunity 100
mllirens has kind of been identified as the maxi num | evel of
exposure that the public should have fromwhat's call ed
practices and that the rel eases froman individual activity
shoul d be a nunber smaller than that. So, the fact that we
have set the individual protection standard at 15 mllirens
is consistent with that kind of approach. And, we al so
believe fromlooking at the data that a | ot of the rel eases
fromactivities at the Test Site are going in different
directions. They're not all heading down Forty M| e Wash
toward Amargosa Valley. The conbination of Congress telling
us this is your job, Yucca Mountain Repository, period,
setting the standard at 15 mllirens, not 100 mllirens, and
the fact that not everything at the Test Site cones roaring
down toward Amargosa Valley, kind of addresses this, we hope.
RUNNELLS: Runnells, Board. Ken, | think you al nost
answered the first question | have and that is--or canme close
to Priscilla's question--natural background radiation not
related to the Test Site, but just natural background

radiation. Does it play any role in the setting of this 15

mllirem nunber?
CZYSCINSKI: The 15 millirens is for rel eases from Yucca
Mount ai n.
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RUNNELLS: So, it's independent of whatever natural
background may be at Site A B, or C?

CZYSCI NSKI :  Ri ght.

RUNNELLS: Ckay.

CZYSCI NSKI :  Nat ural background does play into sone of
the MCL |imts because they were set in a very different
context, but when you | ook at the rel eases from Yucca
Mount ai n, what actually gets to your receptor is really beta
phot ons and natural background on an iodine 129 and tech 99
is virtually nothing.

RUNNELLS: Ckay, good. Thank you. Another quick
guestion, | think. The nodel that you use in the maps that
you showed us of the plune, is that an i ndependent
groundwat er nodel that you have devel oped or are you using
DOE' s nodel ?

CZYSCINSKI: No. This is a particle track trace taken
out of the VA docunent.

RUNNELLS: Ckay.

CZYSCINSKI :  And, if you | ook at the SR docunents, the
sane general shape shows up

RUNNELLS: Got cha.

CZYSCI NSKI :  Now, we | ooked at this diagramto kind of
give us an idea of what the whole plunme would | ook |ike. W
did alittle estimation of how the plune would increase, how

it would get bigger as a function of dispersion. That's the
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first graph I showed you. It was only a particle track and
this one has sone dispersion built into it.

RUNNELLS: W heard unofficially from Abe yesterday
about the unofficial conclusions of the International Peer
Panel that the groundwater nodel nay need sone work. That
would ram fy to your work, as well, | presune. You follow
what the project is doing in terns of groundwater?

CZYSCI NSKI:  We are unfortunately kind of the poor
sister in the business. W don't have a |lot of noney to
create a conpletely independent performnce assessnent
capability. So, we |ook at what DOE does, look at it, and
critically what can we rely on, what mght be a little fuzzy.

RUNNELLS: | understand. If | don't ook at Dr. Wng, |
can ask anot her question, okay? 1'll avoid eye contact.

This 10,000 year thing because these are |long-Ilived

radi onuclides, netals |ike arsenic and chrom um and | ead and
mercury are longer lived. They never go away. How does the
10, 000 years cone into sonething that is long-lived, but goes
away, radionuclides, in ternms of regulations the EPA uses for
other netals at other sites that never go away? | nean,
what's the rationale for a tinme franme for sonething that
decays and--do you have a tine frane for things |like the
heavy netal s that never go away?

CZYSCI NSKI :  Well, you're tal king about two very

separate reqgul atory worl ds, the radioactive waste world and



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

355

the RCRA world, toxics and everything else. In the RCRA
system the way you di spose of sonmething is to put it in

engi neered barriers wwthin engineered facilities that are
projected to last relatively long periods of tine. But,
there is no long-termassessnent of will a RCRA site remain
intact for 10,000 years, 100,000 years. The regulatory

phi | osophy is essentially to treat the waste, to put it into
a formthat's extrenely--that's not nobile, or in the case of
characteristic waste, to do sonething to the waste that
removes that characteristic. So, you treat wastes and then
you put themin these engi neered disposal facilities in the
RCRA world. In the radioactive world, we're putting spent
fuels, a waste form W're not treating that. W're putting
it into an engi neered disposal facility that we're requiring
these long-term projections for and putting in a | ow dose
limt.

RUNNELLS: | hear what you're saying, but |I would argue
that we are, in fact, treating the waste formhere at the
site and | see it as an internal inconsistency in regulations
because the heavy netals last a |ot |onger. Enough said,

t hough. Thank you for the extra tinme, Dr. Wng. |[|'Il [ook
at you now.

BULLEN: Bullen, Board. Thank you, Dr. Wng. Actually,
| have a couple of quick questions and |I'm going to show you

nmy ignorance in not having read the Yucca Muntain standard
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report fromthe National Acadeny in the |ast week or so. The
reasonably maxi mally exposed individual is different than the
i ndi vidual that was cited in the mnority report of Tims

st udy.

CZYSCINSKI : O the subsistence farner?

BULLEN. Actually, could you just elucidate? | vaguely
remenber the subsistence farnmer, but can you tell ne the
di fferences, please?

CZYSCI NSKI : Wl |, the subsistence farner essentially
stays in one place, gets all of his food, water, etcetera,
fromthat farmlocation. W |ooked at that idea. W said,
okay, does it nmake sense for Yucca Muntain? Well, it
doesn't. There are no subsistence farners there. There's no
real evidence that there ever were any. It seens unlikely
that there would be any. From Future States assunption, we
| ook at what's there now and what's there nowis this rural
residential RMElI that we've identified.

BULLEN. Bullen, Board. That sounds very reasonabl e.
guess, did you also do the calculation to determ ne what
woul d be the maximumto that individual or was that sonething
that you didn't carry though?

CZYSCINSKI: | don't think we actually | ooked in any
detail on that.

BULLEN: GCkay. | was just curious as to what the

magni tude of the difference is.
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CZYSCINSKI: W elimnated it as an extrene approach.
It's not consistent with the rules of the gane, as it were,
addressing what's there at Yucca Munt ai n.

BULLEN: Ckay. Mving on to the human-intusion
scenari o, you nentioned that you have to evaluate this when
the containers begin to fail. | suppose in the strictest
sense of the term the containers begin to fail the day you
put themin the ground because the oxide |layer starts to
grow. Can you quantify it a little bit nore succinctly than
that or--1 nmean, | know significant degradation, half the
wast e package gone or--

CZYSCI NSKI : Wl |, when that happens is essentially an
i npl enentation detail we've left to the DOE. DCE has to
prove when that intrusion could happen. 1It's up to themto
say, okay, we think under the expected conditions, the cans
W ll deteriorate to the point where they could be penetrated
W t hout obvi ous awareness of the drillers at sonme point in
tine.

BULLEN: Ckay. Well, Bullen, Board, again--

CZYSCINSKI: W can't really set that because it is a
function of the waste package and we don't control the waste
package. So, we have to punt on that and say, okay, it's
DOE' s responsibility to identify that time. It's NRC s
responsibility to determne if it's adequate or not. W

really can't do that.
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BULLEN. Bullen, Board. Just one nore qui ck one here.
| guess | was intrigued by the 300 square kilonmeter site
determ nation and then | was very intrigued when you started
changi ng di nensions on it when it was 350 kil oneters that
said, you know, you can sort of lop off this | obe and that
| obe. | also understand the logic of using the Nevada Test
Site as a reasonabl e boundary, but what's to stop the
Governnment from deciding that the Nevada Test Site actually
is alot longer and narrower and extends down to Death Vall ey
and basically buy all the land and neke it the Test Site.
Does that have any inpact on the type of standard that you
set up or is the 18 kil onmeters what you' ve deci ded and
that's--

CZYSCINSKI:  Ch, well, we've set this as a boundary as
it exists today.

BULLEN: GCkay. One final quick question and that deals
with sort of your Slide #35. It's right here. Cautious, but
reasonabl e expectations. You nentioned a couple of things
with respect to taking a | ook at the |ong-term dose and the
uncertainty being confounding to the decision nmakers. So, as
you | ook at this reasonabl e expectation, did you conme up with
sonme sort of quantification of it? |Is that sort of 2 sigma
on the mean or is it a 6 sigm determ nation or--

CZYSCI NSKI :  What you're asking for is what we consi der

an inplenentation detail on the performance assessnents that
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we have to pass this off to NRC

BULLEN: Ckay. | guess, it follows on to we were quoted
back fromour letters to the DCE by Bill Boyl e yesterday
tal ki ng about the acceptance of certain | evels of uncertainty
w th decision makers and | just wondered if you'd quantified
that. | nmean, if you had, that would save us a |l ot of tine.

CZYSCINSKI:  No, we really couldn't because that's not
our purview. W identify that or consider that to be an
i npl enmentation detail.

BULLEN: Ckay, thank you

CZYSCINSKI:  If you | ook at our WPP regul ati on, sone of
those things are in there. That was an inpl enenting
regul ation.

KNOPMAN:  Knoprman, Board. Ken, would you clarify EPA' s
role now in conpliance? |Is there arole, at all, or is
everything now in the hands of the NRCin terns of pre--if
there is to be sone devel opnment at the site, then in the
precl osure phase, as well as post-closure, does EPA have any
role in nonitoring and what precisely is it?

CZYSCINSKI: We will certainly ook and nonitor what's
going on. W will remain an interested party. W're
commenting on DCE s docunents, but the responsibility for
issuing a license is NRCs; it is not ours. They inplenent
our standard.

KNOPMAN: | know. | under st and- -
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CZYSCI NSKI:  So, we believe we don't have a role in that
sense.

KNOPMAN:  Wel |, | understand the licensing role of NRC

The question is in the conpliance or the groundwater
protection standard. Are you involved in discussions with
NRC and or DCE on conpliance nonitoring of any kind or the
confirmation testing or anything that m ght give you
i ndi cators of whether the standard is, in fact, being net,
not just obviously--not the distant 18 kil ometer conpliance
point, but within the controlled area?

CZYSCINSKI :  We do not have the legal authority to do
that. We do speak with DOE. W do nonitor what they do. W
try to understand what they do and the reasons behind it.
But, our role stops at witing the generally applicable
standards in the environnent. |Inside the Test Site boundary,
inside the repository itself, we don't have the |egal
authority to step in there and make things happen.

KNOPMAN:  Even on the groundwat er standard?

CZYSCI NSKI :  Yeah, groundwater standard will be
i npl enment ed through the NRC regul ati on.

WONG Ckay. | have two tinme devices up here in front
of me and they have two different tines. Decision-nmaking
under uncertainty. I'mgoing to allow questioning to
continue, Dr. Cohon. Okay. Dr. Parizek?

PARI ZEK:  Parizek, Board. On the figure that's the
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col ored one, the second viewgraph you showed, it |ooks |ike
that's a plume fromthe TSPA-VA '98 or is that sort of a
broader one in terns of possible pathways that--

CZYSCI NSKI :  Actual ly, the figure we took out of our
presentation to the TRB and | don't renenber exactly where it
was. | think it was in between the VA and ESR

PARI ZEK: Wl |, another thing. |In terns of the
conpl i ance boundary box, could that shift or is that fixed?
Wul d there be four stakes in the ground and that will not
nove?

CZYSCINSKI:  Well, it's really up to DOE and NRC to
define the actual shape of the controlled area. The only
thing we're saying is that its size cannot be greater than
300 square kilonmeters. |If the DOE wanted to put the
controlled area one kil onmeter on each side of the repository
footprint, they could do that.

PARI ZEK: What |I'mallowng for is if the flowaths on
the basis of Nye County drilling and new updated information
happens to be different than shown here by the particle
tracking diagram then they could still fix the positionis
what you're saying?

CZYSCI NSKI :  Yeah. Well--

PARI ZEK: It's up to themto fix the position

CZYSCINSKI:  The only thing that's really fixed is the

Nevada Test Site boundary. These other dinensions are up to
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DCE to defi ne.

PARI ZEK: The particle tracking figure | ooks like the
wel l's that would support the farnms aren't punping. This
| ooks like a steady-state flow particle tracking.

CZYSCI NSKI :  Yeah.

PARI ZEK:  Now, if, in fact, you turn on punps to give
you the 3,000 acre feet to sustain the farm it would be
diversion of flow. So, any one of the farms could actually
get the plunme, divert it, or sonme portion of the plune
diverted. How does that factor in here? You' re saying
there's only really a couple of hits by that configuration,
but I'm saying many farnms could get hit if they have to be in
any position. You just turn on the wells and punp.

CZYSCI NSKI :  Again, that sets you up for all sorts of
scenari os you have to create and eval uate and nake sone
j udgnment on, none of which are--they're all specul ative, none
whi ch are any nore defensible than any other. So, for the
sake of a cautious, but reasonabl e approach to public health
protection and trying to get sone sort of regulatory
consensus, that's why we put the RVElI up there at the test
site. That's why we use an RMElI rather than a critical group
farm scenari o because of all the assunptions you would have
to make to actually try to apply the farmcritical group and
all the variations that you could have, | think, equally

defensi bl e about that. You'd essentially be arguing about it
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within a licensing context maybe forever.

PARI ZEK: That sort of relates to the 3,000 acre feet
w t hdrawal amount. |'mnot sure that would be the nunber
that Nye County farners or Amargosa farners would restrict
thensel ves to if they were allowed to take nore water out of
the system Again, that's a | ocal debate.

CZYSCINSKI :  Well, they do. | nean, the water would
draw down here in the farmng areas in the tens of thousands.

So, our attenpt to be protective is we're saying, okay, you

protect 3,000 acre feet up here by doing that when nmaking
sure that that |location neets the MCLs. You should be
meeting the MCLs down here in the wider area. You know,
considering the outflow of the entire basin is estimated
about 8,000, you're not sacrificing the entire basin to
contam nation; you're focusing on where you should be
focusing on for protective approaches, the plune itself.

COHON:  Since the acting chair is distracted, I'Il take
over the chair and call on nyself. This is Cohon, Board.
want to pursue the 10,000 year tine limt a bit nore. |
don't want you to rehearse again all the argunents you used
for using it, but as we know, the National Acadeny of
Sci ences recommended using the tinme at which peak dose
occurred. Wsat's your argunent against doing that? | mean,
why did they recommend that and how did you reject those

argunment s?



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

364

CZYSCINSKI:  Well, it's hard to predict what was in
their head. You can only go fromwhat was on their papers.
They seemto say that you could believe that the geol ogic
conditions at the Yucca Mountain site would remain relatively
stable for a period of about 1,000,000,000 years allow ng the
performance assessnent projections to be bounded. They said
since you can do that, you can sit down and you can run your
nodel s, put nunbers in there, there's no specific scientific
reason to stop at 10,000 years. Wen we |ook at that, we
say, well, licensing is nore than just running performance
assessnment nodels. It's this consideration of all these
conpl ex uncertainties and nmaki ng a deci sion how nmuch is
enough. And, you really defend one particul ar scenario
versus another. W |ook at these long-termuncertainties and
say we really can't say that there is the only--there is only
once scenario, there's only one performnce assessnent that
we need to look at. Wiile the conditions could be bounded,
the probability--they didn't touch the probability of that,
at all, which is the big question. Wen we put up one of
t hese performance scenarios, what is its actual probability?

COHON:  Yeah, but the logical inconsistency of that is
that one infers fromthat statenment that sonmehow you're
confident about estimates at 10,000 years. | don't get it.

CZYSCINSKI :  If you accept it, you' re not confident
about the probability of 10,000 years which is certainly
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pl enty of uncertainty. As you go out even further, those
uncertainties get higher and your confidence goes--should go
| ower and | ower.

COHON:  Yeah, but you're on quicksand. | didn't ever
hear you quantify the confidence or provide the standard for
confi dence.

CZYSCINSKI:  We don't think you could. Those |ong-term
assessnments, we don't know what they are.

COHON:  You did inplicitly, that's my point.

CZYSCI NSKI :  Excuse ne?

COHON:  You nust have done it inplicitly to wite it
10, 000 years.

CZYSCINSKI :  Well, we've done it--the 10,000 year again
is sonething that's been ensconced in existing regul ations,
as well as international--

COHON:  Well, that's arguing that you--

CZYSCI NSKI :  There's a consensus there that 10,000 is
| ong enough to | ook at this.

COHON:  You did it because everybody else is doing it.
That's the argunent.

CZYSCI NSKI : W have a consensus that exists in the rad
waste community for years that 10,000 is | ong enough to do
t hese assessnents, the point of nmaking a regulatory |icensing
deci si on.

WONG  Thank you, Ken. Thank you very nuch.
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W have two questions and | apol ogize to Sally.

So, she'll have to either ask the questions in public coment
or pass themto Ken and he can answer them for you.

W have Russ Dyer who wants to do an announcenent.

DYER: Thank you. | just got off the phone with Lake
who has been in communications with the Secretary's Ofice.
Because of all the things that are going on and our
attentions are focused el sewhere, we're postponing the public
meetings in Pahrunp and Amargosa Valley, it |ooks |ike, for
two weeks. We're still working on the logistics. W've
notified the press. There should be an announcenent com ng
out this afternoon, perhaps this norning, in sone of the news
media. We'll keep you inforned as to what the logistics are
for the neetings.

For the Federal Enpl oyees here, |'ve decl ared
admnistrative | eave for all Federal Enployees today. W're
talking to Ken Hess. |'mnot sure what the ESC teamw || do,
but if you' re expecting sonme |ogistic support fromthe
project, plan on working with what you've got. kay? Thank
you.

WONG Al right. W will continue our next
presentation. It will be fromApril GI. She's the Team
Leader for Regulatory Interactions and Yucca Muntain
Project. And she will be providing a presentation on plans

for addressing key technical issues.
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@ L: Thank you, Dr. Wng, Menbers of the Board. 1'd
like to thank you for the opportunity to speak today about
DOE' s plans to address NRC s key technical issues.

This is an area that we have had consi derabl e
progress and consi derable effort applied over the course of
the last year, and there's people here in the audience,
think 1'"ve seen a lot of you at these key technical issue
nmeetings that we've had with the NRC over the course of the
| ast year. | know that many nenbers of the board and your
staff have attended these neetings. And, I1'd like to
recogni ze Carol Hanlon and Tim Gunter, who have both been so
instrunmental in making these neetings successful.

My presentation today is divided into three parts.

It's process-oriented. I[I'mgoing to tal k about the process
that the NRC has set up for the key technical issues, or
KTls. Then let you know what the status of our agreenents is
and tal k about our future plans to address the KTIs.

The NRC is responsible for sufficiency review as
outlined in the Nucl ear Waste Policy Act, which requires any
recommendation that the Secretary makes to the President to
include the prelimnary comments fromthe Nucl ear Regul atory
Comm ssion. W have formally requested the sufficiency
comments fromthe NRC by Novenber 1st, and they have

indicated that they will be able to provide those coments on
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schedul e.

NRC has al so made very clear to us in a series of
interactions that their sufficiency reviewis going to be
based on Proposed Part 63, the avail able issue resolution
status reports that they have prepared for each key techni cal
i ssue, and acceptance criteria for each KTI

Sonme years ago NRC reorgani zed their H gh Level
Waste Programto | ook at a series of topics that were
i nportant for post-closure repository performance and they
characterized these as key technical issues. And, | believe
t hey' ve nade substantial progress toward eval uati ng each of
these KTls that progress is docunented in the |Issue
Resol ution Status Reports for each KTI

There are nine KTls that are listed on the rest of
this slide and the next one: |gneous activity, structural
deformation and seismcity, evolution of the near-field
environment, container |life and source term thermal effects
on flow, repository design and thernal -nmechani cal effects,
unsaturated and saturated flow under isothermal conditions,
radi onuclide transport, and total system performance
assessnment and integration.

The general approach to address each of these is
laid out in public neetings, technical exchanges/ nanagenent
nmeeti ngs and these are defined in the DOE NRC procedural

agreenent, which is the bilateral protocol that states that
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DCE can make conm tnents in the managenent neetings. The NRC
has split each of the KTls into sub-issues. The status is
determ ned by the NRC. They make this very clear at the
begi nning of each neeting. Jim Anderson, who is their
project manager for this area, reads out a statenent at

the introduction and objectives for each neeting notes that
the goal is to reach resolution on all issues such that
sufficient information is available on any issue to enable
the NRC to docket a proposed license application. And this
is in accordance with the requirenents of the Nucl ear Waste
Policy Act.

In general, there are three categories for KTI
status. Closed is when the NRC believes that the DOE
approach will acceptably address the NRC concerns. C osed
Pendi ng i s when the DCE proposed approach, together with
additional information that DOE comnmts to provide, wll
accept ably address NRC questions. And Open. And that is DOE
has not yet acceptably addressed NRC questions or agreed to
provi de additional information identified by the NRC

And I"m pleased to |l et you know that, as of | ast
week, all of the issues are either closed or closed pendi ng
as a result of the igneous activity technical exchange which
t ook place a week ago tonorrow.

Now, everyone, | believe, has a cl ear understanding

of exactly what closed, closed pending, and open neans. And
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that nmeans resolution at the NRC staff |evel at this tine.
However, it does not preclude the NRC fromre-raising an
i ssue during their licensing review.
So the KTl process | think has been very effective.

It has allowed all parties who are involved with these open
nmeetings to determ ne whether sufficient information is
currently available for DOE to prepare a potential |icense
application. The NRC has identified where additional
information is necessary and we're able to assess progress
agai nst our plans and agreenents and put in our planning to
provide the additional information that the NRC has
identified that they will need. So that's the overal
process. Let nme just bring you up to date on the status of
KTl resol ution.

We have reached agreenents, as | stated earlier,
with NRC for a path forward for closure of all 37 of the KTI
sub-issues. There are 292 KTl agreenents, and | have a |i st
here. |If anyone is interested I'll be happy to share that
with you. These agreenents identify alnost 250 docunments
that DOE has commtted to provide, including additional work
before submttal of a possible Iicense application. So far
we have sent 67 documents to the NRC. This is a feedback
process. At the neeting DOE and NRC agreed to what DOE needs
to provide. W do so under formal cover letter and then the

NRC eval uates the information that DOE has provided and
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provi des us the feedback on whether or not they agree that
the i ssues have been resolved. So far we have gotten four
letters back fromthe NRC, so it's early in the feedback | oop
pr ocess.

We have formal correspondence that keeps the NRC
apprised of the status. In addition, on a quarterly basis,
we neet for managenent neetings, QA neetings, and we al so
have a KTl status breakout session--we just had one of those
on Thursday of |ast week--where we provide the status of al
the issues. And, we expect to provide an adequate response
to all the NRC issues by the tinme of a possible |icense
appl i cation.

There are different categories of KTl agreenents
and what |1've attenpted to do here is just kind of put them
into general categories, the way we | ook at these for our
pl anni ng processes. Probably the sinplest ones are those
where we have the technical information avail able but we need
to provide it, the docunentation or clarification on work
that we've already done to the NRC. There are areas where we
have the data avail able, analysis needs to be done and
docunented. And then there are a few areas where additional
testing and analysis is needed on the part of the departnent
to address the KTI. Each agreenent is tied to a specific
docunment with a specific date. And the KTl agreenents are an

inportant part of the departnent efforts with Bechtel SAICto
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do the planning for FY 2002 and the out years. So we are
maki ng sure that each agreenent is tied to a product, is tied
to a part of our plan.

There are two areas | wanted to focus on, give you
sone exanpl es of what the KTI agreenents |ook |ike, and we
have chosen two that are potential nmechanisnms that result in
a cal cul ated dose during the 10, 000-year conpliance period.
And these are two areas that we thought m ght be of
particular interest to the Board.

The first one is early waste package failures due
to defects in a nomnal scenario. Second is ignheous effects
in a disruptive scenario. And so what we have here is just
sone exanples of the additional work that DOE has agreed to
conplete to support closure of these issues.

Under container life and source termwe're going to
do additional work on the effects of corrosion processes, and
the effects of phase instability and initial defects on
mechani cal failure. Under igneous activity we're going to
| ook in nore detail at the consequences of igneous activity.

Wth nore specificity here on slide nunber 12, you
see for container life and source termthe sub-issue on
effects of corrosion processes. On container lifetine we
wi |l be doing sone additional testing and analysis. In
addition, this second bullet just shows you sone nore detai

on the scope of this key technical issue and DOE' s agreenent.



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

373

On slide 13, a little nore detail for you on the
i gneous activity sub-issue. As | nentioned, we were able to
achi eve a cl osed-pending status in agreenent with the NRC
staff and managenent | ast week, and these--the igneous
activity going to cl osed-pending al so nade the TSPA sub-

i ssues cl osed-pending as well.

So consistent with proposed Part 63 which is final
if not nearing finalization--1 see Bill Reanmer in the
audi ence- - consequences of igneous activity must be eval uated
since the probability of an igneous event is greater then 10
to the mnus eight per year.

Focus of interactions with NRC are on consequence
analysis for a low probability event. And | believe nenbers
of the Board staff attended the KTl neeting on igneous
activity, if I'mnot m staken.

Page 14, a little nore detail on igneous activity.
We're going to be | ooking at soil suspension effects, doing
sone nore technical work to establish and then defend our
position with respect to this KTlI. W're |ooking at effects
of repository and contents on magnma fl ow, response of waste
packages to magmatic conditions, and the potential for
i ncorporation of high Ievel waste in magna

So that's just to provide you kind of a flavor for
the areas that DOE has commtted to do additional work.

In order to support the NRC sufficiency review, DCE
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has had to denonstrate adequate progress towards neeting the
KTl agreenents to provide confidence that we wll neet the
comm tnents that we have nade, and al so adequate plans and
progress for resolution of quality assurance inplenentation
i ssues, which | know nost of you are very famliar wth.

The intent of the KTl agreements is to insure a
conplete application. W believe it will also facilitate NRC
staff acceptance and review of that application. So in
summary, | think the KTI process, although extrenely | abor-
intensive for NRC and their contractor at the center, and for
DCE and our staff as well, it has provided a very useful
framework for pre-licensing interactions with the NRC. It is
also | believe the first tinme in the history of this program
where DOE and NRC have a cl ear understanding of the
regul ator's expectations for information needed to support a
potential license application. So over the course of the
| ast 12 nonths we've had, | believe, 17 of these interactions
with the NRC, but | think we've nade substantial progress.
And DCE is conmtted to address all the agreenments prior to
submttal of a potential |icense application.

That's the end of ny formal remarks. 1'Il|l be happy
to take any questions that you m ght have.

WONG.  Thank you, April. Questions fromthe Board?

Dan Bul | en?
BULLEN: Bul |l en, Board.
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First 1'd like to conplenent you on the
i nteracti ons because |'ve been to a couple of these KTI
exchanges and they are very intense and they cone up--they
take a lot of tinme and a |l ot of effort.

| have a coupl e of questions and you alluded to one
because you nentioned that the igneous activity going to
cl osed- pendi ng al so took sone of the closest forns of
assessnent issues to close-pending also, and | guess coul d
you illumnate a little bit nore on that because | guess |
was there four weeks ago when they were still open issues and
| was wondering which i ssues got closed and why. And how?
Could you give us a little nore information on that?

G LL: Sure. It was the TSPAlI, igneous consequences, |
believe. Can anybody help me with this? And we held it open
during the TSPA neeting wth specifics in the neeting summary
that if and when the igneous activity itens cane to cl osed-
pendi ng that they would automatically cl ose out the TSPAI.

So we had a forward reference to the igneous activity neeting
with the positive expectation on the part of DOE that we
woul d be able to reach cl osed-pending on that issue. And |
can get you nore details on that.

BULLEN: Maybe we could tal k about that off-line because
I'"d like a little nore detail.

G LL:  Okay.

BULLEN: | have a couple of nore, sort of nore



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

376

fundanment al questions. Each of these deliverables that are
identified in the resolution of these--of the status
resolution reports identifies a tine frane for delivery. And
sonetinmes that tinme frane delivery is a year or two years.
VWhat's the range of delivery and is that delivery contingent
upon the ability of DOE to do the work. | nean you'd have to
have the noney and the opportunities to do that. Could you
specul ate or nmaybe give us a little bit of information on
what the current range of the agreenents are and how firm
t hose dates are?

G LL: Sure. The range goes fromfiscal year 2002,
whi ch we're about to enter, all the way to submttal of a
license application. And wherever possible where we have in
the near term specific products planned with conpletion
dates, we give those in the agreenent.

Now, at the beginning, |ast August, when these KTI
techni cal exchanges first started, we had tied a nunber of
agreenents to TSPA SR, or to analysis nodel reports and
process nodel reports that we believed at that tine would be
conpleted | ast spring. However, since that tine our program
has had sone maj or changes and the NRC has been very
accommodating in reevaluating these agreenents and tying them
to specific product in the future. So it's with the--we go
in with the understanding that these are DOE' s good faith

best estimates on our present funding | evel and the status of
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our programthat we will conplete these agreenents.

BULLEN: Bullen, Board. You were still alittle bit
nebul ous because you said up to the tinme of submttal of
license application. Wre there firmdates identified for
themor did you leave it as open as that--that if |icense
applications tinme frame slips from 90 days after the set
recomendati on which the | aw says, to whenever, could you
identify when the "whenever" was, or you just left it at
I icense application?

G LL: | think the |atest date we have in there is FY
04. But alot of themare tied to just before submttal of
the license application without a specific date.

BULLEN: Thank you. ©One last little quick question with
respect to the QA issues, with respect to trying to get al
this done. |If it is all going to be in support of license
application then all the chall enges that have been identified
wWth respect to the QA program has to be addressed and al so
rectified? |Is that correct, or--

G LL:  Yes, and we have commtted to do that, to have
100 percent data qualification at the time of |icense
application. The NRC was understandably very concerned about
the status of data qualification, software qualification and
nmodel validation because of exactly what you have alluded to,
Dr. Bullen, and that's the 90-day |ink between sight

recomendation and |icense application. And also the way the
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Waste Policy Act states specifically the link. So they were
very concerned about it, but it's for license application.
hope that answers your questi on.

BULLEN. Yes. Bullen Board, just one |last issue. You
raised all the issues that | tal ked about. You nentioned
data qualification but also nodel validation verification and
essentially all interfaces necessary to docket a |icense.
Basically, all the QA requirenents are going to be net then?

G LL: Yes, sir, that's correct.

BULLEN. Thank you.

WONG  Priscilla Nel son

NELSON: Nel son, Board.

The question | want to ask has to do with which of
these KTls, or tell nme how the KTls and your response to them
have captured flexible design, including | ow tenperature
operating node. And have there been additional questions
rai sed associated with the information to evaluate the | ow
t enper at ure operating node?

G LL: Well, as a matter of fact, our last KTl neeting
was scheduled for the end of this week and it was to address
the range of operating tenperatures. And the plan, Dr.

Nel son, was to | ook at the KTl agreenents that we had nade
whi ch were operating under the hot regi ne and | ook at what
effect introducing a range of operating tenperatures to the

design coul d have on those KTl agreenents. And as of
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yesterday we had fully expected to have that neeting at the
end of this week where we woul d go through specifically each
KTl agreenent and | ook at the potential effect having a
repository design on the cooler end of the range woul d have
on the KTl agreenent. So that's kind of to be determ ned,
but it was in our planning to do that neeting the end of this
week. | don't know if the--what has happened today will have
an effect on that.

NELSON: So there has been no di scussion about | ow
t enperat ure operating node before now, this com ng neeting?

ALL: Well, I didn't nean to mslead you. W also had
an interaction that was not part of the formal KTI process on
t he suppl enental science and perfornmance anal ysis report. It
was about three weeks ago, where we wal ked through the SSPA
with the NRC staff. And we tal ked at sonme | ength about the
cool er operating node at that tine. So it was kind of an
introduction to themso that this neeting at the end of this
week on the conparison of the two would be nore productive.

NELSON: Thank you.

WONG  Don Runnel s.

RUNNELS: Runnel s, Board.

April, just a question about comrunication. DOE

has conme under a lot of criticismfor its node of
communi cation with the public. These are public neetings.

