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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
ADVI SORY COW TTEE ON NUCLEAR WASTE
(ACNW
137TH MEETI NG
+ + + + +
VEDNESDAY
SEPTEMBER 25, 2002
+ + + + +
LAS VEGAS, NEVADA
+ + + + +
The Committee was called to order at the

Texas Station Hotel, Amaryllis Room 2101 Texas Star
Lane, North Las Vegas, Nevada 89109, at 8:30 a.m, by
Dr. George Hornberger, Chairmn, presiding.
COW TTEE MEMBERS PRESENT:
GEORCE HORNBERCGER, Chai rman
RAYMOND WMER, Vi ce Chairman
B. JOHN GARRI CK, Member
M LTON LEVENSON, Member
M CHAEL RYAN, Menber

JOHN LARKI NS, Executive Director
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SHER BAHADUR, Associ ate Executive Director

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

ALSO PRESENT:

ACNW STAFF

DR, ANDY CAMPBELL, NRC
JEFF C OCCO, NRC

PAT MACKIN, NRC

BUDH SAGAR, NRC

TI' M MCCARTI N, NRC

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

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

I-N-D-E- X

AGENDA

Openi ng Remar ks by ACNW Chai r man
Status of KTl |ssue Resolution
Di scussion of Integrated |Issue
Resol ution Status Report
NRC Revi ew of Public Comments Received
on the Yucca Muntain Review Pl an
Overview of Well Drilling in the
Amar gosa Desert Area
DCE Scientific Update .

St akehol der | nteractions

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

PAGE

39

102

142

167

280

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

P-ROGEEDI-NGS
(8:43 a.m)

CHAI RVAN HORNBERGER: The neeting wi || conme
to order. This is the first day of the 137th neeting
of the Advisory Conmittee on Nucl ear Waste. My nane
i s CGeorge Hornberger, Chairman of the ACNW

The ot her menbers of the committee present
are Raynond Wner, and we don't have nane tags.
Raynond is sitting two seats to ny left. Raynond is
the Vice Chair of the ACNW

John Garrick is sitting to ny left, and
MIt Levensonis sittingto my right, and M chael Ryan
is sitting two to my right. Before discussing the
topics for today's neeting the comrittee would liketo
express its thanks to nmenbers of the public that
attended i ts neeting this past Monday ni ght at the Bob
Rudd Community Center at Pahrunp.

It was an interesting session, where we
exchanged t houghts for several hours, and updated the
comm ttee's understandi ng of current rel evant issues
as viewed by local citizens.

Al so, the ACNWhad a field trip to Yucca
Mountain and to the Area 5 Waste Managenent Site
yesterday, and we would like to express our thanks,

our particul ar thanks, to Carol Hanl on for organi zi ng
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the trip.

During today's neeting the Commttee wll
receive an information briefing on the status of DCE
and NRC issue resolutions; two, receive a status
briefing on the forthcom ng NEUREG 1762, which is the
I ntegrated | ssue Resol ution Status Report; receive a
briefing on public comments received on the Yucca
Mountain Review Plan, which is NEUREG 1804; and
receive an information briefing on the analysis of
well drilling activities inthe Amargosa Desert area.

And then a schedule <change; this
afternoon, instead of tonorrow afternoon, this
afternoon the DOE will present its presentations on
Chl orine-36 and mi crobi al -i nduced corrosion studies.

Wewll alsoreservetinefor interactions
wi th stakeholders and neeting participants. John
Larkins i s the Designated Federal O ficial for today's
initial session.

John Larkins is here on the right, and he
is the Executive Director of the ACNW and on the far
right of the table is Sher Bahadur, who is the
Associ ate Executive Director.

This meeting is being conducted in
accordance with t he provi si ons of the Federal Advisory

Conmittee Act. W have received no requests for tinme
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to make oral statenents from menbers of the public
regardi ng today's sessions.

Should anyone w sh to address the
comm ttee, pl ease nake your wi shes known t o one of the
conmttee staff. It is requested that the speakers
use one of the m crophones, identify thensel ves, and
speak with sufficient clarity and vol une so that they
can be readily heard.

Al right. So we are going to, after
havi ng conmput er probl ens resol ved, and we are starting
alittlelate, but I think nowwe are ready to go, and
our first presentation has to do with the status of
the KTl Issue Resolution. And |I amnot sure who is
going to do this.

Oh, we have a switch. Another swtch.
kay. So, Mke, are you going to go first?

MR, ANDERSON: | am

CHAl RVAN HORNBERGER: | don't know. Is
t hat what is happening? No, we just had a glitch.
Jim Anderson is actually going to do the KTI
presentation, but he is not going to talk on the
history of water use. So |l think ina mnute we wll
have the next glitch finished and fi xed.

(Brief Pause.)

MR. ANDERSEN: (OfFf mcrophone) | amJim

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

v

Andersen, and | amone of the project managers in the
Nucl ear Waste Managenent for the NRC. The objective
of this first briefing is to have an overvi ew of key
technical issues and the process of the status.

Part of this status will be providingthe
conmttee with two nore presentations after this with
the status of the forthcom ng NUREG 1762 whi ch was
mentioned earlier; and then the third briefing wll
focus on the NRC staff anal ysis on the Yucca Munt ain
Revi ew Pl an.

(Brief Pause.)

MR.  ANDERSEN: The outline for this
presentation is that | amgoing to focus onthree main
areas. One, the overall status of the key technical
i ssue agreenents, and second, | will focus on Fiscal
Year '02 activities, three specific ones; the DOE KTI
pl anning strategy in a neeting that we held both in
April and July of this year.

The second is the NRC risk insights
initiative, and the Committee has already receives
some briefing on that already, and | am going to
hi ghl i ght nore of the aspects of howit inpacts issue
resol ution.

Thirdly, | amgoingto briefly touchit in

this presentation, but I will cover nore in-depth in

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

8

the next presentation, and that is the integrated
resol ution status report.

The third area that | want to discuss is
sone of the Fiscal Year '03 to '05 issue resolution
activities that DOE presented as a prelimnary planin
July of this year on their planning for '03 to 'O05.

Sonme of the NRC staff concerns which we
di scussed at that nmeeting, and then some general path
forward itens for the next couple of fiscal years.
Next slide.

Before | get into the status of the key
techni cal agreenments, | would like to give sone very
qui ck background i nformati on. Back i n August of 2000,
we started a series of meetings with the Departnent of
Energy to discuss nine of the key technical issues.
There is 10 in total, and the renai ning one has to do
with EPA s rules.

But t he neetings that we had wi t h DCE j ust
focused on the nine key technical issues. The first
four backup slides list all of the key technical
i ssues, and a one to two sentence description of the
key technical issues.

The backup slides al so di scuss t he status
and the terns that we were used for both pendi ng and

open, and for the key technical issue sub-issues, and
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the status of all of those subissues, if you are
interested in that information.

During the neetings with the DOE, we
di scussed the underlying key technical issues and
subi ssues, as well as questions which are docunented
in the individual key technical issue resolution
status reports.

And based on those discussions, the DCE
and NRC reached agreenents on what i nformati on t he NRC
staff would need to conduct a potential |icense
revi ew.

From the period of August of 2000 unti
Sept enmber 2001, we conducted 17 key technical issue
public neetings, and also one preclosure neeting
during that period.

As a result of those neetings, 293
agreenents were reached, which I wll provide the
status of in the next slide here. Since Septenber of
2001, we have had additional neetings with DCE to
di scuss the status of the agreenents, the path
forward, and those neetings have not resulted in any
further agreenents.

Addi tional agreements are planned for
Fiscal Year '03, and we have had one preclosure

neeting on Fiscal Year '02, and that's why | had two
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listed on this slide, the previous slide.

The additional neetings that we plan to
have i n Fi scal Year ' 03 hopefully will address sone of
t he key technical issues in nore detail w th DOE, who
is ready to di scuss howthey plan to address t hose key
techni cal issue agreenents.

And in addition we will have preclosure
nmeetings since the first one only highlighted part of
t he whol e precl osure topi c. Additional neetings could
result in further agreenents. You are actually one
ahead of me, and so if you could stay there.

Wth that, | will nowgive you t he status
of where we are, and | have it as of |ast week. For
the | ast fewyears the DCE has provi ded i nformati on on
the agreenents, and as of the 18", the NRC has
conpleted the review of 61 of those, and has
determ ned that 61 have been conpl ete.

And conplete during this prelicensing
peri od means that the staff has no further questions
at this tine, and not that a l|licensing decision has
been nade, and that is inportant to note.

O the remai ning 232 agreenents, 33 are
currently under NRC staff review, and 199 have not
been fully addressed by the DOE. By fully addressed

there, it doesn't nmean that the DOE has not provided
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i nformati on on sone of those.

Some agreenents require rmaybe two
di fferent submttals, or probably two topics where DCE
said they are going to provide two di fferent docunents
to address the total agreenent.

So they may have provided half of the
i nformation already, and which they are waiting for
the other half. Also included in that category is
agreenents where DOE provided the i nformati on and t he
NRC staff had additional questions that they wanted
DOE to address.

So | just wanted to nake sure that there
was an understanding that the DOE has not addressed
199 total. It is a less than that nunber. Next
slide, please.

Moving into the Fiscal Year '02 issue
resolution activities, like | mentioned earlier, |
wanted to stress three specific areas that DOE is
schedul i ng a binning of the agreenents, and the risk
insight review, and the integrated issue resolution
status report. Next slide.

Regardi ng the scheduling and bi nning of
agreenents, in April of this year, the NRC and DCE had
a public technical exchange neeting to discuss key

techni cal issues. During that neeting the DOE
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provi ded an overvi ew on how they planned to eval uate
the total work scope to get themfor Fiscal Year '02
to a potential |icense application, including DOE s
pl ans to address the key technical issue agreenents.

As part of that meeting the DOE di scussed
nowto bin the agreenments into four groups, and | wil|
di scuss the binning shortly. DOE al so provided the
staff with those agreenents and plan to address them
in the remai nder of Fiscal Year '02.

And at that point in April, they had not
conmpl et ed t he pl anni ng for Fi scal Year ' 03 and beyond.
Next slide, please.

The agreenents were not conpl eted as of
April of 2002, and DOE binned theminto four groups.
In Bin-1, DCE stated that they woul d provi de anal yses
or data that woul d address the |iberal scope of the
agr eenent .

The only thing that would change woul d
possibly be the date that we set for the technica
exchange.

Bi n-2 was a revi sed scope, and DCE st at ed
t hat even t hough t he scope of the i nformati on provi ded
woul d be different from the original agreenent, it
woul d neet the intent of the agreenent.

A lot of Bin-2's, or at |east the ones
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that we have seen so far, the major change has been
t hat DCE was provided with different docunents. The
agreement mght call for themto address the agr eenent
in a specific AMR, and DCE addressed it in a letter
report or sonmething |ike that. There has not been a
signi ficant change.

In Bin-3, DOE stated that they would
provi de additional analysis and documentation that
included risk information as an alternative basis for
cl osure of the agreenent.

DCE stated that generally the risk
information wll denonstrate the subject of the
ori gi nal agreenent did not contributesignificantlyto
t he overall system perfornmance.

And then Bin-4, the last area, the DCE
stated their basis for the resolution as a result of
a change of circunstances. For exanple, a change in
design of the original, and that the agreenent is no
| onger appli cabl e.

At the neeting the NRC noted two things
that | would like to just nmention here. The NRC st aff
stated that we would not be reviewing or formally
reviewing or endorsing DOE's plan to get themto a
potential |icense application.

The second thing is that we woul d not be
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chal l enging the binning of the agreenent. W were
nore i nterested i n how DOE was pl anni ng t o address t he
i nformati on and woul d be nore i nterested i nthe actual
letters to address the agreenent, and not the actual
bi n nunmber that they put it in.

And as | said in the beginning, if you
have any questions, please stop ne. | just wanted to
give you a feel of the results from that April
nmeet i ng. During that neeting DOE discussed 61
agreenents, which they said at the tine they were
| ooki ng to address for Fiscal Year 'O02.

And it laid out a schedule for those
agreenments. The 61, nost of themhave been delivered
on tine, and the status of the 61 | list there.
Thirty are currently under review, and 13 have been
listed as conpl ete, and 40 for additional i nformation,
whi ch we have sent to the DCE.

Nine remain to be submtted, and five
others, the other category | think, that during that
actual April neeting the DOE noted that three woul d be
pushed into Fiscal Year '03, and | believe the other
two were -- that DOE has only partly provided the
i nf ormati on.

So the intent of that slide was just to

gi ve you a feel for how DCE di d on those specific ones
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that we discussed during April. Moving on to the
second item for physical year '02 was the NRC risk
insights initiative.

Last April, | believe, the commttee was
briefed on the NRC risk insights initiative, and |
think the Conmttee has since witten aletter on that
information, and | think that the staff has responded
to that.

Therefore, I amnot going to go into too
much depth in this area, but I wanted to hi ghlight how
this initiative will inpact and contribute to the
i ssue resol ution process.

First, let nme just go back and go over the
objectives of theinitiative. First, to docunent the
existing risk information, and tie the information to
KTl issue resolutions.

Enhanced resol ution of t he risk
information, both internally and externally. Third,
toincorporateriskinformationtothe agreenent i ssue
resol ution process; and lastly to identify additional
risk information necessary to support the issue
resol ution process.

During the April nmeeting with the
commttee the staff di scussed the prelimnary results

of thisinitiative, and there is still prelimnaries
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that we have not formally docunmented as of yet.

| think one of the main points which
definitely | understood when we nade the agreenent
with you was that the agreenents are definitely not
all alike. Sone required that DOE provi de a dat abase
of i nformati on, and some requi red docunent ati on of the
task, and other agreements required DCE to do a
noder at e anount of research or effort to address the
agr eenent .

So as the NRC staff went through its
initiative here, we came up with 41 agreenents where
we |isted them as being of high or medium high
i mportance. And a backup slide, the last backup
slide, has the specific KTl agreenment nunbered where
these fall into a kind of a description of where they
fall.

But the three main areas, if | could
sumari ze, are the degradation of the waste package,
and the chemi cal environnment of the waste package
area, and al so previous activity. And thenif | added
a fourth, it would probably be wuncertainty and
carrying uncertainty inthe TSBA, and it falls within
t hat agreenment. Next slide, please.

Now, what are we doing wth the

i nformati on and how that inmpacts and contributes to
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i ssue resolution. First, the staff has docunented t he
existing risk information, and documentation wll
i ncl ude references to avail abl e anal yses whi ch support
our basis for issuing of resolutions, as well as the
pl ai n | anguage descri pti on of our understandi ng of the
system

The second is that the staff is currently
using the prelimnary results during the i ssue of the
resolution activities and to focus on those issues
deemed nost inportant.

And |l astly the staff plans to repeat this
process to enhance the understanding of the risk
significance of the issue. The next phase of this
will include nore focus criteria than we had this
first tinme.

As part of these three activities the
staff is performng analyses to help further
understand the risk information, and Tim MCartin,
like | mentioned earlier, will discuss those anal yses
further during the presentation.

The third area in Fiscal Year '02 is the
integrated issue resolution status report, NEUREG
1762. This is the subject of the next presentation
and so | amnot going to go into too nmuch depth at

this point. But it was issued in July of 2002, and
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provides a status report on the issue resolution
process.

|t docunents technical basis and the NRC
i ntent of the agreenents, and shoul d be used as an aid
i n under st andi ng t he background of the agreenents, and
conditions fromthe key technical issues of the draft
of the Yucca Mountain Review Plan framework. Next
slide, please.

| would like tonove alittle bit forward
into Fiscal Year '03-'05 issue resolution activities.
Like I nmentioned earlier, | plan to discuss DOE s
prelimnary plan.

The DOE had provided us the final plan,
and TimQunter brought me this this norning. But this
briefing discusses the prelimnary plan. | don't
think there is any mgjor, major changes. Sone of the
nunbers m ght change in the next couple of slides.

But anyway | will discuss the prelimnary
pl an we di scussed in July, and the DOE bi nning of the
remai ni ng agreenents for Fiscal Year '03 to '05. And
some of the NRC staff concerns that you di scussed at
the July neeting, and sonme path forward i ssues. Next
slide.

During the July 2002 techni cal exchange,

DOE presented again an overview of the process of

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

19

scheduling and binning of the two technical issue
agreemnents. At the neeting the DOE presented a
prelim nary schedul e for the remai ni ng agreenents. It
is inportant to note that DOE's prelimnary list did
not i nclude t he agreenents where t he NRC has asked f or
addi tional information, or it did not include sone of
the agreenents that had been partly responded to by
DCE.

Therefore, if you add up these nunbers, |
t hi nk they cone up to 165, but it does not equal the
199 that | discussed earlier. So if you are just
doi ng a check on me, that's the reason why t he nunbers
don't add up. Next slide, please.

During the July 2002 neeti ng t he NRC not ed
a coupl e of concerns with the DOE plan. First, and it
is not listed onthe slide, was the overall schedul e.
Most of the agreements are going to be addressed by
DCE during the period of July 2003 to roughly March of
2004.