How does the public know ahead of tinme that these are going
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to happen? And secondly, based upon the 17 that you've had
so far, do you have public--non-technical public, non-DCE
public, board public, etcetera, participate?

G LL: There are a nunber of ways that the public is
made aware that these interactions are going to take place.
And you are right, they are very public. W've had a nunber
of them at casinos, in conference roonms. So sone of the
criticisns that the departnent has had recently about having
the SR hearings at a DCE facility would not apply. Sonme of
t he ot her neetings have been at our Bechtel SAIC offices.

One of the ways that the public can find out about the
meetings is the NRC announces these formally. There is
letters that go out. They are also noticed on their web
page. And at each neeting we usually | ook ahead at when the
next nmeeting is going to be so those people in attendance at
a previous neeting could tell about a future one.

Wth respect to the second part of your question on
whet her or not nenbers of the public actually cone to these
nmeetings, | would say, unfortunately, no. W usually get
t hese sane representatives fromthe State of Nevada and
Nucl ear Waste--Nevada Nucl ear Waste Task Force. Very
infrequently, | would say, do we get just interested nenbers
of the public. It's usually people who have a specific
interest or responsibility, such as the press.

WONG  Dan Bullen prom ses that his question will only
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| ast nanoseconds.

BULLEN: Bullen, Board. Thank you, Chairman Wng.

Actually, Dr. Nelson illumnated a question that
want to follow up on because you nentioned that taking a | ook
at the | ower tenperature operating nodes was one of the
things you did with the NRC staff as you wal ked through the
SSPA about three weeks ago. And | guess I'd like a little
reconnai ssance report on the NRC s response.

At our joint panel neeting in the sumer, the NRC
expressed sone concerns that there be a design chosen for the
Iicense application and maybe even for the sufficiency
requi renent for the site recommendation. And, has there
been--what kind of comments did you get as you introduced the
| ow tenperature operating node, and was there consternation
by the NRC in their abilities to identify the changes in the
KTls and to resolve the issues necessary prior to the
sufficiency requirenent, or were they not concerned?

G LL: | hesitate to speak for the NRC. | can tell you
what ny personal point of viewwas. | did not attend this
meeting personally, but | was detailed into it.

BULLEN. Well, if Ed could give his personal opinion
yesterday, feel free today, April. That would be great. [|'m
asking for a little bit of espionage here, so if you could
just sort of clue ne in because | couldn't make it to the

meet i ng.
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G LL: | would say it has been a challenge for us
primarily because the only docunent where the range of
operating tenperatures is really fully explored is in the
suppl enental science and performance anal ysis report, which,
as you well know, was prepared under our project quality
assurance progranm however it used data and software that has
not been fully qualified. So the NRCis very concerned about
the cue status of that docunment and the fact that if DOE is
going to be basing sone of its decisions on that docunment we
woul d need to, of course, have everything qualified. So I
think that's one of the--nmy primary recollections and area of
concern fromthat neeting. W've got people here in the
audi ence who were actually technical presenters at that, if
you would Iike sone nore details, but I would say in general,
t he NRC has been very accommodat i ng.

We've had a nunber of telecons to get ready for the
techni cal exchange that was scheduled for the rest of this
week. They had well over 100 questions on exactly how the
potential to change the operating tenperatures would inpact
the KTls. So | would say they are very engaged and concer ned
about this. I'mnot famliar with the specific technical
i ssues that they are raising, but if you need nore
information | see Rob Howard is standing up to assist ne.

BULLEN: Bul |l en, Board.

| can get this information off line. | just wanted
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to try and get a feel for the inpact of this kind of change
on the KTl resolutions, which | think is what you're trying
to address. But, thank you very nuch.

NELSON: Now, | know what a nanosecond is and that was
no nanosecond.

BULLEN: Dr. Nelson, you forget |I'm a nucl ear engineer.
| can play with special relativity as much as | |ike, so |
could define the tinme franme, however. Thank you.

WONG.  You guys used up all Dick Parizek's tine. Dr.
Pari zek.

PARI ZEK:  Pari zek, Board.

In terns of sufficiency reviews | assune that the
whol e KTl process for closed-pending review would be simlar
to what's been done to date by NRC, you know, the things that
are still to be delivered. You'll get a review and comment
on sufficiency of new deliverabl es?

G LL: Well, that was the purpose of the KTl process.

PARI ZEK:  Yeah, and then therefore the |icense
application we woul d assune would not get submtted until
such time as all are cl osed?

G LL: Correct.

BULLEN: Go right ahead, Sherman.

WONG. Ckay, sorry. Dr. Diodato?

DIODATO 1'Il defer in the interests of tine.

WONG  Ckay. Dr. Metlay?
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METLAY: Dan Metlay, Board staff.

April, just a real quick question. |'mnot sure
you answered this question when you responded to Dr. Nel son.
How does the possibility of a | ower tenperature operating

node affect NRC s sufficiency comments?

GLL: Well, | would say that that's the purpose of the
| ast key technical issue, technical exchange, that we're
going to have on the range of operating tenperatures because
the NRC is obviously very interested in the potential inpact
that a possi bl e DOE desi gn change coul d have on agreenents
that were nade based upon a hotter design

METLAY: So, if | can just followup. It's at |east
i magi nabl e that an issue that was closed or cl osed-pending
based on a higher operating tenperature may beconme open given
the possibility of a | ower tenperature operating node?

G LL: Well, I"'mnot an engineer, sir. |'ma geol ogist,
but - -

METLAY: Concerned scientist.

G LL: Yeah. In ny hunble opinion, it seenms intuitive,
and | know there's danger in using intuition, that a
potential |ower operating node would sinplify things and not
make them nore conplicated. | really can't speak to what the
NRC i s intending on doing, but we should know within a couple
of weeks exactly what the answer to your question is. Unless

the NRC would care to answer. There's representatives from
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t he NRC here today.

WONG  Thank you, April. I1'mnot going to |l et Dan
Bull en torture you.

G LL:  Thank you so much.

WONG. Thank you. W are not trying to be tine bandits
here, but we are trying to keep a schedule. But there is an
announcenent now to be nade by Rob Howard.

HOMRD: This is for all of the Bechtel SAIC staff. W
are not to return to our office facilities today after this
meeting, so once you are finished here today, go hone. Don't
go back to the office today. That's all the information I
have. | don't have any information on what our actions are
for tonorrow.

WONG. Ckay. Wth that, we are scheduled to have a
break. It is now 10:20 by ny watch here. And we're
schedul ed for a 15-m nute break, so since we have a gift of
time, 1'd like to see everybody back here in 15 m nutes.

(Wher eupon a recess was taken.)

WONG | think the only person here that can read tinme
is Scott Ford and Lake Barrett.

Al right, so we're going to nove on to the next
presentation, which is going to be the Summary of Prelimnary
Site Suitability Evaluation. M. Sullivan is not here, so
the presentation today will be provided by Carol Hanl on, and

she is the Manager of the Site Recommendati on Program and
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again, she is with the Yucca Mountain Project. Carol?
HANLON: Thank you, Dr. Wng.

My nanme is Carol Hanlon and I'm here with you today
to di scuss sone considerations in the devel opnment of a
prelimnary site suitability evaluation. The eval uation was
rel eased August 21st of this year. So in doing so | wll
di scuss with you just briefly the basis for the site
suitability evaluation, the prelimnary site suitability
eval uation summary, evaluation results and, finally,
concl usi ons.

In developing the prelimnary site suitability
eval uation we not only were cogni zant of our own departnenta
regul ati ons and proposed siting guidelines, we were al so
cogni zant, of course, of Nuclear Regul atory Conm ssion's
proposed regul ations as well as Environnental Protection
Agency's standard. That is required by the Nucl ear Waste
Policy Act. It requires, as Dr. Czyscinski discussed this
nmor ni ng, the Environnmental Protection Agency to promul gate
standards for protection of the environnent in accordance
with the Nucl ear Waste Policy Act and the Energy Policy Act
of 1992. The Environnental Protection Agency has issued
final 40 CFR Part 197

As Ken discussed this norning that establishes
environmental radiation protection standards, including

precl osure public protection standards, post-closure
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i ndi vi dual protection standards, human intrusion scenario
di scussi on, and groundwat er protection standards.

Nucl ear WAste Policy Act also requires the Nucl ear
Regul at ory Comm ssion to establish requirenents and criteria
relating to receipt of high |level radioactive waste or spent
fuel. Waste Policy Act requires Nucl ear Regul atory
Comm ssion to adopt and inplenment the EPA standards. These
requirenents and criteria apply to applications for
aut hori zation to construct a repository, applications for
|icenses to receive and possess spent fuel, high-Ievel
radi oactive waste, applications for authorization and
cl osure--for closure and deconm ssi oni ng.

Proposed Nucl ear Regul atory Conm ssion's, or as |
under stand those which are about to becone final in the very
near future, the Nuclear Regul atory Comm ssion proposed
technical and licensing criteria for the Yucca Mountain Site
to be codified at 10 CFR, Part 63, and they include radiation
protection requirenents for preclosure operations. Those are
i ncluded in proposed 10 CFR 63. 111, an integrated site--
excuse ne--an integrated safety analysis to denonstrate
conpliance with the NRC requirenments in the Geol ogic
Repository Operations Area through permanent closure period.

And that is in proposed 10 CFR 63. 112.
Al so includes performance objectives, performance

assessnment requirenments to denonstrate conpliance with
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radi ati on protection standards after permanent closure,
contained in 10 CFR 63.113 and 10 CFR 63-114. Incl udes
additional requirements for licensing, such as retrieval of
performance confirmation and so forth.

DOE proposed siting guidelines to be codified at 10
CFR 963 were proposed Novenber 30th, 1999. Final rule is
contingent on Nucl ear Regul atory Conm ssion concurrence. The
proposed rule is based on technical requirenents in Nuclear
Regul at ory Comm ssion's proposed |icensing rule. Proposed
rule would al so include preclosure and post-closure criteria
reflecting processes and nodels that are inportant to
repository system performance at Yucca Mountain. In
addition, site suitability would be based on applicable
radi ati on protection standards established by the EPA at
10 CFR, Part 197, as inplenented by the Nucl ear Regul atory
Comm ssi on.

DOE' s proposed preclosure suitability guidelines
i nclude a safety evaluation nethod that is consistent with
the preclosure integrated safety analysis required in
10 CFR 63.112. DCE' s regul ations al so enphasi ze performance
requi renents, anal ytical bases, and technical justifications
and eval uations to assess the adequacy of design and safety
functions. And we addressed applicable preclosure radiation
standards contained in proposed 10 CFR 63-111 and 40 CFR 197.

DOE' s proposed post-closure suitability guidelines
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i nclude a nethod for conducting a total system performance
assessnment that is consistent with the nethod required in
10 CFR 60.114 (a) through (j). Requires the acquisition of
field data, accounting for uncertainties, consideration of
alternative nodels, and a structured nethod for eval uating
features, events, and processes that m ght affect

per f or mance.

DOE' s proposed post-closure suitability guidelines
state that DOE wi ||l consider performance of the systemin
terms of the likely conpliance wth the applicable radiation
standards. The standards include individual protection,
groundwat er protection, and human intrusion scenario.

As | said, in August of this year DCE issued
Prelimnary Site Suitability Evaluation to evaluate public
review and conment on a possible site recommendation. It
considers the--this docunent, Prelimnary Site Suitability
Eval uation, considers scientific investigations and
prelimnary design descriptions in the body of technical work
conpleted to date, as summarized in the Yucca Mouuntain
Sci ence and Engi neering Report, as well as the Suppl enent al
Sci ence and Performance Anal yses docunent. It will be
di scussed | ater, by Rob Howard, this afternoon.

Suitability evaluation also provides prelimnary
eval uations of the conpliance with DOE s proposed siting

guidelines, and it addresses the EPA final radiation
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protection standard.

Prelimnary site suitability eval uation has
consi dered the Suppl enental Science and Perfornance Anal yses
Report in terns of the evaluation of the significance of
uncertainty and the degree of conservatismor optimsmthat
was not quantified in TSPA-SR Rev 00 ICN 01, just for
conpl eteness. The evaluation--it also, the PSSE al so
addresses the eval uation of significant new i nformation
avai |l abl e since conpletion of that TSPA. Additionally, it
al so includes additional analysis of thermal dependencies to
nmore fully evaluate effects of coupled processes and the
t hermal operating node on system performance. That includes
a conparative TSPA anal ysis using suppl enental TSPA node
over a range of possible thermal operating nodes.

As | said, Rob will discuss the Supplenentary
Sci ence and Performance Anal yses in nore detail. It has two
vol unmes, Volunme 1 focusing on technical work within each
process nodel area, enconpassing uncertainty quantification,
updat ed scientific bases, and analysis of range of operating
nodes.

And, just for your information those subjects
are organized in a manner simlar to that found in the Yucca
Mount ai n Sci ence and Engi neering Report.

Vol une 2 docunents anal yses that provide insight

into the effects on total system performance assessnent, and
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the information in Volume 1.

Moving on to the suitability evaluation itself,
there's four sections. Section 1 is an introduction, Section
2 contains the prelimnary preclosure suitability eval uation
Section 3 is prelimnary post-closure suitability eval uation,
and Section 4, summary of the results.

In terns of conducting a prelimnary preclosure
suitability evaluation, we proceeded fromthe bottom box on
the left-hand corner in evaluating structure systens,
equi pnent, operator actions, |ooking at design basis, limts
on operations, adequacy of facilities to performtheir
functions, hazards, event seguences, consequences and site
characteristics, surface and underground facilities. That
i nformati on was docunented in a nunber of areas, including
the prelimnary preclosure safety assessnent, the design
docunents and system description docunents.

In addition, we | ooked at our ability to preserve
the option to retrieve waste during preclosure period and
t hat eval uati on was docunented in the retrieval equi pnent and
strategy docunents as well as system description docunents.
Those fed into our evaluation process to eval uate whet her the
site is likely to neet applicable radiation protections and
standards and to consider the performance of systens in terns
of the criteria. That was docunented in the Prelimnary Site

Suitability Evaluation, as | said, Chapter 2.
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And, the summary of the Prelimnary Preclosure
Suitability Evaluation | ooks at dose to repository workers
during the preclosure period. It would fall belowthe limts
specified both in EPA radiation protection standards and the
formerly proposed NRC requirenents. So it was bel ow bot h.
Dose to individual nmenbers of the public for nornma
operations and category one. Design basis events would fal
below limts specified in EPA radiation protection standards
and proposed Nucl ear Regul atory requirenents.

The next slide is a slide that shows the standards,
the limts, and the prelimnary results. 1'Il let you |ook
at that in nore detail at your |eisure, but you can note by
| ooking at the right-hand colum that the prelimnary results
fall far belowthe limts in the standards.

Moving on to the structure of the prelimnary post-
closure site suitability eval uation begi nning again on the
| ower | eft-hand corner, the process was devel opi ng process
nodel s and enpirical observations which were docunented in
the Process Model Reports, as well as in the Analysis and
Model Reports. Those were used both to provide the technical
basis for the total system performance assessnent nodels as
well as to provide technical bases for the features, events
and processes evaluations, and to identify and use data
related to criteria.

That next box, the blue box, was docunmented in
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features, events and processes docunentation screening, as
wel | as nodel abstraction. And both of those fed up into the
total system performance assessnent SR where we conducted the
total system performance assessnent accounted at that point
for certain uncertainty and variability in conducting
sensitivity anal yses.

Finally, noved to prelimnary site suitability
eval uation itself and eval uated whether we believed that,
based on that information, the site was |ikely to neet
applicable radi ation protection standards, identified natural
and design features which were inportant to isol ating waste,
eval uated post-closure suitability considering suitability
criteria.

Just a bit of a schematic that indicates our
process for | ooking both at the nom nal waste scenario as
wel | as human intrusion. |In nunber 1, the TSPA, we | ooked at
the TSPA wi t hout human intrusion, with the nom nal scenario
and disruptive scenario. W evaluated both of those agai nst
the TSPA projection and conpared themw th applicable
st andar ds.

In terns of the TSPA for human intrusion, we
included in human intrusion we got, conpared it with the TSPA
projections for annual dose over tine, evaluated agai nst TSPA
projections for annual dose over tinme and conpared it with

t he applicabl e standards.
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So noving on to the curves, you can see in this
first curve that in conparison with the TSPA-SR i nformation
that we obtained fromthe Suppl enental Science and
Perf ormance Assessnent indicated that the rel eases began
earlier, but were considerably | ower than the projections in
TSPA, and that is because of the new information we have.

The refinenent of the uncertainty discussion, and the earlier
rel ease of course cones fromthe fact that we have chosen to
i ncorporate early failures.

Next slide shows the results of evaluating the nean
concentration of gross al pha activities and total radiation,
radi um excuse ne, groundwater. And, of course, that cones
froman eval uati on agai nst the EPA standards. This
particular slide is for high tenperature operating node.

Next, tenperature in the next slide is for |ower
t enper at ure operating node.

Moving on to the next slide, we have the projected
annual doses for igneous activity. The bottomslide in
bl ack, the bottom curve in black, was that, fromthe TSPA-SR
t he higher slide, the higher curve in blue, this blue over
red initially showed the suppl enental science and performance
assessnment nodeling, shows that earlier because of changes to
does conversion factors, evaluation of changes in w nd speed,
initial probability of eruption, increase in conditional

probability of eruption and increase in total nunber of
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erupted scenarios, that is higher than was established in the
TSPA- SR.

Moving on to the next slide, we have conpared total
mean dose histories for human intrusion scenarios wth both
human intrusions occurring at 100 years and at 10,000 years,
and you can see that at the tine varied--the tinme my vary,
but the doses rel eased are approximately very, very close and
there are orders of nagnitude, approxinmately three orders of
magni t ude bel ow t he EPA st andard.

So, in summary of our results, summary of
prelimnary post-closure suitability for individua
protection, the dose estimtes from conbi ned nom nal scenario
and di sruptive scenarios both fall belowthe limts specified
in the Environnmental Protection Agency radiation protection
standards of 15 mllirem per year, as well as the NRC
proposed post-cl osure performance objective of 25 mllirem
O course, that's what we had to work with at the tine we
were finalizing the Prelimnary Site Suitability Eval uation
that will now be confornmed to EPA's. G oundwat er
concentrations cal cul ated would fall bel ow the EPA
groundwat er protection standard, and the human intrusion
rel ated rel ease cal cul ated woul d al so fall bel ow EPA
radi ati on protection standards. And you can see those again
in the next slide, Summary of Post-closure Dose Limts and

Precl osure--excuse nme, and Prelimnary Results. And again



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

396

it's broken out into standards, the limts, and the annual
dosage, and you can see that that right colum again is far
below the limts in the standard.

So, in summary, Prelimnary Site Suitability
Eval uati on docunents a prelimnary eval uation of the Yucca
Mount ai n standard agai nst criteria proposed at 10 CFR Part
963; reflects consideration of analytical requirenents are
consistent wth the technical approach enbodied in the
Nucl ear Regul at ory Conm ssion's proposed regul ation, 10 CFR
Part 63. It presents the results of prelimnary preclosure
and post-closure evaluations of suitability over a range of
t hermal operating nodes, and it shows that the cal cul ated
doses fall below EPA's radiation standards and the proposed
NRC performance objecti ve.

That concludes ny presentation and |'d be happy to
t ake any questions or comrents your m ght have.

WONG. Thank you, Carol. Questions from Board? Deborah
Knopman?
KNOPMAN:  Knoprman, Board.

Can you explain why in the presentation of the
Prelimnary Site Suitability Evaluation Executive Summary
there is no description of ranges of estinated perfornance,
only point nmean estimates after all conversation about
uncertainty and presentation of uncertainty?

HANLON: | think I'"'mgoing to turn to Candy for that
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guestion, too, but also the executive summary itself was to
hit the high spots, and expl anations of the high spots. And,
there are other places in the Prelimnary Site Suitability
Eval uati on where those di scussions are--is Candy here?
Candy, did you hear that question? O Rob?

HOMRD: This di scussion--oh, this is Rob Howard,
Bechtel SAIC

These discussion's in the summary section weren't

meant to discount all discussions we've had with this Board
and other review bodies wth respect to uncertainties, but
the criteria was against the nmean, not the range of
uncertainty, so | think that was part of the point.

KNOPMAN:  Part of the point is presentation of
information to decision nmakers and the public. Al right?

And this is the key--key docunent that is comunicating

information about this site. I'mjust bewildered. |'msure
there is an explanation. | knowit's sinpler, but--
COHON:  This is Cohon, Board. [1'd like to follow up on

this and make it as forceful as possible. Could you go to
Slide 247

You are communi cating to the Board--it said the dose
estimates would fall belowthe [imts. Doesn't say nean
dose. | couldn't concur nore strongly with Deborah. | nean
it just--it is mnd-boggling that you woul d make a

presentation like this that does not acknow edge in any way



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

398

the uncertainty associated with these estimates.
WONG  Further questions fromthe Board or its staff?
(No response.)

WONG. | have a question. |It's related to the KTI
docunents. How will the KTl and all the information being
reaffirmed or affirmed or generated be integrated into this
set of docunents?

HANLON: Basically, they are on a separate track. The
key technical issues and the technical exchanges that are
bei ng conducted with the Nucl ear Regul atory Conm ssion are to
address specific concerns that they have on performance
points that they are very concerned, and they may have
identified those as--in issue resolution, IRSR, |ssue
Resol ution Status Reports. And so, based on those |Issue
Resol ution Status Reports and the key technical issues that
they are interested in, we've conducted the set of neetings
over the last many nonths of prelimnary site suitability
eval uation. The next suitability evaluations are for the
pur poses of addressing the departnment's own proposed, and
|ater final, guidelines. So they have two different purposes
and they are basically on separate tracks. The information
that's used for the KTl evaluations was and w || be included
in the suitability evaluations as they were addressed in the
Sci ence and Engi neering Report, and considered additionally

in the SSPA. But they are basically on two different tracks.
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WONG  Ckay, thank you. Dr. Bullen?
BULLEN: Bul |l en, Board.
| guess along the lines of a followup to this

guestion then, will there be a reanal ysis based on the new
standards that's out fromthe EPA? | noticed that your
groundwat er standard is essentially for 1285 acre feed at 20
kil onmeters, and we just heard fromthe EPA it was going to be
a 3000 acre feed at 18 kilonmeters, and so wll you rectify
the differences between--that's just an exanple, but all the
ot her differences between the dose standards fromthe EPA and
t he NRC?

HANLON: |'m not sure what you're reading from Dr.
Bullen. But in fact, the Prelimnary Site Suitability
Eval uation was rel eased after the EPA was final, so we were
aware of that and we tried, to the extent possible within
that time frame, to rectify it, and | believe we did concl ude
the 3,000, and we did an eval uation against the 18 or the NTS
sout hern boundary. So, to the extent possible, we did at
that tinme evaluate the differences and correct.

And Rob has sonething else he'd |ike to say.

HOMRD: In the anal yses that were presented in the PSSE
and in the SSPA, as you recall those anal yses were being done
at the time the standard was rel eased, so the PSSE has
sensitivity analysis at the process level. W did not do any

cal culation for 18 kil oneters.
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There was al so additional sensitivity analysis for
the different critical groups. W are doing additional
anal yses now to eval uate what the inplications are of those
standards, but they are not docunented in the--the TSPA
cal cul ations are not docunented in the PSSE or the supporting
docunents for those standards.

BULLEN: Bul |l en, Board.

As a followup to that, wll they be done before
the SR, and in support of it? | nean this is a docunent as
Jerry nentioned is going to be the basis for decision nmakers
to look at. WII those--1 mean you want to get everything
sel f-consistent if you can hand the package to the secretary,
right?

BROCOUM Russ Dyer yesterday told you the (inaudible)
basis for the SR was his presentation, but there's a few
extra things that will be comng in as work goes on. The
first is aletter report that's being conpleted right now
whi ch does the TSPA agai nst the 18 kil oneter exactly. \What
they did to the PSSE, they--when the new standard cane out,
they made--1 want to use the word extrapol ation. Wuld that
be an accurate--they nmade extrapolation to 18 kilonmeters from
the 20. But the actual TSPA calculations is being done to 18
kil ometers, and that report wll be out this nonth. It's a
letter report.

The second thing, we're--in Novenber we'll be
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i ssuing another letter report that |ooks through all the
information we've collected since the SSPA and the SR issue
and see if that has any inpact on the clues we have reached,
and that will be com ng out in Novenber. So those two
reports will be comng out this Fall to suppl enent
i nformati on done so far. O course, the PSSE will| be updated
to incorporate the | atest standards, including a final
standard as soon as--when it becones final.

WONG:. Would you identify yourself for the record,
pl ease?

BROCOUM  Steve Brocoum DOCE

WONG. Lake, do you have any comrents?

BARRETT: Lake Barrett, DCE

Let me try to explain a little bit about PSSE

summary as it was in the front, and the frustrations that you
have, okay? And we had sone of the sane, as we went through
generation of that docunent. That docunent is very nuch a
| egal docunent. This is very much a | egal docunent that has
went through the channels, through the Court, etcetera. So,
as we put that docunent together we had the | awers very much
involved, as well as ourselves. W are well aware of the
dial og that went on in one of the previous neetings and
explained to the decision-nmakers, etcetera. This is not that
docunent. This docunment was primarily a | egal docunent. W

are working to find a inproved way to conmunicate with the
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general public and certainly to decision-makers. So we
recogni ze that this is not the end-all docunent. It is the
Prelimnary Site Suitability Evaluation. One that | support,
| stand behind. It was not ny first choice going into the

| awyers regardi ng what we had.

Now, | believe there is going to be a way that we
can address the uncertainties, address the range, and sone of
the frustrations | sense on the Board, in subsequent
docunents yet to cone out. And, | would ask the Board's
i ndul gence to try to wait a little bit. | knowit's probably
very frustrating as to howlong this will take to do sone of
these things in many different areas. But that's really kind
of what happened with this and that's why you do not see it
in that docunent. But we are going to bring, commt to bring
that across in a nethod that | just don't know what it is
yet.

KNOPMAN:  Jeff, may | follow up? Knoprman, Board.

| went through the whol e docunent and it rem nded
me of the volume 2 of SRCR, just |ooked |ike a conpliance
docunent, is the way it reads. |It's not a narrative about
how this thing is going to work and what we know, and--well,
to sone extent it's what we know. But maybe you could
expl ain what the |legal argunent is, what the |awers told you
about why a range of estimates could not be included.

BARRETT: \What--on any issue, not yet the non-issue. On
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anything that you' ve got to neet a standard, you know the
| awers woul d advi se you and you know it's going to be
chal | enged. Just say what you need to neet the standard and
don't say anything el se.

Now, in our view, we believe we neet the EPA
| egal | y-desi gnated standard in the NRC 63 by many orders of
magni tude. Yes, their own certainties, etcetera, as you al
know very, very well. So as we engaged with the | awers and
tried to construct sonething here, we were not successful
with it inthe Prelimnary Site Suitability Eval uation
That's all | can say, but they start off by saying, "Don't
say anything extra because whatever you say will be used
agai nst you when you put in additional, quote, hel pful
information."™ And there are many things the lawers will say
on that issue, but when you start putting in hel pful
information, you've jeopardized a lot of things, so in the
| egal --in |l egal defense. But then again a public--public
i nformati on aspect, these are conpeting goods, we say. And
so that's what we're trying to westle wth.

| recognize, and we all recognize that the PSSE,
you know, does not do sone things that we want it to do, but
| believe it fulfills all legal requirenents. | don't
believe it fulfills what is your frustration and sone of our
frustration, but we're not done yet. This is a Prelimnary

Site Summary Evaluation. W do believe firmy that we do
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nmeet the standards and we should start the process, but it is
not a good conmuni cation docunent. It is not what is our
commtnent, let nme say, to decision-makers as we have made in
many neetings before about conmmunicating to ranges to the
best of our ability. And that is not in the executive
sumary.

KNOPMAN:  Lawyers were aware that this was the docunent.

This was a key docunent that was going to be used for the
basi s of public hearings.

BARRETT: Yes. Yes, they are, and they |ooked at it
froma |legal defensibility point of view, and we needed that,
okay? But nonet hel ess, the balance of this is, one, | do
support the docunent. W support it, you know, but it was--
it has sone--we want to do nore in certain areas and
certainly you are right on one, that we need to do nore on
it.

COHON: Cohon, Board.

|"m synpat hetic, believe it or not, to that
response, having to deal with ny own | awers. The Board's
j ob of course though is we don't have to worry about that,
thankfully. So our job is to push on what we think are key
techni cal issues, including uncertainty. One could debate
whet her the communi cati on about uncertainty is a techni cal
issue or not. | happen to feel strongly that it is a

technical issue, at least related to technical practice. And
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therefore, this issue of uncertainty in comrunication to
deci sion-makers and the public, | believe is sonething that
the Board can comment on. And |, frankly, | think the
| awyers, in focusing so strongly on EPA standards, are not
bei ng sensitive to this suitability hurdle that you have to
get over; not well-defined, unfortunately, but that doesn't
hel p us very much. But one thing the Board has comuni cat ed
strongly to the programis that we believe uncertainty
guantification and comruni cation related to your performance
estimates is key. And so, part of this nay be related to the
| ong- st andi ng confusion that pertains to suitability versus
licenseability. And the EPA standard really, and the EPA I
don't think ever thought about suitability. And that--that
wasn't their job. And so, | think that being so focused, and
constrai ned by your | awers to focus on the EPA standard as
stated, really, it only addresses, in part, the suitability
change.

BARRETT: When we issued the proposed revision to 10 CFR
963 back in the m d-90s we nade a fundanental policy decision
within (inaudible) to nove--if this site was--net the duly,
| egal | y- promul gated environnental protection standards and
health safety standards, you know, that based on the way the
| aw was, that this would be a suitable site, so that policy
becanme basically one. But we also recognized i medi ately

that in the conmmunication, and there was a report of public
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opi nion type thing, that was necessary, but insufficient.
And that we needed to al so address the issues that you have
driven on as well, so | think with these gentl enen, w th what
you're saying, but we tried to split this, the program into
technical sustainability, |legal sustainability, and
sustainability in accord with public fairness. And we're
having difficulty struggling with the last one, with the
first two. But we have sone plans that we are working
internally on to address the issues, and | guess--this is the
prelimnary evaluation. W are not done yet. And, you know,
pl ease await to see what we can do to try to rectify, not
only this situation, but other issues as far as uncertainties
and design work and things |ike that. So we are struggling.
We really are struggling to try to balance the sonetines
conpeti ng goods--and they are all good and they are al

right, and we're trying to down-bal ance and progress them al
fairly. So it is--1 would just ask your indulgence to wait
to see if we can do sone nore. W are doing nore. | nean,
now if it would be good enough you will have to judge when we
bring that forward to you.

WONG Al berto?
SAGUES: Thank you. Can we | ook at the number 19,

pl ease? Al so get through the schedule for the rest of the
nmeeting, the agenda and |I--we may not be seeing this

particular curve too many tinmes, maybe perhaps in connection
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with Bob Andrews' presentation tonorrow, but in a different
context. So this may be a good tine to bring this up,
although it's a little bit peripheral to your overal
presentation. But let's concentrate for a nonent on the SSPA
projections. And the red curve represents--they have the
case, the blue color represents the cooler nodel. And what
woul d happen if, because of, say a person's scientific
ignorance, if that's all there is, indeed the |ocalized
corrosion node that develops and there is great |ikelihood
for it to develop on the high tenperatures, and that of
course is not contenplated in the provision because |

under stand that what we happen to call nodels at this nonent,
they do not consider |ocalized corrosion devel opnent. And
now there is |ocalized corrosion devel opnent and there is

w despread pitting that develops and it tells us that that
pitting does penetrate through the two centineters of CG22 in
a period of tinme which is relatively short. A couple hundred
years, sonething on that order. W have a big fat surprise
because of not enough devel opnent in present science, and |
for one, think that that surprise would be nore likely to
have in high tenperatures than | ow tenperatures, the way

| ocalized corrosion tends to devel op. How -what woul d that
do to the projections if there are any--is there any

i kelihood that we w il then be shooting up, all the way up

to the (inaudible) one level, which I think would create the
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probl em from expectations, the normal expectations
standpoint, right? |If that--how far would that be--

HANLON: Dr. Sagués, | think Rob is going to take a cut
at this right now, but I would suggest to you that in the
detail ed presentation he gives on supplenentary science and
per formance assessnent this afternoon, that m ght be a better
place for himto take it up in detail. But is there anything
briefly that you mght want to say, Rob, as a prelude to this
af t ernoon?

HOWARD: Yeah. The question is, well, | think it's how
much waste package failure can the systemtolerate? |s that
a reasonabl e summary of the question? What happens to these
curves?

SAGUES: | guess you coul d say that. Suppose that you
end up with wi despread pitting devel opi ng, say sone tine
during the hotter part of the period.

HOMRD: Right. Wll, we have not done any cal cul ati ons
particularly with pitting and the characterization of what
that failure looks |ike as far as how radi onuclides woul d be
ei ther advected or diffused out of the system The igneous
i ntrusi on anal yses where you have on your, you know, 40 or 50
wast e packages failing wwthin a realization catastrophically
woul d gi ve you sone indication of those curves shifting up
several orders of magnitude. But again, the pitting--suffice

it to say that as the waste packages fail the dose rates are
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going to go up, but to characterize that as far as EBS

rel eases | think would be speculative on ny part, just that

it would go up--1 couldn't give you a quantitative answer
ri ght now.
SAGJES: So if--1 guess |I'mjust trying to think about

the curve in ternms--naybe what is being said in a way is the
probability of that happening is so small, | nmean if you were
to put it quantitatively to--probably we are wong, you know,
with theories of corrosion, say. |If the probability were
very high then that would result in a--that red curve woul d
clinb up.

HOMRD: Yes.

SAGUES: Way up, and nmaybe even not get it in right
conpl i ance.

HOMRD: Right. | see.

SAGJES: And in a way we could imagine at this nmonent
there is a multiplier of zero with that probability in that
particul ar nodel. And now, could it be possible perhaps to
do a little bit of quantification of uncertainty by saying,
okay, what is the chances that our corrosion scientists are
wWrong now?

HOMRD: Yeah, |I--

SAGUES: What is that kind of nunber to that?

HOMRD: \What are the chances of our corrosion

scientists being wong? Well, I--put a probability to that?
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SAGUES: Right. There's nore of the chances of zero
because, you know, saying that now we're sure that |oca
corrosion isn't going to happen, but that is a non-event.

HOMRD: Yeah. | don't think |I can put a probability on
t he chances of our corrosion scientists being wong, would
be, I mean when | don't know what it is that | don't know I
usually put a uniformdistribution onit. Another way to get
at the problem | think that we're going to have to
guantitatively, as these so-called barrier (inaudible)
anal yses that the--1 have issues with that. | nmean it's
another way to slice the problemto different a thought
experinment to get at what it nmeans if they were wong, so it
gi ves you a consequence. But to put a probability onit, |
have to scratch ny head. Maybe | can give you an answer this
af t er noon.

SAGUES: | see. | see.

HOMRD: (Il naudible). Maybe this afternoon then, you
thi nk because |I really would |ike, you know, to--

HOMRD: ['Ill give it a shot.

WONG  Paul Craig.

CRAIG Al berto, you' ve asked the right question as
always. But | think there is a nunber. They have nade
inplicitly the clear statenent that the probability of any
corrosion node, be it localized or general, is bel ow one and

10 to the 8th per year. That is to say below the | evel of
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regul atory concern. It's clearly inplied by the way the
anal ysi s has been handl ed and presented.

SAGUES: And suppose there is the one percent chance
that the scientists are wong? Wuldn't that--

CRAIG Wll, see what | nean, Alberto, it's how nuch
they are wong, right?

SAGUES: Right.

CRAIG So it's the probability that they are outside
sone range, and that goes to the (inaudible), the substance
issue. It's not just a matter of being right or w ong.

SAGUES: Yes, but we can say--

CRAIG But Rob's point also is it's interesting to
consi der the consequences of being wong. That's what you're
suggesting?

SAGUES: Yes.

WONG. Any further questions fromthe Board? Board
staff? Thank you, Carol. Thank you very mnuch.

Wth that that brings us to public coments, and |
turn the neeting back over to Dr. Cohon.

COHON:  Thank you, Jeff. W have two peopl e signed up
for public coments. Sally Devlin.

DEVLIN: Thank you. My name is Sally Devlin, and |I'm
the public from well, Nye County, Nevada.

And | just loved all the presentations because it

brought to the fore sonmething that we, the public, are very
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conscious of. And when ny friend, M. Jared Cohon, said |
don't do anything with (inaudible) unless | talk to a | awer,
and this is what Lake was referring to. And | will iterate
what happened at our NRC neeting in Pahrunp sone nont hs ago.
And they canme down and they tal ked about the licensing. And
they were effusive, offensive and obnoxi ous because they

tal ked down to us. And when the question cane up i s how does
one protest, and Larry told them how you do it. He said,
"WIIl it cost $1,000,000, and he said yes.

And so it was not only offensive, but it really was
di scouragi ng because | know and | say it in nmy heart that the
assunmed uncertainties are so grand that this will be rejected
because it wll kill the people. And that's what |'m going
to tal k about today, about the cancers.

And the first thing ["'mgoing to bring to you is,
agai n, tal king about EPA' s standards and what have you. And
| amno longer Sally Devlin, ignoramus and the public, but I
am Loren Moy from Berkel ey, Ph.D and so on, with the tooth
fairy program And unfortunately her car broke down so that
we tal ked extensively and she tried to give ne information.
So just call nme Loren Moy for a mnute. |'mwearing a
di fferent hat.

But this is what she taught me. She said the EPA
has standards for all the elenents, and there are 117

i sotopes of uraniumand all this enornous volunes. EPA sent
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me a book with 2,000 of these things. Lovely. |1'mdelighted
and | give it to friends who want to know what the 2,000 are.

But for me it really doesn't nmean anythi ng because | am not
a scientist and so this is what she gave ne.

One was the gases, and | hope I'msaying this
right, and | expect everybody to correct nme when |'m wr ong,
is krypton. And, krypton breaks down into yttrium and
strontium 90. And, what happens is, and these are in
i mreasur abl e quantities, whatever that neans, and |'m
assum ng they are seen mcroscopically for a mnute |like A
Argonne gas and stuff.

But anyway, what happens, and this is one of the
theories on the cancers of Fallon, is sonething she taught ne
which is called pyrophorics. You shoot a bullet and the fire
that comes off in the blast is in a colloidal state which
never settles to the ground. And that remains in the air,
and the colloids fromthese uraniumbullets and ot her things
of that nature--which, of course, I amnot too famliar with
but you are--stays in the air and it gets in your orifices.
And as she explained to ne it only takes one cell or whatever
they are--1"mnot tal king about ny bugs till this afternoon--
it is one cell to get in your eyes, your nose, your nouth,
your ears, netastasizes--right word? Thank you. And you've
got cancer. And this is sonething the board will get and

"1l get it to Russ and I'll get it to Lake if everybody wl|
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cooperate. This is a report fromMarion, Chio, and it's from
"Famly Crcle" 87-01, and this town has had 23 or so
| uekem as, cancers, and Fallon have been 14. And they built
t he high school on an Air Force chem cal dunp. And of
course, it rains in Marion, Chio. |s there anybody here from
Chi0? Onio, are you there? No? Ckay, guys.

Anyway, this is the paper you're going to get. And
it's terrifying. And so when | |ooked at all the stuff you

shown, and |'ve watched for nine years, and we've all grown

old together, | keep saying sonething about the future. And
April did a brilliant program and she nentioned the NRC
staff. Well, | just read an R & D article on the NRC staff,

and it's just like being married to Abe for the next 200, 225
years till they close that thing. And that is who is going
to be here on the NRC staff that is continuous. They said in
the article, "You' re going to | ose 40 percent of your staff.”
Now, NRC I do not |ove because they are so snotty
towards us in Pahrunp, but--what's the nost inportant thing
is they are the inspectors. W is going to be trained to
i nspect and oversee--maybe that's the proper word--on this
stuff when there is no stewardshi p? What happens after the
225 years when Abe and | are gone? Were is the continuity
and who is going to do it? Can you do it by conputer when we
tal k about the robotics and we tal k about the health of the

workers? | gave it to you fromthe book yesterday. And it
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said seven, eight and 12 per thousand deat hs.

Now, we get in on all this stuff and I'"'m-I don't
mean to be equivocal about it, but again, | have to say that
what's the nost inportant thing to ne is the health and
wel fare of this nation. And | have to give you a history
| esson. And that is Nevada is the third |largest state in the
nation. 87 percent, give or take, is owed by the federal
governnment. My friend has a map from 1930 on | anbskin, and
there were 30,000 people in the whole state. Now you've got
al nost 2,000,000 in Las Vegas. W're going to have 120 to
150 in Pahrunp, and Magosa (phonetic) has a few, and so on.
But we don't count because the governnent does this.

And, | showed you the article about the capability
to make the gerns. Anyway, it's really terrifying. And
again, we get back into the water. Wwen | |ook at the tests
| do not see it any--the way you see it. For all these years
|'ve said how can you? And that's why | brought that book on
the 50th anniversary. You're going to see what went on in
the test site. But what you're not going to see is that
there are 20,000 airplane flights over the Air Force bases
fromFallon to Vegas, to Nellis, that flies over the test
site. You've got fuel dropping, you' ve got plane crashes,
you do not see the Tonopah Test Range with all the uranium
bullets and so on. That is next door and you are part of

that 25 mles in the Tonopah Test Range. You do not see what
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cones out of Payute Mesa and Frenchman Fl at and so on because
t hey are above Yucca Mountain. They are not that far away.
The 1370 square mles is just a small portion of what the
feds own. Nye County owns the roads.

And, | just did a report to the PUC and to Pahrunp
and so on on the wind machi nes that they anticipate putting
in. And | can assure everybody here | was coerced into doing
it, and | was the | east prepared, but as always |I was the
only one avail able, so of course | went into 20 m nutes of
testinmony. Now, they are going to put 541 wi nd nmachi nes up
there. Huge things that generate a mllion--1-1/2 negawatts.

That's enornous. And they are going to get so big they can
generate three negawatts.

Now, havi ng been on the NRP Commttee all these
years and | see the water that we're neasuring in Lake Meade
that's | oaded with PU and U 237, 238 and 242, and that's not
nice. | don't know about the lead. But this is the stuff
that is going on, and | see this project as it's whole. | do
not see it as 25 mles of Yucca Muntain and you have
separated everything and everybody fromthe test site. Al
the cores are out of the test site. Al of this, all of
that. And it's hidden fromthe public.

And then Lake, ny dear friend, he's not going to be
with Abe and ne. You tal ked attorneys, who is the bottom of

the barrel. And | nean that wwth all nmy heart. | have
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judges and attorneys in ny famly, that | know intinmately.
And they set the laws. W, the people, don't. And it's
scary because you can | ook at | aw upside down, inside out,
and backwards and interpret it as you choose. And this is
not, in nmy opinion, for the benefit of the people. | regret
the cancers which will be occurring. Renmenber your |aw, and
that's what | want, the boundary map for Pahrunp. You cannot
be cl oser than 800 neters with a vehicle or rail car. You
can abide yourself w thout the 800 neters. So that is ny
shot--yes, Gerry.

COHON:  Ti ne.

DEVLIN: Oh, okay. | thought you were correcting ne.
"' m so used to being eval uat ed.

Anyway, thank you, but understand ny feeling about
this. It is extrenely negative and it really scares nme nore,
and 1'Il just close with this in Iight of what goes--going on
in New York and the Pentagon. Because | nentioned
bioterrorismyesterday. W don't know, it is insanity, but
it's there. And we have no one and nothing in Pahrunp to
handle it, or at the test site, or in the entire state of
Nevada.

And where is M. Mrgan Moskowitz? |s he here?
Morey Moskowitz, is he here fromthe state? He can
corroborate this. Thank you.

COHON: Now we will hear fromBill Vasconi
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VASCONI: My nane is Bill Vasconi. 1've been a resident
of Nevada since '64. | notice quite a bit of the audi ence
left, but that's all right because you are the fol ks | want
to talk to. Maybe even ask a question or two.

You know, there is a good bit of Nevadans that
don't believe they are part of this nation's nuclear waste
concerns. But there's just a good many Nevadans that believe
they may be the solution for this nation's nuclear issues and
concerns for many generations to cone.

Now, |I'ma construction worker, and 17 years of
that was at the Nevada Test Site. | cane to realize that we
have the technol ogical and scientific expertise devel oped for
over 50 years. Then we start attending our neetings on the
ElIS, you folks, NRC, EPA. W got those for and those agai nst
in the State of Nevada. Sone of us have convictions. |'m
one of them |[|'mnot college educated. But | depend on what
| hear here at your scientific and technol ogi cal neetings,
because | need assurances that the way ny heart and brain
feels is right. Now, | know the antis that don't want to
talk to ne because of who I am |'ve got several world
organi zations that don't want to talk to ne because of
association. I'mnot paid to stand at this m ke and address
you people. | do take ny tinme and read the articles. | read
the articles that's witten by other organizations, but |

al so know what you don't say. You don't say the site is
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illogical. You don't say the site won't work. You do have
credibility. National Acadeny of Sciences nom nees, Nucl ear
Wast e Techni cal Review Board. This Nevadan is paying
attention to what you do. This Nevadan is not humliated or
put down by crowds of denonstrators. This Nevadan realizes
this is a national issue, not all a state issue, who this
nmorning would like to see us dock our 70 atom c submarines
because they produce spent fluorides. Qur atomc aircraft
carriers because they produce spent fluorides. (Inaudible)
Snaring wants to close the reactors at so many universities
and nedical facilities because they produce spent fluorides.

| (inaudible), I worked in radiation. | was a radiological
technician nonitor for a few years. M God, your |evels are
| ow enough. | hope everybody just don't junp on the band
wagon. W could start cutting out mamograns, chest Xx-rays,
no nore (inaudible). Think about it. | think about
occupational safety because |I'ma construction worKker.
hear a lot of estimates, a |ot of guesses, a lot of limts.
What's our occupational safety limts? R ght now t he way
things stand that guy can drive that truck. Wo tal ks about
the guy driving the truck? He can drive that truck for three
months. He don't have to eat, sleep or go to the bathroom
before he reaches his occupational limts.

Yeah, we got county conm ssioners that don't

realize when radi ati on passes you as a light in the



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

420

flashlight it's not no | onger there.

Paul Perkins, keep this in mnd, and | don't
believe in surveys, because you can wite the damm things any
way you want to. | don't believe in surveys, but you asked
t hrough a survey of UNLV what do you believe in nost, your
scientific community or your politician. Your scientists
have won out by 96 percent. Politicians get credit for two.

But they are hard to talk to. | stand with Nevadans that do
believe, do believe, this is a national issue. But | also
stand with Nevadans that are concerned. They are concerned
about world welfare. They are concerned about issues |ike
inpact, mtigation. They are concerned about energency
response fromtheir communities. |'mconcerned about the
econom ¢ devel opnent in Nevada and people in Nevada. W have
busi nessmen who want to put railroad ties in a concrete
rebar, a mllion of themfor a north/south railroad system
to be utilized for econom c devel opnent after the nucl ear
wast e assaul t.

W got state senators who want to see transition of
federal lands. W' re 86 percent federal, because they want
to build a sustained tax base for future generations to cone.

| see communities, rural comunities, that want econom c
devel opnent. But keep in mnd those rural communities, the
railroad, the road, is going right through their town. The

peopl e of Nevada--Cl ark County is an exanple. Let's use
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Clark County, 1.4 mllion people. They are not concerned
with Yucca Mountain. |If they were, they would have been at
that fiasco they called a denonstration at the DOE facility.
They're not the Nevadans. | was ashaned. Nevada can do
better than that and so can a congressional del egation. They
attacked the process, not the substance, and that's where you
folks are at. You're the substance.

Yeah, there's a | ot of Nevadans out there who want
our university systemvested in. They want research centers.

But their wants are for ourselves and the concerns of the
nati on.

Thank you very much, for in the past |I've talked to
you folks and we said we don't want it closed. W want it
monitored for water, for tenperature, for radiation. W want
the capabilities of extracting it if there is sonething

wong. Some of you listened. Sone technical review board

listened. | appreciate that.
Again, I'"'mnot paid to speak. |I'mnot paid to
stand here. |'m standing here because | want you to know

there's Nevadans |ike nme that exist. Put down your concerns
are crinme, water, waste, jobs, schools, and the anpunt of

(1 naudi bl e). About nunber 14 is Yucca Mouwuntain. Your
concerned the fact that in Las Vegas, Nevada, there's a

mur der every other day, a rape every nine hours, a car stolen

every 40 m nutes.
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Wien | go out in the world | just want 960 mles

around the center of Nevada after Thursday's |ast neeting. |

tal ked to a couple county comm ssioners, | talked to a few
residents. | had to reaffirmny convictions that this is
doable. It's a viable solution to this nation's nucl ear

waste concerns. But | need you fol ks beyond the EPA, NRC,
beyond DOE, because DCE is a fly in your eye. They don't
give a conmplinment fromanybody trying to do their job right.
Here is what is wong with DOE. |I'mnot afraid to
conplinment. | don't want to find no faults with them
Because if | find faults |I'd probably be on the other side of
the m ke saying we don't want it here. W don't want it
here, but we know you're comng. There's equity issues,
benefits that this state is entitled to. You keep doi ng what
you' re going. You nmake sense out of it. Don't forget to
wite it in layman's | anguage. Sonme of your (inaudible)
mouths will be just as clear as that (inaudible). But do

give nme assurances. Don't be like DOE, don't be reactive, be

proactive. (Ilnaudible) what's going on, and |I'Il carry the
nmessage.

| want to thank you. |If there's any questions you
want to ask, now is your chance to do it. | don't care what

it's about--transition of federal |and, how many nucl ear
devi ces was detonated on that Nevada Test Site. O one, |I'm

going to shut up. (Inaudible) again. Thank you very nuch.
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| hope we neet again, and ny heart and soul goes out to those
t hat - -what's happened this norning. | hope we neet on a
better day. Thank you nuch.

COHON: Thank you, M. Vasconi.

We now stand adjourned until 1:00 o'clock. Thank
you.
(Wher eupon, a recess was taken.)

WONG. --provide an update fromthe project on science,
and the suppl enental science and performance anal ysis. Qur
first speaker is Dr. Mark Peters fromthe BSC, Los Al anos
National Labs. Dr. Peters?

PETERS: Can you all hear ne okay out there?

SPEAKER:  Yeah.

PETERS: Wth the events of today |I'd kind of like to
laugh to take ny mnd off the events, and | noticed that |
have till 2:30 in the norning to give this talk, fromthe
agenda. So bare with nme. Rob, you're going to have to wait
for a while, if that's okay.

HOMRD: Mark Peters is pretty good.

PETERS: You're good at questions (inaudible), even
better.

VWhat 1'mgoing to do is today, thanks again for
havi ng ne back, give you all an update. | think what you've
gotten used to seeing over the past several neetings on where

we're at with the Scientific and Engi neering Data Col |l ection
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Program the testing program-if you hear ne tal k about
testing and al so saying data collection, that's maybe
semantics, but it gets back to a corment that Dr. Sagiés nade
at the last neeting about, "Hey, everything isn't a test. In
sone cases we're collecting data for paraneters, in other
cases we're using it for validation." So I'mgoing to try to
sprinkle in here nore specifics on why we're doing particul ar
testing or data collection and also what it's telling us
about our nodels. |[If | don't catch all the ones that you al
are interested in, please ask nme in the questions. |'m going
totry to sprinkle that in. But it's structured in a very
simlar way when |'ve done previous presentations.

"Il start with the unsaturated zone, tal k about
the drift scale tests, spend sone tinme on chlorine-36
validation, which | knowis of much interest to the Board. A
brief update on fluid inclusions work. You heard a | ot about
fluid inclusions at the neeting in Arlington in May. This
will be very brief. Then nove into the cross drifts, still
focusing on the unsaturated zone, the crossover alcove,
seepage tests in Niche 5, as well as borehol e based seepage
tests. And then another itemthat | know is of nuch interest
to the Board, the bul khead investigations in the ECRB. An
update on where we're at with Busted Butte. The field work
at that test is now conplete and we're in--pretty nuch

finishing up analysis and nodeling of the test results
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t hrough this year and into next.

"1l nove into the unsatura--or the saturated zone,
excuse ne. Talk about sone of our cooperative work with the
Nye County drilling program | wll not steal Dale's
thunder. You're going to hear quite a bit about the NYE
County program | believe later this afternoon. Move into the
alluvial testing conplex. Al of this you' ve pretty much
heard about before. This wll really be updates on previous
i nformation.

Moving into the engi neer barrier system sone of
the testing that we're doing at the Alice facility in North
Las Vegas, the ventilation tests, as well as a brief nention
of the construction phase of the natural convection test
that's going on over there. Talk sonme about thernal
conductivity nmeasurenents. | know there's interest in that.

These are--1'I1 focus on the field based neasurenents that
we've started in the ECRB, and then about three or four
slides on waste form [|I'm-you'll notice waste package is
m ssing. |'massum ng that was covered in great detai
yesterday by CGerry Gordon so that we're not going to go over
that at all at this presentation

A diagram that you' ve seen before. Again, |'m
going to start with the ESF here, is the exploratory study
facility with the cross drift. North is in this direction.

This is the primary potential repository block. 1'mgoing to
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talk first about results fromthe drift scale test here in
Al cove 5. Myve into tal king about chlorine-36 validation.
There we're | ooking at sanples fromboth the drill hole wash
area, fault area, as well as the Sundance Fault area down
here by Alcove 6. Fluid inclusion work, of course, covers
sanpl es fromthroughout the ESF as well as the cross drift.
"Il talk about the cross drift. | have a nore detailed map
| ater before we get into the cross drift section.

First, the drift scale test. You' ve seen this
di agram before. Just to rem nd you how the test is laid out,
the observation drift, the connecting drift, the heated drift
with the wing heaters, 25 on each side, and renenber we al so
have the nine |large waste canisters inside the drift with
el ectrical heaters.

The primary purpose of the drift scale test is to
eval uate the thernocoupl e processes. Here we're after
conpetence building in our nodel s--validation, if you like
t hat word.

It's--in terns of boreholes, again, we have the
borehol es that conme up, the observation hearth both above and
bel ow the drift, heated drift, and then of course a |ot of
t enper at ure nmechani cal neasurenments within the heated drift
itself.

An update on where we're at. As we've been heating

since Decenber of "97, I'll talk about the heating phase of
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how we' re going to handle the end of the heating phase |ater,
a couple slides down the road. This is show ng the power.
Renmenber, we started at about power here on this Y-axis.
This is a function of tinme. At close to about 190 kil owatts.
This slide shows we've turned the power down four tines,
we've since |last week turned it dowm a fifth tinme to maintain
t he 200, approximately 200 degree C at the brick wall. So
this is just to update you on where we're at. You can see it
was starting to clinb here so we have since again turned it
back, power back one nore five percent increnent.

Sone tenperature plots. These are al ong horizontal
bor ehol es about hal f-way down the drift that run along the
pl ane of the wing heaters, or just above the plane of the
Wi ng heaters, so that's why you see the hunped profile
because renmenber the wing heaters are segnented, they have an
i nner el enment and an outer elenment. Just to give you an idea
of the peak tenperatures that we're seeing out in the rock
near the wing heaters are upwards of 250 degrees cel sius.

In terns of the neasurenents, tenperature--we've
conpared tenperature neasurenents to our predictions. W've
tal ked in previous neetings about predictions of--where the
water is going to hydrol ogic predictions, and al so chem stry.
l"mgoing to focus a little bit today on the tenperature and
t he hydr ol ogy.

In terns of tenperature, we've done a | ot of
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statistical analysis of our neasurenents. First is the

predi ctions--pretest predictions, and find in the nmean error
that alnost all of our sensors is wthin a few degrees C.
You do see sone |local effects, hydrologic effects in terns of
tenperature signal in sonme of the tenperature sensors, and
that | ocal heater in 80 are primarily drains and fractures is
what we're interpreting to produce sone of those systematics.

Hydr ol ogy, in general, we do, as you know,

geophysics using different techni ques--1ogging, radar,
resistivity techniques, as well as air perneability to | ook
at changes in fracture saturation, and in general they
corroborate well with the redistribution of the noisture.
W' ve done sone statistical analysis as well in a nore
guantitative sense. But | don't really have any plots to

di scuss that in any great detail, but in general, the
statistical analysis corroborates that we're doing a nice job
of predicting where the water is going.

This is just one exanple, again from borehol e 160.

One of these horizontal boreholes, about hal f-way down the
heated drift just above the plane of the wing heaters on the
west is tenperature versus tinme for neasurenents and on the
right is the simulations. | didn't want to put themon the
sane plot because it nuddies it up, but this is a function of
di stance down the borehole. [If | overlaid these you' d see

that they are well within--they are wwthin a few degrees of
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the predictions and what we actually see in terns of the
nmeasur enent s.

What about the cooling phase? W started the
heati ng phase, again in Decenber of '97. W had al ways
pl anned on a four-year heating phase. W've recently
eval uated primarily at the thermal test workshop that we had
here in June, we renenber that a ot of the big drivers for
the four-year heating phase had to do with the chem stry. W
want ed to have enough tine to bore enough water away fromthe
dryout zone, maintain it in the condensation zone, and get
enough time for kinetics to take place so that we could see
real changes in water chem stry and potential m neral ol ogy
infractures. W discussed whether there was any value in
extendi ng the heating phase to continue to neet those
obj ecti ves.

The determ nation of the scientists was we had net
the objectives that were necessary so right now the plan is
to begin cooling at the end of the four years. So as of
January of next cal endar year we will start the cooling
phase. W haven't talked in detail. In all Iikelihood that
wi |l probably be switching the power off and watching it cool
naturally.

In terns of predictions, the sanme borehole that I
showed before. The horizontal borehole again just above the

pl ane of the wing heaters. This is just a series of sensors.
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Sensor 3 starts at the collar, noving towards the back of the
borehole, just to give you a feel for the cooling phase if we
just flip the swwtch. The end of three years, all the rock
tenperatures in that borehole are below boiling. R ght now

t he schedul e woul d have us cooling for four years. W wll
eval uate the cooling phase as we go and determ ne when the
cooling phase will actually end. At that tinme there wll

t hen be post-test characterization. As of right now the
drift bul khead will remain closed during the cooling phase.

Chl orine-36 validation. Probably don't have to go
over the purpose. Renenber we've done a |lot of chlorine 36.

The chloride analysis in the ESF and the data sets that were
coll ected by the project showed evi dence of apparent bonb
pul se at five to six locations in the ESF. Two of those were
two of the faults in the ESF, the Sundance near Al cove 6, and
the Drill Hole Wash Fault Zone is exposed just towards the
portal fromthe ECRB breakout.

Because of the inportance of those anal yses for the
conceptual nodel for UZ flow, we've gone in and attenpted to
val i date the occurrence of bonb-pul se Chlorine-36 at these
two structures. You are aware of the fact that Livernore and
Los Al anps have both been involved in previous neetings
you' ve seen sone detailed presentations fromthemthat show
sone pretty significant differences on the validation sanples

between the two | aboratories. So we went through a |ong,
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arduous | ook at a set of reference sanples to try to
under st and what was causing the discrepancies. W honed in
on how we process the sanples, neaning how we crush them
And al so how we | each the sanples in distilled water. The
approaches were distinct.

In Livernore's case they were what we call active
where they were fusing--they were shaking them and grindi ng
them as they were | eaching; whereas, in the case of Los
Al anos they were putting themin the beaker and letting them
Sit.

As we went through a detailed analysis of the
reference sanple, we've arrived at what we think is the right
technique to |l ook at the additional validation sanples, and
that is to crush themin a conmmon crusher, one party, and
then sinply do passive |eaching, nmeaning put it in a beaker
with the ionized water for one hour. This is what is now
bei ng used for the additional analysis for validation
sanples. That's ongoing. The USGS is |eaching approxi mately
two kilograns of crushed core per one neter of additional
core. And we're getting about two liters of |eachate per
sanple. That's being split, provided to Livernore and Los
Al anbs. Those anal yses are ongoing. Livernore has schedul ed
to do the chlorine 36 to chloride and |I'd say scheduled to do
the Chlorine-36 to chloride neasurenent in the accel erator

there in Septenber--later this nonth. Los Alanos is likely
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not to happen till thereafter, but we do hope to have
prelimnary results here real soon on those additional
val i dati on sanpl es, again using this comon techni que.

We intend, USGS intends to develop a letter report
on the results in early calendar year 02. There wll be
additional --there wll be additional analysis, sone
additional trillium (phonetic) analysis as well, and that'l
be included in the final report.

But as we discussed the other day, the USGS w ||
provide a report that will interpret the Chlorine-36 results
specific because we understand that's really the hard spot in
this whole thing. So we understand the priority and we're
nmoving forward as swftly as we can.

Fluid inclusions. The USGS fluid inclusion work,
the isotopic work and the geochronol ogy, a | ot of what you
heard about from Joe Whal en and others at the |ast board
meeting, is nearly conplete. They continue to do sone
m croscale work in the Cal Site, particularly |ooking at
i sotope variations on the grade scale, etcetera. The results
of the USGS studi es have been reported at several neetings,
GSA high level waste and you all saw quite a bit at the
Arlington nmeeting in the Spring, in May. The USGS is very
close to having conpletely submtted all their data into the
Techni cal Data Managenent System

You al so heard from UNLV at the | ast neeting and
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you renenber that they were witing up their results in peer
review journal articles. That effort continues. | believe
they are real close, but I"'mnot wlling to speak for UNLV.
But the intent will still be, once the DOE has received al

t he docunentation you will still see the DCE position on this
particul ar issue once they have all the docunentation.

That's what Bill Boyle referred to in the previous neeting.

VWhat about the thermal nodeling? There was a | ot
of discussion at that |ast neeting about how | ong can the
systemremain hot to explain the fluid inclusion systematics.

The USGS continues to do sonme thermal nodeling. A lot of
this is Bryan Marshall's work, who | believe is still sitting
in the audience. His simulations continue to show that the
nmodern thermal gradients weren't reached until about three to
six mllion years ago. So the point is, as we were el evated
thermal gradients that can explain the fluid inclusion
geochronol ogy studies for quite a long tine. And then again
this work continues to try to really nail this down.

Moving into the cross drift, 1'll tal k about an
update on where we're at with the crossover alcove, which is
the drift to drift test between Alcove 8 in the ECRB and
Niche 3 in the ESF below. Talk about a brief update on where
we're at with seepage studies in the |ower |ithophysal in
Ni che 5, and then sone di scussion of systenatic seepage

measurenents in the lower lith.
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Just to junp ahead a little bit, the therma
conductivity nmeasurenments that we'll talk about briefly are
in the EDS section of the (inaudible), but the rays that 1"l
be discussing are in the Lower Lith. One is |located right
about here and one is |ocated down here towards the bul khead.

The bul khead studi es, renmenber we have three bul kheads in
the ECRB. W're not ventilating beyond this first bul khead
here. Wen | say first bul khead I nmean the first one here at
17+63. Second bul khead here just before the Solitario Canyon
Fault. Then the third bul khead just behind the back of the
tunnel boring machi ne.

|'ve al so shown on here the italics in blue is
tests that are in the current plan but are not yet
constructed. And | also have the contacts for the different
parts of the Topopah Spring, again, the mddle nodel is
M ddl e Non-Lith here, the |ower left--over this extended
tunnel, lowering on all the way up to the Solitario Canyon.