The staff understands the test schedul es
and overall project planning, and the inpact of the
schedul e, but where possible the staff noted that if
it would be nmore of a flatter distribution that it
woul d help the staff in scheduling work, instead of

nore of a Bell curve, which is currently the case.
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And al t hough we understand as | nenti oned
t he scheduling and tests do dictate the scheduling.
In looking at the 41 agreenents that | nentioned
earlier that came out on the top high or nedi um hi gh
inthe NRCrisks insight initiative, we noted a coupl e
of things.

One was t hat sonme of themwere classified
material in Bin 3, Bin 3 neaning that the DOE was
going to provide risk information to showthat it was
not a significant or repository performance. So we
just noted at that point that we did not discuss the
agreenents specifically, but we definitely agreedw th
DOE that we needed to have further discussions on
t hose specific agreenents, because there seened to be
a slight disconnect, at least on the initial ones.

Secondly, sonme of the 41 agreenents we
not ed as hi gh or nedi um hi gh, and were toward t he end
of the DOE tinme schedul es, and sone as | ate as Cct ober
of 2004. | think the DOE nade an effort to try and
push sonme of those up in the final plan.

Agai n, | have not seen the final plan and
so | think that some of those m ght have noved forward
in the schedule a little bit. But for those
agreements late in the process, we definitely want to

have sone discussions with DOE early and understand
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their approach as nuch as possible, rather than
getting the information very late in the gane.

Lastly, the NRC staff was concerned with
agreements related to uncertainty, whichwas |isted as
Bin-3's. It was not clear to the NRC staff how risk
i nformation could be used to address uncertainty and
again we just noted at that point to the DCE and the
NRC t hat we needed to have additional discussions to
under st and how ri sk i nformati on coul d be used to deal
with those specific agreements. Next slide.

Let me head i nto Fiscal Year '03, and the
DOE is planning to submt or has submtted |I should
say now its final plan for '03 to '05. W plan to
have some tel ephone calls initially to discuss that
pl an, and hopefully we wll have further public
interactions to discuss that plan in nore depth.

We also plan to discuss generically how
Bin-3 itens, or what i nformati on DOE and t he NRC woul d
need for the Bin-3 itenms. The DCE had just provided
| guess in the | ast week or two sonme Bin-3, or which
have been cl assified as Bin-3 agreenents with the risk
i nformati on.

And we have done sone revi ews of those and
we have sone generic concerns at this point that we

need to discuss with the DOE to make sure that in the
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future that the informati on that they provide for the
Bin-3 agreenents, that we both just have a common
under st andi ng of what we need to say that the itens
are conpl ete.

And lastly | think in participation that
we need to have addi tional neetings, and definitely in
t he pre-cl osure area, where we have not addressed al
the different safety topics in the pre-closure area.

Al so the key technical issue agreenents,
we have sonme planned al ready, and we have increased
activity plan which has been accepted for later this
nmonth. And also a tentative COST neeting pl anned for
Cct ober.

So we need to conti nue to have di scussi ons
and understand DOE' s approaches to these agreenents.
So | believe that there will be a nunber of future
neetings in Fiscal Year '03.

In sunmary, | believe that the issue
resolution process is progressing, and the NRC staff
is actively nonitoring the agreenents. The NRC and
DOE need to conti nue di scussions on the agreenents. |
think that is the key area so that both the NRC i ntent
of the agreement and how DOE plans to address the
agreenent are di scussed.

And thenthe staff will conti nuetorefine
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the use of risk information during these |later issue
resol ution nmeetings. And that is the presentation |
have, and the backup slides again have the key
techni cal issue definitions, and the status of the
agreements, and the status of the KTl subissues, and
alittle bit of information on the risk initiative
results of those 41 agreenents.

At this point, | would ask if anyone has
any questi ons.

CHAI RVAN HORNBERGER: Thank you. Jim on
your Slide 15, where you were tal king about your '03
to '05 activities, the second bull et says sonme of the
41 agreenents were |listed as Bin-3 by DOE. Can you
give me a feel for how many some is? An order of
magni tude; is it 207

MR. ANDERSEN: No, it is not 20. It is
probably -- | would say it was ei ght or somewhere in
t hat area.

CHAI RVAN HORNBERGER:  And al ong t he sane
lines, you point out that some of the agreenments
listed as Bin-3 by DOE relate to uncertainty issues,
and that the NRC staff was not sure that this was
appropriate. Can you enlighten nme on what that means?

MR.  ANDERSEN: Yes. Sone of the

agreenent s request ed, or asked, or were concerned with
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how DOE was dealing with uncertainty in certain
par anet er val ues, and things |i ke that, and as for any
further clarification, if any of the staff had further
exanpl es, maybe that woul d hel p.

But DOE |isted Bin-3 and saying that we
were going to use risk information to address it. So
there was sone disconnect there on how that would
work, at least fromthe NRC staff's point.

CHAl RVAN HORNBERGER: | guess | was j ust
trying to -- well, the NRC staff doesn't separate
i ssues of uncertainty fromrisk.

MR, ANDERSEN:  No.

CHAI RVAN HORNBERGER:  Raynond.

VI CE CHAl RVAN WYMER:  You used the term
risk informationinalot of different contexts inthe
presentation, and | think we all sort of have a fuzzy
under st andi ng of what you nean by it, but | suspect
t hat a nunber of people in the audience really don't
have a firmgrasp on it.

And so coul d you gi ve an exanpl e or two so
that you could put it inalittle bit nore concrete
terms as to what is risk information?

MR. ANDERSEN:. Well, maybe Tim-- Tim do
you have any exanples, or are you going to go into

that in your presentation at all?
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VMR MCCARTI N: Yes. well, I wll be

addressing that inny presentation. TimMCartin, NRC
staff. Risk information, as we would look at it, it
woul d be quantitative information, in terns of the
performance of the repository, and what aspects of the

repository systemaffect the quantitative nunbers the

nost .

VI CE CHAI RVAN WYNER: WIIl that do the
j ob?

CHAI RVAN HORNBERGER:  Thanks, Tim

DR. GARRICK: | just wanted to pick up on
that thought for just as second. In the risk

initiative, thefirst bullet saidto docunent existing
risk information and tie the information to KTI
resolution, and sonewhat in the sane vain as Ray's
conment for the public, | think it is inmportant to
note there that the connection here is substantive,
and it is not the KTIs that are necessarily the focal
point froma point of view of risk.

Because we have al ways questi oned the ri sk
basis of the key technical issues, and what is the
perspective here is the risk nodeling and the risk
anal ysis, and what it says, if you wish, relative to
t he ranking and inportance of the different KTIs.

And there is a great deal of information
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on that, of course, and the briefing | ooked and went
i nt o an honest detail about that, but | just wanted to
make t he point that the KTIs, whil e they have been t he
bul wark of the NRC s perspective on what had to be
resolved, they are not the product of a |list
assessment .

And the inmportant point there is that we
need to nore cl early understand, and the public needs
tonoreclearly understand the KTIsinrelationshipto
the experts are telling us as to what the real risks
are, and so that is just a coment.

MR,  LEVENSON: Jim | have a two-part
guestion that sort of asks you to guess or nmake an
estimate, and so bear with me. The whol e KTl program
was based on a prelimnary design, and the design has
been evolving, and in fact | don't think we are privy
to what will be the final design

We won't know that until we see the LA
Wul d you care to nake an estimate on how many of the
KTI agreenents wll no longer be valid and be
abandoned because they are rel evant to sone aspect of
the design that is no | onger there?

And t he other part of the question is how
many new agr eenents or questions m ght ari se fromwhat

become new design el enents that you have not seen up
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until now?

MR.  ANDERSEN: Sur e. The current
agreements, | don't know of any instance where any of
t he agreenents becone null and void at this point.
DOE has said there are a few and that they plan to
cone in and tell us which ones those are.

| don't know of any at this point, and
don't think we have seen any formal DOE changes in
design fromwhat we di scussed nostly at the neetings.
So at this point I don't know of any that are LA
Moving forward, if DOE does make changes, and for
i nstance, a pocket forward repository i ssue, we had a
neeting back | guess alnost a year ago where we
di scussed hot versus cold repository.

And during that neeting we discussed a
nunber of issues, and | think we binned a |ot of
issues, and | would on the issue of 30 or 40 issues
that we had, and said that if DOE decided to go to a
cold repository, these woul d be things that we want ed
to address.

So if they decided to go to a cold
repository, | think we woul d go back and | ook at t hat
list, and | think many of those would result in new
agreenents with DOE. O her areas, you know, if they

went to a much larger footprint, which | have seen a
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bunch of different designs of the repository, that
coul d add addi ti onal agreenents, depending on how it
was characteri zed.

And so there are a nunber of design
changes which | know t hat are being tal ked about that
could lead to further agreements, but at this point,
the DOE has not told us formally that they are going
that way. So the agreenments are where they are.

MR. LEVENSON: Well, | just wanted to make
the point that this set of agreenents is not a rigid
t hi ng because it was for a desi gn which may or may not
be what is in the LA

MR. ANDERSEN: Ri ght. The agreenents were
just basically a vehicle that we used to have
di scussions with DOE on what i ssues are out there. |If
DCE changed t he approach, a hundred of the agreenents
coul d go away, and we coul d add 150 nore. And |
am just throwi ng out nunmbers, but it was a vehicle
that we could use for discussions with DOE and a way
to track issues.

CHAl RVAN HORNBERGER:  Thanks, Jim and
have anot her foll ow up question here. As | |ook at
your |last slide, and where the staff chose those 41
t hat were of special inmportance, and | guess | could

pi ck any of these | suppose, but as | look in the
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upper right-hand quadrant, you have unsaturated and
saturated zone fl ow under isothermal conditions, and
you are | ooki ng at nodel support for seepage, al cove
and niche tests.

And that is marked as a conplex |arge
effort. My question is when we | ook at these conpl ex
| arge efforts, we have a sense that the data, or the
timng of the data nade avail abl e fromthese conpl ex
| arge efforts, aren't these such that if the DOEis to
go forward with the Iicense application in that tine
frame that they are | ooking at, they are goi ng to have
to have a cut-off point where they will --for the
data, as input into the |license application, because
as we know that in itself is a pretty conplex
undert aki ng.

So ny question is that when you | ook at
t hese 41, what degree of confidence does t he NRC st af f
have that these -- that all of these are going to be
addressed satisfactorily by the tinme of |icense
application, and if they are not, can you give nme a
feel for how nmuch of this you see as necessary for a
I i cense application, and how nuch of it you coul d see
extending into a performance confirmation curve.

MR. ANDERSEN: We did a very quick | ook --

and | believe it was at the end of | ast year —-- at all

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

30

of the agreenents, and part of the nunbers, or part of
the noderate effort or large effort that groupings
here cane out of that review, but we | ooked at all of
the agreenents and tried to get an estimate of how
many FTE it would take DOE to do it, and that is a
pretty rough guess.

But after that review, we cane to the
concl usi on that we didn't know of any agreenents where
t hey coul d not provide us enough information by the
time of license application. Now, that doesn't mnean
that they will nor not, but that was our concl usi on at
the end of that review

So, of course, alot of that information,
DOE will continue to do testing, and a lot of that
will fall intothe conformance confirmati on period, or
t he recei ve and possess application.

But we believe the information that is
necessary for the construction authorization can be
obt ai ned by their current due date. And as far as the
-- and | don't know all the agreenments by heart, but
the one that you nentioned -- the one that you
nmenti oned about the unsaturated zone 401 agreenent,
the reason that is listed as |arge effort or nedium
| arge, or however it is listed there, is a kind of a

-- well, it asks for the test results and test plans
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for 7 or 8 tests that hydrol ogical tests that the DOE
i s doing.

And so it is a very cunbersonme agreenent,
and so that's why it cane up with a large effort.

CHAI RVAN HORNBERGER: Questions fromthe
staff? Anyone? Does anyone el se have any questions
or comments? Judy.

M5. TREI CHEL: Judy Treichel, Nevada
Nucl ear Waste Task Force. Has the term nol ogy changed
on your Slide 8 when you are tal king about the 61
agreements and 30 ot her reviewed and 13 conpl ete, do
those still fit into the category of cl osed and cl osed
pending, and how are they Ilisted; or how that
t erm nol ogy changed now that you are into the YMRP
st age?

MR. ANDERSEN: Now, Judy, | have to go
into alittle bit nore detail. Gkay. KTIs. There
are nine key technical issues, and there is 37 key
t echni cal issues subissues. The subissues we |ist as
cl osed, closed-pending, and open, I|ike we have
t hr oughout the process.

The actual agreenents, | don't use those
as significant classifications. |If you |look on the
slides, one of the backup slides, Slide 23, for the

actual agreenents, we used five classifications or
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what ever, and not received neaning if DOE has not
provi ded any i nformati on pertaining to the agreenent,
and partly recei ved where DCE has provi ded sone of the
information, but not all of the information fromthe
agr eenent .

Recei ved neans that DOE has provided al
of the information pertainingtothe agreenent that is
currently under staff review. Conplete neans that the
staff has reviewed the i nformati on t hat DOE provi ded,
and has not further questions at this point.

And the | ast category is any additional
information where we have reviewed all of the
i nformati on that DOE has provided for the agreenent,
and we still have further questions.

So there is a distinction between the KT
subi ssues and the actual agreenents and how we
classify the agreenents, versus the subissues. Did |
answer your question? It gets kind of confusing I
realize.

MR. KESSLER: John Kessler, EPRI. | guess
it would be wise or appropriate to say that the KT
agreenents as they were originally filed, came out of
the 17 or so neetings that happened. Alot of it was,
oh, gee, it would be nice if you showed ne this.

And, yes, we will showit to you and the
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risk insights weren't part of that whol e process of
originally comng up wth these 293 agreenents. A/l ot
has happened since then, as you are all aware.

And if | assume that the NRC thensel ves
feel that 41 of these are high to nedium high, and
let's assune that those 41 are separate fromthe 61
t hat have al ready been concl uded, we have got 180 t hat
the staff feel fall bel oweven t he nedi umi nportance.

| think that is probably cl ose to what DOE
feels as a whole, and bel ow i nportance as well. |
guess what | woul d request is that the commttee take
a |l ook at those 180, and nmaybe not one by one, but
sort of the process by which these 180 fell through,
and perhaps suggest to the staff that the staff
initiate a closure on those 180 or so agreenents,
rather than waiting for DOE to do it.

That woul d certai nly hel p cl ear t he books,
and focus on what now seens to be a general agreenent,
except for these eight or so, and whet her there needs
to be nore di scussion and proceed.

The ot her thing that wasn't consi dered at
the time that the agreements were put together was
when is this information needed. It sounds |ike nost
of theinformationthat is felt is really needed ahead

of the construction application. | think since then
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t hat bot h t he DOE and NRC have revol ved t hei r thi nki ng

about what is performance confirmation, and what is
needed before a construction application.

And | would suggest that the commttee
take a look at that, and perhaps review those
remai ni ng 41 or however many agreenents it turns out
to be at the end.

And | ook to see whether all of that needs
to be done ahead of tine, and what |evel of
information is necessary for a construction
application, and where obviously the intent of
performance confirmation is to i ncrease confidence as
one increases the risk of proceeding.

MR. ANDERSEN. And if | could comment on
that just alittle. CGoing to the first part of that,
the risk information used. | would agree with you
that a | ot of the agreenents, or all of the agreenents
were made a year or two ago, and a |ot has changed
si nce then.

That was one of the reasons that the NRC
started | ooking at the risk information, and one of
the reasons that the DOEis |ooking at it as well, and
finding that sone of the agreenents nay not, based on
changes or whatever, neet the threshold of an

agreenent, per se.
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We are | ooki ng at that, and DOE i s | ooki ng
at that, and we would not be adverse to deleting
agreements if that were the key, and DOE felt that it
was inportant and we felt that it was inportant>

We put nost of the burden on DOE to start
t hat process, although we are looking at it as well.
The second half of that first question, although not
all of the agreements go after the risk. The risk
can't be used for all of the agreenents.

And | say that because there is a
requirenent in Part 63 about nultiple barriers. Sone
of the agreenments go after information to discuss the
capability of a barrier. And since we at the NRC
staff at this point don't know whi ch barriers the DOE
is planning to use in their |icense application, we
asked for information on all the barriers during those
nmeet i ngs.

So if the DOE cane to us and said we are
not going to take credit for X in the |license
application, that could lead to us saying, okay, we
don't need these specific agreenents.

But at this point it is not clear to us
what barriers the DOEis goingtotake credit for. So
that is why sone of the agreenents are still -- they

be of low significance, but we still have them in
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t here because they nay be used to define variable
capability.

The second half of the schedule of the
conment, | would agree with you that not all of the
i nformati on needs to be submtted for a construction
aut hori zation, and sone could be in perfornmance
confirmation, and it is up to the DOE to provide us
enough i nformati on where we can nmake a construction
aut horization, and that's why | think we need
addi ti onal discussions with DOE on the agreenents to
try to get to that point. So those are ny coments.