Al cove 8, N che 3. Renenber here we're starting in
t he Upper Lithophysal. It transitions into the M ddle Non-
Iithophysal. There's about 18 neters between Al cove 8 and
ECRB in Niche 3 below. Here we're after flow and seepage
processes. This is truly a confidence building exercise. W
do series of predictions to validate the UZ fl ow and seepage
nodel s.

Just a schematic, a lot of what |'ve already told
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you. The infiltration plots are at the floor of Al cove 8.
Ni che 3 underneath, again, this is about 18 neters. W have
down- | ooki ng and up-I| ooki ng borehol es that are instrunented
and al so used to | ook for progression of the wetting front
during the infiltration.

This is a map of the floor of the Al cove towards
t he back of Alcove 8  Renenber two neetings ago probably |
told you about sone prelimnary infiltration in the very
small plot here along the fault at the back of Alcove 8 W
weren't getting a lot of water uptake by the fault, so what
we did is we went in and we did a trench along the exposure
of the fault as exposed to the floor. | told you about that
the last neeting. W' ve now got updated information. W
have seen drips. | believe that was avail able when | was
here in May. And there's nore information on how much
seepage we're getting in the niche in the distribution of the
infiltration

Sonme bullets on where we're at. That fault is
broken up into four different sections so we have hydrodyscol
infiltration perneaneters that are controlling the head in
each of those four sections along the fault. W began this
phase of the test in March, saw first seepage in N che 3
underneath about a nonth later. R ght nowit's taking up a
st eady, over 200 neters a day and we're seeing about seven

percent of what is applied as seepage in the niche
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under neat h

Collection trays in the roof. Just |like we've done
in alot of other seepage tests that quantify the anount of
seepage. We're mapping the seepage area in Niche 3. W're
recording it by renote video and we're al so keeping track on
a weekly basis of how that wetting front niche progresses and
how that ties with the geol ogy.

We continue to collect the water. W' re anal yzing
it, chemcal analysis. The observations suggest that we're
guasi -steady state. W were pretty quick, within two nonths
after the initial releases. R ght now the tracers are just
l[ithiumbromde. W're starting in on a programto add
additional tracers that down the road is planned to include
colloids to | ook at unsaturated transport of colloids and
al so reactive tracers. That's to get at helping us build
confidence in our nodels for matrix diffusion in the
unsat urated zone.

Just sone pictures--here's the trench, the fault
within the trench. These are the perneaneters that contro
the head in each of the sections of the fault. A plot of
infiltration in liters versus tinme and then seepage and
liters versus tine. The orange is sinply the cubital of
infiltration in Alcove 8/ 4 along the fault, and then the pink
showed t he seepage. Again, about seven percent of the water

that we're infiltrating is being collected in the trays
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under neat h
| should say that the--we're of course over-driving
the systemvery significantly here. W're putting in a | ot

nmore water in order to be able to see seepage.

This is--1 don't expect you to study this in
detail. This just gives you an idea. These are naps, the
full periphery maps of the tunnel. The best way to | ook at

themis the crown of the drift. Think about the drift and
then just flatten it. So this is right spring line and left
spring line would be just below. The point is we've taken
the USVR maps and we're mapping very carefully where we're
seei ng seepage in both the ESF. The N che would break out in
this direction. And both the ESF as well as associated with
the fault, the fault is right here, and the blue areas are
showi ng where we're seeing seepage wwthin the Niche. W'l
continue to map the progression of this front. It's stil
concentrated along the fault, but we're going to map how t hat
is associated with the fault over tine.

In particular when we go to the next phase of the
test we're going to go to a larger infiltration plot that
isn't just associated with the fault. And there it wll be
real interesting to see how the seepage interacts with the
rest of the Niche, and how that ties with the geol ogy.

Sone pictures to show the seepage. If you're

facing into Niche 3, the right rib, this is the right rib
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here, you can see sone wetting, wetting along so that you can
see--pick up al nost a spider web | ook where you' re wetting
along the fractures. And then here's wetness in the ceiling
just inside the bul khead above the N che, right where the
fault cuts through the Niche.

| should say that in general our predictions for
that test were good. W predicted the breakthrough about
right and we expect the fault to be controlling fully early
on here and that's expected. The predictions for the next
phase of the test aren't yet conplete, but they' Il be
conplete prior to us starting infiltration.

Niche 5. | talked sonme about seepage in this

previ ous test, but here we're |ooking at calibrating and

val idating the seepage nodel. This test is in the |ower
[ithophysal. Renenber, a |lot of ESF studies were in the

m ddl e nonlithophysal. Here we're in the ECRB in the |ower
lithophysal .

A rem nder of what that test looks like. This is
the actual test area. W have an access drip here. It's
excavat ed. We drilled these boreholes prior to excavation
of the test niche, do sone air perneability to | ook at
perneability prior to excavation and then also after. W
then excavate this niche and set up seepage in these
bor ehol es above and quantify it through using collection

trays--very simlar technology as to what we're using in the
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ot her test.

The first phase of that, of the seepage for this
test, | tal ked about this before, we didn't see any seepage
into the drift at all. Lithophysal porosity was |ike
replaying a role in that in terns of storage. W've since
went in and excavated and | had a diagramin the |ast
nmeeting, what we called bat wwng. It's a slot on the rib,
the left rib, because when you think about this you can put a
ot of water in it here saying there's a capillary effect, a
lot of it is flowng around. Were is it going? So we have
a mass bal ance question that always is there. And so we
excavated this to try to inprove our mass bal ance. W' ve
excavated that. Once we excavated we had to go back in and
do additional air perneability because of the possible
changes. W've done that work. We went in, did sone
geophysics to | ook for the water fromthat previous |iquid
rel ease test, and we're setting up right now to do sone
addi tional seepage threshold tests at varying |liquid rel ease
rates. Those should start within the nonth.

Systematic, the NNche 5 is at one location in | ower
lith. W're also doing tests, borehol e based tests, where
we're drilling boreholes in the crown of the drift and doing
borehol e based liquid rel ease, al so doing systematic air
perneability and gas tracer tests. This is work that's being

done by Berkel ey, Lawence Berkel ey, providing very simlar
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information that you get fromthe niche data except here
you're getting it variability, along the lower [ith.

|"ve already said a lot of this. This work
conti nues ongoing and I have sonme bullets in the next couple
of slides to talk about, sonme of our observations.

There's a lot of small fractures in the lower lith.

W' ve tal ked about that before as well. Wen you go to a
cutoff length of say 30 centineters--let nme back up.

| f you have a cut-off length of a nmeter and you map
the tunnel, it looks |like the lower lith is less fractured
than the non-lithophysal. But if you go to a shorter cutoff
like 30 centineters, the Bureau did that, you find that
actually the fracture density is conparable. The nature of
the fracturing is different, but it's conparable in terns of
density.

The air perneability measurenents suggest that
these fractures are well connected. They tend to term nate
i thophysal cavities, has been ny observation. But you get
(1 naudi ble) level type perneabilities fromthe air
pernmeability | evel, neasurenents.

One of the boreholes where rel eased water al ong
al nost a two-neter section. It tends the flow down. No
surprise. Pour the drift. Not uniform There's sone
het erogeneity but it's along preferential pathways. Because

of this heterogeneity sone of the water is just going to m ss
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the drift without ever getting to the capillary effect, is
the way | would ook at it. Wereas, but a |lot of the water
is diverted around the drift due to the capillary effect.

The lithophysal porosity in this particular bullet
it says it's small, but at Niche 5 we still have sone things
to work through here because at Niche 5 we think the
l'ithophysal porosity mght be playing a role in why we didn't
see seepage right away. This is an area we need--we conti nue
to work on.

It's real inportant to quantify evaporation in
t hese experinments. These tests are in the ventilated drift
so we're working real hard on making sure we can quantify the
evaporation rate. And finally, there is uncertainties and
there's evaporation that we have to account for, but the
concl usions of the Berkeley scientists is that the seepage
t hreshol d does exist, does in fact exist.

Bul kheads. Renenber the three bul kheads in the
ECRB? Here we're really making observations. This test was
constructed to--we're underneath the high infiltration area
under the crest, if you ook at the surface infiltration
maps. |If we're going to see drifts, we have--here is where
we're going to see it. So we set up the test, the mappers,
along those lines, isolated ventilation. W all know, I
think you all remenber the history. W have a TBMthat's

bei ng powered in the back of that drift. 1It's hot relative



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

442

to the other parts of the drift, and we're seeing sone
condensation that's likely masking our ability to observe
seepage.

| talked in early May about the January bul khead
entry. Renenber also we put that third bul khead up behi nd
the TBMto try to isolate that heat source as nuch as
possible. Wrk totally successful, as you've heard previous
tal ks. Again, | tal ked about the January entry. And we're
seei ng the sane phenonena that you heard about before. A
| ot of condensation primarily towards the back end.

Later in May after we tal ked |last, we actually
entered, but this time we did it unventilated. Because in
the previous tines for safety reasons we've always ventil ated
the drift. This time we went in with full PPE, personnel
protective equi pnent, for those who don't understand that,
wi thout ventilation to see what we coul d see because the
reason we had to do that is because we had | ost power back
t here. So the bad thing was is that we were about to |ose
power to the data collection systemso we went back to fix
that. And the nice thing is is that PBM has been off since
April. So that provides an interesting--in ny opinion, that
provi des an interesting conparison.

Sone pictures. Wn't probably do a whole lot for
you, but there is still evidence fromthe May entry of water.

Let's not--1 don't want to call themdrips. It could be



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

443

condensati on on surfaces and then dripping. These drip
clothes were installed in January so there was still simlar
ki nd of evidence of what we had seen in previous entries
despite the fact we were unventil ated and the PBM had been
off only since early April at this point.

We have continued to anal yze water fromthe
previous entries, and we still feel we're getting nore and
nore certain that the observed noisture is attributed to
condensation, and it's related to the tenperature gradient.
| won't sit here and tell you that's the final, final answer,
but that continues to be our hypothesis. W' ve seen no
reason to doubt that.

Again, the TBM the power of the TBM has been off
since early April. So neasurable tenperature gradient that
we saw has dim nished. And, | have a plot, the next figure,
that'll show the tenperature at three stations. Overall,
this is a qualitative observation. David Hudson, fromthe
USGS, is the PI for this test. He has been in all the
entries and he observed | ess noisture during the May entry
than he had seen in the January entry, and | would say in
previous entries as well.

Tenperature versus tine for three tenperature sets,
there's a different locations within the drift. Here's--when
we ventilate everything goes to equal tenperature in the

January entry. You can see the tenperature behind the third
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bul khead back there by the TBM gets pretty significant--
pretty high. The tenperature behind the first bul khead and
behi nd the second bul khead is roughly equal, sone gradient,
but a pretty |large gradient between the TBM and t he ot her
parts of the bul kheaded area. Once we | ost power, that, of
course, cooled off pretty dramatically.

This represents just opening the doors and not even
ventilating. Al we did was open the doors. But you can see
the data here in the August tine frame shows that the
gradi ents basically di sappear.

We haven't been in since May. W're going in in
about three weeks. And our plan at that point is again to do
the sane thing--go in the first day unventilated with just a
couple scientists. Not a |large entourage, just a couple of
scientists are going to go in and have a | ook and take very
careful notes.

Path forward. |'ve said sonme of this alittle bit
already, but | need to talk a little bit about this first
bullet. The next bul khead entry will be in early October.

We also intend at that point to nove the first bul khead.
Right now it's about half-way down the cross drift. W have
a lot of other testing that's currently proposed to DCE t hat
they are evaluating right now, next year to address sone

ot her issues related to thermal -nechanical properties. And

while we're | ooking at sonme other testing, it really requires
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us to have access to nore of the lower lith than we

currently have access to. That, |ogistics speaking, plus the
fact that the test we feel nost of what we're learning in
this test is happening at the back end. So we're going to
shorten up the test bed, so to speak, nove that first

bul khead well down towards the second bul khead and work with
about, along on the order of--it ends up being a little |ess
than 300 neters a drift, isolated fromventilation at that
poi nt ..

We're going to also inprove our nonitoring
conditions by renote video behind the bul kheads to try to
still get our-- here we're seeing seepage or condensati on,

i nprove our neasurenents of sone of the atnospheric
condi ti ons.

There's sone things going on in terns of injurious
processes that we're going to try to i nprove our neasurenents
within the drift to try to better nodel those phenonena.
We're going to inprove our collection systemfor noisture,
not just have drip cloths, but try to quantify the noisture a
little bit and al so continue--collect sanples in a cl eaner
fashion in some cases to get better chem stry.

And again, the analysis and nodeling is ongoing and
not only do we | ook at the seepage, we've done predictions
for the seepage, but nore inportantly the analysis in

nmodel ing is cranking up to |l ook at what's going on inside the
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drift.

Busted Butte, here we've noved out of the Topopah
Spring stratographically down--well, actually to the very
bott om of the Topopah Spring and the top of the Calico Hills
formation. Renenber, Busted Butte is |ocated southeast of
the ESF and the cross-drift where we were just talking about
all of the testing, data collection.

Here we're | ooking at--this is really, | don't want
to call it an analog, but this is a validation experinent.
We're building confidence in our transport, flow and
transport nodels for bedded Calico Hlls, vitric Calico
Hlls. As it's below the repository horizon, we're not
trying to say this is totally applicable, but it certainly is
a good test for validation of the nodels. So we do a series
of predictions and then validate our observations.

Sone objectives. | won't dwell on these. You're
heard these before, looking at a variety of different
processes, fracture matrix interaction, colloid mgration,
how we can--how the sorption data fromthe field scale match
up with extensive | aboratory sorption database that we have
al ready on Yucca Mountain. And of course, get a scaling.

This will really be a snapshot of where we're at.
This is still a work in progress. VWhat you're | ooking at
here is--go back real quick, John

The test block that 1'mgoing to discuss is the
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Phase 2, the large test block. Renenber, we have injection
holes to root out this face, two planes, one up here in the
Topopah Spring and one down here in the Calico Hlls. W had
inject--collection holes comng off of this face when we were
collecting tracer periodically on pads. W've now turned
that tracer systemoff and we are doing post-test
characterization by coring in mne back. Collecting sanples
for lab analysis. So what you're | ooking at here is the
face, that injection face. You had the two planes of
injection holes. And what we did is we went in and we did a
series of overcores of those injections holes, and here we
were driving at trying to get a handle on how far the
reactive tracers had gone. Because again the transport
di stance should be relatively small here. You're going to
see sone prelimnary data fromresults fromthese two
overcores here which were for borehole 20, a high injection
rate borehole. This happened to be sitting up in the bottom
of the Topopah Spring which is a fracture wel ded vitrophyre.
Sone results, what you're |looking at here is again
the injection hole, the two overcores. Wat they did is they
sliced it into three. Then the did analyses as a function of
di stance fromthe borehole for all three slices. So what
you're looking at here is sinply results for the
fl uoerbenzoic acid, which is the conservative tracer that we

use. It's tagged so that we know which borehole it cane
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from And also results for nickel which is a sorbing neta
in this system

Don't have a lot to say other than this is the kind
of data that we're collecting that's going to be used to
anal yze the tests in great detail and, see, the concernis
basically equal as you woul d expect, whereas the nickel tends
to clinb as you nove away fromthe injection borehole.
Behavior in general that we woul d expect froma reactive
tracer in this system

There's sone things going on here with hunps and
things. W're continuing to do sone anal yses of other splits
of these sane slices to see if sone of that is real. O what
it's telling us, is a better way of putting it.

Here is a good exanple of that. W' ve tal ked about

colloids before in this test and we weren't having a | ot of

success. There were sone things going on, we think, in the
effects of the chem stry on the m crosphere tracers that they
wer e probably--and com ng out of solution before they ever
| eft the borehole. These are difficult things to find and
measure. We've done a series of |ab neasurenents and now
we' ve al so i nproved our techniques, and we are now hopef ul
and we think that we can actually get some real, 1'll cal
sem -quantitative information on colloids fromthe actua
test block as opposed to just relying on | ab experinents.

VWhat this is is another one of those slices from
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the injection bore hole going down. This is a--not a very
guantitative scale. |It's a relative count of m crospheres.
What they do is they imge a sanple and they sinply count the
nunber of fluorescent m crospheres that they see. It's not
calibrated totally, but it gives us a relative idea of how
far the colloids are transported. They know t he size.
There's sone that saw in those splits this interesting rise,
and talking to the scientists we don't yet have a clear
explanation for that. It could be a filtration phenonena at
this location. They are | ooking at the core in great detai
totry to figure that out. | guess the main point here is we
are getting sone useful colloid information out of the test

bl ock. Before | told you that wasn't |ooking real good.

| tal ked about the overcore. Now, what about the

m neback? W have since--this is again that Test Al cove.
These dotted lines here are the injection holes. Nunmber two
pl ane, and the collections holes conme off of this face here.
We have gone in and excavated a m neback. Wen we m neback
into the test bed, ran along, crossed several of the
injection holes, and our ultimte goal was to get back here
to this fault where it crosses an injector. W're taking a
series of sanples. |If you renenber the previous phase, phase
one, m nebacks where we had the pretty fluorescein pictures
where you could i mage where the dye had gone. Simlar kind

of thing here. Taking a series of sanples--1 have a couple
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pictures. No real results yet. This just finished |ast
month so the analysis is ongoing. So |I'd say next neeting |
woul d hope to have sone prelimnary data to show you on the
| ab anal ysi s.

These are kind of hard to see so bear wwth ne. But
this is sinply a picture of that fault at the very back of
t he m neback.

Go back a second, John.

The pictures that 1'mgoing to show you, one is
going to be taken fromhere looking into this face, and the
other picture is going to be looking as if |I'm standing here
and | ooking over at this face at these injection boreholes.

Ckay. This is sinply a picture of the fault. You
can see the offset, not significant offset. This here--this
total exposure here is about five nmeters. But these are
where--these are collection holes that were drilled in. W
crossed an injection borehole just as it crossed the fault.
This is prior to the sanpling. If you look at it nowit's
i ke swss cheese. They've taken a whole series of hand
auger sanples all around these holes, go along the fault to
quantify the tracer novenent.

This is hard to see also. This is again |ooking
down at the lower injection array. |If you squint, and naybe
you need to, believe me, there's a little bit of red just

bel ow this borehole. That's rhodam ne dye. That's a dye
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that actually sorbs, so you can see that it hasn't trailed
too far fromthe borehole. The yellow here, sone of which
was scraped away, is fluorescein stain. So--and it has been
scraped away because we were continuing to excavate and the
dirt was piling up in this area. But | hate to say, believe
me, but you can map the fluorescein distribution tells you a
ot qualitatively about the flow system|ocal to the test,
and then conpare that to the tracer, tracer results.

Renmenber that ACL in Canada is al so doing sone
| arge bl ock experinents--1|arge blocks may be the wong way of
putting it--sone bl ock experinents from taken from Busted
Butte in the Calico Hills. They are doing two bl ocks. One
is an unsaturated transport experinent. The other is the
saturated transport experinment. They are using real
radi onuclides in this particular case. They are in the
| aboratory. And this has been very useful information to
conpare to what we're seeing in the real test with the anal og
tracers.

Sone prelimnary observations: In the unsaturated
bl ock we're seeing technetiumin the under-oxidizing
conditions is traveling as fast or faster than transport
solution. You're seeing sone anti-exclusion effects and
i kelihood that they are causing it to go faster. But it's
acting conservatably. No surprise.

In the saturated bl ock, the technetiumis actually
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bei ng sorbed, slightly sorbed. That's likely due to what is
reduci ng conditions in the block. There's sonme discussion up
there that they may have some m crobes grow ng in there that
are causing reducing conditions and they are still | ooking
into that. But if in fact there are reducing conditions you
woul d expect technetiumto go to an oxidation state such that
it could be sorbed in these rocks, to a weak extent.

Nept uni um weakly sorbing in our system That's, we
assunme, our nodels, and it is in fact being borne out by the
experinments. And the bottomline is we're agreeing well with
the experinental -determ ned coefficients from batch
measur enents, which are of course crushed tuff inside of the
beaker. Here we're at |least dealing wwith a scale. W're
scaling up to the neter scale and conparing that to the
analog tracers that we're using in Busted Butte.

Saturated zone. This is sonmewhat an out-of-date
map. There's nore updated maps that Dale has put in the--in
back showi ng | ayout of the Nye County boreholes for the Early
Warning Drilling Program Dale again will talk a ot nore
about this. This is US-95, Lathrop Wells, Yucca Muntain, up
here to the north. | wll not steal his thunder on that, but
we are working cooperative with Nye County to collect data
under our QA program It's being used on support of our
saturated zone nodel, nodels. This is a list of the sorts of

things that we're doing in cooperation with the Nye County
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sanples, and also in the borehol es.

"1l touch on an update on where we're at with the
lithostratigraphy for the frame work nodel and al so touch
on where are we? Sone updates on the results of the alluvial
testing, at the Alluvium Testing Conpl ex.

Li thostratigraphy. Rick Spangler, fromthe U S.

CGeol ogical Survey, is the PI for this work. The focus up

till now has been to take the results fromthe Phase |
drilling, and he is devel oping cross-sections, then integrate
all the data collected up through Phase Il. He is also

| ooki ng i nto geophysical data, the aeromag data and sone of
the other data, and using--and that was used to update the
hydr ogeol ogi ¢ framework for the saturated zone nodel

A lot of these products are near conpletion and are
now in technical reviewwthin the USGS. W wll continue to
work with Nye County in Phase Il to collect additional
cuttings and further refine the hydrogeol ogi ¢ franmework based
on Rick's work. And it's--these cross sections are starting
to becone a very useful tool for helping, working with Nye
County as they decide where they want to drill in future
phases.

This is a hard-to-read diagram It's lifted the
sane, the sane area as that diagramin the back of the room
the previous one I showed. The point here is it shows the

cross sections that Rick is working on. The black |ines are
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faults that have been either mapped or inferred fromgravity
in aeromag dat a. Rick's interpretation. And then also
shown are the borehole control. The yell ow are YMP borehol es
and the blue are existing or planned Nye County borehol es.

The cross sections that Rick is currently working
on is 40-M1le Wash north, roughly north to south cross
section. And east-went here going fromthe east side of
40-M | e Wash over to the southern part of Yucca Muntain, and
t hen one right along US 95.

Moving into the Alluvial Testing Conplex. Here
we're again after collecting data that provides paraneters to
confirmour basis for the saturated zone pull and
transporting alluviumand al so doing a series of predictions
for nodel validation

This is just one potential flow pathway com ng out
of the repository, comng fromthe saturated zone nodel
You're going to hear a |ot nore about saturated zone flow, I
believe, a little later this afternoon from sonebody who
knows a |l ot nore about it than me. But this is one potenti al
fl ow pathway com ng out of Yucca Muntain.

Here is 19-D, which is the cornerstone of the
Al luvial Testing Conplex. |'ve told you before and |’
bring you up to speed on where we're at. W' ve done three
sets of single hole tests where we inject tracer and then

punmp it back. The drilling is being finished up in the field
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to do the nulti--to set up for the multi-well test as well.
And again I'll let--Dale wll likely discuss that |ater
t oday.

Just a stratographic section of 19-D water table
sits about right here, alittle over 300 feet. The alluvial
aquifer is in this area. You have the tertiary tuffs and
then the tertiary sedinments all below the water table. Shows
where we set up screens to possibly do interval testing, both
hydraulic and tracer testing within different intervals. W
concentrated on the four intervals wthin the alluviumfor
the testing for the single hole test.

Sonme of these are reiterations of what you heard at
the last neeting. W' ve again done a three-plan single-wall
test. We inject tracer and then we did three different
tests. One case we punped back i mredi ately and the ot her
case we shut it up for two days and punped back and let it
drift. In another case we shut it up for 30 days and let it
drift and then punped back. The results indicate
insignificant diffusion fromthe foreign ground water into
t he stagnant water, and advection-dom nated system This is
consistent wwth a single porosity continuumtransport nodel
that we're using for alluviumin the PA | al ready
menti oned the remaining alluvial testing conplex injection
monitoring wells. Qur plan is for installation this cal endar

year. Fill work is ongoing. And we will then start the



© 00 N o o A~ w NP

N NN N NN R R R R R R R R R
g B W N P O © O N O OO » W N B O

456

crosshole test that will give us information--confirm our
under st andi ng of several paraneters, including conductivity,
porosity, |looking at KDs and al so colloidal transport.

Very busy diagram but what | want to show is sone
prelimnary results of analysis of the single-hole tests.
What you're looking at is--the best way to look at this is
probably the first three and then the second three. Wat
you' ve got plotted is for the three different tests, renmenber
| said zero days of shut-in here on the left, two days of
shut-in in the mddle and 30 days of shut-in on the right.
You're | ooking at red, analytical solutions for the 1-D
i nvection diffusion disperson equation and the blue is real
data. This is absolute concentrations versus tine. The
bottomthree are sinply normalized concentrations, normalized
to the peak. They're again analytical fits.

Fromthat--this is work done by M J. Marh
(phonetic) of the U S. Geol ogical Survey. By varying and
hol di ng certain paraneters constant you can back out, and
these are sinply different runs using different assunptions
for how he handl es the paraneters and the equations where you
can back out dispersivity, effective porosity, as well as
specific discharge or flux. These are sone of the
prelimnary results fromthose fits. Dispersivity,
| ongi tudi nal dispersivity is the dispersivity along the flow

path. Effective porosity on the order of 10 percent into 15
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percent and the flux is on the order of one and a half to
three neters per year. Al these are consistent wth what we
were assuming in our basis for the saturated zone fl ow.

Switching gears to the EBS real quick, I'lIl nove a
little smarter here so we get through it. W' ve heard about
the ventilation test at Atlas. W have a |arge sinul ated
enpl acenent drift. W've got sinulated waste packages inside
of the quarter scale test. W've got a crushed tuff invert,
and we're doing a series of neasurenents, again to support
val i dation of the preclosure ventilation nodel.

Sonme pictures fromthe field just show ng the
installation of that test. Renenber that phase one of that
test was where we were flowi ng anbient air through. W're

now i n phase 2 where we're recirculating air, so we're

recirculating what 1'Il call conditioned air in phase 2 of
this test. And I'Il talk about sonme results in the next
sl i de.

Again, quarter scale test. 1In general the phase 2

test results are in good agreenment with our pre-ducted
surface tenperatures. W have heaters in the test, and again
we can vary the heat load within the drift. W can also vary
the flow rate, and we can also vary the tenperature of the
incomng air. So we were doing experinents controlling the
air, 25-C, 35-C and 45 celsius. And fromthat we can see how

well we're predicting surface tenperatures, and al so get an
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idea for efficiency of renoval of heat. You can see the
efficiencies that have been cal cul ated for four of the phases
of these tests on the order of 70 to 80 percent. Incidently,
simlar to what--very simlar nunbers to what we assuned in

t he SSPA and the PI cal cul ati ons.

Nat ural Convection. This is a test that
construction is ongoing. Here we're doing two separate
tests. There has been a | ot of discussions about scaling and
how wel | you handle scaling. 1In the ventilation test we've
had to do a I ot of nodeling and analysis to address the
scaling issue. Here we're going wwth two tests, the two
different scales to try to better nail down those issues.
Agai n, the construction is ongoing. W've got a 44 percent
scale test and a 25 percent scale test. Here we're |ooking
at national convection within a heated drift. So it's
buil ding confidence in the in-drift TH nodels. It's very--
this is an inportant test in relation to the analysis of the
ECRB bul khead experinent as well.

What about thermal properties? There was
di scussi on yesterday about thermal conductivity. W are in

the process of starting up a programto further bol ster our

dat abase on thermal conductivity. It is focused on both a
field and a | aboratory program |'Il focus on the field
program |'ll say about the |ab program we are starting a

series of analyses of thermal conductivity and other thernmal
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properties for the matrix. But as was pointed out yesterday,
when you tal k about |ithophysal unit in particular, what does
matri x thermal conductivity nean? So the fuel programis put
in place to try to help us address sonme of those issues.

The first test, this one is ongoing, is again in
the ECRB where in the lower left we have two holes, one with
a heater and one with a string of thernocouples. And we're
sinply running this heater at |ow power and we're running
this below boiling. The maxi numtenperature right nowis
50-C, and we're backing out thermal conductivity and ot her
thermal properties using Carl's Law and Yeager type
equations. So analytical solutions to Carl's Law and Yeager
type equations, we're backing up thermal conductivity.

The first phase has been run and |I'Il show you sone
prelimnary results. The second phase we're going to crank
up the heater up to about 3kW create a dryout zone and see
what happens and see how that affects thermal conductivity in
terms of its function of saturation.

The second test, which is the hol es have been
drilled, we've installed the instrunents and we're wiring
themup now Wuld be a larger test. Three nmeters and three
i nstrunmentation boreholes. | believe one of the boreholes is
above the plane of the heaters and two are below to | ook at
any up-down effects. But here we're |ooking at perturbing

nore rock, creating a larger dryout zone, again still in the
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lower lift, different section within the lower lift.

What about back to the first test. What you're
| ooking at here is, if you renenber back, it's an X, so zero
here is the crossover point where that X fits together, and
then we're noving in neters away fromthat crossover point as
a function of tine. And here's tenperature. You can see
phase |. The highest point was at about 50-C. W take these
tenperature profiles and we can then--let's go to the next
one--as a function of tinme back out thermal conductivity and
thermal diffusivity. | primarily want to focus on the
thermal conductivity nunbers. You can see this is in watts
per meter K, on the order of 1.6 and 1.7 watts per neter K
Yesterday Jimtal ked about thermal conductivity in the |ower
|l eft and we assune one point in the SSPA cal cul ati ons, we
assuned 1.87 wet and 1.27 dry. |It's within the range. This
is a positive result in my opinion, that we're seeing sone
reasonabl e nunbers conpared to what we're assumng in the
SSPA. But again, this work is ongoing. W'I|l have
additional results and the second test will start up. And
we're going to look at a couple different |ocations within
the lower |ift to get at the effects of |ithophysal porosity,
whi ch are, as you heard yesterday, will affect these results.

Ski ppi ng over waste package because you' ve heard
about, that and going into waste form There continues to be

work on--in the waste formarea, primarily devel opi ng or
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bui l ding further confidence in the paraneters that we use for
wast e form degradation, both for spent fuel as well as gl ass.

First let's talk alittle bit about comerci al
fuel --mainly have sone pictures. These are two separate
fuels, different burnups. This is data that's being
coll ected at Argonne National Laboratory in support of the
Project. Two different sanple holders. There's chunks of
fuel inside there. These have been--these particul ar sanpl es
have been subjected to dripping, not batch or flowthrough
experinments, but dripping of water at el evated tenperatures
bel ow boiling. | believe like 60 to 70 degree celsius. You
can see there is underlying fuel here that's black, but we're
seeing the fuel fragnments being covered and submtted by a
| ayer of uranyl silicates, consistent with the basis that we
used for the waste form degradation in the nodel. These test
continue. Again, these have been going on for eight years.
They will continue into next year.

Sanme two sanples. Here |ooking at neptunium
relative to uraniumrel ease fromthe fuel in the drip
experinments. \Wat you've got plotted here is tinme. Again
t hese have been ei ght-year experinments. First is the ration
of neptuniumto uranium \What they are | ooking for here, is
there any systematics in how neptuniumis rel eased versus
uraniumfromthe waste form And the conclusion of the

scientists is that as time goes on, they tend to |evel off at
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one. This is hypothesized to be consistent with the fact the
sane alteration phase, in this case dehydrated schoepite.
Schoepite is a urani um oxi de hydroxi de mneral, which is one
of the primary alteration products of the fuel. And it
seens--that phase seens to be controlling the rel ease of both
nept uni um and urani um and actually taking up quite a bit of
t he neptuni um and uraniumand not allowing it to be dissolved
into solution. This is again consistent with our assunptions
about solubility, etcetera, that we' ve used in the nodels.

What about glass? There is a series of drip tests
going on with glass wasteformas well. This is a, | think a
pretty picture of an actini de-doped--waste glass. It has
been exposed to dripping for 16 years. No surprises. This
is basically a rhyolite glass, a hycylical glass. So when
you expose it to dripping at elevated tenperatures it's going
to alter the clay. To build up a layer of clay that tends to
spall and you build up an additional |ayer of clay on that,
that kind of process where you get dissolution controlled
hydrolysis of the glass is consistent with our basis. This
clay layer tends not to--we do not take credit for this clay
| ayer in terns of sorbing, but it is consistent with our
conceptual nodel for how the gl ass breaks down over tine.

So to conclude, | hope |I've given you a feel for
where we are with a |lot of the ongoing data coll ection,

anal ysis testing programin the underground at Atlas and in
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the | aboratories. These results continue to confirm our
technical basis. W're still focused on reducing
uncertainties in the key areas and al so providi ng additional
confidence in our nodels.
So that was all | had.
WONG.  Thank you, Mark. Questions fromthe Board?
Dr. Parizek?
PARI ZEK:  Yeah, Parizek, Board.
Mark, is there anything new on anal og work, such as
Pena Bl anca or el sewhere? You didn't have that on the |ist,
but just didn't know whether you had sone--

PETERS: Yeah, they're still working through, specific

to Pena Blanca, we still intend to do sone drilling down
there. But we're still working through some |ogistics issues
with drilling in Mexico, which is--provides sone

difficulties, let's put it that way. So we're worKking
through that, but there's still full intent of going and
doing that drilling. Yellowstone--the work, you know, we
continue to work towards--Ardyth woul d be better to speak to
that, but we continue to work towards synthesizing a | ot of
the natural analog work later this cal endar year, | believe.

You know, Yellowstone, there's stuff, |ooking at |INEEL and
some of the NTS stuff. Al that continues.

PARI ZEK: There's a--Figure 23 you showed the wetting

that was induced as a result of the addition of water above.
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PETERS: Right.

PARI ZEK: If you take rock fragnents out of the wall, do
you see wetting inside the rock fragnents as well, or just
movenent of noisture down along joints or cracks, or is there
sone evidence of water effusing inside the solid piece of
rock?

PETERS: | haven't | ooked nyself, Dick, but I would
guess--the way it has been described to ne and the way that
| ooks, it probably hasn't inbibed a whole ot into the
matrix, so to speak. |It's probably concentrated along joints
and fractures. But | can--Dave probably didn't show up given
the events of the day. | think a ot of people went hone,
but I can find out.

PARI ZEK: It would be interesting to see what is
happeni ng t here.

PETERS: You bet.

PARI ZEK: As far as how the shutting down the boring,
the invectious drip rather, with the bul kheads, you indicated
that the drips or at |least the noisture was a little |ess
noticeable this | ast--

PETERS: Right.

PARI ZEK: --than previous. |Is that maybe season of the
year type to say hematic responses during the dry hot summer
days versus winter period, or do you thinks that's really

cooling of the PBM finally, as a result of |oss of power, or
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can't say why you seen | ess npoisture the second visit?

PETERS: Well, it was interesting that--1 guess |--we
still, we still think that it's the condensation. | can't
totally rule out other effects like you alluded to in terns
of dry season, etcetera, hot. 1'd say a lot--entering next
couple weeks will tell us a |ot nore.

PARI ZEK: Yeah. Any other visits like that will begin
to shed |ight on whether it's--

PETERS: Right.

PARI ZEK: --or whether it's seasonal or both.

Then as far as the noisture, | just asked the
guestion about the third water type, the J-13 is the
corewater chemstry?

PETERS: Right.

PARI ZEK: Two distinct chem stries. But then the
condensation of water, if you have any chem cal tests on any
of that, or prelimnary results, that relates to really quite
a bit of nmoisture that m ght be involved in working on waste
packages. And that chem stry is a better water, | guess,
it's nore dilute water than anything--you have about, two
were used in the corrosion experinents. On the other hand,
is that the kind of water the people from Nevada that Apri
tal ked about yesterday as an exanple that showed all of the
evi dence of pitting and so on.

PETERS:. Yeah, I--this is ny--that water would basically
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be condensate, dilute. It would interact with possibly the
dust and you'd get into concentrated brines that G eg and
others are already accounting for. So | can't inmagine that
process produci ng water conposition that we haven't already
t hought about. That's personal opinion. That woul d be ny
t ake.

PARI ZEK:  Thank you.

WONG Dr. Craig?

CRAIG Paul Craig. Couple or three questions. Wat is
the project's current position on the reality of the bonb
pul se clarity?

PETERS: W have--we continue to have a conceptual nobde
in the UZ that are consistent with the presence of bonb
pul se. Ckay?

CRAI G  Yeah.

PETERS: So both the conceptual nodel and the nodel
fully account for the occurrence of bonb pul se core in 36,
al ong structural pathways. There's no plans for us to not
account for that in the nodel until we resolve this issue. |
guess | would also say, and this is now ne talking. |If
Li vernmore was right and the nunbers are nore like 210 to the
m nus 15, that tells us that we're--1 don't want to sound
like I don't want to find out the answer, but we're stil
conserv--we're conservative because if Livernore is right the

pore water is 400,000 years old. So it goes in the right
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direction. That doesn't nean that we don't need to foll ow
this through to the end to understand why we're seeing those
di fferences.

CRAIG Ckay, the second question is actually Don
Runnel s', but he didn't have his hand up so I'll ask it for
him |It's what he asked a while back. Wat are the criteria
you're going to use to decide whether the (inaudible) is bonb
pul se or not pul se or not--

SPEAKER: Paul , you're--

CRAI G Oh, I"'msorry. Don Runnels' question which he
asked last tinme. Wat are the criteria you will use to
deci de once you get the two | aboratories working together
wi th a common net hodol ogy, whether or not the quarry is or is
not bonb pul se quarry. Since the results seemto be
enor nously sanpl ed perforation-dependent you need sone kind
of criteria to decide what the origin is?

PETERS: Well, I'mnot sure |I'mgoing to answer your
question, Paul, but when you say criteria, the criteria for
bonmb pulse | don't think are what's at question here. W
had- - June's work, June Fabryka-Martin's work, had gone
t hrough and established, |ooking at, you know, the change in
production rate over tine, etcetera, and what you' d expect in
terms of background. 1200 to 1500 to the mnus 15 is the
threshol d where you think you either have apparent bonb pul se

or you do not. | don't sense, in talking to the scientists
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involved in this study, that they question that. But | don't
think I'"m answering your question.

CRAIG But the way in which you prepare your sanples--

PETERS:. Yes.

CRAIG --affects the anmount of material which goes into
t he neasurenent. And consequently the volune of materi al
whi ch is dissolved fromwhich you do your |eaching affects
the results intimately.

PETERS:. That's correct.

CRAIG You have to cone up with a criterion that takes
into account the preparation nethod, and that's the criterion

" m | ooking for.

PETERS: Gkay. |'m probably not going to be able to
answer your question to your satisfaction, but they | ooked
very carefully at the tine. Wien | talked to you in My they
wer e tal king about seven hours. They've continued to
eval uate the data on the reference sanple and they are down
to an hour. So--in terns of leaching time. So they are
trying to--1 think maxim ze is the wong word, but |I'll use
it anyway--trying to maximze the possibility of finding that
conponent in the salts.

CRAIG The last question is in a conpletely different
area, and that has to do with--it nmay not even be when you--
it's your area. Has to do with the nock-up experinments on

cani sters. You nocked up sone C- 22 canisters, done sone
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wel ding on it, | understand. And | don't think the Board has
heard anyt hing about that. Wat is the status of that--

PETERS:. There's been--Tom Doering still here? There
has been--we haven't-- you nmean nock-ups like small weld
sanpl es.

CRAIG No full

PETERS: Full scale. | don't believe there's been a
full scal e done yet.

CRAIG Well, there's a response--

PETERS: Yeah, there's a--go ahead, Gerry. Yeah, you're
taking me out of ny area of--

CRAIG | was afraid of that.

PETERS: Yeabh.

CRAIG Well, we can do it later on

PETERS:. That's okay. Go ahead, GCerry.

GORDON:  |'m not sure exactly what your question is, but
t here have been sone full dianeter, quarter |ength nock-ups
made whi ch have been characterized in ternms of ultrasonics
and di aneter and ot her nondestructive evaluations. To ny
know edge there have been no defects.

CRAIG (kay, it would be interesting to hear about that
wor k at some point because that's--the question is to whether
you can actually make canisters the way you claimto be able
to make themis inportant.

GORDON: R ght .
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PETERS: One thing on that, Paul. W are also doing--
this is--and this isn't what 1'lIl call a constructability
guestion. But we--in the corrosion test facility that you
call, 1 think, the dunk tanks, we are | ooking at wel ded
sanpl es versus face netal sanples to | ook at the perfornance
of welds in that space.

WONG  Dr. Nel son?

NELSON. Nel son, Board. H, Mark. This is just a |ot
of information.

PETERS: If you want to give it next tinmne.

NELSON: Let ne ask you one thing right at the top. |Is
there any evidence of rock deterioration in the ECRB?

PETERS: Yeah, there's--there's, |I'd say, things caught
in the nmesh. That's, you know, kind of just a small--

NELSON: Do you plan on doing anything with that, trying
to understand the character of that deterioration product?

PETERS: In terns of observationally going down and
quanti--or mapping kind of what we're seeing in terns of
deterioration? 1've talked to the guys who do the ground
support wal k-downs and asked themto start taking note of
what they see in different places, but in terns of formally,
we don't have a programright nowto go in and systematically
eval uate that.

NELSON: Ckay. Let ne switch a little bit to the

thermal conductivity questions. |In the tests that you're
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doing and | really happened to hear about doing sone

(i naudi ble) tests. That's good, a good start. But your
approach, the approach with hydraulic conductivity in bul k
properties is to figure out sonehow how to control the water,
knowl edge of water content and porosity--

PETERS: Right.

NELSON: --in terms of understanding the result of any
measurenent. \When you work through a mass of rock that's
being tested, which is hidden fromyou, necessarily, because
you're working in cross borehol es- -

PETERS: Right.

NELSON:. --how-what's your strategy to know sonet hi ng
about the water content and the porosity with the cases that
in particular that you' re not taking it up to dryout? You
know- -

PETERS: Right.

NELSON: --where you've got a water content that's
respondi ng and an unknown porosity in ternms of |ithophyses.

PETERS: The collecting core, and the intent is, we
characterize that core for things |ike noisture content that
will give you at |east sone idea of it along the borehole.

Li t hophysal porosity is a real bugger. |[If you' re working off
a flat face and you're going back four neters into the rock,
that--we're doing two things. W're mapping the face in nore

detail than we did during the first pass through the tunnel.
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W al so have a proposed view ng next year that we | ook at
the borehole video as well and try to put together as best we
can a picture of the lithophysal fracture distribution within
the general area. And we're exploring if there's sonething
geophysically that we can do that can tell us sonething--
probe the rock and tell us sonething about |ithophysal
porosity. That's a chall enge.

NELSON: Yeah, and | think the inportance that was shown
in the figures that we saw yesterday about know edge of
thermal conductivity and water content in terns of its inpact
on peak tenperatures and what's happeni ng- -

PETERS: Right.

NELSON: --we net a rel ationship between conductivity
and water content or porosity in the waves that you're trying
to cope with this and develop a way to cal cul ate a--

PETERS: Right.

NELSON: --bul k conductivity--

PETERS: Right.

NELSON: --really requires an awful |ot of calibration
before it's going to be believed. And, it's going to be
really hard to calibrate it, isn't it? | nmean that you have
sone net hods that you pulled out, some--

PETERS:. Yeah, | agree with you that it's a difficult
problem but | guess I--1 ook at the prelimnary data

anyway, and the fact that the calculations you're referring
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to, Jimtal ked about yesterday. John Case does cal cul ati ons
where he cal cul ates thermal conductivity fromthe matrix

val ues and uses a |ithophysal porosity term and cal cul ates.
|"m-1"mencouraged by the results so far. | nean what if it
canme back a 2.2? Then I'd be up here and you'd be really
running me up a flagpole.

NELSON: These are expensive things to validate.

PETERS: | under st and.

NELSON:.  You know, each one of these tests being a one
poi nt nmeasurenent effectively.

PETERS: | under st and.

NELSON: Let ne just ask you one connecting question to
this, which is, to understand what's i nportant about
hydraul i c conductivity--1 mean not hydraulic, thermal
conductivity, both froma heterogeneity as well as the range
in properties requires a context |ike an analytical code,
sonmething that's predicting what is going to happen with the
tenperatures and the fluid flow \Wat--how plugged in are
you to devel opi ng those anal yses so that you m ght now, for
exanple, say, well, if we don't get this nuch of a variation
in hydraulic--in thermal conductivity, we're just not going
to be able to drive any unantici pated response of the
repository. Do you know what | nean?

PETERS: Yeah. Well, --

NELSON: It nay be that the range of hydrauli c--of
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thermal conductivity that you have reason to expect--

PETERS: Right.

NELSON: --and you continue your site investigation
isn't enough or is enough to actually cause sone naybe
concerns or other kinds of behavior for the overal
repository when you put it into the analytical nethod.

PETERS: (Ckay.

NELSON:. So | nean it's playing somewhat with the
anal ytical code to see exactly how far away from what you
m ght - -what you' ve expected in the past do these val ues have
to be before they start generating a behavior that's not
currently--

PETERS: Maybe a couple comments. |'mnot sure if |I'm
going to hit what you're after. As | said, what you saw here
was they're backing out the paranmeter using stuff out of
Carl's Law and Yeager, a technical--an analytical type--they
wll ook at these as well with nore sophisticated, |ike NUFT
type codes. W're also, as an aside, |ooking at possibly
trying to look at things like the drift scale test and NUFT
codes are two type codes to back out thermal properties as
well. So | guess what |'msaying is--

NELSON: Let ne just hit it one nore time and see if |
can get it. W saw sone plots that showed tenperature

PETERS: Yes.

NELSON: And presumably noisture distribution that would
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al so go along with that overall repository footprint.

PETERS: Right.

NELSON: M question is how far different do the real
paraneters or the ones that you' re nmaki ng neasurenents of now
have to be from what was assuned before you start getting
significant differences in the prediction of the performance.

PETERS: Oh, that's--1'"m probably the wong guy to
answer that, that question. But | think Jimkind of touched
on it showng the sensitivities yesterday, didn't he?

NELSON: Yeah, but | was just asking you to see how
you' re connecting between the anal ytical code and the
experinental - -

PETERS:. GCkay. Well, I'm-I1'"m-JimBlink, who was up
here yesterday talking to you about a |ot of those issues is
intimately involved in helping nme plan the tests, is probably
one way |'d answer it. Jimjust stood up so maybe Ji m can
help nme, but I'mcertainly connected in with the people who
are analyzing the data. | can't--I"mnot the right guy to
speak to sensitivities.

NELSON: There he is.

BLINK: JimBlink fromLivernore. W are working
t oget her both for the nodel of conductivity based on core
results plus mapped |ithophysal porosity results so that we
can properly interpret the |aboratory and field neasurenents.

And then parallel to that we're | ooking at the sensitivity
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of overall tenperatures and variation in tenperature to, not
only the level of conductivity in each stratographic unit,
but also the variability, the spacial variability and the
scale length of that. W've done the first part of that in
the SSPA. The second part renmains to be done. It's in our
pl ans for next year.

NELSON:. And you're using the Hadl ey correl ati ons that
woul d do that, that you're using now to nmake a bul k property?

BLINK: We have--in John Case's calc report we have, |
think, five different approaches, including the Hadl ey
met hod. They range froma series to parallel as the end
nunbers, and we are trying various conbinations of those.
Probably the best one is the Zi nmrerman nmet hod whi ch assunes
the steroidal cavities.

WONG.  Dr. Knopnan.

KNOPMAN:  Mark, | have a question about the drift scale
test, but while we're on the subject that Priscilla was
asking, | just want to clarify, Carl's Law and Yeager's
t ext book on thernodynamcs, I'mtrying to renenber--

PETERS: No, |'m probably thinking of the wong one.
I"msorry. |I'm-it has been--

KNOPMAN: Al l right, because whenever it was, |'msure
it didn't deal with this materi al

PETERS: No, it's deduction of heat and solids.

KNOPMAN: It's a heat transfer text.
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PETERS: Heat transfer, yeah.

DR. KNOPMAN:  Ckay.

MR PETERS: Excuse ne.

DR. KNOPMAN: But still there were assunptions about--

MR PETERS: Yes.

DR. KNOPMAN. --in the material. That's an old, old
book. Now, | nean the | aws--

MR. PETERS: M point being that | guess |I--or | was
trying to get across there, although | probably stepped on
mysel f, was we aren't just using sophisticated, conplicated
codes to do this.

DR. KNOPMAN:  Ckay.

MR. PETERS: W are doing anal ytical solutions with
sinple 1-D approaches, and |'ve heard that from sone of the
board nenbers before.

DR. KNOPMAN. Okay. Yeah, | was just getting the

I npression you' re using nunbers com ng out of what m ght be--

2

PETERS: No, |'m sorry.

KNOPMAN:  --a fornmula that's--

PETERS: That's ny fault.

KNOPMAN: - -desi gned for honbgeneous material s.

PETERS: That's ny fault.

T 33 33

KNOPMAN: | don't know how sophisticated they got on
that. Could we look at Slide 9 on the drift scale test?

MR. PETERS: Uh- huh.
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DR. KNOPMAN: |I'mjust trying to get a sense of when you
say "good agreenent"” what you nean. |If you |look at the two
graphs there below, | just tried to match up the different

color curves. And you take that purple line that sects from
the bottom for exanple, reasonably good agreenent after a
year, it's about 85 degrees on both the neasured and
sinmulated. By the tine you get a little past three years
it's a 10 degree difference. |If you nove up to the next bl ue
line on the nmeasured plot there, it's about 150 degrees,
maybe a little |lower than that, and about the sane after one
year for neasured and sinulated. Wen you get out to three
years, it's a 10 degree difference.

In the case of the green line that's close to the
top of that first chart, you actually get a 10-degree
difference after one year and it actually then cones a little
cl oser by the end. So, you know, for nost of the sensors
there is a growing disparity between neasured and sinul at ed
after three years, which if you nultiply the sane trend, for
exanpl e, by 1,000 years, you're really far off what you're
sayi ng.

So tell nme again sort of what your criteria m ght
be for goodness of fit here?

MR. PETERS: | didn't show the statistical analysis, and
| " m probably not going to be able to reproduce it, but

t hey' ve gone through a very rigorous statistical analysis of
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sone predictions by grid block versus what we see in the
sensors. And the nean error is a couple degrees Cel sius.
" m probably not going to give you a real satisfactory answer
because | don't have all the information off the top of ny
head, but let's see, the tenperature neasure i s probably good
to plus or mnus a degree.

DR. KNOPMAN: A degree?

MR. PETERS: Yeah. So it's outside--

DR. KNOPMAN. |Is that based on these couple of years?

MR. PETERS: Yeah. Certainly the differences are

outside the error of the tenperature neasure, assum ng that

the thernocouple is still good. There's no reason to believe
it"s not. What criteria, I'd have to rely on the statistics
guys for looking at it in nore detail to tell you what the

criteria are in detail. If I'mwithin 5 to 7 degrees to what
is a very conplex test and a very |large set of neasurenents
and the courses of the grid blocks, etc.--1"musing course
grid blocks to predict this--1"'mwithin5 to 7 degrees, |
call that excellent.

DR. KNOPMAN:. But you're using this to predict out
t housands of years.

MR PETERS: Right.

DR. KNOPMAN: So you m ght have a different way you'd
want to | ook at what is acceptable--

MR PETERS: That's fair.
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KNOPMAN: --tolerance of error here.

PETERS: That's fair.

T 3 3

KNOPMAN:  That's the point.

MR. BOYLE: WIIliam Boyle, Departnent of Energy. If we
| ook at those tenperatures, let's not forget that's what we
woul d have seen in hundreds of years for a hot repository.

We ran this test greatly accelerated, so it's not a
legitimate--we can't extrapolate this out for hundreds of
years of repository to performthis because then we'd get up
into thousands of degrees, which we're not going to. So this
is as hot as we would ever get in the hottest repository. So
that may be the maxi mum anmount of error we would see in the
order of the nunber of degrees that Mark nentioned.

MR. PETERS: But your point is well taken. | think it
hadn't ever been put quite that way, and it's clearly

sonet hi ng we shoul d go back and think about.

DR. WONG Dr. Sagués.

DR SAGUES: Thank you. We'll keep on applying heat
here. If we'd go to, please, No. 32 | believe is the one we
want to see, 32, please. How about, then, 33, | guess, 33,
pl ease. There it is. Thank you.

O course you have spoken about this before, but
that picture brings home how reductively small of a
tenperature difference fromone point to the other along a

drift. It can nmake a relatively big difference in observe
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accunul ati on of noisture and distribution of water and so on.
And we had this before, but in a natural repository
situation where you will have packages with different anmounts
of heat generation fromone to the other, what will be the
grai niness of that tenperature along the drift? And second,
will that differential of bunpiness in the heat generation,
natural heat tenperature differences, would that generate
significant novenent of water from one package to the next or
famly of packages to the next group? How does that work
out ?

MR. PETERS: |'mnot going to be able to answer your
first question because | won't know t he exact, say,
tenperatures at maxi num tenperature and how they vary
bet ween, say, defense packages, which tend to be cool er than
the comerci al packages.

DR SAGJES: No, | mean the same kind, for exanpl e.

MR. PETERS. Yeah. There will be--once you stop
ventilating--of course during ventilation everything is
pretty much the sanme, but once you stop ventilating, there
will likely be gradients. The answer is we're certainly
aware of that and you'll hear Tom Buscheck of Livernore cal
it "the cold trap effect".

DR. SAGJES: Right.

MR. PETERS. |In fact, there is an extensive programto

| ook at that in nmuch nore detail using both testing data from
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this test and the convection test and, you know, i nproving
our nodel in that area.

DR. SAGJES: Are any effects of this being considered in
t he present performance anal ysis?

MR. PETERS: | don't know the answer to that nyself.

Can anybody out there who's a PA person address that?

MR BLINK: JimBlink fromLivernore. The graininess is
of the order of 5 to 10 degrees C fromthe warnest to the
cool est packages at the tine of the highest tenperatures, and
| showed that on one of ny tenperature graphs yesterday for
you. In the SFDA we also a very detailed table that goes to
various points within the cross-section of the drift, within
several cross-sections of the drift, looking at the relative
tenperatures at different points on the drip shield, the
drift wall, the invert, and of course what we see is the
wast e package is the warnest point in any cross-section and
the cooler points are usually at the drift wall. So we think
t hat nost condensati on woul d occur near the drift wall or in
the near field rock

In the Ventilation Test No. 1l--or actually in the
earlier tests, the canister tests, we also tried to nock this
up at a quarter scale and we did not see condensation on the
inside of the drip shield but rather we saw condensati on down
near the bottomof the drip shield at the invert. So we're

very interested in the subject. In the SSPA, Chapter 8, we



© o0 N oo o A~ w NP

N NN N NN R R R R R R R R R
g N W N P O © O N O OO » W N B O

483

also did an alternative nodel to take a | ook at that and the
nodel did not show any condensation on the bottomof the drip
shield. We were prepared to carry that forward if we did see
it, but the nodel didn't prove to show the condensati on.
We're doing nore work in that area because all of the nodels
of condensation so far are fairly coarse nodels.

DR SAGJES: | see. So far the nost that you have done
don't show any inportant humdity effect and whet her the
hum dity matters due to a short-termor short distance
tenperature differences in packages; am| saying that right?

MR, BLINK: Yeah, we haven't seen any firmresults that
ook like it's a problem but we're not ready to wite the
issue off. In fact, we're doing nore sensitive cal cul ations
using fluent--

DR. SAGUES: Ckay.

MR. BLINK: --code to try to get at it.

DR. SAGJES: But it appears this needs to be a strong
humdity effect due to the fact that there's a relatively
smal | tenperature difference. So one would say how cone you
don't see it in your nodels?

MR, BLINK: In this situation you have an axi al
tenperature gradient, but in the region of condensation you
don't have any radial tenperature gradient. You don't have
any heat source in the region of the drift that's getting wet

in the ACRB. Soit's adifferent situation. Wat it would
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inply is in a repository situation you' re going to see
condensation in the perinmeter grips rather than in the
enpl acenment gri ps.

DR. SAGJES: How about when the tenperature begins to
cone down, and woul dn't then sone packages begin to devel op--
you know, you get the whole deliquescence issues and so on--
woul dn't then sonme packages be getting wetter on their
surface a | ot sooner than other packages and maybe even
getting wetter at the expense of the others because of the
ot hers bei ng war ner?

MR. BLINK: Qur PA nodels assunme that there's a dust on
all of the engineered surfaces, drip shield and waste
package, and it's controlled by a particular salt. And when
the humdity, the local humdity, comes back up to the |eve
t hat you woul d have del i quescence, we turn on the corrosion
switch. So we have a conservative approach to that already.

DR. SAGJES: | see, | see. | have another question that
maybe | shoul d have asked from Gerry Gordon yesterday. But
in the science studies, when it cones to anal ogues for
materials, the issue as to whether there is any kind of a
| ong-term exanpl e of passive behavior, specifically | think
you are going to be looking at things |ike Josephinite. Has
anyt hi ng new been done on that?

MR. PETERS:. | know the work's ongoing. Tamry Sumrers

can speak to it.
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DR SAGUES: Ckay.

M5. SUMVERS: Summers, Livernore. W have | ooked a
little bit at the Josephinite since the |ast neeting.
Specifically we | ooked at the sanple Gerry showed, which had
a netallic appearance. W |ooked in XBS. W sputtered down
to 120 nanoneters, and we did see netallic iron and nickel
m xed with oxides as little as 2 nanoneters. So we do know
that there is sonme netal on the surface. W don't know the
nor phol ogy yet. It's likely that it's a mxture of oxide and
metal, probably very small grains. W' re |ooking into that

further.
DR SAGJES: So the question as to whether we have
anyt hing resenbling an active or passive layer, that's still

open, then, or do | understand correctly we don't even know
if it is anmetallic sanple yet?

M5. SUMVERS: We know that there is netal near the
surface, at or near the surface. W don't know the size of

the grains, we don't know how nuch netal

DR. SAGJES: But what | nean is, if you look at it, it's
a shiny piece of netal |ooking thing, |ike nickel, or--

M5. SUMVERS: This particular sanple is, but | believe,
and I'mnot sure, that sone oxides can have a netallic

| ooki ng appearance, so we're attenpting to sort that out now.
DR SAGJES: Ckay. Al right. | just want to say quite

explicitly that I, for one, feel that it would be very
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reassuring to find an exanple of a netal that has stayed
passi ve over a geological tine frane. Needless to say, that
woul d I think answer a question that has been asked al ready
for quite a long tine. Thank you.

M5. SUMVERS: | think we agree with you.

DR. SAGJES: Yes. Ckay. Thank you.

DR. WONG Unfortunately, my coll eagues have decided to
ask 19,000 questions within the tinme allotted. | have four
peopl e who still want to speak, but unfortunately we have to
nove on, so | apol ogi ze.

Thank you, Mark.

MR. PETERS: So what you're telling nme is | should run
right now so they can't catch ne afterwards?

DR WONG Right. W do have till 2 a.m, but--

UNI DENTI FI ED SPEAKER: Yeah, we've got 12 nore hours.

DR. WONG  Qur next speaker will be Rob Howard. He's
the integration manager in Science and Anal ysis Organi zation
for BSC. He was up here earlier this norning answering
gquestions. So, Rob, please continue with your beating.

MR. HOMRD: Ckay, well, for the beatings to matter |
have to feel them so there is sonme good news. W spent two
pretty good days with a subpanel on the board on this
particul ar docunent in June, and |I'mnot going to go through
all of the details we went through in those two days if

that's okay with you. | do have people here, not as nany as
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| thought because of the travel situation, who can help
answer questions that you may have on details, and | know at
| east sone of the staff have been digging into the docunent
pretty hard because |'ve gotten sone pretty good and
insightful questions fromthemover the summer. So what |'m
going to go over is just kind of what the scope and contents
are, l'mgoing totry to correlate it alittle bit to what
the NWTRB priority areas are, and wap up wth sone
concl usi ons.

Next slide, please.

The scope of the SSPA, we had three general types

of information that we were going after and trying to capture

in this docunent. The unquantified uncertainties analyses,
t hose sonetines called conservatism W'I|l showin at |east
one case they weren't conservatisns, they were in the TSPA-

SR W've tried to nore explicitly quantify including

di fferent paraneter ranges, |ooking at different conceptual
nodel s and alternative assunptions. And where we had bi ased
inputs in one direction we were | ooking for nore unbi ased
informati on out of the principal investigators.

And | should point out that, you know, | get up
here and tal k about this docunent, |'ve done it several tines
already, and it does represent the work of several hundred
scientists and engi neers on the project, quite a nassive

undertaking and |l ots of people worked on it, it wasn't just
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me. |I'mnot that prolific or smart.

Updates in scientific information, Mark tal ked to
you about sone of those updates in scientific information.
We did take the test data that the testing was reflecting and
what was available we tried to incorporate into the new
nodel s, and that's always a good thing to try to constrain
our nodels by data. And so we tried to do a little bit of
that in the updates.

And the thernmal operating nodes, JimBlink covered
that in sonme detail yesterday.

Next slide, please.

So what do these docunents | ook |like? W'Il have
an introduction and the nmethods and approach, describe what
t hey were about, how we went about busi ness, how we went
about collecting new information and new distributions in
sone cases.

The content and | evel of detail for each section--
this is in Volune 1--is quite variable and it can be sonmewhat
troubl esome to the reader when you | ook at the unevenness of
t he docunentation. And there's a couple reasons for that.
One is that, you know, just the extent of the analysis that
had to be perforned and the anmount of new i nformation that
was col lected during that tinme frame between when the AMR s
and PVR s had been published and when this docunent was

published, it was dependent on the process area, the data
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generated, which is different, and the anmount of information
that was necessary to evaluate the range of thermal operating
nodes. So we had a ot nore detail with respect to couple
processes and the rock and the EPS and drift environnent than
we did for, say, biosphere, and that was--each section
contained a summary of information and recommendati ons for
use in Volume 2.

Next slide, please.

Agai n, Volunme 2 racked out sonmewhat simlar to
Vol unme 1, where you had introduction, nethods and approach.
Section 3 was sensitivity anal yses, and these were system
| evel evaluations for the nom nal scenario, |ooking at
basically one-offs, also subsystem|evel evaluations, and
t hese were agai nst the TSPA-SR Mbdel, so it gave you
basically a delta anal ysis between performance with these
di fferent nodel adjustnents and the TSPA-SR. So that was
mainly to informus on where we were with respect to
uncertainties in the TSPA-SR from i ndi vi dual adjustnents and
then al so used as the basis for what process nodels we
carried forward into the supplenental analyses that we had to
do for the conparison of the range of thernmal operating
nodes.

Section 4 of Volunme 2 contained the suppl enent al
anal ysis, the analysis that we used to capture all the

information we felt was appropriate and have avail abl e at
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this time for the range of thermal operating nodes for the
nom nal scenario, we | ooked at the subsystemresults for the
nom nal scenario and the evaluation of disruptive events and
concl usi ons.

Next slide, please.

To touch on what the relationship is between Vol une
1 and Volunme 2, it's simlar to the relationship between the
AMR s and the PVR s and TSPA Rev. 00, ICN 01, where Volune 1
provi des the technical basis for those total system anal yses
that were docunmented in Volune 2. The one-off sensitivity
analysis in Volunme 2 and the guidance that | just nentioned
that's in each section from Volune 1 determ ne the content of

t he TSPA suppl enent al nodel s.