CHAl RVAN HORNBERGER: St eve.

MR. FRI SCHVAN: Steve Frischman, State of
Nevada. | can't let John's recommendati on to you go
by wi t hout being noticed. | think that you will see
on the conments on t he Yucca Mount ai n Revi ew Pl an t hat
there is sonereally fundanmental issues that have been
rai sed, primarily by the thrust of comments, the State
of Nevada, versus the comments fromthe Department of
Ener gy.

And | would think that it would be
probably even counterproductive to start |ooking at
having the NRC staff start sorting out the agreenents
wi t hout knowi ng what a final Yucca Muntain Review

Plan is going to | ook |Iike, because what all of this
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isleadingtois alicense applicationandthe staff's
review of that application.

These agreenents are what the staff and
DOE agreed is on work that is necessary leading up to
that, and there were agreenents that were in the
absence of a review plan.

So |l think it would be premature and as
said counterproductive to have the staff have the
burden of sorting through these agreenents and
t hi nki ng about what may be necessary and what may not
be necessary before they know what their own review
plan really | ooks |ike.

And you will see, if not today, in the
very near future, you will see that the thrust of
DOE' s comments on the Yucca Mountain Review Plan is a
debat abl e thrust. What they are doing -- and we have
analyzed it pretty well, or pretty carefully, and we
in fact are providing a witten review of their
conments to the staff and al so to the Chairman

And you will see that anong ot her things
what the Department did in its coments was try to
recapture sonme of the coments that they made about
Part 63 that were not agreed to by the Commi ssion.
They were not incorporated in 63.

They are tryi ng to change t he fundanent al
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framework of licensing. So | think these agreenents
need to sit separate fromthat, and carried through
until there is an understanding of what a license
application is supposed to |look like, and how the
staff is going to reviewit.

MR. ANDERSEN: Yes, | thinkthat is afair
conmment, and | know that we have been working on --
t hat when Part 63 was bei ng devel oped, we worked with
Tim MCartin, because he was dealing with that, and
trying to figure out how the agreenents woul d change
with the final Part 63.

And | know of at | east two i nstances where
after Part 63 was finalized that the agreenents were
null and void right after that. So we are constantly
| ooking at how changes in our program affect the
agreenents, and | think what you said is very true.

CHAI RVAN HORNBERGER:  Anyone el se? Ckay.
Thanks. Andy, help me out a little bit with the
schedul e. Jim has another presentation on the
integrated |1 RSR

DR CAMPBELL: Yes.

CHAI RVAN HORNBERGER:  And then Tim

DR CAMPBELL: Yes.

CHAI RVAN HORNBERGER: Wl |, | think what

we wll dois stick at | east close to our schedul e,
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whi ch says that we are going to take a break now. W
are five mnutes early and so let's reconvene five
mnutes earlytogiveus alittlenoreflexibility for
di scussi on.

(Whereupon, at 9:36 a.m, a recess was
taken and the neeting was resuned at 9:52 a.m)

CHAl RVAN HORNBERCGER: kay. Ve will
reconvene, and we think that we have our high
t echnol ogy wor ki ng agai n. So we will switch from
over heads to power point, and again we are going to
continue, and this tinme we are going to have a
di scussi on of the integratedresol ution status report,
whi ch was recently issued.

And Jim Andersen is going to do a
presentation on that, and then we are also going to
have a second presentation as part of that by Tim
McCartin, whois goingtotell us howsone of the work
on risk insights feeds into this integrated | RSR

MR. ANDERSEN:. Thank you very nuch. Like
| mentioned in the first briefing, the Integrated
| ssue Resolution Status Report was issued in July.

CHAI RMVAN HORNBERGER: Jim you are not
com ng through on the m crophone.

MR. ANDERSEN: Oops, | turned it off.

Sorry about that. Like | nentioned, the issue of the
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| ntegrated | ssue Resol ution Status Report was issued
inJuly of this year, and the intent of this briefing
is to provide the conmttee with some background on
t he docunment, and howit fits into the overall issue
resol ution process.

Before | get started though, | would |like
to give credit to all of the people who worked on the
docunment. It wasn't by any nmeans ne. Most of the
Center staff and NRC KI A | eads, and ot her staff in the
NRC, wrote nost of the document and then Budhi Sagar
fromthe Center coordinated it all down there.

And | was the coordinator up at the NRC headquarters.

CHAI RVAN HORNBERCGER: Descri be t he center,
pl ease.

MR. ANDERSEN:. Oh, I'msorry. The Center
for Nuclear Waste Regul atory Analysis down in San
Ant oni o, who is an NRC contractor. All right. The
outline for this presentation, | would like first to
di scuss the report's purpose, and the status and
structure of the integrated resol ution status report,
the content, and howit fits into the issue resol ution
process, and finally a summary.

And i f you have any questi ons, pl ease stop
me, and | said that in nmy first presentation, but

pl ease feel free to do so.
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Before we get into the purpose of the
integrated resolution status report, let ne give you
alittle background, and | think | amgoing to go a
l[ittle further back this tinme than |l didin the first
briefing, and that is that in the m d-1990s, the high
| evel waste program the NRC high | evel waste program
was realigned to focused pre-licensing work on those
topics nost critical to post-closure performance,
i.e., the key technical issues.

As the issue of resolution process noved
forward, the status of each key technical issue was
docunented in individual issue resolution status
report, i.e., in each case, the key technical issue
t hat was associated with the resol ution status report.

And in Fiscal Year 2001 the NRC staff
deci ded that the issue of the resolution process was
mat ure enough to develop a single integrated issue
resolution status report that would clearly and
consistently reflect the interrelati onshi ps between
the wvarious key techni cal subi ssues, nodel
extractions, and the overall issue resolution status.

The purpose of the integrated issue
resol ution status report was to wite sone background
information on the status of the NRC and DOCE pre-

licensing interactions, and provide the technical
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basis for the staff's review presented at those
neetings, and provide a transition from the key
t echni cal i ssue framework to the Yucca Mount ai n Revi ew
Pl an, the draft Yucca Muntain Review Pl an.

Next slide, please.

The current status of the docunent, |ike
| previously nmentioned, is that it was issued in July
of this year, and the hard copies were conpleted in
August, and the mails were mail ed to the standard NRC
hi gh | evel waste distribution |ist.

The document was al so placed on the NRC
website under the NEUREG | isting of currently issued
new NEUREGs webpage. Next slide, please.

The actual structure of the docunent is as
follows. The draft Yucca Muntain Review Pl an f or mat
uses the sane section headings, and the sections are
broken down by the specific acceptance criteria for
each section.

The integrated resolution status report
di scusses pre-cl osure, post-closure, and several ot her
areas outlined in the draft Yucca Muntain Review
Pl an.

Sone of the topics have not been di scussed
by the NRC and DOE, or the NRC staff has not revi ewed

appl i cabl e DCE docunentati on. Sone sections are not
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addressed in this version of the docunment. It is also
i mportant to note that the technical information cut-
of f date was over in 2001, right after the |l ast issue
resolution, and the first round of the issue
resol uti on meetings.

And so it doesn't cover DCE |l etters since
that time, or the NRC s responses to those letters
since that tinme. Next slide, please.

As | nentioned earlier, the integrated
i ssue status report captures the results from the
first round neetings, and incorporates final 10 CFR
Part 63 in the draft Yucca Muntain Review Pl an.

And it primarily di scusses theinformation
the NRCstaff will need to conduct potential Iicensing
review. The last bullet notes that the integrated
resol ution status report does not include i nformation
fromthe risk insights initiative.

It is inmportant to note here though that
that does not nean that we did not wuse risk
informationincomngupwththe original agreenments,
or when we were witing the docunent.

W wused all of +the available risk
information at the tinme that we cane up with the
agreenents, and al so when we were witing the report,

but it does not include that specificinformationfrom
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the risk insights initiative.

Going intothe contents alittle further,
in the preclosure safety area, the discussion is
broken down into 10 areas, which correspond to the
section between the draft Yucca Mountai n Revi ew Pl an.
Si nce the NRC and t he DOE have only had one techni cal
exchange on pre-closure, and that neeting only
addressed a few of the 10 areas, nmuch of the
di scussion in the pre-closure area i s based on an NRC
review of the docunents that the DOE has already
subm tt ed.

The intent of these sections is to
docunent those review and for the NRC and DOE to use
that information in preparation for the future
precl osure mneetings.

Since additional public neetings are
needed to address the remaining areas, it is possible
t hat addi ti onal agreenents woul d be necessary. Mvi ng
on to post-closure.

The post-cl osure area i s broken down into
four major areas; nmultiplebarriers, features, events,
and processes, nodel abstractions, and denonstration
of conpli ance.

Al four areas were discussed during two

total systemperformance assessnent i ntegration, which
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is one of the key technical issues. There was a
techni cal exchange in My and August of 2001.
Agreenents were reached i n each area, and a di scussi on
in the integrated resolution system status both
focuses on i nformati on needed by the staff to conduct
potential |icense review.

The next two slides discuss the nodel
abstraction area in a little bit nore detail. The
nodel abstraction area is the bulk of the document,
and i f you have not seenit, it is about two i nches or
so, and the bul k of that docunentation is the node
abstraction. Next slide.

The nodel abstraction area i s broken down
i nto 14 nodel extractions di scussedinthe draft Yucca
Mount ai n Review Pl an, and the backup slides have a
listing of the 14 nodel extraction areas for your
i nformati on.

And also |I did nmention it earlier that
there is the backup slides as well for the 10
precl osure safety areas, which are defined in the
backup slides. Inorder toassist withthe transition
from the key technical issue subissues, to the 14
nodel extractions, each nodel extraction section
identifies which of the key technical issue subi ssues

i ncorporates the information from
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The sections also have an illustration
whi ch provides the overall relationship to the other
nodel extractions. W tried to nake it apparent how
t he key technical issue subissues fed into each of the
nodel extractions in each of the 14 nodel abstractions
and how they relate to each other. Next slide.

Continuing on with the di scussion of the
nodel extractions, the sections address each of the
five acceptance criteria for the draft Yucca Mountain
Review Plan, and a table at the end of each section
that identifies which key technical issue agreenents
pertain to the specific nodel extraction

So within these 14 nodel extractions the
staff integratedthe informationfromthe specific key
technical issue subissue, and the individual key
technical issue issue resolution status report, and
the first round of the issue resolution mneetings.

Now, how does the integrated resolution
status report fit into the issue resolution process?
First, | believe it puts into witing the background
for the agreenents and why the staff feels that the
information in the agreenents is needed to performa
potential |icense review

Second, it applies the draft Yucca

Mountain Review Plan to the prelicensing process
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i.e., we tried to use the Yucca Muntain Review Pl an
in the pre-licensing process to show how it ought to
wor K.

It is inportant to note here -- and |
think it goes to the question earlier that if changes
are made to the Yucca Muntain Review Plan, any
subsequent versions, if we do in fact come up with a
subsequent version, the integrated IRSR wl]l
i ncorporate the changes nmade to the draft Yucca
Mountain Review Plan or a final version of the Yucca
Mount Revi ew Pl an.

Now getting a little bit nore specific,
how does the integrated issue resolution status
reports support the review of the agreenents.
Hopeful |y, the docunent itself provi des detail of what
information is needed and why is it needed. DOCE can
use this information to address the agreenents as it
bears further interreactions on the agreenments, and
the NRC staff can use it to |ook back on what we
t hought we were asking for at the tinme of the
neet i ngs, and docunent our thought process and why we
needed t he information.

And so we coul d use that information for
further discussions down the road. Inthe pre-closure

area, as | already nmentioned, the informationinthis

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

48

section will assist both the NRC and DOE in future
di scussions on the pre-closure areas.

In summary, | have just kind of provided
a brief overview of the docunents, and it is pretty
hard to go into all of the technical details of the
docunent .

| think that we have di scussed i n t he past
about havi ng maybe anot her round of neetings with the
conmi ttee on each of the specific key techni cal issues
and have the issuees cone in and give you a briefing
on where they stand, simlarly tolikewe didin-- |
believe it was in January of this year, and that may
be beneficial for future neetings.

But here | just tried to basically give
you an overview of the docunent, and in sunmary |
guess | woul d note that it does provide the status as
of COctober of 2001.

It docunents the technical bases of the
intent of the agreenents, and we are using it as an
aidin transition fromkey technical issue subissues
to the draft Yucca Muntain Review Pl an

So at this point | would like to ask if
there are any questions that | can address. | may ask
Budhi if it gets alittle bit nore technical to dea

with this as well. Budhi Sagar.
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CHAI RVAN HORNBERGER: Thank you Jim

Actually, we do appreciate that you gave us an
overview and not a page by page description.
Questions? Raynond.

VI CE CHAIl RVAN WYMER:  Yes. You list four
areas that are related to post-closure safety, and
those are nultiple barriers, features, events, and
processes, and nodel abstractions, and denonstration
of conpli ance.

It is easy for nme to see how nultiple
barriers are related to safety, and how features,
events and processes could be, and denonstration of
conpl i ance.

It seens to ne that the nodel extraction is about one
step renoved froma direct relationship in a genera
way.

Certainly it is related to safety as it
al l ows you to define what the dose of risks are. But
it doesn't seemto nme that it does not have the sane
stature as the other two. Could you just comrent a
bit on that?

MR.  ANDERSEN: | am not sure that | am
foll owi ng you on the question

VI CE CHAI RMVAN WMER:  Mbdel extractions

does not seem to be as directly related to post-
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closure safety as the other three things that you had
listedtonme. And | would like to have you coment on
how t he nodel extraction is as inmportant as nultiple
barriers to the safety case.

MR ANDERSEN: | think in the nopde
extraction that we are trying to incorporate all of
the information from the features, events, and
processes, and various nmultiple barriers.

VI CE CHAIRVAN WMER: It just seens in
kind fromthe other three itens that you had on the
list at this point, | guess. | would like to hear you
el aborate on it.

MR. ANDERSEN: Budhi, will you go ahead,
pl ease.

MR. BUDHI : M nane is Budhi Sagar, and
work at the Center for Nuclear Waste Laboratory
Anal ysis in San Antonio. | think that this i ssue was
di scussed when we were fornulating the YMRP. As Jim
said, the sections in the IRSR are exactly opened in
the sanme way as the YMRP.

At the YMRP tinme, we found that the nodel
extraction has to be done in all of that as a matter
of fact, and you had to do them if you went to a
barrier section evenin the MEP section, and so on and

so forth.
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So either we coul d have a nodel extraction
and then have everything under it, but it was just a
guestion of how you mght be able to manage the
di scussion in the docunment. So | don't think that
there is a unique answer to the way that we put it.

The nodel extraction in our mnd had a
very high inportance because it is through a node
extraction that you coul d determ ne whet her even the
nmul tiple barriers requirenments were net.

So we t hought that it woul d be reasonabl e
to discuss each one of the npdel extractions as a
subsection

VI CE CHAIl RVAN WNER: Thank you. | woul d
have actually done it the way you said it, and it is
a possibility to put all the other things under the
nodel extraction. It just nmade it seemto ne to be
different in kind than the three, but thanks.

VMR,  ANDERSEN: I am not certain which
comrents we got on the draft Yucca Muntain Review
Pl an, but maybe not. You would have to ask Jeff that
qguestion when Jeff comes up.

DR. GARRICK: Jim vyou did a good job of
telling us how an integrated IRSR activity fits into
t he i ssue resol ution process. | amvery interestedin

this point of viewfromthe other way around, and t hat
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that is that | see the integrated IRSR activity as
kind of a real world.

You are really trying to resol ve i ssues,
and how does the process fit intothereal worldis ny
questi on. How much iteration did you do on the
process as a result of the resolution activity?

MR. ANDERSEN: | amgoing totry to answer
your question, but --

DR. GARRI CK: Well, you had several slides
tal ki ng about how the integrated IISR fits into the
i ssue resolution process. Well, the process was
created initially as kind of an abstract form and now
you have some experience, techni cal exchange of trying
to resol ve i ssues, and so the question is the adequacy
of the process and how nmuch adj ustnent to the process
came as a direct result of the exercises that you went
t hr ough.

| am going to respond and please let ne
know if | don't hit the mark here. But | think part
of what we tried to dowith the integrated IRSRis we
had all of the KTls and the KTl issue resolution
status reports, and the KTl agreenents.

And we took all of that and tried to
integrate into the Yucca Mountain Review Pl an for mat

of the 14 nodel extractions. And in doing so, | think
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we were checking ourselves and the issue resol ution
process itself on was there any foils. Did we mss
anyt hing nowthat we are integrating all these KTl and
KTl subi ssues toget her.

Was there any agreenents that we m ssed,
and was there any technical information which we
didn't cover. So | think it was kind of a check on
the first round of neetings where we were on the KTl s,
and all the agreenents that canme out of those.

| think it was a check of those as we went
through and tried to wite these sections that the
technicalese tried to their specific sections and
incorporate all the information.

So | think that is howit helped aid the
i ssue resol ution process and it was kind of a check to
make sure that we weren't m ssing anything as we tri ed
tointegrate this all together. Did that come close
to answering your question?