Next sli de.
UNI DENTI FI ED SPEAKER: Rob, can you talk a little bit
louder, it's alittle difficult to hear you.
MR. HOMRD:. Sure. Attributes of the repository
performance, all | wanted to do was rem nd peopl e--and Car ol
Hanl on touched on this this norning, that we docunented our

work in these analyses simlar to the way it was organi zed in
t he sci ence and engi neering reports, so we went through the
di fferent expected processes that we think we're going to see
at a potential repository at Yucca Muntain and docunent ed
our results in that manner, so trying to make it easier for

reviewers of both docunments to have a correlation and present
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the information in a sonewhat systenatic way because it does
tell you where we are with respect to the science and
engi neering report. And I'll go through these areas in a
little bit of detail.

Next sli de.

For unsaturated zone flow, what have we done?
Well, we have exam ned lateral flow in the Paintbrush Tuff,
we have expanded the 3-D flow fields. Wat we had to do in
the consideration of the range of thernal operating nodes was
| ook at the fact that we probably woul d have to expand
repository footprint into other areas. So Bo Bodvarsson and
the folks at Lawence Berkel ey extended the nodel domain for
the UZ flow and transport nodels to capture a |larger area of
real estate. And we found that the flow fields when we did
that were simlar to the flowfields that we had done in the
past. There were sone differences when we | ooked at what's
going on itself as far as transport tines, and I'll talk
about that in a bit. W included the |ithophysae properties,
thermal properties, in these analyses. W saw results that
JimBlink showed yesterday on the inportance and the
sensitivity of those, and I'lIl also show a little bit later
why that's inportant because of the real estate that we're
occupyi ng.

The new THC nodel devel opnent we're wor ki ng on was

in the scope of the previous AMR s and the PVR s in that
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area. And the THM nodel --and Ji m showed you one result of
the THM nodel in his discussion yesterday--we addressed

mul ti - phase fl ow and cal cul ated stress-induced perneability
changes, which could have an effect on the flow fields.

Next slide, please.

The flow fields, just to point out and orient
everybody, the lower lith, if you | ook at how much rea
estate that occupies and what the material properties are,
it's inmportant that we recapture that. Also note that in
Vol une 1--this does not occur in Volunme 2 when we did the
total system anal ysis--we were | ooking at that |arger
footprint area extending to the south, and I'll note that the
extension to the north here is further than it was consi dered
in the previous AMR s and PVMR's. It had limted effects on
the UZ flow fields, but it did have sone effect on UZ
transport tinmes through the saturated zone.

Next sli de.

For THC nountain scale, | just wanted to show one
result, and this was a result that Bo Bodvarsson had shown to
the panel in June and it does correlate a little bit with
what Ji m showed you yesterday on the drift scale chem stry
results for the high-tenperature and | owtenperature
operating node. But the pH of the waters form ng above and
around the drifts in the repository went up there on the

order of 7-9, were those pH values. And the CO, because of
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t he degassing, was going down. So CO goes down, pH was
going up. Chloride concentrations that were passed onto the
drift scale nodeling reflect reductions and dilution fromthe
condensation and the increase was ow ng to boiling and
evaporation through the gas-based convection for the high-

t enperat ure operating node, not as extensively the | ow
tenperature operating node. And then the effects of seepage
chem stry will propagate it through to the TSPA

Next sli de.

Seepage devel opnent. W expanded t he seepage nobde
to include the lower lith, and again, because as | showed you
two slides ago that was inportant because a considerable
anopunt of repository real estate is in that unit. W reduced
the conservatismand the flow focusing factors. For the flow
focusing factors that we use in the TSPA-SR were only 40 or
50, in these anal yses, when we try to take a nore realistic
approach, we reduce those flow focusing factors down to in
the order of 4 or 5. So we dropped them about in the order
of magni tude.

THC and THM we | ooked at the range of therma
operating nodes. W had to do multiple sensitivity anal yses
for high tenperature and | ow tenperature, and then we
devel oped a fully coupled THM Conti nual Model and i nproved
the Distinct Element Model. So we have two different nodels

in that area.
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Next slide, please.

The EBS system the main inprovenent was the
propagati on of the chem stries that came fromthe nountain
scale UZ down to the drift scale chem stry into the TSPA
The soil horizon CO concentrations, we |ooked at the
sensitivity of that, and then those were variable for both
the high-tenperature and the | owtenperature operating node.

Next sli de.

Just to give you a conparison, this is kind of a
short hand of sone additional tables that you have. As backup
information, the sanme tables are also in both volunes of the
SSPA in the front of both volunes. But, you know, where we
hadn't included the uncertainty in those AMR s and PMR s that
we had docunented in the science and engi neering report, we
did try to address those nore extensively in these anal yses.

So we | ooked at, again: conpositions of liquid and gas
entering the drifts; seepage invert m xing and interactions,
and yeah, we didn't include that in the TSPA nodel; trace
el ement conpositions and effects on chem stry; sorption on
the corrosion products; generation of colloids; and cenent
| eachate effects. Cenent |eachate effects on drift
chem stry, since we don't have a whole |l ot of cenment in the
current design, wasn't a whole |lot of point in propagating
that all the way through

Next slide, please.
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UNI DENTI FI ED SPEAKER: Excuse nme, Rob?

MR. HOMRD: Yes?

UNI DENTI FI ED SPEAKER: |'m having a hard time hearing
you. | don't knowif it's volune or just you need to project
alittle bit nore.

MR. HOMRD: Ckay.

UNI DENTI FI ED SPEAKER:  Sorry.

MR. HOMRD: Do you want nme to go back to the | ast
slide?

UNI DENTI FI ED SPEAKER: No, that's all right.

MR. HOMRD: | apologize for that. Waste package
corrosi on- -

DR. RUNNELLS: | didn't hear the last thing you said on
the [ ast slide.

MR. HOMRD: Ckay, let's go back to the last slide.

DR. RUNNELLS: You nentioned generation of colloids from
corrosi on products.

MR. HOMRD: Yeah, | nentioned it, but the last thing |
said was with respect to cenent |eachate and effects on the
in-drift chemstry, and what | said was we don't have a whol e
| ot of cenent in the placenment drifts, so we don't really
need to propagate that through.

DR. RUNNELLS: Thank you.

MR. HOMRD:. Ckay, waste package corrosion devel opnents.

| guess this is where the beating continues. But since
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we' ve tal ked about it quite a bit already, all I'll say is
that, you know, we did | ook at additional range of water
chem stries, considered to a limted extent the effect of
sol uble |l ead and other m nor constituents in the natural
systens. And April showed you results that Catholic
University had done that had what we consider m nor
constituents.

The question was raised, "Well, what's the
rel evance of those results and why are you show ng us these
results if these aren't the expected conditions?" Another
way to get at the problem | think that those results are
useful for us to |ook at at the Project because what she
denonstrated was that, you know, these materials will corrode
under certain conditions, and we'd better understand why or
why not we have those conditions. And | think that it's just
a different angle of tackling the problem and that's useful
in mny ways to try to formulate or | ook at what could go
wrong or what could happen in a different way just so that
you under stand why you don't think that it could go w ong.
Because it does show that these materials are not, you know,
no corroding, they will corrode.

We consi dered sources of other soluble salts, and
Cerry touched on that a little bit yesterday about the
prograns that we have to better characterize the rock dust

and the in-comng ventilation dust. W're, you know,
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continuing to |l ook at a dust sanpling that's been generated
since the md-'80"s and al so what we can generate at the
site.

Next slide, please.

Phase Stability in Alloy 22. Tammy Summers and her
team did sone additional theoretical nodeling of the base
metal. We did not show any phase stabilities under
repository conditions. W did not show any evi dence of | ong-
range ordering as long as tenperatures were bel ow 300 degrees
C, so that's an inportant tenperature dependency to keep in
mnd. And prelimnary weld data did not indicate
instabilities bel ow approxi mately 200 degrees C.

Alternative |lines of evidence. The degradation in
mechani cal and corrosion properties due to aging did not
appear to be likely bel ow 300 degrees C. And Al berto tal ked

a couple mnutes ago and Tamy answered himto sone extent on

| ooking at these other natural alloys, if you will, that may
indicate a stability of passive filns over geologic tine
frames. And so we've taken those issues to heart, we'll [|ook
at them we think that they're inportant and we're going to

continue to look at them W have a little bit in the SSPA

on that.

Next slide.

Waste form nobilization. |In-package chemstry, we
| ooked at the effects of high-level waste degradation rates
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and steel degradation rates and how t hose can change to in-
package chem stry over tine, which could in turn affect
di ssol ution rates.

We | ooked at dissolved concentration limts of
thorium neptunium plutoniumand technetium W | ooked at
the different controls on that and we had updated the
solubility nodels that have | ower neans and w der ranges.
That's one of the things that Bill showed you yesterday as
part of the uncertainty analysis that we did.

For claddi ng, creep rupture and stress corrosion
cracking, we |looked at different failure criteria for those
nodel s, localized corrosion rate uncertainty, tried to
characterize a little bit better seismc failures. W have
updated information on seismc analysis, so we included those
sensitivities in there, and unzi pping velocity uncertainty.

We did develop a sinplified nodel that expanded the
range of reversible and irreversible colloid plutonium
attachnment. That's another sensitivity analysis that we've
done in the waste form area.

Next sli de.

Fl ow and transport nodeling in the engi neered
barrier system Things that hadn't been | ooked at in any
detail for the science and engi neering port was the seepage
evaporation rate in the drip shields. W took another | ook

at our drip shield and waste package flux nodels and the
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splitting algorithnms that we had for where the fluxes were
going to go.

| n- package diffusion, we devel oped an i n-package
di ffusion nodel. A couple things to point out about that
nmodel. One thing is yesterday Abe told you his unauthorized
view of the TSPA Peer Review Panel's thinking on this and
t hey thought that, you know, our continuous film nodel for
diffusion in the waste package was unrealistic or incredible.

| wonder what they woul d have thought of our nodel before
t hat one.

The NWIRB | think about a year ago, Septenber 20th
of last year, in their letter to Departnent of Energy, one
thing that | do recall about that letter is they nmentioned
the fact that--or they suggested that we could develop a
transport nodel within the waste package and | ook at that as
a way to |l ook at different performance. So that was one
thing | renmenber. There's a couple other things | renenber.

That's one | wanted to point out. So we did take a stab at
that and maybe it is incredible to have continuous film but
it's better than what we had before, which was an
i nst ant aneous pat hway, as the Board appropriately recogni zed
over a year ago, so we did take that to heart.

And radi onuclide sorption within the waste package
and the sensitivities to that. W devel oped nodel s that we

had not included in the TSPA-SR
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Next slide, please.

Sonme other things, the drip shield condensation.
Al berto was asking a little bit about that, about the
tenperature differentials and how water m ght condense in the
drip environnent, so we devel oped sone anal yses of that to
| ook at whether or not that was going to be an inportant
process that m ght effect transport. W did sone sensitivity
anal ysis on alternate conceptual nodels, what we call the
bat ht ub nodel, versus the flowthrough nodel. Diffusion
t hrough the invert, we did additional work in trying to
devel op how that process is going to occur, and then
m crobial sorption and transport, we did sone additional
sensitivity analysis in Volunme 1. W didn't carry those
through to Volune 2, but there is work in there on that.

Next slide, please.

Transport times. This is UZ transport. |
menti oned that the experinental repository footprint didn't
have major effect on UZ flow. The flow fields were in fact
simlar, but there were sone differences in transport. The
drift shadow nodel, we did sone prelimnary devel opnent of
how t hat nodel m ght work and predicted that the transport
times, if you include the drift shadow effect, could be on
the order--five m nutes, okay.

Next slide, please.

I ncl udi ng the southern extension as far as
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transport goes would result in slightly |onger transport
times to the water table.

Next slide, please.

For the saturated zone, we included new data that
we got fromthe Nye County work, |ooked at the hydraulic head
and water |evel elevations, so we recalibrated on that.

Mark tal ked about the Alluvial Testing Conplex, so
| won't get into that in any detail.

W had in the SC portion of the SSPA an alternative
conceptual nodel for the |arge hydraulic gradient and we had
alternative representation of the Solitario Canyon Fault.

Next slide. Next slide.

Bi osphere, | want to touch on bi osphere. W
updated our FEPs analysis in the biosphere area for what we
t hought were rel evant processes. Relative exposures to
receptor groups, we knew the issue was comng up with respect
to a critical group of reasonably, maximally exposed
i ndi vidual, so we did some head scratching in that area that
hel ped us prepare for the cal culations that we're doing right
now with respect to 197.

Climte effects on water usage and ingestion
exposure, per 197 that's one of the things that you're
supposed to look at in the biosphere, is the climte.
Transfer coefficients. Revised biosphere dose conversion

factors based on this information.
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The question was asked yesterday which has nore
uncertainty, the waste package perfornmance or the biosphere
nodel . The bi osphere has much nore uncertainty than the
wast e package, but regulatory uncertainties seemto donm nate
that issue, and so a |ot of those uncertainties are taken out
by regulation. | think that that's an inportant thing to
consider as a nodeler. | nean, when you do do the
cal cul ati ons, consequence cal cul ations, at a specific target,
you have to fornulate the problem It's an Eul arian
formul ation, so you're | ooking at the problemdifferently.

If you weren't | ooking at consequences at a specific

| ocation, you know, have a Lagrangian formnul ation of the
problem it could produce different insights. | believe
that's what Abe was tal king about in his unauthorized

transl ation yesterday with respect to | ooking at the problem
as a fate of contam nants problemrather than a consequence
probl em over long periods of tine. So it does give you a
different insight into how the system behaves. 1It's not
formul ated with respect to a consequence to a receptor.

Next sli de.

Di sruptive events. W updated w nd speed
information, and that was related to a KTl agreenent we had
and that had effects on the disruptive dose consequences.
Probability of dike intrusions were reconsidered. W had

scaling factors for different |ayouts, but they weren't
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propagat ed t hrough Volune 2. Evaluation of dose
sensitivities to waste particle size distributions in an
i gneous eruption, that again was related to a KTl issue that
we had with the NRC staff.

Next sli de.

Vol unme 2, again, the one-off sensitivity analysis,
| know that there is some trouble with how we use these
anal yses where we | ooked at the result at the subsystem| evel
and we made sonme what | woul d consider rational decisions
about whether to nmove themforward or not. Results are
directly conparable to the TSPA-SR, so it tells you where we

are with respect to that docunent.

Next slide, please. Next slide.

NWRB priority areas, you guys know what your
priority areas are, | don't need to tell you that.

Next slide, please.

We did try to | ook at neaningful quantification of

uncertainties and conservatisns in the nom nal performance.
As Bill showed yesterday, supplenental nodels show
significantly wi der ranges of doses, i.e. maybe nore
uncertainty than we had shown in our previous cal cul ati ons at
a given tine and tinmes to reach the given dose. After the
first 10,000 years, the base case nobdel appears to be
conservative. The other way to |look at that is before 10, 000

years the SSPA appears to be nore conservative. |t depends
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on your frame of reference, again. And then just |ooking at
mean results, and I don't mean to affront anybody on the
Board, we're just |ooking at the nean results for the SSPA,
they were on the order of 10, nrem per year as opposed to O.
So that was an area where we weren't conservative and it was
a useful exercise to get at this information

Next sli de.

Thermal operating node, JimBlink tal ked about that
yest er day.

Next sli de.

Corrosi on processes. W did docunent, you know,
where our current understanding at the time was of the
corrosi on processes. W devel oped a franework for the
conceptual nodel for long-termpassive filmstability. It
was one of the nodels discussed at the workshop that the
NWRB hosted | ast nonth. Stress corrosion cracking, we've
got updated information for our paraneters and nodels there.

And then we already tal ked about agi ng and phase
stabilities. Tenperature dependent general corrosion nodel,
Jimwent through that yesterday as well.

Next slide, please.

Mul tiple lines of evidence. The idea of multiple
lines of evidence wasn't new to the project. The way to
capture it was new. W readily admt that we hadn't done a

good job of articulating what those |ines of evidences and
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why we think the way we think about processes by using what
we' ve gotten from past experiences and anal ogues. W did try
to be explicit about this in the SSPA. | think just about
every section of Volune 1 does touch on multiple Iines of
evidences. It tells you what we're thinking about them |
know it may not be the way the NWIRB Board or as individuals
m ght define multiple lines of evidence, but it gives us now
a point of discussion, and I think that that was good.

Next sli de.

What have we | earned by doing this? Quantification
of uncertainties, inproved our understanding of both
conservati sns and non-conservati sns in our process nodel
representations, so that was useful. Post-closure inpacts of
range of thermal operating nodes and a variety of operating
node configurations can be evaluated by selecting the
appropriate thermal initial conditions of nodel
representations. Wat | nean to say there is, you know, we
were | ooking at the thermal inplications, we weren't | ooking
at all the design detail inplications in this analysis, so we
chose thermal initial conditions that would get us at the
| oner tenperatures and then did sensitivity analysis to show
that you could get at that by a nultitude of repository
operation configurations. | know that's not quite the sane
thing as what Priscilla was thinking, but that's what we did,

and | want to be honest about that.
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Next sli de.

Wast e package degradati on eval uations with respect
to thermal operating node need to consider the therma
dependenci es and the | ocal chem cal environnent. It's
inportant it's not just a tenperature paraneter, it's a
tenperature and a chem stry that's going to give you waste
package failures by any nunber of corrosion nmechani sns.

Multiple Iines of evidence, capturing hel ped us
wi th our thought process and inproving our own understandi ng
and communi cation of what we believe to be repository
process. | for one really don't know what it is that | know
or don't know until | wite it dowm and it was useful to
start witing this stuff dowmn. ['lIl note, as was noted in
our neetings wth the Panel in June, that we focus primarily
on |ines of evidence that support the thinking of the
processes that we have. W do need to do nore work with
respect to going out and | ooking for |ines of evidence that
are contrary to what it is that we're thinking, make sure
that we address the whys and wherefores of that as well.
It's not the end of the story, it gives us a point of
reference for continuing work.

That's it.

DR. WONG  Thank you, Rob. Dr. Runnells.
DR. RUNNELLS: Runnells, Board. | got ahead of the

19, 000 questions of my colleagues this time, so I'mgoing to
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go back and Mark may want to address this, | wanted to ask
it, but it's on one of your slides, though, Ron.

MR. HOMRD: Ckay.

DR. RUNNELLS: Your Slide 16.

MR. HOMRD: 16, please.

DR. RUNNELLS: The second bullet, "D ssolved
concentrations of thorium neptunium" and so on, the second
line there, the updated solubilities, we're talking there
specifically about neptunium | guess, as opposed to new

solubilities for thorium plutoniumand technetium is that

correct?

MR. HOMRD: Christine Stockman, you want to shed sone
light on that? There she is. Thank goodness you didn't have
to travel from Al buguerque today.

M5. STOCKMAN:  We did do new ranges for all four of
t hem

DR. RUNNELLS: Experinentally or evaluation of thernal
dat a?

M5. STOCKMAN. We reeval uated the data we already had
and we made different assunptions about the redox chem stry

wi thin the package and the controlling solids.

DR. RUNNELLS: Gkay. And sone of the work is ongoing at
Argonne in experinmental work, is that correct?

MS. STOCKMAN: Exactly, yes.

DR. RUNNELLS: Just on neptuni un?
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M5. STOCKMAN:  We're | ooking at both neptuni um and
pl utonium Right now we have sone experinents planned where
we w il take spent fuel, fully oxidize it, and then do batch
tests to see if the solubilities we would get under those
conditions are simlar to the drip or the Wlson batch tests
that were done with nost of the spent fuel not oxidized.

DR. RUNNELLS: Thank you.

M5. STOCKMAN:  Um hum

DR. RUNNELLS: | don't have 19,000, but | have anot her
one or two. If we could | ook at your Slide 15.

MR. HOMRD: 15, please.

DR. RUNNELLS: The very last |ine about Josephinite.
think that may be taking us down a m sl eadi ng path unl ess
we're careful. Until | know what the geologic situation is
in which we're finding Josephinite in that creek in Oregon,
|"mnot going to trust anything about two-phase netastable
structures for any nunber of years. Those nodules, as |
understand it, are weathering out of a serpentinite, which is
a rock that forms under reducing conditions and high
pressures. And if those nodul es weathered out |ast year from
the serpentinite and now we find themin the creek, to infer
that the netastable structures have existed under conditions
that we care about, which are |ower tenperature, |ower
pressure and oxidizing, would be msleading. So ny only

point is, in this discussion of Josephinite and oxidi zed
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surfaces and netallic phases and so on, we have to know what
t he geol ogi ¢ environnment was, is and was, for those
mat eri al s.

M5. SUMVERS: Summrers, Livernmore. Actually, | think a
| ot is known about how Josephinite fornmed, and it fornms at
hi gh tenperatures under reducing conditions. The point here
is that because the two-phase structure can be fit to the
di agram phase diagram you can tell what tenperature it
formed at. What that tells nme is that it has not changed.

If it had changed after it formed, then it would not fit to
t he phase di agram anynore at those tenperatures.

DR. RUNNELLS: | agree 100 percent, but the question is,
how I ong has it been in the creek under oxidizing | ow
pressure conditions? It could have been there a year, and
therefore it's--

M5. SUMMVERS: No, it forned during the igneous
i ntrusion, so--

DR. RUNNELLS: | agree with forned, but where we're
finding it today is in the sedinents of the creek downstream
fromwhere it forned.

M5. SUMVERS: Correct.

DR. RUNNELLS: And that's the information we're trying
to apply to the nmetals in the repository. |If it's ten years
old, it my change. |If it's one year old, it may not. The

conditions under which it fornmed are extrenmely inportant, but
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equally inmportant is how long has it been in the creek.

M5. SUMVERS: Here we're tal king about changes in the
internal structure, okay, and those changes are nore |likely
the higher the tenperature. It really is irrelevant how | ong
it's been at roomtenperature.

DR. RUNNELLS: How about reducing conditions?

M5. SUMVERS: That doesn't affect the phase stability.

DR. RUNNELLS: Oh. You and | wll talk about it
i ndependently because |I'mtaking too nuch tine.

M5. SUMVERS: (kay.

DR. RUNNELLS: And we will, please. And ny coll eague,
Dr. Sagués, is going to pursue it, | can see that. One |ast
guestion, please. Your Slide 10.

MR. HOMRD: 10, please.

DR. RUNNELLS: Can you explain why there are higher pH
zones in that top illustration so far away fromthe
repository cross-section to the lower right and to the upper
left? That one, um hum

MR. HOMRD: The |ower right and over here?

DR. RUNNELLS: Yeah, right.

MR HOMRD: No, | can't, but nmaybe Dr. Houseworth can.

And if he can't, then--

UNI DENTI FI ED SPEAKER: |Is this a north-south cross-
section?
DR. RUNNELLS: |I'mjust wondering if you really
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attribute it entirely to the degassing associated with the
projected repository if it's happening that far away and
| ower .

MR. HOMRD: You want to take a stab at it, Jinf

DR. HOUSEWORTH: Ji m Houseworth with Law ence BerKkel ey.

Rob, | don't think I can help you on this one.

DR. RUNNELLS: Having covered that one, let's go to the
t ough one.

MR. HOMRD: Thanks, Jim

DR. RUNNELLS: Kind of wi sh he'd gone hone. 1In the |ast
diagramon this page, if |I ook at the chloride

concentrations, the color is alittle hard for these old
eyes, but it looks like 10, ng. per liter right in the center

of that dark blue, at least on the print that | have, it's

easier to see. It's harder to see on that slide.

MR. HOMRD: Yes, it is.

DR. RUNNELLS: But in the xerox print, the center is
about 10, | think, maybe 10,.. That's sonewhere around

100,000 ng. per liter of chloride. But in the presentation
that Gerry CGordon gave yesterday, the highest chloride
concentration that was used was in the 1,000 XJ13 water,
which is about 5,000 ng. per liter. So this illustration--I
sense notion out of the corner of ny eye--is about 20 tines
hi gher in chloride, and if you apply that to fluoride, you

get up to about 30,000 ng. per liter fluoride in a sodium
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chloride carbonate brine. So |I'm asking about the conparison
between this nodel and the experinental work that's being
done with sinul ated waters.

DR. HOUSEWORTH: Ji m Houseworth, Law ence Berkeley. The
only thing | can say is that wwth these THC nodels we're
finding these extrenely high concentrations when we're down
to very low water contents, typically, and that water is
generally not nobile because it's at such a | ow water
content. So in that case those high concentrations and very
| ow residual s of water exist, but maybe not noving.

DR. RUNNELLS: Just make that conparison for ne, you
know, | ater when you have tine.

DR HOUSEWORTH: Ckay.

DR. RUNNELLS: Because if you do that extrapol ation, you
get 30,000 ng. per liter fluoride. GCkay, my 19,000 questions
are over, Dr. Wng, thank you.

DR. WONG kay, we have four people who want to ask
guestions. The first person will be Dr. Craig, the second
person will be Dr. Sagiés, the third one will be Dr. Bullen,
and the last one will be Dr. Parizek.

DR CRAIG Paul Craig. The relevant figure here, John
is No. 19, and this has to do wth the drift shadow, which we
tal ked about previously. Now, one of the things that we know
is that the Payer Panel told us that there's no reason to

believe that the C22 won't work, which is sort of a weak
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statenent. Maybe it will. But if it doesn't, the nountain
needs to do sonmething. And back a year and a half ago Bo
Bodvar sson educated ne on their nodeling on the unsaturated
zone and had ne read a fanous Phillip's paper, which shows
that the drift shadow effect is absolutely a real phenonenon
if you're dealing with a honbgeneous nedium \Very
conpelling. Here you're not dealing with a honbgeneous

medium You get a very large effect, which turns out now to

© o0 N oo o A~ w NP

be really extrenely inportant in this new docunent. As a

[EEN
o

matter of fact, even with the new effect, while it helps a

[EEY
[EEN

lot, you still have transport tinmes which are conparable to

[EEN
N

or substantially less than 10,000 years. You now seemto be

[EEN
w

relying on a brand-new silver bullet which has, the best |

[EEN
N

can tell, alnost no experinental validation underlying it.

[EEN
a1

This is al nost pure nodeling. Wy should we trust it?

[EEN
(o]

MR. HOMRD: Well, why should you trust it? The short

[EEN
\]

answer to that is that you shouldn't trust anything, you

[EEN
[00]

shoul d do exactly what you're doing, which is examne it very

[EEN
(o]

carefully and see if the weight of evidence would convince

N
o

you that it's a reasonably expected thing to happen. 1'm

N
=

going to give Dr. Houseworth the chance to save ny job one

N
N

nore tine.
23 DR. HOUSEWORTH: Well, | don't think that you can say
24 we're relying on it at this tine.

25 MR. HOMRD: That is a good point, it wasn't propagated
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t hr ough, so--

DR. HOUSEWORTH: Well, there was a certain part of it
t hat was propagated through just in an attenpt to |look at it,
but if we were to rely onit, we would certainly be doing
sone testing, and we in fact have been | ooking into ways to
do testing for this.

DR. CRAIG So when you say you're not relying on it,
does that nmean that we should consider that it's not included
and we shoul d ask for data that does not include it? |s that
t he point you're maki ng?

DR. HOUSEWORTH: It was put in as | think a one-off in
the SSPA, right?

MR HOMRD: It was a sensitivity, yes.

DR. HOUSEWORTH. That's all |I'msaying as far as the
TSPA, but it's not, you know, baseline.

DR CRAIG It is not in the baseline?

DR, HOUSEWORTH:  No.

DR CRAIG (Okay. Thank you.

MR. HOMRD: Well, now Leon is going to put the nail in
the coffin on ny job and say that that's not true, so thanks
for trying, Jim

DR. REITER The assunption is that according to your
own table you did include it partially in effect that you
assune that all the diffusive releases went into the matrix

and all the invective releases went into the fracture. And
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that is listed as part of the drift shadow effect.

MR. HOMRD: Yes, that is a good clarification. | was
t hi nki ng nore of the inplenentation side with respect to the
nodeling in Volune 2 with respect to the process |evel
nodeling in Volune 1, and we didn't go at it the sane way.
The effect | guess you could correlate that way.

DR. HOUSEWORTH: Right. Jim Houseworth. There were
certain aspects of the drift shadow process nodel that
weren't carried forward except for the splitting that you are
referring to.

DR. WONG Dr. Sagués, you yield your tinme?

DR. SAGUES: Well, 1'll respond to the benefit of Dr.
Bullen and if we have tine afterwards | would |like to ask ny

question, but | promsed to himthat--

DR. BULLEN. Ch, go ahead, go ahead. | just have one
qui ck one.

DR SAGUES: Well, actually, | wanted to bring up this
thing that we left at the end of the presentation of the

"Prelimnary Site Suitability Evaluation". |If you can find
Picture 19 fromtwo presentations ago, the one on prelimnary
site suitability evaluation. It should be |isted under
Sullivan in the printout. Sullivan. Yeah, 19.
(Pause.)
DR SAGUES: Ckay, very good. This brings us up to the

issue that we had a little while ago, and the question here
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had to do with uncertainty on corrosion nodels. This line in
here represents what woul d happen if one would assune, |
believe, that 1 out of every 4 realizations, 1 package out of
10, 000 woul d experience sone kind of a nassive materi al
probl em or a severe material problem because of that weld
maybe that didn't get--now suppose that that kind of an
effect were conparable to the presence of, say, significant
pitting in the package, elenental things will be nore or |ess
equi valent or not. Sonme year it will help them sonmewhere
around year 2,000, sonething in that order, relatively early
in the stage of the system
Now, if that were to happen because the signs were

severely wong on corrosion, and now we have all the packages
having that kind of a problem then am| correct in saying
that that would be sort of conparable to [ift in one, two,
three, four cement, we're then multiplying by four, which
wi |l take us around there sonewhere? |Is that sort of like a
reasonabl y ball park way of thinking about it?

MR. HOMRD: That's exactly the calculation that Jim
Blink and I went through.

DR. SAGUES: Ckay.

MR HOMRD: So yes.

DR. SAGJES: kay, so that will take us dangerously
close to the 15 ng. kind of that's sonewhere around there,

believe. Now, suppose now-and | just want to continue a
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little bit farther--suppose that the science is okay, but not
qui te okay, maybe 90 percent okay, then in 1 out of every 10
sort of alternative features, this science was wong and the
hi gh tenperature wll result in excessive pitting. So then
that will take us fromthere to there. And if the science is
very good, 99 percent good, what it wll take us up to there,
a couple of us know what we'd really like to be, but still,
you know, it begins to | ook pretty bad, even if the science
is 99 percent right. | mean where am|l wong with this chain
of thinking? | would |ike to hear what you have to say about
t hat .

MR, HOMRD:. Ckay, |I'll tell you what | have to say
about this, then. | don't understand if the science is 99
percent right how | could correlate that to those hi gh doses.

But I will tell you that as far as |ocalized corrosion goes,
the corrosion scientists do have nodels for |ocalized
corrosion, we do know that |ocalized corrosion can occur with
these materials, the question is whether or not we have the
right environmental conditions for it to occur. So in the
ESPA we did not screen it out as Dr. Craig had inplied with
the low probability. |In the FEPs process, |ocalized
corrosion can occur and we allow it to occur if the
conditions exist. So that's one part of the story. It's in
t he nodel

The other part of the story is, although it may not
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be convincing to everyone whether or not the science is
right, that's the fundanental question that we're going after
with the waste package peer review It's a fundanenta
guestion that is gone after with the TSPA peer revi ew panel
| ooki ng at the science behind it. The NRC and the Center are
al so going after that fundanental question. W, ourselves,
continue to ask that question whether or not the science is
right. So the probability of the science being wong is,
what, it's one mnus probability of waste package is right.
Bef ore we assign nunbers to it--and I'mnot sure if that wll
be a useful exercise--we have the waste package peer review,
we have the TSPA peer review, we have the NRC staff reviews,
we have the Center reviews, we have the State of Nevada.

DR SAGJES: Now, | may have to back up and go the other

way, but vyes.

MR HOMRD: No, well, | mean we have to consider all of
t hese- -

DR. SAGUES: Yes.