DR GARRI CK: Yes. You see the Yucca
Mount ai n Revi ew Pl an as part of a product if you w sh
of the exercises that you went through. I n ot her
words, all | amtrying to get at is that you had to
create a framework initially for how to go about
resol ving i ssues.

And now you went through and exercised
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trying to resolve issues. Now, has that franework
been influenced by that exercise?

MR. ANDERSEN: Well, | think it has been
influenced in that | don't think we are going to use
t he KTl subi ssue framework. W decided not to do that
in the Yucca Muntain Review Plan. W went to a
different framework i nthe Yucca Mount ai n Revi ew Pl an.

So | think that that structure is al ready
changing to sone degree, and | think as we nove
forward and | ook at the comrents to the draft Yucca
Mountai n Review Plan, and in doing the integrated
| RSR, we may have sone internal comments of was it
easy to use as we tried to draft this docunent.

We may have sone i nternal discussions, as
well as format and things like that. So | think just
view ng the actual docunent itself hel ped the issue
resol ution process nove forward.

CHAl RVAN HORNBERGER: So it is just a
slight or same track as John's question. So given
your answer, do you envision that future technical
exchanges with DCE will be focused around the YMRP
framework, or the KTI framework, or is the KTl so
entrenched that you will stick with that?

MR,  ANDERSEN: W have had a lot of

di scussions internally about that, and | think where
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we are going is that we are going to just maintain the
key technical issue framework just because all of the
stakehol ders are so entrenched at this point in
prelicensing discussions that is at least initially
where we are going to go.

CHAI RMVAN  HORNBERCGER: In one of your
slides, Slide 5, you nentioned that some of the
sections are not addressed because the NRC DOE
i nteractions have not taken place. Does this nean
that you are mainly referring to pre-closure
activities?

MR.  ANDERSEN: Mostly discussion pre-
cl osure, as we addressed everything in post-closure.
There i s other areas in the Yucca Mountai n Revi ew Pl an
-- and Jeff, try tohelpneif | mss afew but like
training, and | think ET is nentioned in the Yucca
Mount ai n.

And we have energency planning that is
nmenti oned, and we have had a | ot of those di scussions
with DOE, and there is a lot of —- well, | shouldn't
say a lot. There are sone sections within the Yucca
Mount ai n Revi ew Pl an which aren't addressed in this
version of the docunent. |If you just ook at it from
the preclosure and post-closure, it is all in the

pr ecl osure area.
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MR. LEVENSON. Jim | have a question that

arises from probably nmy problem with the English
| anguage since it was nmy first |anguage. For post-
closure, safety has been very clearly defined by the
EPA, whether you agree or disagree, and it is
quantified and it is defined.

You have two slides in your backup, 15 and
16, where you tal k about safety for preclosure. But
no indication whether in this case safety neans
significant inpact to the public, equivalent to a
reactor accident, or at the other extrene, potenti al
injury to one person, and nore in the OSHA context.

What is the frane of reference for safety
for preclosure?

MR. ANDERSEN. Correct me if | amw ong,
but I would definitely say it is in the exposure to
the public and to the workers. Timis shaking his
head. | don't think he needs to add anythi ng nore.

CHAl RVAN  HORNBERGER: Questions or
comrents fromanyone el se? Ckay. You were obviously
very clear in your presentation.

MR. ANDERSEN: O very confusing and no
one can understand it.

MR. HORNBERGER: And as | said, we have a

continuation on the integrated | RSR approach, and Ti m
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McCartin, | think, is next on our agenda, and Timw | |
tell us how the risk insights initiative is
contributing to the whole integrated | RSR process.
MR. MCCARTIN: Good norning. The title
for my slides or ny presentation is fairly |ong
Framework for Staff Anal yses to Support Pre-Licensing
I nteractions and | ssue Resol ution.
VWhat it really points back tois that Jim
i ndi cated during the process of issue resolution and
risk insights initiative that analyses were done.
However, the conmttee will renenber back in the
presentation on the risk insights that a nunber of
ot her staff used ot her neasures other than risk when
they were prioritizing what was call ed ri sk insights.
At that tinme we recognized as we noved
forward with i ssue resolution that we needed to do a
better job of Jlaying out a process for what
cal cul ati ons we are going to do, and why we are goi ng
to do them and howthey fit into the regul ati ons, and
to provide staff insights, quantitative insightsinto
t he performance of the Yucca Muntain repository.
And that is basically what | amgoing to
try to do today, and we are in the process of
devel oping this framework, and | guess there are two

questions that | would pose to the committee.
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We don't necessarily want aletter, and we
don't or we can't stop you fromwiting aletter, but
two things if you could, and two things at the end of
t he presentation, two questions that we are i nterested
in.

One would be does it look like we are
headed in the right direction, and two, we are in the
process ri ght now of devel opi ng this framework, and we
will be nore prepared for a possible presentation in
Novenber, and woul d the commttee | i ke a nore detail ed
presentation of where we are headed in the Novenber
timefrane.

And with that, let ne go to -- | wll
touch briefly on the background of sone of these
anal yses that we have done over the years and talk to
the framework, and | do want to give an exanple
cal cul ation of what |I nean by this framework and how
or what kind of calculations that we m ght do, and
wi th that done, the next slide.

Boy, that is hard to see from back here.
The background basically is that we have conducted a
wi de range of anal yses, many of which get presented to
the conmittee and other forums for understanding the
repository system evaluating factors that affect the

ti mng and nagni tude of the dose.
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And | ooki ng at key assunptions, and we
have NEUREG publ i cati ons that go back 15 years when we
first did our initial performance assessnent for a
potential repository at Yucca Mountain. W have had
t he ACNWpresentati ons on these results certainly for
t he past 15 years in conference proceedi ngs.

Al this information as | said is being
used to support pre-licensing interaction. What we
found, however, | would say in the risk initiatives
that too nuch of that information was in the
experience and minds of the performance assessnent
anal ysts, and not that nmuch was bei ng presented to t he
ot her technical staff that was useful.

Typically all that is being presented are
dose nunbers, sensitivity to dose, and there is a | ot
nore information. As Jim indicated, we have the
multiple barrier requirenent.

There is a lot of things that need to be
devel oped to understand the performance of a
conmplicated systemlike the repository, and that is
what we are trying to get at, and with the next slide
the framework i s | ooki ng at what ki nds of anal yses we
could do to wunderstand the repository behavior,
including performance of barriers, and risk

signi ficance of paraneters and nodel s.
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And certainly understandi ng the effect of
uncertainties on the performance of the repository.
And why do we need an analysis? W really need a
framework for this analysis to make sure that we have
a conmprehensive treatnment of all the issues and al so
just as inportant, an appropriate context for the
anal yses.

| will point to a corment that you made,
Dr. Hornberger, at the | ast neeting. You saw sone of
our analyses, and | will paraphrase; the nunbers are
i nteresting, but what does it nean? W did not have
a good answer for you.

In just doing an analyses, if you can't
put theminto the context of why are you doing it and
what is it show ng, just doesn't nmake a | ot of sense.

W need to be able to do a better job to
conmuni cate the information that for the nost part |
woul d say in the heads of a | ot of the PA anal ysts and
not really being conmuni cated to revi ewcomittees or
cells, and | think the sane is true for the NWRB

| think the anal yses aren't conveyi ng as
much information as they need to convey, and
devel oping this framework we think is inportant to | ay
out the context and howit will be used. Next slide.

Right now we can develop four broad
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categories of where we will be doing anal yses. The
easi est one clearly is the overall performance of the
repository, and that is pretty nmuch what everyone is
focused on, and neeting the 15 m|ligramall -pat hway
limt.

Next is the capabilities of t he
engi neering and natural barriers, arequirement i nour
regulation. That is underlined, because that is what
| will give a particular exanple for that aspect.

| am not going to have any exanples for
t he other three, but once again in Novenber, thereis
alot of information that | could talk to for all of
these, but | amnerely focusing on one aspect of the
engi neered and natural barriers.

Then the effective uncertainty and
par anet ers and nods, at the | ast neeting you saw a | ot
of work on the sensitivity and uncertainty anal ysis,
and t hen of course the effect of potential Iimtations
on the technical bases.

And there is a wi de range of anal ysi s that
you m ght do there. | think we woul d put the degraded
barrier analysis inthat particul ar bin, where you are
| ooking at the effect of that you m ght not be as
smart as you think you were.

You may be wong and degradi ng a barrier
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and possibly neutralizing a barrier, and would be
looking at | think that and where those kinds of
anal yses would fit.

And that's what | nmean by | think it is
i mportant to establish a franework, where you put why
am | doing this calculation, and what is it pointing
toin terns of the regul ations, and what do | hope to
get out of the results, thereby -- and | would say
fromthe staff's standpoint, we are goingto be fairly
critical internally, in terns of the anal yses that
peopl e are doi ng.

Okay. You are telling people that you are
doing it for this reason, and here i s what you say you
are going to learn. And then the next thing is that
t he nunbers that you present, and the curves that you
di spl ay, are they real ly doi ng what you are telling ne
what your intent was.

And if they aren't, maybe you need to
think a little harder on how to present the results
and what needs to be cal cul ated, et cetera, and that
is part of this framework.

W want to be sure that the results are
actual Iy providing useful information, and not just
putting up nunbers that people are left with, well,

okay, interesting, and what does it nean, and everyone
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isgoingtowal k anay with a different interpretation.

And | think that it is inportant that the
nunbers and t he resul ts can convey useful i nformation.
And then with that, we go to the next slide, and if I
expound a little bit nore on one particul ar aspect,
and that is the capabilities of the engineering and
natural barriers.

We are |ooking at an evaluation of the
barrier capability as represented in the performance
assessnment nodel, and that is really -- and a slight
di version. |f peopl e wonder why in the Yucca Mountain
Revi ew Pl an, for exanple, we have tal ked to or we have
barrier capability first before we go into the nodel
extractions, et cetera.

Clearly, youcan't dothat until after you
are done wi th your anal yses, but thereasonthat it is
up front in the Yucca Mountain Plan is that we want
the Departnent to tell us initially what are the
barriers, and their capabilities, and what are they
relying on.

So we can then when we go in to review ng
t he nodel extraction, we sort of know what the story
is already. We know how it ended, and we will | ook at
t he nodel extraction to see if that nodel extraction

support the story they have told us is the bottomline
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up front.

Also inportantly, we can use our
particular information that we have devel oped on
barriers to inform our view, and we nmay have a
different of opinionincertain areas of the barriers,
and we can bring our information into that up front
part to then help guide the rest of that review

And that's why the barrier capability is
up front, rather than at the end. Wth that said, in
ternms of regulatory context, there is a requirenent
that a repository be conmprom sed of both natural and
engi neered barriers, and the regul ati ons require t hat
the capability of the barriers be descri bed.

And that the definitioninthe early part
of the regul ations speaks of it and it is capability
to limt the flow of water, or the flow of
radi onuclide to the rel ease radionuclides fromthe
wast e package and waste form

Sowiththat, et ne goto why woul d we do
t hese barrier analyses, and that is the context, and
that is what is required. Number 1, it requires an
i ndependent eval uation of DOE S description of the
barriers. As | said, DOE, up front, will describe
which barriers they are relying on.

And we have our own barrier calculationto
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also what is our understanding of the repository
system | think nost inportantly why is it up front?
| think that second bullet says it all. The barrier
capability should assist the interpretation of the
per f ormance assessnent results.

| believe describing the capabilities of
the barriers will allowyou to understand why t he dose
nunbers cone up the way that they do. And finally and
certainly identifyingthe significance of the barriers
al l ows us to focus our reviewand concentrate on those
t hi ngs.

There are many di fferent ways to descri be
the barrier capabilities, and | have t hree cabl es t hat
follow. |If I knewpower point better, all three m ght
have ended up on the sanme slide, but | couldn't figure
out howto do it, and so they are separately.

But what | have done is try to give
information in terns of what | will call as a delay
time in years, and so those nunbers that you see are
a delay in years.

And | think | can explaintheresults with
these kinds of -- with this information, and clearly
the first barrier is the waste package, and the waste
package i s the easiest to understand. It is primarily

a binary system
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It is either leaking or it is not, and if
| ook at -- and for this particular analysis, and
realize that there is uncertainty with each of these
paranmeters and results, for these | have tended to use
a nean val ue representation.

And we certainly are | ooki ng at expandi ng
and have uncertainly bands, and a range of the
I'ifetime under the waste package, approxi mately 50, 000
years is what we have in our TPA code for the waste
package lifetine.

And you will notice that | think a key
part of the delay tine is that you need to | ook at it
radi onucl i de by radionuclide. The behavior of each
barrier can be drastically different dependi ng upon
t he radi onucl i de.

For the waste package, obviously it is
not. It either leaks or it doesn't |eak, but why did
| pick this particular suite of radionuclides. Wll,
the first three, technesium iodine, and neptunium
are primarily the ones that show up in the early
doses.

The next three radionuclides, the two
pl ut oni uns and anorisum make up approximately 97
percent of the inventory by curies, and that is the

t housand year inventory.
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So that actually represents alnost 97
percent of the curie node of the entire repository.
Uranium you will see -- and as to those percentages
are the percent of the thousand year inventory that
you see bel ow the radi onucli de.

Uraniumis a very smal | percentage of the
inventory by curies; however, by mass, it does
represent 99 percent of the mass of the repository.
So why | could do it for every radionuclide, this
captures nost of the curies and nost of the nmass, and
the nuclides that primarily contribute to dose as a
first cut.

And the waste package, like | said,
| ooki ng at nean val ues, approxi mately at 50, 000 hal f -
life, if I go to the next slide, which is -- and now
totry to get sone insight on rel eases froma single
wast e package.

And for this | am just |ooking at what
kind of characteristics are there for the processes
that affect release, and | am |ooking at a single
wast e package.

And t he questi on was how much, in terns of
delay tinme, how nuch stuff, how many curies, have to
get out of the waste package for ne to call it a

del ay.
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And for these particul ar nunbers, what |
use is how long did it take from the tine when
rel eases started to occur until a curiumload for that
nucl i de that woul d cause a 15 mlligramdose if it was
all placed in a 3,000 acre feet of water in a single
year.

Now, this you wll see for not too
surprising, if | ook at a release rate of 10 to the
m nus 4 per year, technesiumiodine, which are very
small inventories, and the release rate is very
effective in that thousands of years of release at
t hat rate before you woul d get enough -- if it was all
conmpressed into a single year wuld give a 15
m | ligram dose.

QO her nuclides, obvi ously the anori sumand
the two pl utoniuns that are a very | arge percent age of
the inventory, it virtually takes very little tine
before essentially the first year, and you are goi ng
to get enough to cause a 15 mlligramdose. Uranium
is quite a bit |onger.

If I ook at solubility limts al one, you
can see technesiumand i odi ne are very soluable. So
if I have 10 liters per year of water going out of the
wast e package as the soluability limts, that woul d be

sufficient togive al5 mlligramdose for technesium
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i odi ne.

And i f you go for the other radi onucl i des,
uraniumis one that, gee, it is far greater than a
hundr ed-t housand years before you would ever get
enough of, and even if you accumul ated all of that
hundr ed-t housand years of rel ease into a singl e year,
it still wouldn't get 15 mlligrans.

And so it is a way of understanding by
radi onucl i de what is causing the results to be t he way
that they are. You can see the soluability limts,
and you would rarely ever expect uraniumto be any
type of significant contributor.

Now, inadditionto this, this was done as
much as a hypot heti cal cal culation and | just assuned
the release rate of 10 to the mnus 4 per year. |
assuned the soluability limt of X, and | can do this
calculation. This was a hand cal cul ati on.

However, what we would intend to dois the
gosum nodel, as well as our TPA code, and we can do
this cal cul ati on and see, well, howl ong does it take.
A 15 mlligram a curie nodel equivalent to 15
mlligram to get out of the waste package once it
starts to fail.

And you can get a sense of, well, gee, it

is either going to be arel ease of rate of soluability
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l[imt, and if you see very small nunbers, neither are
ef fective.

But you can go back and | ook at what is
going on for that particular radionuclide, and it is
a way to understand the results. Going to the third
table, in ternms of the release from the geol ogic
units, the natural barriers, there |l actually chose a
slightly different nmeasure, and thi s was done wi th our
per f ormance assessnent code.

And we could do the same thing with the
gosumcode. They have sim | ar kinds of outputs. But
| | ooked at the first tine step that mass entered in
a particular barrier, and when did that nass get out.

Whatever it was, andif it wasamllionth
of a curie, or one curie when in at TX, and how many
years before that ampbunt canme out. And once again
not surprising, you can see that | have actually four
- | split the unsaturated zone, and saturated zone
into four particul ar aspects.