MR. HOMRD: --inputs | think. W have the NWIRB, we
have the Departnment of Energy and contractors. And | believe

all of those organizations are after the sane question,
whet her or not that science is right. And | hope that
everybody is after that question.

DR. SAGJES: VYes.

MR, HOWARD: | have a fundanental interest, we're
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tal ki ng about the safety of ny daughter, right?

DR. SAGJES: Right. Now, what is interesting, though,
is could this be the beginning of sone way of addressing
uncertainty on nodels being drawn and incorporating themin
t he performance nodel s?

MR. HOMRD: Jenny, can you help ne with this one? |
don't know how to get at this kind of elicitation, which
think it is. Karen, maybe you can hel p ne.

DR. WONG Al berto, is there a way that you can have
your question answered | ater?

DR. SAGJES: Sure. Certainly. | just wanted to bring
up the issue.

MR HOMRD: |It's a very inportant issue and there's a
| ot of people looking at it, and I think we all owe it to
ourselves to nmake sure that we rack it out.

DR WONG Dan Bullen, if | give you time, are you going
to buy nme dinner?

DR. BULLEN: Bullen, Board. And I'mgoing to actually
try to tie into what ny col |l eague, Al berto Sagués, just
brought in, and I'm happy that he brought up this diagram
because even though you thought you got saved by the bel
with respect to going by the NWTRB priorities, one of the
guestions that we have is an eval uation and conparison of the
base case repository design with a | ow tenperature design

And ny interpretation of the presentations in the past two
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days and the SSPA and all of the evaluations that we' ve done
is that your interpretation that these curves and that
conparison to that answers the issue. And | guess the
guestion that sort of stuck in my mind and it didn't strike
me until, you know, a day after JimBlink's presentation, but
Jimtal ked about the conparison of LTOM and HTOM and not ed
that there were a couple of errors in the thermal hydrol ogic
nodel s that were presented earlier that got rectified, and
that's fine. But he nade a statenent, and | guess it didn't
strike me until | had lunch with a coll eague and we tal ked
about things, that his statenment was--and | | ooked at ny
notes--"If there's no permanent changes in the natural or the
engi neered barrier system then these things happen.” And so
| guess the thing that strikes ne is, if | heat the nountain
up in boiled rock and I should be able to get data from al
types of experinents that we've been running, including the
drip scale heater test, that would show ne the kinds of
changes that | get when | do and don't boil the nountain.

And the kind of changes that | would expect to see at a high-
tenperature design that may have | ocalized corrosion nore
effectively operational versus one that doesn't have nore

ef fective operational, then | don't think I'll see such
simlarities. And | know there's, you know, a couple orders
of magnitude at different |ocations and the |like, but | guess

the issue there is, we've asked you to take a |l ook at a | ow
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tenperature repository design, you' ve nade great strides,
maybe you're not quite there. Wuld you like to respond to
that, | guess is what |'m saying.

MR. HOMRD: Yeah, 1'll respond to that. You
specifically did say in your letter |ower tenperature
designs. Wat we did was a range of operating nodes, and
there are probably both semantic and conceptual differences
with what we did. This is what we could do to address the
issue wwth the information that we had. It's not starting
with a clean sheet of paper, as | think Priscilla has
suggested, nore than once, and | acknow edge that.

woul dn't want to nmake it nore than it is.

DR. WONG | apol ogize, Dr. Parizek, | have to pass you
by.

DR PARI ZEK: Pari zek, Board.

DR. WONG Dr. Parizek, | have to pass you by.

DR. PARI ZEK: Oh, you have to.

DR. WONG  Yeah.

DR. PARI ZEK: You said you apol ogi ze for passing ne by.

DR. WONG |'m passing you by. Debra Knopman has a
statenent to nake but not a question.

DR. KNOPMAN:.  Knopnan, Board. Now, you put in some
backup slides on the large hydraulic gradient. This is a big
question the Board has. W don't have tine to address it, |

just wanted to note that | didn't want you to think we didn't
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care about that.

MR. HOMRD: No, | know you don't.

DR. KNOPMAN:  And we'll tal k about--

MR. HOMRD: That's why | put themin there, | wasn't
sure what we were going to get to.

DR. WONG Okay, thank you, Rob, you still |ook well.

Ckay, we are scheduled for a break about a half an
hour ago, and we wll take a break, but first April G| has
an announcenent that she would |ike to nmake.

M5. GQL: Yes, | just wanted to say that quite a few
peopl e are asking about the range of operating tenperatures,
key technical issue, technical exchange the Departnent of
Energy and NRC were going to have on Thursday and Fri day.
W' re eval uating whether or not we're going to be able to
have this neeting in light of the tragedy that happened this
nmorning. We're trying to set up a video conference in VTEL
with the NRC at Rockvale and the Center in San Antonio if
possible. W won't know the answer until sonetine tonorrow
whet her or not we're going to go ahead and have the neeting,
and as soon as we know, we will let you know Thank you.

DR. WONG  Thank you. Al right, it's 3:38 by the
little clock that we have here, ten-m nute break, expect
everybody back at 3:50.

(Wher eupon, a break was taken.)

DR WONG Al right, our next presentation is from Dr.
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Dal e Hamrer nei ster, who is working with Nye County. Dr.
Hanmer nmei st er has extensive experience in hydrogeol ogi cal
processes and site characterization related to both solid
hazardous or radioactive waste. Dr. Hammernei ster, please.

DR. HAMVERMEI STER: First | wanted to thank the Board
for giving us the opportunity to let you know what we've been
doing lately. This work is funded, as you know, by the
Departnent of Energy. W have a cooperative agreenent with
t he Departnent of Energy. Drew Coleman is the technica
lead. | amone of three nenbers of the Nye County group,
techni cal group, Rena Downy and Kathy G| nore nmake up the
rest of the group. Most of the work is done by Nye County
Consultants, a talented group. Jam e Wal ker is our senior
geol ogist, Tomis the | ead hydrogeol ogi st, Jay is our
drilling engineer, and Dave is with well design and aquifer
testing.

But anyway, today, very quickly |I wanted to just go
over our EWD DP Drilling Program the Phase Il primarily,
and also to talk a little bit about sonme ventilation work
that's going on

Coul d I have the next slide, please?

I"d like to tal k about our overall program
obj ectives, where we are in the program The | ocation of our
Phase Il wells that we're putting in, drilling and

conpl eti on objectives, our geologic sanpling and testing
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objectives, and then really spend nost of the tine talking
about sone prelimnary results that we' ve got from our
drilling which we think are real interesting, and then sone
proposed additional wells.

Next slide, please.

|"mnot going to tal k about a whol e bunch of other
things that Nye County is doing associated with putting wells
in the ground.

Next sli de.

The overal |l program objectives have al ways been to
devel op a capability for early warning groundwater nonitoring
net wor k bet ween Yucca Mountai n and Amargosa Val |l ey, the
popul ated areas, to establish a baseline water quality
information, and to fill in hydrogeol ogic data gaps in a
bunch of areas: flow paths between tuff and alluvium nature
and continuity of alluvial textural |ayers. W're interested
in the layering in the system-Nye County, of course, is
interested in the health and safety of the Nye County
residents and we're interested in potential preferential flow
pat hs through coarse grain |ayers and also finer grain |ayers
that may retard the novenent of contam nants. And of course
we're interested in hydrogeol ogic units underlying alluvium
hydraul i c gradients and flow and transport paraneters.

|"mgoing to primarily talk about--1 nean the data

we'll present today, we'll talk primarily about layering in
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the system some information we've obtained fromour drilling
program about layering in the alluvial system a little bit
about hydrogeol ogic units underlying alluviumand fl ow and
transport paraneters.

Next slide, please.

You' ve been updated before on Phases | and IIl. |
won't go into that right now Cenerally, we did sone good
techni cal work we think and produced sonme good data and al so
| earned an awful lot | think, and we're trying to put this
into Phase 111, which we started in July. And we're focusing
primarily on filling data gaps in the zone of uncertainty,

and that is the zone between H ghway 95 and Yucca Munt ai n.

Next slide, please.

The Phase Il wells are showmn here. | want to talk
about their location. W are drilling two wells, the fact is
we conpleted two wells at the ATC location, IML and | M2. W

have two other optional wells at that |ocation and we have
two wells at the 22 location, two at the 10 | ocation and two
at the 18 | ocation.

Next slide, please.

This is the ATC location. The existing wells are

19D and 19P. W finished drilling and conpleting IML as a

mul tiple screen nonitor well. We'IIl show you, again,
conpletion a little bit. And we just finished drilling and
we're in the final stages, the final day or two, of
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conpl eting | M.

Next sli de.

This is the typical conpletion, it's a nultiple
screen well. The screens, of course, are sealed with
bentonite seals between the screens. The wells are suitable
for sticking in package systens to isolate zones so that we
can do tracer tests, we can punp fromthese zones, we can do
hydraulic tests, and we can obtain different water quality
sanples fromthe different screens. Nye County is actually
going to install sone Westbay equi pnent, which is a renovable
package systemthat allows us to sanple and to nonitor from
i ndi vi dual screens.

Next slide, please.

At the upgrade in locations, the 10, the 18 and the
22 location, we plan to drill two holes, a P-hole, a
pi ezoneter, which is really a dual conpletion piezoneter, and
we'd like to think about it down the road as potentially a
tracer injection well, and about 60 feet downgradient we're
going to install in each of these |ocations a 1, 000-f oot
mul tiple screen nonitor well very much |ike we saw just in
the previous slide. Nye County intends to at |east have the
capability to do tracer tests at nore than one | ocation.
Currently tests are only being conducted at the ATC | ocati on.

Nye County has proposed for future work that perhaps we

could do sone tracer tests at other locations in the
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Fortym | e Wash.

Next slide, please.

This is a typical piezoneter. It's a dua
conpletion piezoneter. W are interested in vadose zone,
too. Minly we are interested in characterizing bul k
perneability, bulk air perneability, so we plan to install
sone air piezoneters and do sone nonitoring. Again, we're
interested in the layering. W feel that a vadose zone can
supply a little bit of information and m ght be useful that
we could transfer it to the saturated zone. And again,
| ooki ng at the atnospheric baronetric pressure wave we can
back out bulk scale perneability, and we feel that the | arger
the scale of the estimte probably the nore useful the data
iS.

Next slide, please.

This just sumrarizes the types of the wells we just
tal ked about. W have basically two types of wells we're
going to be drilling, nmultiple-screen nonitor wells and the
dual conpletion piezoneters. Piezoneters are |imted because
of our Iimted budget. Those are only at the upgradi ent
| ocati ons.

Next slide, please.

Qur objectives for both the piezoneters and the
monitor wells are to design themand to construct themin a

manner to support tracer tests. W feel that obtaining the
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hydraulic and the transport paraneters fromtracer tests are
extrenely valuable. W also |liked both of these well types
since they're |ocated at the upgradient |ocations, they're

| ocated close to each other. It would be nice to coll ect
representative drill cuttings fromeach and | ook at the
correlation of different |ayers between different holes, and
al so where possible we'd |ike to obtain in situ density data
where possible, bulk density data.

In addition to that, the nonitor wells nust be
straight and nust be stable, so if we wanted to put in our
retrievable instrunentation system

Next slide, please.

The nonitor wells we can't good sanples from
monitor wells and we also can't drill a hole at the sane
time, so we really have to use two different drilling nethods
to get the sanples. W're using dual wall reverse

circulation, and to get the straight hole we're using the

fl ooded nud nmethod. And to the piezoneters we're using a
casi ng- advance air-percussi on hamrer nethod. W get
excellent drill cuttings in these cases and this particul ar
met hod all ows us also to get core sanples.

We don't have the tinme to go into the details of
t hese net hods, but we feel that these are--we've thought a
| ot about them we've had a | ot of experience in the past

with these different nethods, and we feel this is probably
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the right approach to go about our drilling.

Next slide, please.

Basically, our drill cutting sanpling and | ogging
and testing objectives are just primarily to maxim ze
i nformati on about textural |ayers. There's a whole bunch of
activities that we have undertaken to try to maxim ze the
information we can get fromdrill cuttings, and drill
cuttings aren't the best thing in the world and they aren't--
they're oftentines contam nated, but with a |lot of care you
can get a | ot of good useful geologic information fromthem
Again, | won't go into any of these in any detail, but sone

of the nmethods we're taking are described in the backup

sl i des.

Next slide, please.

W're also attenpting to get sonme core and
denonstrate that we can get core fromboth the unsaturated

zone and the saturated zone. W're going to denonstrate this

in the actual casing-advance drilling systemin the
pi ezoneters. W'Il|l obtain core fromthe saturated zone where
wel | screens are potentially going to be |ocated. Al so,

we'll try to get core just generally fromrepresentative
units throughout the unsaturated zone al so.

Again, this is primarily a feasibility study.
Again, it would be nice to have sanples that haven't been

chewed up by the drilling bit that we could do sone
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| aboratory tests on.

Next slide, please.

Now I'd like to get awnay with the prelimnary stuff
and let's nove towards tal king about sonme of the results and
where we are in our program Once again, these are the
| ocations, just keep in your mnd the 22 location, the 10
| ocation and the 18 location. The 22 and 10 are | ocated
right along the channel, the existing channel, and Fortymle
Wash. And of course we have a couple holes down here at the
ATC side. And then we have over here (indicating) an area
that's nore in the fractured rock area.

Next sli de.

To date we've actually drilled the sanpling hol es--
we call these A-holes--at the ATC side, which is the IM, I M
at the ATC side. This is the sane |ocation where the nonitor
wells are actually being installed, and also at the 10 and

the 22 location we drilled exploratory boreholes, got good

cuttings back, and sone of the results we'll show here in a
little bit.

In addition to that, we cane back and we abandoned
t hese hol es and we cane back and actually drilled the I M

hole with the fl ooded nud systemfor a multiple-screen
monitor well, and we actually have drilled and are conpleting
also IM. W're in the process of just starting the first

pi ezonmeter hole. 1In short, we've nade sonme good progress
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over the last couple nonths.

Let's nove on, next slide, and | ook at sonme of the
results. Want to | ook at sonme of the drill cuttings, but
before we |l ook at drill cuttings, we just want to--1'msorry,
| want to tal k about some of the actual data we're going to
tal k about here. Particle size distribution of depth
profiles, cenmentation HCL reaction depth profiles, and
el ectrical conductivity, and this is a 1:1 water extract to
| ook at soluble salts. W don't have data back yet on silt
and clay percentages. The particle size distribution we're
going to talk about is just a very gross particle size
distribution. W'Il show you the data here, and we haven't

had a chance yet to process in situ bulk density data.

Next slide, please.

Just a word of caution about drill cuttings. W
all know there's a well of possible errors in drilling that
could create sonme msinterpretation of drill cuttings. |

won't even go into each of those. But basically, if you're
careful, drill cuttings can be of use to identify major
trends within and between boreholes and to provide indication
of the thickness and textural variation between |ayers.

Next slide, please.

This is a graph of the depth profile of drill
cuttings fromthe two boreholes at the ATC site. These were

two exploratory holes that were drilled and abandoned. The
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yellowis the first hole that we drilled, the 1A | ocati on,
and the blue is the 2A location. Wat we're plotting here is
percent passing in two different sieves, a 200 sieve here and
a No. 4 sieve here, and sinply, to the left of these lines
translates into the amount of fine silt plus clay, between
these two lines is the amobunt of sand, and to the right of
these lines is our gravel. There are sone general trends you
can see with depth. The water table is right here
(indicating). That is generally increasing fines and a
general decreasing amount of gravel with depth. There are
sonme correlations to sone extent at different points. Here
we have a hi gher amount of fines (indicating) at this

| ocation, and as you go down further, there seens to be sone
shifting of the peaks. There does appear to be sone
correl ati on between--these holes are | ocated about 60 feet
apart and this data was just plotted | ast week, we haven't
had a chance to analyze it in any depth, but there does
appear to be a little correlation, sone continuity, in sone

of the layers over 60 feet.

| want to enphasize that the differences may in
part be due to slightly different drilling nethods. | know
the first hole we drilled primarily dry and there was sone

caving and there's sonme m xing of the sanples, and the second
hol e the upper portion of the hole was conditioned a little

better and we probably had | ess contam nation fromup hole
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| ocati ons.

Next slide, please.

This is the data fromup the hill alittle bit from
the 10 location and the 22 location. By the way, these
sanpl es were taken on 5-foot intervals. The 22 |ocation the
lab just did at 20-foot intervals. W haven't got the | ab
data back. Again, this was just plotted | ast week. There
are sonme simlarities in these two plots, the previous plot
and this plot. Again, there's a generally increasing trend
of fines wwth depth. There seens to be a fairly thick--and
previously we haven't seen this, there's a strong variation
as you go fromb5-foot. Between 5-foot |ayers you have maybe
10, sonetinmes even 20, 15, 20 percent variation between 5-
foot intervals of the amount of finds and al so the anmount of
gravel in the sanple, which suggests there aren't thick
| ayers of gravel and they aren't really thick |ayers of finer
material, either. However, in the |ower portion of the hole
there's sone indication that there's relatively thick | ayers
of fine units in the lower portion of the hole. W get
virtually no gravel

Next slide, please.

This slide is a slide that was put in to
denonstrate a conparison of lab versus field. W do do field
| ogging and we attenpt to estimate the anount of fines, the

anount of sand, the anount of gravel. This shows a
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relatively good correlation between field estimtes and
| aboratory neasurenents. | nmade a mstake in this slide, |
really neant to plot--we actually in the vadose zone we
actually measure on 2.5-foot intervals and we actually
estimate fines, we actually log the sanple on 2.5-foot
intervals in the vadose zone, and | wanted to denonstrate
that. This slide does not show that, it's still on 5-foot
intervals, but basically the slide that | had in m nd does
show a variation of 10 to 15 percent fines and 15 to 20
percent gravel with every 2.5-foot interval, basically.
Next slide, please.
It's always informative to conpare with other
| ocations. There is a lot of work on a test site that has
been done in Frenchman Flat, there were holes that were
drilled by casing-advance nethod to 1,000 feet, drill
cuttings were sanpled and al so core sanples were taken.
And how are we doing for tinme?

DR WONG Onh, sorry. Well, you've got 12 m nutes.

DR. HAMVERMEI STER: Let's skip a few slides in a mnute
here. But basically these are--we can go back to this if we
have tine, but there is data on a test site. Frenchman Fl at
is also filled with volcanic sedinents and it's always nice,
it's always informative and we can learn a |ot by conparing
wi th other previous work that's been done.

At any rate, can we skip ahead about two or three
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slides, please? Let's go through these. Sone concl usions
about sone of the prelimnary data that we found. W
general ly have generally increasing fines and decreasing
gravel with depth in each of the boreholes that we've drilled
so far. Fine percentages average about 14 percent in the
hol e by the ATC conplex up to about 21 percent in the two
hol es located up the hill a little bit. | think it's
inportant that we don't see any thick fine texture |ayers
except in the |ower portions of 22 and possibly 10, and we do
see a large variation in particle size fractions on 2.5-foot
i ntervals.

Next slide, please.

And finally, we do see sonme correl ati on between
| ayers in closely spaced wells, the 1A and 2A well at the ATC
conplex. And this refers to Frenchman Fl at and we're goi ng
to skip these slides so we can stay on schedul e.

Next slide, please.

W al so, besides doing |aboratory tests and
besi des--our |ogging consists of a |lot of detailed

description and we tend to geologically describe the sanples

in great detail in the field, and part of the | ogging

i nvol ves visual estimates of cenentation. And in the |ab
also we do a sinple 1:1--1"msorry, in the field we al so
squirt sonme HCL on the sanple to | ook for presence of cal cium

carbonate as a cenenting agent. In the lab, a very sinple
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measurenent is a sinple 1:1 water extract of the sanple.

I'"d like to show the next slide, please. This
sinply shows, again, a field |logging description of depth
profile of Well 22. And what we see here is when we see sone
weak cenmentation, this is typical of nost wells, in the upper
100 feet, 150 feet we see sone weak cenentation, and the only
wel | we see noderate or strong cenentation is in 22. 1f you
| ook over here (indicating), this is the ACL reaction.
There's sone correl ati on between cenentati on and ACL
reacti ons suggesting that maybe cal ci um carbonate at | east
pl ays sonme part in cenentation.

Next slide, please.

This is the EC profile of the two wells that are
| ocated at the ATC site. Notice that this is a water extract
el ectrical conductivity and the peaks nore or |ess match up
in each case and for both holes the majority of the peaks
actually lie on top of each other.

Next sli de.

For the two hol es | ocated upgradi ent we see a
decrease in electrical conductivity and of course we don't
expect the peaks to line up, these wells are separated by
several thousand feet.

Next slide. I'msorry, several mles.

Some concl usi ons about cenentation and el ectri cal

conductivity. W do see sone weak cenentation in al
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boreholes, like | said. There is sonme noderate cenentation
in Wll 22, and there's a good correlation between EC in
Wells 19 1A and 2A, and the EC peaks and valleys may refl ect
a whol e bunch of things. They nay be due to periodic salt
accumnul ati on during sedi nent deposition and/or periodic
infiltration events not great enough to flush the profile of
sol ubl e salts.

Next slide, please.

|"d like nowto turn to a prelimnary cross-section
done along Lower Fortym |l e Wash that has been put together by
Jam e Wal ker. Incorporates borehole data fromthe deep \Well
2DB and the shall ower Wells 19D, 22SA and 10SA and
i ncorporates the U S. Geol ogi cal Survey regional geol ogic

framework units in the northern portion of the section.

Next slide, please.

This cross-section is shown in the back of the
room it's actually printed out. | apol ogize, when Jam e put
this cross-section together for ne, | forgot to nention that
| wanted one to be able to put it on a PowerPoint slide, so
this is not his best work, it's not his fault, it's ny fault.

But basically the cross-section goes from2DB to 19 to 22 to
10 at this location right here. Sone basic overall trends in
the cross-section, we go froma volcanic faces to a
sedi nentary faces over here (indicating). There's a |lot of

uncertainties. These wells are, as you can see, separated by
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nore than two mles. W really don't know what--this is the
al luvium Il ayer right here (indicating) the QAL. There may be
a |l ower conglonerate unit in the base of the alluvium we're
not sure. The actual tuff unit is probably the Paintbrush
tough, but the actual unit has not been identified. And I
shoul d al so point out that this long section is only
intersected two nmaj or possible structural features, H ghway
95 fault, which is inferred fromsurface geophysics, and a
maj or |lineament at this point right here (indicating). So
these are the only two ngjor structural features that have
been intersected. There is a major point here, there's a | ot

of uncertainty.

Next slide, please.
DR. WONG  Five m nutes.
DR. HAMVERMEI STER: Five mnutes, thanks. Next slide,
pl ease.
| just went over this just now, | won't repeat
this. We would like to go back and drill sonme deeper hol es.
We have a limted budget this year. W had to term nate our

hol es at roughly 1,000 feet, and in future years we'd like to
go back, propose additional wells. |In future years, we
propose the Departnent of Energy would like to continue our
drilling program And this |looks |ike a scatter diagram of
proposed wells, but basically the proposed wells are the

bl ack and the bull's eyes. The black hexagons are a
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conbi nation of wells that could be either exploratory wells
or they can be conpleted as a nonitor well or piezoneter well
dependi ng upon what we'd find. The bull's eyes are the

conbi nati on nonitor wells/piezonmeter wells that we tal ked
about at the 22, 10 and 18 | ocations previously.

Sonme of the rationale for these holes, we'd like to
| earn nore about the alluvial flow path along the main access
of Fortym|le Wash. These holes would help us with that.

W'd like to look a little bit deeper. W'd like to | ook at
the crater potential of volcanic fractured rock flow path
over in Crater Flat. These wells would address that
particular issue. W're interested in the flux boundary for
the site-scale nodel, trying to get a better handl e on that
flux boundary. | think Tom nentioned that the last tinme he
talked to the Board. These wells would help with that. W
have a line of wells we'd |like to deepen al ong the H ghway 95
road in the actual fault. Very little is known about the
fault and we'd like to ook a ot nore closely at the
transition into this basin. And finally, we have a second
fence of wells down here, further down toward potenti al
receptors in Amargosa, and again, to try to get a better
handl e on flow paths closer to actual receptors.

Next slide, please. Next slide.

|'"d like to spend just a m nute and update you

about our ventilation activities that are going on. Parvis
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Mont azer has been doing this work. Quickly sunmarize sone of
t he background, past work, some of your present work and sone
pr oposed wor K.

Next sli de.

DOE nodel s do predict high tenperatures and
hum dity after backfill and closure, and that of course
results fromNye County's perspective in increased
uncertainty and corrosion flow and transport sinulation,
performance assessnent and safety denonstrations. And
primarily Nye County is primarily interested in performance
assessnment and safety denonstrations. Every since 1995 Nye
County has studied natural ventilation as a neans to | ower
tenperatures and hum dity and reduce sone of this
uncertainty. So this has been going on since 1995.

Next slide, please.

Sonme of the previous work that was done, Nye County
di d conduct sone nonitoring in the ESF and the ECRB during
the actual drilling, hung instrunentation on the back of the
actual tunnel boring machine, and collected a | arge anmount of
tenperature and pressure and wi nd speed data and concl uded
that ventilation clearly can renove a | ot of heat and a | ot
of vapor fromthe system Parvis Mntazer is also a mning
engi neer, has a m ning engi neering background and has a
consi derabl e anount of experience in that area.

We al so did sone prelimnary nodeling of highly
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sinplified repository wwth ventilation shafts, and the
results indicated that natural ventilation can keep host rock
relatively cool and dry for the first 1,000 years when we
think it's supposed to heat up. And this is assum ng we can
keep the repository open.

Next slide.

This is just a sunmary of sone of that nodeling.
The sinplified axi syc”metric nodeling was conpleted in 1996.
The sinplified three-di mensional site-scal e nodeling was
conpleted in 1998. Results have been presented in Nye County
Annual Reports and a ventil ation workshop in 1998 whi ch DOE
hel ped co-sponsor with Nye County. The code A-TOUGH is used
to sinulate heat and vapor flow both in rock and in tunnels
and shafts, so basically DOE uses two codes, one for the rock
and one for the ventilation. Inportant to note is the heat
and vapor transfer between the rock and the actual
ventilation systemis acconplished by using a transfer
coefficient called eddy diffusivity. And eddy diffusivity,
of course, is highly dependent upon tenperature and ot her
vari ables. Eddy diffusivity was actually cal cul ated by Nye
County. Both these nodeling nmethods suggested a nuch cool er
and nmuch drier repository could be achieved.

Next slide.

We have some ongoing work right now W are

attenpting to identify a nore realistic range of design



© o0 N oo o A~ w NP

N NN N NN R R R R R R R R R
g N W N P O © O N O OO » W N B O

542

paraneters for a natural ventilated repository and devel op a
nmore realistic conceptual nodel and a nmesh, a nodel nesh, and
at the same tine refine the estimates of this inportant
transfer coefficient, eddy diffusivity, and then conduct
sinmulations to denonstrate this nore realistic natural
ventilation design. And we would like to cone back and
present these results to the WIRB in January of this com ng
year.

Next sli de.

Al so what's going on right now, and this is not
funded by Nye County, it's actually funded by DOE through
UNR, there's a co-conparison of A-TOUGH versus MJULTI FLUX pl us
NUFT. And there is a large difference in the tenperature
predi ctions between these two nodels, and sone prelimnary
di scussion and prelimnary work suggests that it's possibly
due to differences in the heat and vapor transfer
coefficients used, anong ot her things.

Next sli de.

This is probably the nost inportant slide of the
day. Nye County believes that DOE and al so Nye County--1et
me start again. Heat and vapor processes in rock are being
validated in the ESF. |In ELKO5, heat and vapor flow
processes in the tunnel, ventilation systens are being
validated at this facility, but as yet these two processes

have not been coupl ed together. The rock, processes in the
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rock, and the processes in the ventilation system have not
been coupl ed toget her and nodel s have not been vali dated,
i ncl udi ng Nye County's nodel .

Next sli de.

Nye County proposes a | owtenperature
heater/ventilation experinent in the repository, a block to
actual ly neasure the necessary paraneters, both in the rock
and in the actual tunnel ventilation system and to actually
val idate their nodel and the data would al so be available to
t he Departnent of Energy. Once that was done, if you were
able to validate the nodel, the nodel would be used to
hopeful |y reduce sonme uncertainties, possibly reduce
footprint size and possibly reduce costs.

Thanks for your tinme. Questions?

DR. WONG  Thank you, Dale. Questions fromthe Board?
Dr. Parizek.

DR PARI ZEK: Parizek, Board. You nentioned about the
geophysics proposal. It seened |ike at one point you had an
opportunity to maybe devel op sone geophysical work in order
to guide the placenment of sone of the drill sites. |Is there
anything going on in that area?

DR. HAMVERMEI STER:  Yes, there is. W have proposed- -
have not shown, of course, proposed future work, somne
detailed future work. And the Departnent of Energy has

approved a significant surface geophysical programin the
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order of--anyway, it's a lot of noney and it allows us to do
sonme deep seismc work, so it's really sonme--all the
necessary geophysical work that we had proposed DOE has
tentatively approved sone funds in the com ng years.

DR PARI ZEK: That woul d be sonetine in Fiscal Year 03?

DR. HAMVERMEI STER:  Yes, 03 and 04.

DR. PARI ZEK: Were there any tenperature surprises in
the drilling you' ve done to date? By surprise | nmean
anyt hing that was abnormally either cool or warm based on

ot her holes that already had been drilled in Phase | and 11

DR. HAMVERMEI STER:  No, the nobst recent round of
drilling was very shallow. W had a |limted budget this
particul ar phase and really couldn't afford to go deep. So

no, we didn't cone across any tenperature anonalies.
DR. PARI ZEK: EDWDP 18 is fractured, | guess, one of the

first bedrock sites you have for--

DR. HAMVERMEI STER: It has sone shal l ow al | uvi um we
t hi nk.

DR PARI ZEK: But eventually you hope to hit sone fault
zones? Whuld that be the first place that naybe sone fault

perneability data could conme out in ternms of going in an
orderly direction closer to the footprint of the repository?
DR HAMMVERMEI STER:  Yes, yes.
DR. PARIZEK: That's to be drilled this year?
DR. HAMVERMEI STER:  Yes, it is.
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DR. PARI ZEK: Thank you.

DR WONG  Dr. Knopnan.

DR. KNOPMAN. On one of your very last slides, 45, where
you just tal k about the conparison of conputer codes, perhaps
you could just explain a little bit nore what you think you
m ght find fromthis conparison and what difference does it
make if the codes changed. And then I'mnot sure if Bil
Boyle is still here, but perhaps soneone fromthe project
could respond to this work and say sonet hi ng about the kinds
of code conparisons or conceptual nodel conparisons that have
been made within the programso far on this point. It's
really inportant.

DR. HAMVERMEI STER: Yes, |I'd really like Parvis Mntazer
to come up and address that, if you woul d.

MR. MONTAZER: Parvis Montazer. This work has been
funded | guess as part of the workshop that we had in
Decenber 1998, a Nye County and DOE sponsored wor kshop
resulted in doing this code conpari son because of the
differences in the predictions. And | have been working just
basically this year with Dr. Danko on making this
reconciliation as far as the differences. And what we are
hoping to find here is--there are sone basic differences that
the way we are doing this in relationship. The AT2VOC is a
sinplified version of the ventilation process, but it's fully

coupl ed. What Dr. Danko uses and other codes in the project,
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MULTI FLEX is, what Dr. Danko has been using, is an externally
coupled code with NUFT. |It's nore conplicated, nore
sophisticated in sinulating the process in the drip, but it's
externally coupled with NUFT. And that's where we see the
differences. And the main difference--and we're both nmaki ng
this assunption incorrectly--is in the transfer correlations.
ATOUGH allows us to do the variation with tine and the
conditions, but in all of our previous sinmulations we have
used one eddy diffusivity nunber that we obtained from
calibration of the code to the tunnel conditions. Basically,
Dal e nmentioned sonme of the early data that we got by putting
up instrunentation at the end of the GBM W use that to
calibrate and we got one nunber for eddy diffusivity, and we
have used that to sinulate a | ong range of tenperature and
pressure in tine. And that has resulted in overestimating
heat and noi sture renoval

On the other hand, the MULTI FLUX and NUFT ext er nal
couple sinmulation, they' re using the standard transfer
coefficients, and they're constant, too, but they're at the
ot her extreme end. So sonewhere in between this whole
process of what Dal e was tal king about as far as our proposed
work, we want to see what are the range of changes in the
transfer coefficients at different tenperature and noi sture
conditions of the rock and velocity of the ventilation.