The first one, the UZ total, is what do
get with the wunsaturated zone the way it 1is
represented in our TPA code. The second, the UZ, is
Calico H lls, non-wel ded vetric only, is what do | get
if I just look and use exclusively the Calico Hills

non-wel ded vetri c.
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It is a porous unit, and tends to be
fairly slow water novenent, but also fairly
significant retardation. And then the saturated
filled rock is the fractured rock, and the saturated
zone alluviumis the alluvium and what you see there
once again for many of the radionuclides, there is
significant retardation in the unsaturated zone, and
the saturated zone, and you can see you get greater
t han hundreds of thousands of years for a nunber of
t hese radi onucl i des.

And this also points to -- part of the
reason that | would|liketoexplaintheseresults this
way is that in ternms of the barrier one off, one on
anal yses, that we have done are very, very difficult
to interpret when you just show a dose nunber

And | think you can see where for some of
our calculations the unsaturated zone and both the
unsat ur at ed and sat ur at ed zone basi cal | y have t he sane
function.

They can delay certain radionuclides
greater than a hundred-thousand years, and thereis a
| ot of effects like that, where when you do one off
and one on, you have to be very careful not only as to
what are the other barriers that | have and what are

they doing, et cetera, but this allows you to just
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| ook at what is this barrier doing by itself.

And | have a depiction, and to nme | | ooked
at these results and it is not surprising that | see
i odi ne technesiumas dose treaters. You can see that
they are unretarded, and they tend to nove rel atively
fast, and there are other radionuclides that are
retarded for significantly longtine periods, whichis
why you never see themin the dose cal cul ation

And that's al so the other part that | know
is sonetines hard to convey with the dose nunber. You
can change or you might get alot of iodine, and a | ot
of technesium and it may be nore with a different
ki nd of cal cul ati on, but you don't have a sense that,
well, in both of those cal culations |I never saw any
anmori sum or pl ut oni um

And it is away that we think you can then
go in for each one of these, and what kind of risk
i nformation, and | woul d go back to the KTI | eads for
particularity, and radionuclide transport.

| knowthat | have heard | anents, well, if
t he wast e package fails, nothing | have is inportant.
And | was adamant that that is not true, and | think
t his does showthat, well, | ook, a huge portion of the
inventory, and a nmassive repository, there is

tremendous retardati on. s that true?
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We have KDs here, and the departnent has
KDs here, and are those KDs -- what is supporting
those KDs. You mght be able to do nore detailed
process nodels to support that. You might have
experinments, and field experinments that have done
this.

You mi ght have natural anal ogs, the pina
bal ocua (phonetic) with urani umthat supports sone of
this stuff. |If you believe these retardations, and
sone of these delay tines, | feel that you then can
bel i eve t he dose nunber s com ng out of the performnce
assessnent code.

And so | think thereis alot of -- we are
| ooking at how best to develop some of this
i nformati on, because in addition to this, it is what
ki nd of information supports these values. Wat is
t he uncertainty, et cetera, for some of these, and we
will be working on that, and could have nore for a
Novenber neeti ng.

As well as the other categories that we
think are inportant, and in summary, what the bottom
line is that the conplexities of the system the | ong
time frames, the uncertainties, require that we have
the flexibility to do a variety of cal cul ations.

As | showed for just that relatively
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si mpl e exanpl e, | had t hree ki nds of different ways of
| ooking at the different barriers. They all provided
sone insights and they gave nme additional
under st andi ng.

And we don't want to be | ocked into any
particul ar set of analyses to do or not to do. W
want to stay open and chal | enge oursel ves, and what
kinds of analyses are giving useful information,
because each anal ysis provides answers typically to
speci fic questions.

But the bottomline for the franework is
we really need to nake sure that we appropriately
define our analyses in ternms of the intended purpose
and the application of the results to the regul ation,
and that is what we are going to try to do with this
framework, and why we are doing it, and how it fits
into the regul ation, and the kind of information that
we are | earning.

And we think that is historic for hel ping
out the KTls, in terns of the risk insights, because
those first neetings that there just wasn't enough
-- I will say fundanental understandi ng.

Just seeing a dose nunber to me is not
sufficient. It doesn't carry enough informtion,

whereas, delay tinme, you can test this. You can | ook
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at the experinmental information, and like | said
possi bly anal og i nformation.

And you have a basis for challenging
whet her you believe that is correct as it incorporated
t he nodel uncertainty, et cetera. And with that, |
woul d be happy to answer any questi ons.

CHAI RVAN  HORNBERGER: Thank you, Tim
Raynond.

VI CE CHAI RMVAN WNER: No questi ons.

DR. GARRICK: Tim how close does your
anal ysis conme to the case where you would carry the
equi val ent of a single waste package of spent fuel
intothe repository in a paper bag and | eave it there,
and cal cul ate the dose at the critical groove, versus
doing it in its waste package?

In other words, this looks like a very
valuable step in terns of getting a better
understanding as to what the risk is, and what it
nmeans, and where it is comng from

But | think what would even be better
woul d be i f you put a waste package equival ent in the
repository with no waste package, and did a ti ne dose
cal cul ation by the sane radionuclides that you are
consi dering here, versus with the waste package.

And are you noving towards that kind of
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anal ysis, which I think woul d have sone real neani ng,
because then you could see the uncertainty, and you
could see the dose is a function of tine, and you
could see what it actually is, rather than necessarily
dealing with the question at the tine at which this 15
mlligramor whatever.

That it just seems to me a nuch nore
direct neasure of the concerns that people have.

MR. MCCARTIN: Certainly anal yses of that
type could be part of the framework, and where |
| ooked at the |imtations of the technical basis. W
coul d do sonet hi ng greater than anal yses, and sone of
the stuff that Sid Cohanta and Richard Cardel
present ed, gave sone of those things, althoughif you
are suggesting a single waste package, versus all the
wast e packages -- | nmean, there is the flexibility to
do that.

| woul d say that part of what | see here
is that fromthe geologic barriers | wll say that |
was actually -- | should have expected it possibly,
but I was pleasantly surprised when | did the del ay
time for the natural barriers, | didthemfor a single
wast e package in all the waste packages, and t he del ay
times were exactly the sanme in that particular -- it

did not - they were degrading the way that we had it
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in the TPA and not a paper sack if you wll.

But the initial anobunt, nore went in
initially at the tine of failure with all packages,
versus one, but it took the same anount of tinme to get
out of the natural system whichisn't too surprising.

What that analysis would say is that for
many of the radionuclides, they are not going to get
out in 10,000 years. You woul d see a zero dose; i.e.,
t echneci um woul d be there.

DR. GARRICK: But what we are trying to
get at here is what is the truth, and what do we
expect to really happen? The nore we go in the
direction of abstract interpretationof that, the nore
difficult it is to see what is exactly taking pl ace.

MR MCCARTIN:. R ght.

DR GARRICK: It just seenms to ne a very
sinmple way to get to the question is that you put the
waste on the top, and you don't put it in anything,
and you do the calculation, and you answer the
guestion of how good is the geology as a protective
barrier.

And then you really know and have a
basel i ne against which to assess the waste package
performance, and as far as | know that has not been

done, and | don't think that is avery difficult thing
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to do.

And that is really a basic question, and
would -- and especially if you did it in the right
forum you could display the uncertainties, and you
could see the sensitivity to different assunptions
about retardationrates, and it would very explicitly
answer the question of the quality of the natural
setting in ternms of being a barrier.

And | don't think that has been done, and
| don't know why not, and it is sonething that could
be done.

MR. MCCARTIN. Well, different groups have
done di fferent anal yses of that type. Renenber, there
are a lot of assunptions and the reason that | --
well, I amnot so confortable with the dose phase ones
and the material will not be in the tunnel w thout a
wast e package. And you have to assune certain -

DR GARRI CK: Well, we are trying to
answer questions. W are tryingto answer perfornmance
guestions about this repository.

MR. MCCARTI N.  Yes, | understand that, but
| will guarantee you that | will nake assunptions in
t he code about the chenistry i nsi de t he wast e package,
t he degradation rates, and when | don't have a waste

package, what do | assune.
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And once agai n, there are many assunpti ons
that the analyst will give that you then have to go
t hrough a | ot of explanation --

DR. GARRICK: But it is alot sinpler when
you don't have a waste package. | nean, | think the
nodel is much sinpler, and now indeed it is a
geochem cal probl em

MR, MCCARTIN. Well, I will have to nake
an assunpti on about how nmuch water and howit contacts
wast e.

DR. GARRICK: But you will have that no
matter what. You know, the 800 pound gorilla is
water, and if you don't have water, you don't have a
probl em
And so all | amsaying is that if you really want to
get an answer to this question, calculate it, and we
seemto keep trying to back into it.

And as far as the conplexity of the nodel
is concerned, | don't see that as being any nore
conmpl ex than what has al ready been done.

It is not what gets out of the waste
package, but what is the seed, and the seed is the
natural setting. You have to answer all of the
guestions that you just postul ated as bei ng questi ons

that you have to answer if you took it in there in a
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paper bag.

So what is the big deal? | saw at the
Techni cal Revi ew Board sone cal cul ations to ne that
were pure nonsense. There were not answering the
fundament al question. They were taking the position,
well, what if we have no barriers, and what kind of
doses do we get.

Wl |, what asilly question. W knowt hat
we get catastrophic dosages, and we know that the
amount of information that that communicates to the
public about the performance of the repository is
essentially zero.

It seens to me that what we have to start
doing nore of is asking ourselves what is the
realistic conditions that exi st here, and how does it
respond to those condi ti ons on what ki nd of doses that
we get.

I think this 1is a very valuable
cal cul ati on that you have gotten and it provides in ny
opinion far nore insight than what we saw at the
t echni cal revi ew board.

And it is rmuch nore up to standards, but
it still is kind of not addressing the question
directly as it could be, and that is my point.

CHAl RVAN  HORNBERGER: I liked vyour
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analysis, Tim and | think that John and | are going
to have to armwr estl e because | have never been a fan
of the paperback scenari o.

It doesn't seemat all realistic, but I am
sure that John can explain it off-line to ne, and we
will try to explain it to you afterwards. It is
interesting to me that basically you are proposing
sone different neasures, and so we have to focus on
those that are nost clearly related to risk

The tinme delay is not quite so directly
related torisk, and | think that perhaps that is part
of the question. Have you thought about any other
possi bl e measures?

| nean, in substance, it strikes ne that
you are going in the direction of |ooking at human
i nput analysis, versus human output analysis for
different barriers, and |looking at tinme delay as a
nmeasure, and are there other neasures that vyou
consi der ed?

MR. MCCARTIN. Right nowthe fieldis w de
open, and we are trying to -- | think that the
conmittee has pushed us and this is one step. W are
inthe very beginning part of it, and we are trying to
| ook at ot her things that we coul d be cal cul ati ng t hat

woul d be equally or nore useful than this.
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And right now!l will say that this is the
first step, and this got a |lot of people thinking.
There are a nunber of people at the NRC and t he center
that are engaged in developing the franmework and

t hi nki ng about what other things we can do.

Right now | don't have any specific
exanpl es for you. This was an initial one that, |ike
| said, the part that | liked is that it provides ne

sone under st andi ng of what is going on, and | realize
that it is one step away fromthe dose.

But if | don't believe these things, there
is certain —- | can look at this and like | said,
i odi ne technesium what was the reason that we see
t hat, and how about t hese other things? | nmean, there
is a chance that we will never see them

And that is equally as i nportant, because
when we | ook at the PA, and one mi ght | ook at the KTI
agreenments, and nmaybe they are not all of the highest
ri sk inportance. Not everything can be of high
i mport ance.

But in ternms of anal yzing t he Yucca Mount
system you need to have a credible nodel, and you
need to have things in there that give you a sense,
yeah, | need to knowthat, and | need to know that it

did not have a big effect, and | believe that.
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And | wll point to the retardation
factors for sone of these radionuclides. They are
never going to get out. W need to know that those
KDs are supportable. You need to be able to defend
t he zero.

So you will see things in the agreenents
and in the nodels that don't have or don't risetoin

a sensitivity analysis as, oh, that is not inportant.

Vel l, okay, | will say that with our anal yses that you

will not see a KD for plutonium or anorisum as

i mportant to performance ever. | don't think so.
Well, that is 97 percent of the curies of

the repository, and it never gets out because of that
KD, and that is what this tells ne. W need to verify
that. It may be easily verified. These nuclides are
strongly absorbed in geol ogy.

But |I think there are aspects that while
removed fromwhat actually causes the dose are still
inmportant to be able to have confidence that the
calculation is correct.

CHAI RVAN HORNBERGER:  Phi | .

MR. LEVENSON: Tim you know, there is
some things that | tried to avoid saying in public,
but sonetines you have to say them and in this case

| would liketocomendyou for really getting started
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on what | think is a very unusual thing in today's
wor | d.

| amol d enough that | used to think what
is inmportant, and understand what was happeni ng, and
not just what a conputer calculated. This is a very
good start towards an understandi ng. | have two
guesti ons.

One is do you intend to expand this to
t ake a | ook at the precl osure activities, because sone
of us feel that |ooking at the Yucca Mountain Review
Plan that that is not very nuch focused on public
safety.

There are too many things in the Yucca
Mount ai n Revi ew Pl an whi ch have a potential to danage
or injure one enpl oyee maybe, and it seens to nme t hat
focusing on public safety would be an i nportant issue
and | wonder ed whet her you had an intention to nove in
t hat direction.

MR. MCCARTIN. Well, along the lines that
—- and | appreciate the conplinent. The bottomline
of our regulations is we need to understand, the DCE
needs t o under stand and present the i nformati on of how
t he repositori es behave, precl osure and post-cl osure.

W also need to understand why, and |

woul d say t hat obvi ously delay tinmes don't really have
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a lot of nmeaning preclosure because nobst of it is
going to be --

MR, LEVENSON: But it is the concept of
| et' s understand.

MR.  MCCARTI N: Yes, in ternms of what
nuclides are causing the dose, and why, and what
aspects of the potential accident that causes that,
yes. Yes, | think that is a good suggesti on.

W haven't to date -- | nean, this was
primarily a post-closure concept, but | thinkit is a
good suggestion to expand it to pre-closure.

MR. LEVENSON:. And t he second questionis
that it | ooks to ne fromthe nunbers on the tabl e that
you anal yzed this for spent conmercial power reactor
fuel. Didyou at |east superficially? But that's not
all that goes into the repository.

There are large volumes of vitrified
waste, and there is Navy fuel, and there is spent
research reactor fuel, and there may or may not be
excess weapons, plutonium depending on which
political party is in power at the tine when you start
| oadi ng.

Do any of these other things have any
i mpact, or does the commercial nuclear fuel just

overwhelmit all?
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MR. MCCARTIN:. Generally, we believe the

conmer ci al spent nucl ear fuel provides a pretty good
bound. However, we are -- certainly the Departnent
has glass intheirs, and there is a lot of technesium
inthe glass, and so there are some aspects that could
be collards with glass, et cetera.

So there are things that we wll |ook
into, but we have not gone that deep into this
anal ysi s, but clearly or certainly plutoniumcoll ards,
you can see that the geology, that it retards it very
well, and collards is a way that is defeated.

And one thing that | would |like to point
out, because is fairly inportant, but when | did the
two UZ, one with the Calico Hlls vitric only, the
CalicoH llIs vitric provides alot of retardation, and
how rmuch vitric is under the |and repository.

Qur current PA nodel has approxi mately 50
percent of the footprint where thereis Calico Hills
non-wel ded vitric below it. The Department, |
bel i eve, has nore. But this is another way t hat shows
you that thisis avery inportant assunption, at | east
as we understand that particular portion.

VICE CHAI RMAN WYMER: You asked us to
answer two questions, and | can answer for nyself

her e. Are we headed in the right direction? The
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answer is yes.

| think that you have got a |ot of good
insights intowhat isreally going onfromthis stuff,
and we want a nore detail ed di scussion in Decenber, or
| personally do, and | would Iike to suggest if it is
at all possiblethat youtry to put this sort of thing
in the context of risk

You can take it one nore step, and | say
that because | think that it is very sophisticated
what you are telling us with respect to anal ysis and
under st andi ng.

And | think that nost of the public that
are not technically trained would have a hard tine
followng it, but they do understand risk and they do
under st and dose.

So i f you coul d expand your scope alittle
bit, and put this into alarger franework so that they
can relate to it, then that would probably be
wor t hwhi | e.

DR. RYAN. Thanks, Tim | enjoyed your
presentati on. | guess | will start with seconding
Ray's comrents to answer your two questions. Yes, |
think it is a great direction, and two, | would | ove
to hear nore about it.

Let mnegointoalittle bit nore of detail
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with you on a couple of points just to maybe expand
and give you some things to think about. Your
exanpl es, and | recognize that you are in the early
stages here, and sothisis not criticism but is nore
of a suggesti on.

And that is that the first one is that |
am not real sure from your explanation what this
50, 000 years across the board really neans.

MR. MCCARTIN: It isjust the nean failure
time for the waste package to corrode.