So | don't knowif | answered that question, it was
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| ong wi nded.

DR. KNOPMAN. That sounds nore |ike a paraneter
estimation issue than a nodel discrimnation problem

MR. MONTAZER  That is nore or |less correct. There have
been questions, but we nore or |ess knew NUFT and TOUGH, they
use the sane kind of equations. They're very nuch the sane,
do the sane thing.

DR. KNOPMAN:.  Ckay.

MR, MONTAZER. And so do MULTI FLUX and the eddy
diffusivity concept. They use simlar kind of processes. So
we didn't expect to have to be surprised by the differences,
and it's basically boiling down to the fact that the
paraneters that we've been using--there's a dynam c paraneter
we' ve been using as a constant paraneter.

DR. WONG (Okay, we nust nove along. Thank you, Dale.

DR. KNOPMAN:. Jeff, could sonmeone fromthe Programjust
very qui ckly respond; do we have tine?

MR BLINK: JimBlink, Livernore. W are also doing a
code conparison of ventilation calculations. The Project
basel i ne has used the ANSYS conduction only code in the rock
W th a post processor using the spreadsheet for the evol ution
of the tenperature in the airstream W've been conparing
that to the results of the MIUTI FLUX code. The MULTI FLUX
code devel oped by Reno has been added to the Projects suite

of codes, and that code has a nore conpl ete coupling between
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the air and the rock and keeps track of the mass transport in
the rock, which ANSYS is not able to do. W see sone

di fferences and we're currently working our way through
trying to isolate the specific causes of the differences, but
in our case it may be nore conceptual and nodel related than
paranet er rel ated.

DR. WONG  Thank you. Okay, our next speaker is Linda
Lehman. She's president of Linda Lehman & Associates. She's
a hydrogeol ogi st by trade, and she's nade many presentations
before the Board and she's provided scientific support to the
State of Nevada's Hi gh-Level Waste Review Program

M5. LEHVAN: Thank you. |Is that working? Hopefully. |
don't know if this is going to work on ne.

Thank you very nuch for the opportunity to present
sonme of the latest results that we have on our efforts to
calibrate a |larger area nodel. The last tine | spoke to the
Board, several years ago, we were working on a snaller area,
whi ch involved mainly just the nountain, and now we've
expanded the three-di nensional nodel to go all the way down
to the Amargosa

I"mfirst going to give an introduction and then
tal k about the conceptual nodel, our calibration targets, the
nmodel gridding and boundary conditions, and then discuss the
results and sone conclusions. 1'd like to try to spend about

ten mnutes on the first fewitens and then another ten
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m nutes on the results.

This should be considered a work in progress as
opposed to a final product, and we shouldn't think of this
nmodel as an exact replica of Yucca Mouuntain but rather as a
| earning tool to study the flow and transport nechani sns at
the site.

In the draft EIS, the Departnent of Energy
indicated that this flow nodel was a credi ble flow nodel, but
they did not look at it in detail because they claimthat as
|l ong as they have a waste package that |lasts for over 10,000
years, or the conpliance period, then there was no need to
| ook at this particular nodel. And while that m ght be true,
i f the package is robust and we have no package fail ures over
the first 10,000 years, then perhaps the role of a saturated
zone i s di mnished.

But if in fact we do have premature failures--and
like Dr. Saglés says, what if some of the science is wong,
even a small probability, then you have package fail ures
wi thin the conpliance period, then the saturated zone pat hway
does becone inportant and it al so becones inportant for
cal cul ati ons out beyond the conpliance period, for exanple
t he peak dose cal cul ation that's being done and the
Envi ronnent al | npact Statenent.

So basically we have a nunber of concerns rel ated

to the DOE work, and basically we're concerned that DOE is
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proceeding with site recomendation: wthout denonstrating
that they have an understandi ng of the saturated zone;

wi t hout conducting uncertainty and sensitivity anal yses of
this particular flow nodel or a flow nodel through the
mountain, fracture flow, without utilizing all avail able and
rel evant data that had led to their site recommendati on, and
by this | nmean primarily the heat information; they have not
denonstrated that their flow nodel can match the detailed
potentionetric surface that we see in the data, nor have they
denonstrated that they can match the anbient tenperature

di stribution; and further, they have not utilized a fully

coupl ed heat and flow fornmulation in their nodel to determ ne

their flow paths.

For calibration targets we're using the
potentionetric surface that was devel oped from USGS data, not
the USGS potentionetric surface. And I'll show these

differences later. W' re using the tenperature distribution
at the water table of Sass, 1988, and al so using the heat
flux at the water table that was done by Sass, 1988 al so.

|'ve tal ked to the Board on several occasions about
the USGS data. As you know, they did go back and recalibrate
their wells using tenperature corrections and rel eveling
surveys and corrected the water |evel data. However, when
they canme out with their revised surface, which is shown

here, they did not believe their data or chose not to use al
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of their data in this map. What | have here is their snooth
potentionetric surface--this is, of course, the nountain and
the repository site--and you can see that there are sone

m stakes in their contouring. Basically, they have snoot hed
these surfaces, and this is different fromtheir prelimnary
map that they had published earlier.

We took their data, used all of their data,
replotted the potentionetric surface, and canme up with this
pi cture of enbaynents, where you say there's basically three
enbaynents. This is a 730-neter contour line. And you see
these little enbaynents are lined up with Drill Hol e Wash
Fault, Sundance Fault, and a fault that runs bel ow the
repository. You can see the repository outline here
(1 ndicating).

This is the potentionetric surface that was
generated by the U S. Nucl ear Regul atory Conm ssion, Nei
Col eman, and he was ki nd enough to give ne this overhead. He
al so sees the enbaynents. This is in the 729-neter contour
l'ine.

One thing that | do want to point out is that there
really are no data points down here (indicating) until you
get to the Nye County wells. And this area is inportant, |
believe, in determ ning which flow nodel is correct.

The Sass tenperature distribution is shown here.

And what | want to point out to you is there's a linearity in
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t hese tenperature neasurenents that's inportant. This is
Fortym |l e Wash. You see cold plune of water noving down here
(indicating), this is Mdway Vall ey, you have warm wat er
here, Ghost Dance Fault you have a cold plune, and Solitario
Canyon you have warm water again. So cold, hot, cold, hot,
basically, across the site.

The heat flux information that was cal cul ated by
Sass--and he concludes that this negative heat flowis from
recharge of groundwater, and this area here, these squares or
rectangles (indicating), represent the steep hydraulic
gradient. And in an area that's coincident with Drill Hole
Wash and its intersection with Ghost Dance Fault, you see
this very negative heat flux area, snoothing out nore over
t he nountain and then becom ng nore normal away fromthe
mountain. 1've also just for your information plotted our
potentionmetric surface here in the dots on that to show you
that the heat flux also seens to be coincident with the Drill
Hol e Wash, Sundance and other fault down here.

|"mgoing to talk briefly about gridding. First, |
wanted to say that our conceptual nodel is three-di nensional
it uses coupled heat and flow, fully coupled heat and fl ow,
equations. W believe that the fracture is--1 say fracture
flow nodel, it's not actually fracture flow, it's using
fractures to channel the flow, but it is an equival ent porous

medi a nodel. W feel that the fault zones play a major role,
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as you saw fromthe surfaces that | presented earlier, that
there may be sone connection. W also feel that the flow
field is transient, even though the results |I'mgoing to show
you today are a steady state.

And Dave Diodato asked nme to nmention briefly about
the code. W are using AT2VOC, which Parvis Mntazer | ust
menti oned about earlier. W are running fully coupl ed heat
and flow, but we're using single-phase flow, although the
code has capability of nulti-phase flow But because we're

dealing with tenperatures that are anbient, we don't have the

need to have vapor phase in our calculations. It is
integrated finite difference code.

The nodel that we're using has three |ayers, upper
tuff aquifer, a mddle confining unit, and the last |ayer is

the carbonates. W have about 3,030 nodes in each |ayer, so
we' re pushing up agai nst 10,000 nodes, which is about the
capability of our conputer. |In the past we had been using
the LBL version of V-TOUGH and we had to run it on a Cray at
UNLV and front end it with a cyber at the University of

M nnesota. And so when Parvis Mntazer devel oped a code that
could be used on a PC, of course we junped at the chance to
use that and we are using his post-processor and pre-
processor on this code. So Parvis has been helping us with
runs on this code.

The gridding is the sanme in |ayer one and | ayer two
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pretty much. Basically what we have is a nunber of fault
zones. The one on the far right is Fortymle Wash. This one
(indicating) represents Mdway Valley, this is the Ghost
Dance Fault and this is the Solitario Canyon Fault
(indicating), Drill Hole Wash, Sundance and the fault that |
showed you where the third enbaynent lies. Al the faults
with the exception of the Solitario are nore perneabl e than
the tuff. The Solitario Canyon Fault is inpernmeable, or nuch
nore i nperneable than a tuff.

As you'll see here in the cross-section, we have an
inplied fault, which is the H ghway 95 Fault, and bel ow t hat
is alluvium And we have not focused any effort on the
alluviumto date, but we will as you will see in future work.

Ri ght now the alluviumis nore perneable than the tuff and
it exists in both |ayers.

In terns of boundary conditions, our upper boundary
condition here is 1,000 neters of head, 29 degrees C water.
Qur sout heastern boundary is 725 neters of head and our
| atest run 30 degrees water. The | ower boundary, the
carbonates, is set up at the pressures and tenperatures that
were found in P1. 1In other words, the whole bottom | ayer has
an upward head, so it's set at 750 neters, and the
tenperature in nost of these runs that you'll see is at 57
degrees, but in the later runs we've dropped it down to 50

degrees C. Fifty-seven was what they actually neasured it in



© o0 N oo o A~ w NP

N NN N NN R R R R R R R R R
g N W N P O © O N O OO » W N B O

555

P1.

These nodes on the side, these little black dots,
were put in there |later because in our earlier nodeling
efforts we found that we couldn't maintain the 775-neter head
that's west of the Solitario Canyon with sinply this 1, 000-
meter head up here. So we added these nodes to maintain the
775-meter head in that area.

Now, as you wll see when | tal k about tenperature,

we' re thinking about taking out sonme of these, perhaps the

| oner ones, so that the contours will bend around a little
nore and allow nore water to cone up. But |I'Il explain that
in nore detail when we get to the results.

So now !l wll talk about the controls on the
potentionmetric surface. This is one of our first nodeling
results on a potentionetric surface, and we are able to get
t he enbaynents in this nodel. However, you'll note that the

736 contour line is here rather than what we had wanted as
the 730-neter contour. So in order to adjust that, first let
me just nmention that this tight unit up here controls the
steep hydraulic gradient and keeps these contour |ines up.

So in order to get to the 730-neter contour, what we did was
to tighten the confining unit. And we wound up tightening it
six orders of magnitude to get a 6-neter head decrease. But
we're able to control that elevation through that confining

unit partially.
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This set of results | wanted to show you because
we're changing the paraneters, perneabilities in the Ghost
Dance Fault. In this particular run we were trying to adj ust
tenperatures along the fault, |ower the tenperature, so we
tried a nunber of things. |In this particular run we have
made the vertical conductivity of the Ghost Dance Fault set
equal to the tuffs. Both horizontal conductivities were the
sane, they are nore perneable than the tuff. And basically
it had really no influence at all, we're still able to have
our three enbaynents.

So then we deci ded, what woul d happen if we took
the fault out entirely? So we just made it exactly the sanme
as the tuff, so there's no Ghost Dance Fault here, and what
you'll see is our steep gradient on the west side, our medi um
hydraul i ¢ gradi ent, has di sappeared. That was kind of a
surprise to us because we always felt that the Solitario
Canyon Fault was controlling the steep gradient there. In
actuality, what happens is because we have inposed basically
a north-south flow field, any inperneable fault here, the
flow just goes around it. If the flow were com ng this way,
to the east, then that fault would have nore effect. And
this is consistent with sone findings of Ed Kwi ckless that it
depends on the position of the fault in the flowfield as
well as the fault characteristics itself.

So basically what happened is this gradi ent was
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noved over to the Mdway Valley Fault. And what you see in
the one |I just put up earlier is that the Ghost Dance Fault
is actually capturing all this water that's comng in, so
it's prohibiting the steep gradient from noving over.

Now I'I'l talk briefly about the controls on the
tenperature field. |If | can get this on here correctly. It
was fairly easy for us to get the potentionetric surface and
keep it where it should be. It's another matter entirely to
do the tenperature and keep the potentionetric surface.

This is what happens w thout any adjustnents over

what we did to the fault zones. And basically, the | ower

boundary condition in the carbonate dom nates everything. |If
you have any perneability at all, even mnor perneability
di fferences, between the faults and the tuffs and the

confining unit, then you're going to have heat com ng up
these faults, and that's what this shows, is that the heat is
com ng up

So now the question, is how do you control the
tenperature? And we found that there are several ways that
you can do it. You can add water in the faults to the north,
you could add infiltration along certain areas along the
faults, you can block all vertical comunication with the
carbonates by just adjusting the vertical perneabilities, you
can adjust thermal conductivities. And one of the things

that was hel pful is about a week or so ago at anot her neeting
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| got to spend sone tine with Bill Arnold, and he says that
he's found now that the thermal conductivity in the tuff is
quite a bit less than it is in the--it's tighter, basically,
in the tuffs than it is in the carbonates. So the tuffs
woul d act basically as an insulating blanket, and that could
help to |l ower sone of the tenperatures as well

Al so, we can't assune that our |ower boundary
condition is correct under Yucca Muwuntain. W have only two
data points, one fromNye County wells, which indicates that
the head is |l ess over to the east of the nountain than what
we have in there, and also fromwhat we have observed in the
tenperature at the Solitario. | will nention again that
there may be sone differences in the carbonates.

This is an exanple of what happens when you add
infiltration. This is 10 mm per year. Infiltration was
added only along Drill Hole Wash in this area and al ong the
Fortymle Wash in this area. And as you can see, it's
cooling sonewhat, it cools the Mdway Valley Fault, because
all this is connected, but not enough to bring it to a
tenperature lower than the tuffs. And that's what we want,
is we want a tenperature in the fault zones that's col der
than the tuffs, and we have not achieved that. This is Guost
Dance. So it does not by itself cool the Ghost Dance
significantly.

This is the latest run that was done for us by
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Parvis Montazer. And while we are not | ooking at the
alluvium this is just blocked out, what he has done is
bypass these tight units in the top and just inpose basically
1, 000- neter head boundary condition at the top. And you can
see that it has cooled these faults considerably. Still not
enough. But we have cooler faults here and then the warm
upwel ling in the southern part of the block. And we believe
there is upwelling along the H ghway 95 Fault because the Nye
County tenperature data indicates very high tenperature water

at depth in this area.

So basically I think we need a | ot nore work to
see. We haven't tried adding infiltration and recharge here
fromthe north together. W haven't tried adjusting the

thermal conductivities. So it's going to be a bal ancing act,
but we really need to do this in order to constrain the
velocities. Because in a situation like this, these
velocities are really, really high because you have to dunp a
ot of water in there to cool those fault zones down.
Per haps thermal conductivity could constrain it to slower
velocities. A nunber of things could be done that need to be
exam ned.

First of all, I'"lIl just say that our future work--
oh, one thing | wanted to nention that | did nention briefly
is that over here the Solitario Canyon doesn't even show up

here, and that's because of that high head boundary. If we
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can nove that boundary over, maybe we can get sone hot
upwel ling here. So that's sonething that we'll try.

Future work, we're going to start |ooking at the
al luvial properties and conpare sone of the tenperatures with
wor k and nodel s that Parvis has done earlier for Nye County.
We're going to explicitly add the H ghway 95 Fault and
confining unit to the alluvium which you heard Dal e say that
the lower units were tighter, so | think we can justify
putting a confining unit into the alluviumas well. And | ook
at the thermal conductivity contrasts and eval uate sone of
t he boundary conditions. W also, thanks to Eric Sm st ad,
have acquired a copy of ITOUGH, and Eric was al so so kind as

to pay Bo Bodvarsson for a few hours of his tinme so that he

can work with us on this as well. W'Il| use that to better
calibrate.

So in summary, we feel that some of the controls on
the potentionetric surface were in addition to the tight

perneability of the upper boundary, that the share zones do
play a role in the enbaynments, creating the enbaynents and
potentionetric surface, and that the high conductivity of the
north-south directed faults in a north-south flow field are
causing the tight gradient.

Wth respect to tenperature, the head distribution
is inmportant, the heat cones up through the fractures with

even a very mnor Kv difference, and you have to bal ance the
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recharge and infiltration versus the heat.
And that's it.

DR. WONG  Thank you. Questions fromthe Board? Dr.
Knopnman.

DR. KNOPMAN:. Knopnan, Board. | didn't hear you say
anyt hi ng about perched water as a possible explanation for
the steep hydraulic gradient. Could you say sonething about
t hat ?

M5. LEHVAN. Well, | guess | don't know that that in
itself could cause it. My feeling about this is that this
is, to borrow Dave Cox's term a cascading reservoir com ng--
a cascade com ng down. And you saw the heat flux there.

That to ne indicates that that water is com ng down as a
cascade, going into the water table there. | don't know how
t he perched water would work. But if there were perched
water there, it would be, in ny opinion, not letting that
wat er go down, and so you shouldn't see that depression. So
under the perched water you m ght expect, if these boundary
conditions are right, to see warner tenperatures rather than
col der.

DR. KNOPMAN. Do you have the capacity to nodel --you
could do sonething in your nodel to capture the perched water
phenonmenon in a few cells?

M5. LEHVAN. Well, we don't have an unsaturated zone in

here right now, we're just running the saturated zone, so I'm



© o0 N oo o A~ w NP

N NN N NN R R R R R R R R R
g N W N P O © O N O OO » W N B O

562

not really sure how we would | ook at that.

DR. WONG Last question, Dr. Nelson?

DR. NELSON: Thanks. Nelson, Board. | recall in the
past tal king with you about north-sout hness of flow as
opposed to the kick-off to the east that the Project's
putting forward. Do you have any comments on that? Are you
still a proponent of a north-south as opposed to a eastern
nore flow field?

M5. LEHVAN: Absolutely. Under these conditions,
think you can see that flow will cone down these fault zones,
come noving down this way and then this way, through here.
And to nme this is significant because the repository lies
pretty nmuch in this general area right in here (indicating),
and with these gradients being as flat as they are, | think a
consi derabl e anount of the repository area could drain into
t he Ghost Dance Fault as opposed to being noving to the east.

| think the water fromDrill Hole WAsh probably bypasses the

repository and conmes out there, and the sane with Fortym|e.

But this particular nodel shows that only down here does
this flow come out over to Fortymle. So | still believe
that it's nostly north-south

DR. NELSON: Can you give ne an idea just how nuch nore
travel you would expect in the tuff as opposed to what the
Project is thinking is in the tuff?

M5. LEHVAN: Well, this pretty nuch shows it here. It
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woul d pretty nuch cone down here (indicating), and if we get
t hese tenperatures right, I'"'msure that this woul d cone out
in this area as opposed to in this area where everyone is
| ooki ng.

DR. NELSON: So you think it would stay in the rock a
whol e | ot | onger?

MS. LEHVAN:  Yes, | do.

DR WONG Dr. Parizek.

DR. PARI ZEK: Parizek, Board. On your Figure 4, which

shows the enbaynents, that figure you' ve given to us before,

but you don't have any of your drill hole control on it based
on the basis for your contours with the enbaynents. It would
be hel pful to have those control points added because in

Figure 3--

M5. LEHVAN:. Oh. They're the sane as the one on the
USGS pi cture.

DR. PARI ZEK: So every control point showing in their
Figure 3 you use for yours?

M5. LEHVAN: Yeah, they're the sane ones that are right
here (indicating).

DR. PARI ZEK: Ckay.

M5. LEHVAN: And the data that | used to contour it cane
fromtheir report and it's listed in the back of their report
as corrected data. But those are the points.

DR. PARI ZEK: And then as you work with both the head
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distribution as well as your tenperature information you
can't ignore the chemstry. | know earlier on your chem stry
seens sonmewhat consistent with your flow field
interpretations. So you have to also track the chem stry
updat es on your nodeling efforts.

MS. LEHVAN.  Yes.

DR. PARI ZEK: And | guess so far there's nothing
i nconsi stent com ng out of this nodel.

M5. LEHVAN: Right, | think it's consistent. You know,

Ed Kwi ckless found a flow path that canme to the east, but it

was down by where this lower fracture zone is. It seens that
nost of Zel's data, and Zel | believe is here, could say
sonething if he would--and I'Il just put this up briefly--I
think Ed Kwi ckless did find a flow path that woul d cone down

and come out over like this (indicating). There was a thesis
that Zel Peterman gave to ne which | ooked at the flow around

the nountain, basically, and it | ooked |ike the flow was

com ng down Fortym |l e and then down through Crater Flat, but

this area seened to be rather isolated, which would be

consistent with this information, too.

DR WONG Al right, thank you, Linda.

M5. LEHVAN:  Thank you

DR. WONG That brings this part of the neeting to an
end. 1'd like to thank all the speakers for their
information and presentations. |'d like to thank ny
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col | eagues for ny aggressive involvenent today, and I'd |ike
to thank ny col |l eague Paul Craig for being a nost excellent
time cop.

And one last thing is Geg Gdowski wanted to say
sonet hi ng which he prom sed would only take 30 seconds.

MR. GDOWBKI: | just wanted to nake a brief comment
about the chloride content of the water that we're using for
corrosion testing. Gerry Gordon on part of his presentation,
on page 4, showed nuch nore el evated chloride contents than
were nentioned previously near 4 nolar. And | also wanted to
mention that we are doing test under periodic drip conditions
where we allow the drips to evaporate the dryness, and so
we're going fromvery dilute solutions down to very
concentrated solutions, so that takes us through a range of
chl oride contents.

DR. COHON: Thank you. And thank you, Jeff, for your
fine job as chair of today's sessions. W turn nowto the
public comment period. Three people have signed up. G ven
the | ateness of the hour, | would ask each of you to limt

your remarks to eight mnutes, and I will time you. And

we'll start with Judy Treichel.

M5. TREICHEL: Thank you. Judy Treichel, Nevada Nucl ear
Waste Task Force. | wanted to comrent about sonething that
cane up a couple of tines today, the first time during the

EPA presentation, in which it was stated that the 10, 000
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years was critical to licensing and was sort of tied into
legalities, and anything that had to do with those 10, 000
years fromthe tinme the repository opened was part of the

| egal requirenent that DOE had and al so |icensing but
anything after 10,000 years was just information. And that's
part of the reason that the Task Force is one of the groups
that's involved in a |lawsuit suing EPA about that standard,
because we don't believe that it should cut off in fact there
are going to be significant doses after 10,000 years, and it
certainly appears that there would be.

The other very inportant time when the idea of
legality came up was when there was a conversation going on
when Carol Hanlon did TimSullivan's presentation, and when
Lake was explaining that, you know, according to the | awers
you shoul d probably just tell them what you need to say and
nothing else. And it seens to ne that that's a very clear
way of saying it's sort of an "us and thenm ganme and we're
sort of pitted adversaries. And al so, when Rob Howard was
sayi ng that you probably shouldn't believe anythi ng when he
listed the seven entities that are still working on the waste
package. And of course the Board has absolutely nothing to
do with when the Departnent of Energy decides to go into site
recomendati on, unless of course you're asked, and then
woul d certainly urge you to say that perhaps they' re not

ready. But it does seemthat, you know, once again Lake
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menti oned that they were working on ways to better
communicate with the public. And if you're being told to
guestion everything and the public is being told to believe
everything, it's areal difficult sort of thing.

And | think we've just seen an exanple of how the
di sconnect works, and | guess |, for one, would hope that the
ot her hearings don't get reschedul ed right away. | don't
think we're ready for those hearings because if in fact there
are other reports comng out and--1 can't renenber--there are
supposed to be subsequent docunments com ng out that would
either better explain or would explain further work that's
not yet out there that could nake the site recomendati on
very different fromwhat it is, or it certainly could add to
t he understanding, then | believe that we should wait to see
this. And | guess | wouldn't go along with the idea that we

have conpeti ng goods.

Thank you.
DR. COHON: Thank you. Sally Devlin. 1s Sally stil
here? | don't see her. John Kessler.
MR. KESSLER | want to tal k about one of Alberto's
guestions earlier. Wat if we're wong about contai ner

corrosion, just as an exanple. WlIl, you know, obviously we
could be wong, but we will probably be wong on sone things,
certainly. As DOE goes through this, these are projections

over long periods of tine, they'll probably be wong about
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sonet hing. The question is, wll they be very wong about a
| ot of things?

So let's just say that they're very wong as you
try to get themto work on, Al berto, specifically about
whet her the containers will actually behave as they are
projected to. You nade a conmment that, you know, gee, the
doses are going to conme, you know, pretty close to this 15
nrem per year limt if that's the case. |I'mcomng at it
fromthat makes ne feel good, even better about the site
knowi ng that even if the majority of the containers fail,
we're still at sonething like 15 nrem per year, and that to
me is a powerful statenent in favor of the fact that this
site is actually contributing sonething, it's not all just
the container. So it makes ne feel that the site nay be
pretty suitable, just thinking about it fromthat Ilimted
per specti ve.

But then you think, well, what el se should we be
t hi nki ng about here in terns of, you know, what if we're
wrong, we don't know what we don't know, those kinds of
things. | kept thinking for a while, gee, there's really no
good way to answer that question "we don't know what we don't
know'. And | thought some nore and | thought well, there are
sonme things the systemis doing to help us out here, the
system bei ng, you know, DOE's approach to their safety case,

what we have for regulations. For exanple, NRC is asking for
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mul tiple barriers. Right now DOE in their PSSE is show ng
nine barriers, they're providing nine. NRC just asked for
two, DOE is providing nine. | think that's conforting to
know that the waste package is just one of those nine and
that there's another eight out there, all of which have to be
defended, all of which they could potentially be wong, but I
feel the fact that there's nine of themout there and that |
feel like they're probably not going to be really wong on a
whol e bunch of them gives ne sone additional confidence.

Anot her aspect is that the current anal yses do show
margin. That's another way of making ne feel that, you know,
that this site is probably okay.

| would still argue that on the whole the DOE
anal yses are generally conservative. There are sone
opti m sns, perhaps waste package design or the analyses is an

optimsm we don't know. Certainly that work should conti nue

to explore that. But | would still argue that on the whol e,
| ooki ng at everything, that they've still got a generally
conservative analysis and are being relatively cautious about

sone things they don't know and tend toward a nore boundi ng
approach. So that nakes ne feel a little bit nore
confortable, too.

The EPA regulation itself, that's 15 nrem per year.
That's sonmething |like 1/20th of the natural background of

citizens living in the Amargosa Vall ey regi on per year. So
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that's another conforting thing to know that EPA has provided
that kind of a regulation that's a fraction of background, be
it 15, 25, whatever. |In addition, the 15 is to the
reasonably maximally exposed individual. 1It's not to
everybody out there but it's to this reasonably maximally
exposed i ndi vi dual .

So all these anal yses that you' ve been presented
with are for this RVEI at sone fraction of natura
background. So that's another way of, you know, | ooking at

this thing. And by all neans uncertainties should be shown.

You know, |I'mtal king about a nean val ue here, | appreciate
that. | think the coments that the Board has nade about how
uncertainties mght be presented and that sone of the

uncertainty work that has been presented is another aspect of
this problemto shed light on it.

So I'lIl get back to the question about, you know,
wll we really be wong about a lot? And | would think that
perhaps here is where natural anal ogues could help to sone
extent, know ng are we going to be really, really wong about
a whole lot of things. In addition, DOE is commtting to do
sone long-term R and D, sonme of which we call perfornmance
confirmation, another is general R and D, nonitoring, things
like that. That should definitely continue.

So on the whole is there sufficient confidence in

Yucca Mountain to recommend the proceeding to |license
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application, this next stage that's not throw ng away all
responsibility but just should we proceed to |icense
application? Wen we get to that stage, assum ng that we do,
there's still going to be sone people | ooking at that.
There's going to be a Nucl ear Regulatory Commi ssion that |'ve
seen DCE be very responsive to in terns of their concerns,
there's yourselves, you're not going away after this, and you
certainly ask a | ot of good questions, and |I've seen on the
whol e DOE be pretty responsive or attenpted to be pretty
responsive to what | consider a pretty good set of
recomendations fromyou. So it's not the end of the road.
| would guess that there's still--and in addition there's the
long-term R and D that will help with this, and then the
final thing is that DOE is ensuring with their design that it
is possible to reverse course and it is possible to retrieve.
So when | look at it for nyself thinking, you know,
do we have all the answers, could we possibly be wong about
t hi ngs, we could possibly be wong about sonme things. But
when | | ook at on the whole what we've got for regulation,
that there's nine potential barriers, just as an exanpl e of

the way they split themup, that we could have a long-termR

and D program we've still got you, we've still got the NRC
to look at, | think that that gives nme confort know ng that
we m ght be wong about a few things. Thank you.

DR. COHON. Thank you. Sally, did you want to comne--
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okay.

M5. DEVLIN:. Three m nutes.

DR. COHON: | will hold you to three m nutes, how s
t hat ?

M5. DEVLIN:. Again, thank you so nuch for comng, it's
been very interesting and always a | earning process. | just
want to say it's been a very difficult day with everything
going on and | think we've held together very well and we'l|
all say our prayers tonight. But there is sonmething | have
to add to all this, and that is | sincerely feel that you' ve
got to do nore about ny bugs with these netals and the
canisters and so on. And you really haven't done enough. |
hardly heard about ny bugs this entire conference. And when
we talk of nmetallurgy and we talk of Alloy-22, and | |ove
Gerry's new thing wwth Josephinite. | love that. | read
your congressional thing and | thought that was fun.
VWhatever it is, | hope it is sonething very nice.

So may | just say let's do sone nore research on
t he bugs, because you will get full new reports on ny bugs
when you get hone. So | keep finding new ones and | hope
everybody out there keeps finding new ones and find out what
they do. And | have to say that because since Abe and | are
going to be together for 225 years, when you're burying these
20, 000 cani sters and God knows what from DOD and their

cani sters and who knows what is in them we' ve got to be
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awfully careful, don't you agree?

But | do want to | eave you with a thought, and it
brought back a menory and | think Russ will renmenber this,
ni ne years ago when we first net, when Dr. Cantlon was head
of the Board, and there was a question about what do you say
at Yucca Mountain to keep off the grass, you' re not supposed
to come in? And when | was a little girl in Boston it said,
"Irish need not apply,” and in Norfolk, Virginia, they said,
"No sailors or dogs." But of course in New York and Central
Park we were far nore erudite and we said that no one say,
and say it to your shanme, that all was beauty here until you
cane. W did say that. And so |I'mthinking how are you
going to get across to people in 5 000 | anguages "Keep off
the grass"? So that is your challenge for the next year, and
| think it's a taxing one, and is there an answer to this?
Ils there a | egal answer to this, what you have to say? No?
Vll, we've got to work on it.

Thank you. Good night.

DR. COHON: Thank you, and thank you all for your
participation on this difficult day. A long day by the
agenda, but a day that felt even | onger because of the
circunstances surrounding it. W stand adjourned. W
reconvene tonorrow norning at 8:00. Thank you.

(Wher eupon, the neeting was adjourned, to reconvene

Wednesday, Septenber 12, 2001, at 8:00 a.m)