DR. RYAN: |'ve got you. Okay. And it
led ne to this thinking. For each one of these
exanpl es or any others that you devel oped, | think it
woul d be very hel pful to define the question that you
as the analyst are intending to answer.

| thinkit is alsoinportant to bound what
that question is and say what it is not trying to
answer. For example, you show that Technesium99 is
a soluability when it shows up in a year when
delivering a 15 mlligramdose in a year

As part of good comunication, | would
want to constrain that to say that is not the sane as
t he whol e system performng for one year, and to be
very clear about what it is that you are trying to

answer in this conparative way wi th each one of these
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structured questions.

And so | think to get to dr. Garrick's
point, and if you then look at the structured
guestions that you are answering, you canthenroll it
up to what is inmportant and what the risks are. You
can | ook at dose consequences, perhaps, as scaling
factors, and those kinds of things.

Youcanreally doalot withthis analysis
to dissect for lack of a better word the whole big
gl obal calculation to dose, and |look at what is
contributing and what is inportant, and what
paraneters drive it, and which ones don't.

And | think as you have pointed out a
couple of tinmes, then focus in on, well, we need to
know this particular KD, or that particular unit
t hi ckness, as kind of key technical data points that
substantiate the entire cal cul ation

So three cheers and keep going and let's
hear nore about it. | think it is a great approach.
The other folks can cover the other points, but |
think that is real hel pful

My main point | think that is a key
enphasis for nme is to really define what question,
what analysis point, you are trying to answer wth

each one of these sub-anal yses, each one of these
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poi nts, and then say how that is bounded, and what it
is not intended to anal yze.

And that would be a great way to
conmuni cate it both technically and | think nore to
t he public about how you are thinking through your
analysis. It is very hel pful

MR. MCCARTIN: And along those lines, in
Novenber or Decenber -- and I will gladly put it off
a nonth. No, there is always work to do. As we @go
into nore detail, and that is what we are hoping to
present. Here is the kinds of things that we would
calcul ate, and why, and why not, and giving the
conmittee feedback on that, and possibly additional
anal yses as Dr. Garrick suggest ed.

And for this neeting, we just want to give
alittle bit, recognizing that we have a | ot nore t hat
we can present then.

DR. RYAN. Well, this is a good taste of
what is in your mind at this point, and again | woul d
suggest that you take all the questions that you want
to answer and how you want to divide up the pie, and
t hen t hi nk about it, and aml touching all the i ssues,
and howdo | present these |lists of questions in these
little anal yses to give a nore conprehensive picture

of your analysis process, and that is really hel pful.
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DR GARRICK: And | would add to what the

rest of the commttee has said as far as the answers
to your questions. This is definitely noving in the
right direction, and we want to hear nore about it in
the future.

One thing that | would hope that would
al so be posed as you nove down t hi s particul ar pat hway
isthecontribution, radi onuclide by radi onuclide, and
in the context of uncertainty.

My naive sense of all of this is that the
uncertainties that are ever so nuch greater in the
natural setting than they are in the engineered
setting.

And | think that is avery fundanental and
i nportant point, that somehow we have to capture in
t hese kinds of exercises.

MR.  MCCARTI N: Agr eed. And these
obviously are primarily nean val ue type cal cul ati ons,
but the systemis far nore conpl ex.

M5. LEVENSON: Tim | guess | should give
you the reason why | raised the question of
precl osure, since post-closure is at a mninum 62
years fromnow, | expect to be off the ACNW by then.

CHAI RVAN HORNBERGER: Does t he staff have

any questions? M ke.
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MR. LEE: M ke Lee, ACNWstaff. Tim as

your thought process continues to evolve, is sone
t hought being given to how this m ght be integrated
into the Yucca Muuntain Review Plan or would it be
appropriate to integrate it in the Yucca Muntain
Revi ew Pl an?

MR. ANDERSEN: It certainlyisrelevant to
t he revi ew pl an, and whet her we woul d necessarily put
particul ar cal cul ations that we woul d do as part of
our review, and wite them in specifically in the
reviewplan, it is onthe table, and we haven't really
tal ked t o managenent about that, and whether it woul d
be in or out.

The one thing that -- and maybe it is not
a problem but when we start doing these anal yses --
and once again, each one of those three | did it a
slightly different way for particul ar reasons.

And you want to have that flexibility to
what seens to nake the nost sense, and what provides
the nost information. But in a broad generic sense,
maybe sone of this could beinit, but the key is that
we need the flexibility to do whatever analyses we
need to help provide the information for nmaking our
| i censi ng deci sion.

CHAI RVAN HORNBERGER: Ot her questions? |
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t hi nk that Budhi had a conment or a question?

DR SAGAR Budhi Sagar, ACNW in San
Antonio. | thought to give a brief thought to M.
Levenson's comments on the preclosure. | think we
woul d have to carefully | ook at the comrents are when
you say that sone of the YMRP write-up or acceptance
criteria review nethods are not focused on public
safety.

But there are nunerical and quantitative
requirements in preclosure, just like there are in
post-closure. And at the boundary of that, and the
geol ogi cal repository operations area, the dosetothe
public, a nenber of the public, for exanple, is not
supposed to exceed 15 mlligrans per year.

There is a different dose Iimt for the
wor kers, and the YMRP's focus is on identifying what
are the structure systens and conponents that are
important to neeting that criteria.

And that is the acceptance criteria for
identifying those systenms and conponents, and
anal yzi ng the design as presented by the Departnent.
But | just wanted to clarify that the public safety is
indeed the central thene, just like in the post-
cl osure.

But maybe in the detailing we m ssed
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sonet hi ng or sayi ng sonet hi ng t hat shoul d not be sai d,
and that of course would have to be |ooked at in
detail. Thank you.

MR. LEVENSON:. | know that there are nmany
ot her requirenents. M point is that | think the YMRP
shoul d focus on public safety, and it doesn't nean,
for instance, that DOE doesn't have to conformto OSHA
requirenents.

It doesn't nmean that you don't protect the
safety of the worker. But | think that all of those
things are inherent, and are understood, and | am
concerned that there are limted resources.

The center has limted resources, and the
NRC has |imted resources, and when you spend t hemon
things that are less inportant, then there is less
intention to what | think are the nost inportant, and
| think that there just needs to befinality primarily
on public safety in this type docunent.

MR. KESSLER Don Kessler, EPRI. | wanted
to thank Timfor continuing to further the clarity on
what is neant by a barrier, and how one does an
anal ysis for the barrier.

| guess to take John's other arm since
you have got his one armthere, George. | would argue

t hat whil e you can do del ays for barriers, what really
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matters is why do we care if thereis a deal, or if we
get past 10,000 years, but in ternms of safety, we
think in ternms of dose right now, and that is the way
the regulations are witten. So what can be done in
terms of dose?

Wwell, for exanple, to follow John's
exanpl e, one could do the anal ysis, and | believe DCE
has as we have, where you |l ook at what if basically
you are doing the equivalent of putting the waste
under ground, and not i n any ki nd of contai ner, and not
wi th any engineered barrier and do that analysis.

That provides you a dose nunber, but is
the dose relative to what? It mght also give you a
del ay nunber, and so you have to go back and conpare
it to your base nunber, and that's fine.

When we do that sort of analysis, we are
suspendi ng our disbelief. W are basically saying
that none of us believe that the waste package --
wel |, maybe sone of us feel we are being optimstic
about its performance -- is going to have absol utely
no effect, and I think that's what Timwas trying to
get to with one of his comrents.

So the idea that we do need barrier
anal yses, we are already suspending our disbelief.

Certainly in our EPR analyses, we went to the
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conpl et e suspensi on of disbelief, and we aretryingto
add barrier by barrier to try to get an idea of its
dose, which is what was presented at the TRB neeti ng,
but al so we get the del ays.

And in fact in the past two EPRl reports,
t here has been tables in there of the dose reductions,
and it is not appropriate particularly to | ook at the
absol ute values. But what you are | ooking at is the
relative reduction in doses as you add barriers.

In addition the delay tine, in terns of
when t hat peak woul d occur by addi ng barriers. To ne,
what | think Tim presented, and what that kind of
analysis is, are nutually supportive and can al so get
you insights into how nuch one barrier affects
another, and how nmuch an individual barrier
contri butes.

Certainly we can look at individua
barriers in terns of delay as Ti mhas done, and that
is very insight, and thank you, Tim for doing it in
a clear way. But if you add the two, you can get
additional insight in ternms of putting the barriers
i nto context.

CHAl RVAN HORNBERGER: We have tine for
anot her question or coment.

DR. GARRICK: One thing | wouldn't want to
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be m sunderstood, is that | believe in realistic
anal yses, and ny whol e crusade on this commttee has
been to be realistic.

Peopl e keep calling t hi ngs risk
assessnments that are not risk assessments. The
fundanmental cornerstone of a risk assessnent is the
concept of |ikelihood.

If we do not sonewhere along the way
address the issue of I|ikelihood, then we have no
reference or baseline to think in ternms of what
constitutes being conservative, or what represents
uncertainty or what have you.

So | amnot pushing that we do unrealistic
anal yses, but | do get back to what M ke Ryan was
suggesting, which is an excellent suggestion. And
that is what is the question that we are trying to
answer. |If we want a good answer on the quality of
the natural setting as a containnment barrier, there
are very nuch sinpler ways to do that than sonme of the

ways that we have been approaching.

And all | amsaying is that if that is an
i mportant question, then we need to answer. | think
the approach that | prefer overall that it is a

systens probl em

It is a conmbination of an engineered
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systemin a natural setting. That is our system and
we should keep that in mnd and not necessarily
separate it unl ess sonebody wants to answer questions
that is enhanced greatly by its separation.

The problem wth those kinds of
calculations is that they get to be taken as sonet hi ng
much nore than they were intended to be, and so the
whol e concept of this conmunication goes into a
tail spin.

And | amperfectly aware of that, and we
don't want to do that, but we are trying to answer
t hese basic questions, and ny only point was that
there are ways of doing that.

MR. VAN LI NK: Dave Van Link, DCE. I n
fact, we were strugglingwith the chart that was shown
at the TRB by Peter Swift, which showed our one on
anal yses that were asked for by the technical review
board to put into a presentation that will be given by
Dr. Dyer on Friday at the Reno conference.

| thinkit isthe ALG Anmerican Institute
of CGeology. |In that struggle of howto present that
to the public, we decided to do pretty nuch what you
wer e suggesting and take out sone of the really hard
to explain curves.

And so what we have is -- let's assune
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t hat bare waste is put on top of the nountain. This
is waste as we see it. It has gladding, et cetera,
and it has some properties. W calculate the dose
fromthat, and it is pretty darn high.

Let's take that sane waste and put it in
adrift. No waste package, no engi neer barrier, but
let's calculate that dose, and it turns out to be a
little higher than what we showed at the TRB, and | am
going to send them an anmendnent.

The checking process is wonderful and it
does find little glitches here and there. But this
poi nts out the point that Ti mwas maki ng, i s that when
you do these anal yses, you are pushing your finely
construct ed nodel outside the bounds for whichit was
constructed, and you wi || get oopses (sic) when you do
t he checking | ater.

And hopefully you do the checking before
you are presented with the results, and then you get
t hat dose result, and then the final one is the base
case, where are all of the barriers are in place.

And | think what it does is that it gives
a fine indication of, yes, the natural system does
provi de protection, and when you are finally done,
yes, the total systemis achieving a goal of safety

for the public.
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And | think that is the basic nessage, and
this is the reason that we are showing this in this
particul ar neeting. That is the basic nessage that we
want to present. That is not a basic nessage for the
review of a license application though.

That i s inportant, but not sufficient, and
we want the other curves to show what the i nportances
are, and we want to pay attention to what Timis
sayi ng.

CHAI RVAN HORNBERGER:  One final question
in the back here.

DR, HORN: Hi, JoAnne Horn, Law ence
Li vernore National Lab. | amnot a geochem st, but it
was my understanding that your calculations were
conpl etely based on soluability constance. In other
wor ds - -

MR. MCCARTIN: The one table on rel ease
froma single waste package, | did do a cal cul ation
where | assuned a particular anmpbunt of water going
into the waste package, and just using a soluability

DR. HORN: Right.

DR. MCCARTIN. But that was --

DR. HORN: It was through the geol ogi cal

barriers, and do they i ncl ude absorption of coll oi dal
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transport?

MR MCCARTI N: Yes. No coll oids.
Certainly absorption is a big part of the delay tinme
for many of the regular barriers, yes.

DR.  HORN: Ckay. So it is just the
colloidal transport that you didn't cal cul ate?

MR, MCCARTIN: Correct.

DR. HORN: Do you have any idea how nuch
that would contribute or --

MR. MCCARTIN: O f the top of ny head, no.
In previous years, we have worked at <colloid
transport, and felt that it was not a significant
contributor, the issue being primarily that it is not
so much the formati on of coll oids whichcertainly will
exist, but the transport of colloids very great
di stances in significant quantities.

But that was a few years back, and we are
continuing to foll owwhat DOEis doingwith respect to
col | oi ds.

DR. HORN: Right. Then would you expect
to integrate that into your cal cul ati ons eventual ly?

MR MCCARTI N: Wll, we have done
calculations with colloids. These do not. | nean, we
can certainly do that. The issue though is how far,

andisthereafiltration mechani smfor coll oids being
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filtered out along very long transport distances.

And that really is the issue, and I w |
say that we continue to look at that as colloids
certainly are a process that certainly def eats sone of
t he benefits of a soluability limt.

CHAI RVAN HORNBERGER:  Thanks very nmuch,
Tim and we | ook forward to continuing interactions.
We now have to take a short break, a very short break,
and the Los Angeles television people have | earned
that we have a very photogenic Jeff Ciocco doing the
next presentation, and they need five mnutes tine to
set up. So we will take a five mnute break.

(Wher eupon, at 11:22 a. m, the neeti ng was
recessed and resuned at 11:32 a.m)

CHAI RVAN HORNBERGER: Ckay. The neeting
i s reconvened. Before we start, | would like to
rem nd everyone that there is a sign-in sheet outside
t he door, and we woul d appreciate it if everyone woul d
sign it so that we have a record.

Qur next presentation is by Jeff G occo,
and he is going to tell us something about the public
conments received on the draft Yucca Muntain Revi ew
Plan. Jeff.

MR. CIOCCO Yes. M nane is Jeff G occo,

and I am with the NRC staff. Thank you, Dr.
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Hor nberger, and comm ttee menbers. W are pleased to
cone back and continue our interactions on the
devel opnent of the Yucca Mountain Review Plan, and |
say we, because Pat Mackin, from the Center from
Nucl ear Wast e Regul atory Anal ysis, isgoingtojoinin
on the presentation as we get into sonme of the
speci fic comments. Next slide, please.

My agenda for the presentation this
norning, we are going to go through a little bit of
t he background of the Yucca Muntain Review Plan
devel opnent, and we will call that the YMRP. | am
goi ng to go through how we are categorizing the Yucca
Mountain Review Plan comments, and the issues
identified in the conment categories, and we will go
t hrough a path forward and summary, and concl usi ons.
The next slide.

| have a slide that goes through the
devel opnent of the Yucca Mountain Review Pl an, which
started in Novenmber of 1999, and we did an annot ated
outline, which | believe there was a brief
presentation given to the ACNW at a public neeting
back in Rockville, Maryland, in May of 2000.

W internally draftedtherevisionzeroin
July of 2000, and revision one was conpleted. I'n

Novenber of 2001, the NRC published the draft revision
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one and put it up onthe website, and made it publicly
avail able in our records system

And then finally in March of 2002, draft
revision two, whichis the one out for public comment,
and it i s NEUREG nunber 1804, was published for public
comrent . On August 12'" of this year, the public
comment period ended.

Now what | don't have up there is our next
steps, and just briefly we are putting the pento the
paper now if you will. W have gone through and we
are reading the comments, and categorizing all the
comments, and rereading the Yucca Muntain Review
Pl an, and rereading the regul ati ons, and putting the
pen to paper.

And it isaniterative process, and we are
just in the mdst of really kicking it off. W have
got a team put together back at the NRC at
headquarters, as well|l as the Center for Nucl ear Waste
Regul atory Analysis in San Antonio. The next slide,
pl ease.

A short chronol ogy of the public comrents
on the Yucca Mountain ReviewPlan. This is the draft
report for coment, revision two, and on March 29'" of
this year, we issued a Federal Register Notice for a

90 day public comment period, which is scheduled to
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end on June 27'"

| don't have a bullet, but |I think it was
back in April where Pat and nyself presented the
contents of the Yucca Mountain ReviewPl an to the ACNW
back in Rockville, Maryland, on May 21° through the
23" of this year

W conduct ed t hree publ i c neetings; onein
Pahrunp and two in Las Vegas, to go through the
contents of the docunents, and to solicit input. On
June 4'" of this year, the NRC and DOE conducted a
publicly heldtechnical exchange on t he Yucca Mount ai n
Revi ew Pl an to get sone early feedback and di scussi on
with the Departnment of Energy.

On June 21°% of this year, we extended the
public coment period by 25 days, and we issued a
Federal Register notice for that. That was at the
request of a public citizen.

On  August 12'",  the extended public
conment period ended, and all of the public coments
that we received are a matter of public record, and
they can be viewed in our publicly available record
system
The next slide.

VWhat | have here is a listing of the

comment ers. This is an al phabetical listing, and
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every organi zation on this page, and 1 call it -- this
i s an al phabetical listing of the organizations, and
| think it is inmportant to go through this so you can
see that we really had a wide distribution for the
Yucca Mountai n Review Plan, and we received a | ot of
conments from a lot of organizations and private
citizens.

So let's just wal k down throughit. There
is 11 on this page, and we recei ved the ACNWsubnitted
comments, and the Anerican Society for Mechani cal
Engi neers; Citizens Alert from Las Vegas; Community
Agai nst Railroad Pollution fromOregon; CP&L; G oba
Resource Action Center for the Environment; the Mapa
Band of Paiutes; the National Association of
Regul atory Utility Conm ssioners; the Nevada Nucl ear
Wast e Task Force; the Nucl ear Energy Institute, which
al so had comments.

These conment s wer e al so endor sed by EPRI
and Next Lawn Generation recently sent a letter, and
| think about a week or two ago, CP&L and Fl orida
Power al so endorsed the NEI's conments.

We received comments from the State of
Nevada on August 9'", and | understand from Steve
Frischman earlier today nade a comment that they may

be providing additional comments as well. | have not
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recei ved those as of yet. Next slide, please.

W recei ved comments fromNye County, from
Public Citizen in Washington, D.C.; the Sierra C ub,
the Florida Chapter; Squarey Consultants from Las
Vegas; the Tinbisha Shoshone Tribe; the Tennessee
Valley Authority, Nucl ear Division; the US.
Departnent of Energy, and the U.S. Environnental
Protection Agency.

So thereis approxi mately - and, oh, Wiite
Pi ne, Nevada. So thereis approximately 20 conmenters
representing organi zati ons. W received 23 coment
packages from individuals, and the denobgraphics on
those really go across the country; from Eugene,
Oregon; and from Nevada, Wsconsin, New York,
Maryl and, Florida, and Ceorgia, and other States.

And so we received a | ot of conments, and
we al so have coments t hat we have had to extract from
our May 2002 public nmeetings. As | said, there were
t hree public nmeetings and we have neticul ously gone
t hrough those to pull out public comrents as well.
The next slide.

Wth the conments received, and t here were
over 900, and probably closer to a thousand, we have
gone through an effort of trying to categorize the

public comments, andthe first categorizationis based
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on the organization of the review plan, and the next
is on the structure, which is on nmy next slide, and
which I will get to.

And this doesn't really apply any
i mportance, per se, but it was a way of categorizing
it and getting the coments so that the NRC staff
could respond to them

But the categories that are based on the
Yucca Mount ai n Revi ew Pl an organi zati on, we have gone
t hrough the corments real | y based on t he chapter setup
of the review plan; the introduction, Chapter 1, and
acceptance revi ew, and general information, and t hose
are Chapters 1, 2, and 3.

And the following five bullets are all
Chapter 4; preclosure, post-closure, research and
devel opnent to resolve safety questions, and
performance confirmation, and the adm nistrati ve and
programmtic areas. So that was our first
categorization of coments. Next slide.

Then we have comments and what we have
titled as additional categories. Andthese arereally
subj ective, and we see as we go through, and as we
wite responses, you can nobve a comment fromone bin
to another, and so thereis alot of interaction, and

alot of iteration that has to go through those, and

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

109

one comment doesn't necessarily fit in one category.

And as | | ook through the roomhere, | see
a lot of the coomenters out there, and | amsure that
you can understand that. So the additiona
categories, we have categorized to the structure of
the review plan, and that is nore focused on the --
there is coments on the organization, and how the
YVMRP is laid out, and comments |ike the review plan
shall 1 ook nore like areactor safety anal ysis report.

And comments about the redundanci es and
conments about the glossary of the review plan. W
have anot her subcategory call ed sel ected topics, and
inthis one we have ones |i ke a conment that we shoul d
i nclude an exanple of a review process, and that is
famliar to the ACNW

And we have coments that we should
expl ai n i nspection versus |icensing, and | amgoingto
go into sone of these in nore detail. And then we
have an area called other coments.

Quantity-wi se, we have received an awf ul
lot inthis area, and conments |i ke we need to clarify
the issue resolution process, and the environnental
i npact statenment, and we received a |l ot of coments at
t he public neeting, as well as witten corments on the

envi ronnental inpact statenent and transportation.
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And a | ot of comrents, or maybe the nost
comments that we received, were around the
transportation i ssue. M next bullet says that there
were nore than 900 very thoughtful comments, and
probably cl oser to a thousand, including as we extract

conments fromthe transcripts.

And as | said, the issues have been
identified within each conmmrent category. So with
that, | am going to introduce Pat Mckin, fromthe

Center for Nucl ear Waste Regul atory Anal ysi s, and you
can go to the next slide, please.

And he is going to go through and start
with the introduction, and go through how we have
cat egori zed and what sone of the conments are in those
areas. kay. Pat.

MR,  MACKI N: Thank you, Jeff. Good
norni ng, nmenbers of the commttee. The first area
t hat we bi nned the comrents i nt o was t he i ntroducti on,
because the YMRP has an i ntroduction, wherein we have
defi ned general background material that is relevant
to the staff in conducting its licensing review

We had several comments in that area that
required that we consider providing clarification to
what has been witten in the introduction. The first

one that | nmentioned up here is the definition of what
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ri sk informed and perfornmance-based neans.

Judging from the comrents that we
received, not only is that not clearly stated enough,
but sonme peopl e m sunderstand what the Conm ssion's
intentionisininplenmentingriskinforned performance
based regul ati on

Anot her set of conments suggested that
figures or graphics could be used to help clarify the
i censing process, and the licensing reviewitself.

And finally there are a nunber of conments
about howthe staff intends to go about the |icensing
revi ew. These refl ected in sone cases
m sunder st andi ngs or di sagreenents with the licensing
process.

For exanpl e, the YMRP introduction states
that the plan is to be used with flexibility. Some
commenters interpreted that as nmeaning the staff
intended to be -- to conprom se the principles inthe
regul ati on.

There were also questions about the
staff's statenent in the introduction that sone
anal yses woul d be limted in conducting the |icensing
revi ew.

So as we are exam ni ng those cormments, we are | ooki ng

for how we can either clarify or respond to those
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speci fic comments. Next slide, please.

Chapter 2 of the Yucca Muntain Review
Pl an addresses the acceptance review. An acceptance
reviewis a comrent stepinthe NRCI|icensing process,
and there i s obviously a great deal of confusion about
what it neans based on the nunber of coments that we
got on the acceptance review.

And so we wi Il be | ooking and respondi ng
to those corments as to whether we need to clarify the
| anguage in that section of the Yucca Mountain Revi ew
Pl an.

I n some people's mind, it appears that the
term acceptance review, neans that thelicenseitself
is satisfactory, rather than just a determ nation by
the NRC that there was enough information to proceed
with the review, and to nake a deci si on one way or the
ot her.

An i nportant conment that we see fromnore
than one person was that there needs to be the
flexibility to have nore than one round of requests
for additional information in the |licensing review

Inwitingthe Yucca Mountai n Revi ew Pl an,
and t hen conducting the prelicensing consultation, it
is a goal of the conm ssion that there need be only

one round of requests for additional information. But
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it is not arestriction. It is just a goal, and we
need to clarify that.

There were several coments about the
concept of a phrased or stepped |icensing process, and
the comments went both ways; whether the Yucca
Mount ai n Revi ew Pl an al |l owed for such a process, and
specified in enough detail, or whether it in fact did
not allow for such a process. So once again thereis
a need for some clarification.

And | astly with respect to the acceptance
review, sinceit is calledan acceptance review, there
wer e questions concerning what are the criteria for
rejection since it is an acceptance review.

And | m ght note as we are tal king about
t hese thi ngs that these have been sumrari zed fromt he
900 comments and it is not our intention this norning
to propose to you how we m ght respond to individual
or groups of comrents, but just rather to give you an
i dea of the scope. Next slide, please. Thank you

There is a section of the reviewpl an t hat
di scusses general information and subni ssion of
general information as required by 10 CFRPart 63. W
had a nunmber of comments on that section, and one of
the nost inportant was relating to physical

protection, and the NRC is reexam ning physical
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protection as a result of the events of Septenber
11'", 2001, and it is likely that the results of that
exam nation wi Il appear and be incorporated into the
Yucca Mountain Review Pl an

One comment er al so noted and felt that the
material control and accounting program was too
detailed for a repository. The concept being that
once waste was placed in a repository, that is where
it stayed, and there is no real reason to keep cl ose
track of it after that.

And al so the idea that inventorying and
nmeasuring m ght expose workers to nore radi ati on t han
appropriate. So we are considering those comments as
we go al ong.

And anot her one, and probably the | argest
oneinthis area, was i n the di scussion of information
related to site characterizations. Some conmenters
felt that the Yucca Muuntain Review Plan was aski ng
for too much in this area.

And that it ought to be left to the nore
techni cal parts of the reviewplan | ater on, and that
created redundancies the way it is witten now. Next
slide, please.

One of the major portions of the review

pl an of courseis the section dealingwth pre-closure
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performance, and we received a nunmber of conments
t here. Possibly the npost inportant one is the
suggestion that we change the basic structure of the
Yucca Mountain Review Plan, and that relates to, if
you will, a conparison with the way that |icense
appl i cations were prepared for power reactors.

And wher e systens were descri bed, and t he
design of systens were described individually, and
t hen that supported the subsequent denonstration of
safety.

The staff, in witing the Yucca Muntain
Revi ew Pl an, focused on t he performance obj ectives for
t he pre-closure period, which are radi ati on exposure
[imts, and upon the techni que of pre-closure safety
anal ysis, which is specified by the regul ation.

And so this portion of thereviewplanis
based on how one woul d conduct or then review a pre-
closure safety analysis, starting with having the
identification, and | ooki ng at events, and sequences
of events, and | ooki ng at consequences, and | ooki ng at
the |ikelihoods.

So it is structured along those steps,
rat her than on a systens based approach. So probably
t he nost inportant comrent that we received on pre-

closure deals with that basic difference in approach
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to structure.

There are comments that we are not
consistent with 10 CFR Part 63, and that is largely
due to the fact that we have paraphrased wording in
t he regul ati on at various places, and the commenters
have suggested that we not do that, and that we just
use the | anguage precisely fromthe regul ation

We have sone peopl e who believe that the
precl osure portion is too prescriptive, and sone who
believe that it is not prescriptive enough. So we
need to exam ne that again as we respond to public
coment s.

| will note that both for the preclosure
and for the post-closure sections in devel oping the
revi ew pl an, we received quite specific guidance from
t he Commi ssion on the | evel of detail appropriate for
a risk-inforned performance- based regul at ory program

Sonme comment ers noted t hat usually i cense
applications have a separate section devoted
specifically to howthe facility m ght be designed to
keep radiation exposures as low as is reasonably
achi evabl e.

I n the Yucca Mount ai n Revi ew Pl an, we have
structured that as an outgrowh of the preclosure

safety analysis. Sothisis verysimlar tothe first
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sub-bul l et on this page.

And finally some people felt that we had
put too nmuch detail withrespect toretrievability and
alternate storage, and sone people felt that we had
put not enough detail. So again we have to reexam ne
t hose questions. The next viewgraph, please.

I n the post-closure period, agai n a ngj or
conment dealt with the basic structure of the Yucca
Mountain Review Plan, and | wll just explain that
qui ckly. The Departnent of Energy, inits assessnent
of performance, has nine principal factors at this
poi nt .

The NRC uses 14 nodel extractions, and so
t he basi c question is how do you nesh these different
approaches to assessing performance, and we will be
exam ning that as we respond to the conments.

There are other simlar comrents that we
shoul d not have paraphrased the | anguage from 10 CFR
Part 63, but should have used it as exactly as it is
witten.

Multiple barriers received a nunber of
guestions, and TimMCartin gave at horough di scussi on
of where the staff stands on nmultiple barriers at this
poi nt, and that will be consi dered as we nove f orward.

A nunber of comrenters nentioned how
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probabilities are assessed in the Yucca Muntain
Revi ew Pl an, and that really rel ates back to howthey
are addressed in the regul ations.

And so we need to make sure that we are in
fact consistent with the EPA standards and with 10 CFR
Part 63 as we finalize the review plan. One that |
wanted to nention as well was the request for nore
t han one commenter that we streamnline the reviewplan
in the nodel extraction areas.

The comm ttee has | ooked at the review
pl an, and you are aware that the section that deals
with the 14 nodel abstractions is quite long, and it
repeats five generic acceptance criteria for each of
t he nodel extractions.

The basi c comment here is that we ought to
list the five generic acceptance criteria once, and
then use them 14 tinmes, rather than repeat them 14
ti mes and expand t he si ze of the Yucca Mount ai n Revi ew
Pl an.

And what we were westling with here as we
respond to these conments i s whether the i nformation
presented in the Yucca Muwuntain Review Plan rel ative
to each of the 14 nodel extractions is different
enough that it ought to be retained separately inits

own section in the review plan.
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And finally with respect to post-closure,
there were questions as to whether we had adequately
understood or interpreted the EPA standards wth
respect to individual protection, ground water
protection, and human i ntrusion. And so we will give
t hat cl ose consi deration as we refine the revi ewpl an.
Next slide, please.

| will go over this one quite quickly.
The issues wth respect to the research and
devel opnent programto resol ve safety questions, and
with respect to performance confirmationwere simlar,
whi ch are how are those two aspects of a licensing
review different, and to make sure that in the Yucca
Mount ai n Revi ew Pl an that we don't confuse them and
all ow performance conformation to substitute for
research and devel opnent progranms, or vice-versa. The
next vi ewgraph, please.

In the admnistrative and programmatic
areas of the plan, we received a |arge number of
comments on the quality assurance sections that
basi cal | y address whet her there are requirenents, or
t he gui dance as laid out in the Yucca Mountain Review
Plan is up to date, and whether it is consistent with
ot her QA program gui dance.

So again we wi || take a cl ose | ook at that
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as we nove forward. Sone conmmenters noted that we
ought to renove the expert elicitation section. The
approach that we took in witing the Yucca Mouuntain
Review Plan was that since expert elicitation
i nformati on as requi red by t he regul ati on, we provi ded
a place in the review plan where a reviewer could go
and under st and what t he requirenents for a successf ul
expert elicitation are.

Conment er s suggested that we not do that
and just exam ne expert elicitations as they are
presented in the license application. So we wll be
exam ning those issues as we refine the plan.

The final three areas there, again, dea
wi th questions on both sides of whether we have been
too detailed or not detail ed enough in these areas,
and so we wll examne that as we respond to the
public comrents.

At this point, I wi || turn the
presentation back to Jeff, who will cover the | ast few
review plan areas and wap it up.

MR. Cl OCCO Thank you, Pat. Jeff G occo
with the NRC staff. On slide 16, we are getting into
the category now where we have labeled it as the
reviewplan structure. At first, we received alot of

comment s regardi ng t he organi zati on of the revi ewpl an
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tolook nore like areactor reviewplan, particularly
in the preclosure areas.

And what you are going to hear me talk
about now, there is a little bit of redundancy from
what Pat categorized earlier in his conmments, that it
fit nicely into the structure of the organizati on of
t he review pl an.

This is mainly in the preclosure area,
wher e comment er s suggest ed t hat we break out structure
systenms and conponents first before we go into the
precl osure safety analysis, and that we incorporate
the phase Ilicensing flexibility nore into each
particul ar section, and have an acceptance criteria
and a review nethod to clearly explain what is
required for a construction authorization.

And which criteria apply, and which
criteria would apply for a license to receive and
possess spent nuclear fuel and high | evel waste. W
received coments that we needed to correct the
m smatch with the expected DCE |icense application,
and thisreally gets to the heart of Part 63.21, which
requires general information, whichis in Chapter 3 of
t he review pl an, and Chapter 4 is the safety anal ysis
report for the preclosure and post-closure, and the

adm ni strative and programmtic sections.
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There was a request from several
conmenters that we describe and clarify how we match
the nodel extractions to the key technical issue
structure. W heard sonme di scussion of this earlier
when Ji mAnder sen was gi vi ng hi s presentation, and how
we were going to nmove fro the KTl structure over to
t he nodel extraction areas.

Once again, as you heard Pat nention
several tines, we received several general comments
that there is too nmuch detail, and that in a risk-
i nformed performance stage reviewplan that you don't
need to provide as nmuch prescriptive detail.

And on t he ot her hand, we heard fromsone
organi zations that there is not nearly enough detail
in order for the NRC to do its licensing review in
several areas, particularly inthe post-closure area.

We al so heard that we need to i nprove the
consi stency with 10 CFR Part 63. One exanple is that
Part 63 tal ks about reasonable expectation, and
reasonabl e assurance. W al so have the termin safety
occasion in the Yucca Mountai n Revi ew Pl an, and whi ch
we need to get back and reeval uate.

Ther e was comrent s regar di ng t he physi cal
protection plan, and that we need to be consi stent

with the Part 63 which tal ks about actual ly subm tting
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a plan, and the Yucca Mount ai n Revi ew Pl an t al ks about
a commtnment to a plan, not only for the physical
protection and the material and accounting program
Next slide, please.

Continuing on in the review plan
structure. W were asked and comments were that we
renove the redundancy, and this is the repetition of
t he acceptance criteria and the revi ewnet hods i n each
particul ar section.

That we renove t he i nconsi st ent and out of
date codes and standards, and there were severa
organi zations that felt that we had several nuclear
reactor reg guides, and codes, and standards, that
were not applicable to Yucca Muntain.

Sever al comment s wer e editori al
i nprovenents to the plan, and nore than one
organi zati on asked that we inprove the gl ossary, and
provide two or three added -- probably 200 or 300
words that they would like to see, as well as
clarifications.

Next we are getting into an area that we
have call ed sel ected topics to address confusion on
the licensing process, and Pat touched on sone of
this, whichreally refers back to Chapter 1; when does

the clock start on the NRC revi ew.
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Is it when a license application is
received, or isit after the acceptance review, or is
it after the Federal Register notice of hearing. And
alot of this was addressed in Chapter 1, and | think
we need to get back and | ook at the clarification of
t hat .

And we also talked in Chapter 1 about
finishing a reviewaccordi ng the Nucl ear Waste Pol i cy
Act in three years so that people will know what are
t he consequences if we don't finish that review

Several commenters asked that we use
consi stent term nol ogy, and one that we have al ready
t al ked about i s reasonabl e assurance ver sus reasonabl e
expect ati on.

Reasonabl e assurance is in the precl osure
area and reasonabl e expectation is used in the post-
closure area. W need to get back and | ook at the
clarification.

And conservati ve or boundi ng anal yses, and
some commenters felt that we interchanged and didn't
correct use spent nuclear fuel versus high-I|evel
waste, terns defined in the Nucl ear Waste Policy Act.

Getting back to the safety case, waste
i sol ati on, and inportant to performance, and

reasonabl e assurance, and reasonabl e expectations.
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And there was also coments concerning |icense
condition versus license specification, which is
required in Part 63.21. The next slide, please.

It was requested that we clarify the
pur pose of inspection versus licensing, and what is
the NRC s role after alicensing decisionis nmade, and
what are the penalties for violating 1licensing
conditions, and what is the financial conpensation.

And nost of these were referred to and
there is a figure up in Chapter 1, which showed the
| evel of detail required for a licensing decision,
ver sus inspection.

There was a request that we provide an
exanpl e of the review process, and that was talked
about in the post-closure, and that we clarify the
requirenments for data transparency and data
traceability.

The next slide, on page 20, we have these
categori zed in an area cal | ed ot her conments. Sever al
comrent ers asked that we clarify the i ssue resol ution
process. There was not a lot of explanation in
chapter one on this, and there was sone confusion
about the 293 open itens that Jim Andersen, or
actually that is 293 agreenents that Jim Andersen

t al ked about this norning, and howdoes that planinto
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t he Yucca Mountain Review Plan, and what is the role
of the prelicensing process, which we are in right
now, and an evaluation of that area with the Yucca
Mount ai n Revi ew Pl an.

A lot of comments, and we received these
publicly, or verbally at the public conment, or at the
public meetings that we expl ained the NRC revi ew and
adoption of the Yucca Mountain Review Pl an.

There is a brief explanation in Chapter 1
that the environnmental inpact statenment would
acconpany any |license application, but we didn't go
into very nmuch detail into the review and adoption
process. This was focused on the safety reviewof the
site.

There were a | ot of conments fromsevera
organi zati ons and private citizens regar di ng
transportation issues, and rail issues, and truck
i ssues, across the country.

There was a request that we al |l ow greater
participation in every stage of licensing fromthe
time that the | icense application is received, and we
had comments that the public be involved in the
acceptance reviewat different points, critical points
in the acceptance review, et cetera.

A few comments were received regarding
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proj ect financing, and how can we be assured that the
DCE woul d recei ve an adequat e budget, and what is the
NRC budget, and will there be adequate staffing for
the NRC to conduct its |licensing review and
i nspecti ons.

And what is the financial liability if
thereis aleak fromthe site, and there was reference
to the super fund nonies, and who woul d actual |y pay
for any cl ean up.

The next slide on page 21, and this is
still wunder other coments, and that we answer
concerns related to 10 CFR Part 63. Some
organi zations felt that we had carried over frailty in
Part 63 sonewhat erroneously into the Yucca Muntain
Revi ew Pl an

There were comments received that the
performance objectives laid out inthe 10 CFR Part 63
were not protective of the human health and the
envi ronnent .

There were conments received that the
10, 000-year regulatory period is not sufficient to
protect the public health and safety.

And comment ers suggested that the | ack of
sub-system requirenents in Part 63 shouldn't be

carried over into the Yucca Mountain Revi ew Pl an, and
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that is a reference back to Part 60, 10 CFR Part 60.

W received coments that we need to
address the concerns of the frailties of 10 CFR Part
963, as well as EPA standards at 40 CFR Part 197. W
received comments that we needed to clarify the
conpliance with other statutes, regulations, and
treaties.

And there was references to the Resource
Conservation Recovery Act, the Super Fund Act, and a
few other regulations and treaties, such as the Ruby
Val l ey Treaty, and | and owner shi p.

There were comrents on what woul d t he NRC
do if the DCE |icense application is late, and this
was 90 days after the site designation by the
Presi dent, and what anmounts or wei ghts can be stored
at the proposed repository.

And we received a |lot of conments about
the | awf ul ness of the retrievabl e storage facility at
Yucca Mountain. Carrying on, we received a |ot of
comments that fell into the other coments areas. On
Slide 22, that the NRC needs to consi der alternatives
t o geol ogi cal disposal, and on-site disposal.

That the NRC needs to consider
alternatives to Yucca Mountain, and t hese were peopl e

strongly opposed to the Yucca Muntain Review Pl an
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and to the Yucca Muntain projection.

There were a | ot of comrents received on
the site selection process and peopl e that di sagreed
with that process, and that we need to consider
alternative siting criteria, such as back in 10 CFR
Part 60, and DOE' s 10 CFR Part 963.

And that we need to «clarify the
requi renents for | and ownershi p, regardi ng t he West ern
Shoshone Tribe, | believe. And we need to clarify
requirenents inthe formof alicense application, and
this really has to do with what is required under 10
CFR Part 2, Subpart J, regarding electronic nedia
versus paper copies of a license application.

Several commenters asked that we clarify
the rules of the participants between the NRC, DCE
EPA, and ot her agencies, the Center in San Antoni o,
and ot her contractors, and the public.

And this is nmy last slide for the other
conments, and we received several conments on the use
and di sapproval on the use of nuclear energy. e
received a lot of coments in a lot of technical
areas, where they really focus on areas where it is
DCE' s responsibility and what they need to provide a
i cense application.

As far as the docunents and anal ysi s, and
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design issues, and technical issues, such as ground
wat er flow, when would the first waste package fail
and is there a potential to contam nate other areas,
such as the Nevada Test Site.

And we received comments regardi ng what
the commenter felt was the poor past perfornmance
record of the U S. Departnent of Energy, and how woul d
the NRC consider that in its licensing review

And one commenter in particular felt that
there was a conflict of interest with the NRC in
regul ati ng nucl ear power, as wel | as nucl ear di sposal .

So with that is ny last slide, Slide 24,
and | am going to go through our path forward and
where we are at now. W are in the process of
respondi ng to the public conments recei ved, and we are
preparing a conment summary docunent.

And as appropriate, we will revise the
Yucca Muntain Review Plan in response to these
comments, and submt that document to the NRC s
comm ssion for approval. And then we will publishthe
final Yucca Mountain Review Plan, Revision 2, next
year .

And in summary that isit. W are putting
t he pen to t he paper now, and we are goi ng t hrough the

comments, and reading, and rereading comrents, the
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regul ati ons, the review plan.

CHAI RMVAN HORNBERGER: And when do you
expect to have a response, and when do you think you
m ght have Revision 2 for Conmm ssion approval ?

MR CIOCCO W are -- a lot of these
dates, we are not really certain at this point. W
are goi ng through t he process of evaluating all of the
comments. It is a very conplex technical docunent,
with a lot of thoughtful public coments submtted.

But we expect to submt the Revision 2 to
the Commission say the first part of next year
sonetinme, and then after it goes through the
Conmi ssion review and approval cycle, we would then
issue it out with a Federal Register notice, which
woul d have our response to conments, as well as the
final Revision 2.

CHAI RVAN HORNBERGER:  Raynond.

VI CE CHAl RMAN WYMER:  As you poi nt ed out
there were a great many comments, and | suppose all
| evel s of sophistication and not so sophisticated.
There was a great deal of passion from sonme of the
comenters, |'msure.

MR CIOCCO Yes, sir.

VI CE CHAI RMVAN WIMER:  And | think there

may be a perception anong some of these nore
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passi onat e peopl e that these comrents go into the NRC
and they sort of disappear for a while.

And then the final YMRPw || cone out, and
comments may or may not have been addressed. It would
probably be hel pful and naybe of sonme consol ation to
some of these people, that if you went into alittle
nore detail describing what the process i s of deciding
whi ch of the comments to incorporate.

And what final approval process thereis,
and what sort of checks and bal ances there are on the
process.

MR. CIOCCO. That is well said, and we are
ri ght now reviewi ng and responding to the comments.
It sounds like the heart of your question is what
comments wi |l | the staff accept, and what comments wi | |
the staff reject.

VI CE CHAIl RVAN WMER: The questi on i s what
is the process and what are the checks and bal ances.

MR CIOCCO Well, at the staff | evel now,
and that is at the non-nmanagerial level, the staff is
preparing the responses. And these are all the
i ndividuals, as well as the subject matter experts,
who wrote the Yucca Mountain Review Plan, are taking
those comrents, and reading, and rereading the

regul ati on and the revi ew plan, and the comments, and
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maki ng a staff deci si on on whet her we accept or reject
that or any part of a comment.

And fromthat, we will take the conments
and put themforward to managenent, and we will show
t hemour responses in a summary, and try to go t hrough
sone prioritization for the managenent to show maybe
whi ch are the nore inportant conments.

Clearly, sone of these we can answer t hat
really aren't very contentious, and the ones that we
need a managenent decision, they will be put forward
to the managenent, and then the next |evel of
managenment, we woul d submt the entire package and get
response to comments.

And there is also alegal reviewin there
as wel |, and that we woul d subnmit the final package to
t he comm ssion for their review and approval for the
final Revision-2.

DR. GARRICK: O course, the real issues
are in the details, and | amnot too anxious to hear
about a thousand comrents at this point. But the one
part of this whole process that is new and different
is the post-closure period.

And | would like to hear just a brief
comment or two of the thrust, if you wi sh, of the

comments in 2 or 3 categories. One was the change
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criteria for denonstration of nultiple barriers, and
what seenmed to be your current interpretation of the
princi pal nessage there.

And the same thing with respect to the
clarification of the different standards, the
i ndi vidual protection standards, and ground water
standards, and the human intrusion.

What seens to be the principal nessages,
and we won't hold you to them but that cane through
on those two categories of comrents?

MR CIOCCO Okay. | think I can answer
t he second, first, regardi ng the individual protection
standard, and the ground water protection standard,
and the human intrusion standard.

W received comments froml know at | east
two organi zati ons, and one organi zation felt that we
di d not apply correctly the representative vol une, the
cal cul ati on of the representative vol une, between the
i ndi vi dual protection and the ground water protection
st andar d.

It had to do with the 3,000 acre feet of
wat er that represented a volune. And regarding the
human i ntrusion, there was an i ncorrect application.
| have a thousand of these running around i n ny head,

and so | amtrying to recall what that particular
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i ssue was.

Regardi ng human intrusion, | believe it
was a comment regardi ng the scenari o where when you
aredrillingintothe waste package, and where we were
specifying a scenario where the drill rig hit the
wast e package, versus what is specified in the
regul ation, or something to that effect.

Now, what was your other -- it was on the
mul tiple barriers?

DR,  GARRI CK: Yes, on the multiple
barriers, and | amparticularly curious about whet her
or not the thrust of the comments was how we are goi ng

to reach decisions on the barriers, et cetera, et

cetera.
MR CIOCCO | will let Pat joinin here.
MR. MACKIN: Pat Mackin fromthe Center
for Nuclear Waste Reqgulatory Analysis. The nain

comment there was whether in fact the reliance was
going to be entirely on engineered barriers, rather
t han bot h engi neered and natural barriers.

DR. GARRICK: Well, part of what | was
getting at was one of the major changes fromPart 63
from other earlier regulations had to do wth
subsystem requi renents.

And | was curious as to whet her t he whol e
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i ssue of subsystemrequirenents had resurfaced in the
context of comrents on that.

MR CIOCCO Onh, yes, it certainly did.
It did and there was an organi zation that felt that we
shoul d reflect - that the Yucca Mountain Review Pl an
should reflect the 10 CFR Part 60, the subsystem
requirenents.

And they pointed out the frailties |
bel i eve they said in 10 CFR Part 63. Absolutely. As
well as Part 960 of DOE s regul ations.

DR. GARRI CK: Thank you.

MR CIOCCO  You're wel cone.

CHAI RVAN HORNBERGER: M ke. Staff?

DR. LARKINS: The other night we heard
from sone stakeholders at a neeting in Nye County
dealingwith commtnents. | don't knowif that was an
issue, but this is really nore towards a conm tnent
from DOE on energency planning and security, and
| i censi ng changes. So at sone poi nt we probably woul d
have had those comments to you

MR. ClIOCCO  Ckay. Thank you. W did
recei ve comments, and one conmenter tal ked about what
they felt were i nappropriate interactions bet ween DOE
and the NRC, and conm tnents that were bei ng made, or

were not in the public forum
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There were public comrents received from
one of the counties on energency pl anni ng assi st ance,
and t hey were probabl y t he | argest conment er regar di ng
emer gency pl anni ng.

DR.  LARKI NS: This dealt wth the
requi renments for energency planning in place and --

MR. Cl OCCO Right. Okay. Thank you.
And, yes, we did receive coments that the Yucca
Mountain Review Plan doesn't reflect energency
pl anning, along with transportation.

And the Yucca Muntain Review Plan is
witten for the safety evaluation of the site, of the
Yucca Mountain site in Nevada, and several commenters
poi nted out that we need to reflect that the enmergency
pl anni ng needs to refl ect emergency pl anning fromthe
reactor sites, and fromthe current storage areas to
t he Yucca Mountain site as well.

MR, MACKI N: Pat Mackin again from the
Center for Nucl ear Waste Regul atory Anal yses. There
was anot her comm tnent rel ated category of comments
t hat we got, which was related to the staged | i censi ng
qguestions that we got, which was whether there were
t hi ngs that coul d be presented only as comm tnents at
the stage of a construction authorization, and that

m ght not be actual plans and prograns at the tinme of
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alicense to receive and possess. So that is another
aspect of comm tnent that cane out.

MR. CI OCCO Particularly inthe physical,
and | think I nentioned this, but in the physica
protection area, and the NCNA commit nment, versus the
pl an.

CHAI RMAN  HORNBERGER: Ckay. Q her
comments or questions? Does anyone have a coment ?
Judy.

M5. TREI CHEL: Judy Treichel, Nevada
Nucl ear Waste Task Force. This is an area where | am
very, very famliar with, and this is extrenely
important to the public, and as you nentioned there
were a |lot of comenters, and you received a | ot of
passi onate coments on this.

And one of the things that troubled ne
this norning is some of the presentations talking
about conpliance with the draft, and using that draft
when you know that you have gotten a l|lot of very
strong conments, both for and agai nst the revi ewpl an,
but especially against.

And we sawthis in Part 63 as well, where
we spent at |least a year listening to presentations
where DCE was in conpliance with a draft Part 63. W

had not seen a final, and | don't knowif there was a
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final.

But when it cane out, it was very nuch
like the draft, and it alnost had to be, because so
much had been nailed to that draft, and it seens to ne
t hat bef ore char gi ng ahead and showi ng conpli ance with
this draft, that the NRC, the staff, whoever it is,
takes the tine to do the interactions to really show
peopl e who take their tine, which is not paid for.

| do this for aliving, and so do nmany of
the other organizations that you listed as having
recei ved conments from But thereis alot of people
who cone honme fromwork, and put the kids to bed, and
turn off thet.v., and start readi ng t hese docunents,
and taking their time to do this stuff.

And they real |l y deserve your respect, and
it should be taken into consideration. And | don't
think that your big job is to clarify or respond to.
Your big job is to make this review plan reflect what
peopl e expect, because the bottomlineisthat thisis
really the only place the public actually plays arole
in licensing.

And licensing hearing is very public
unfriendly, and it just plain is, whether it is a
reactor or any other site. [It's just not built for

public interaction, and this one may be even worse
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with the el ectronic courtroom

We have no i dea what we ar e expecting, and
nost people can't pay to play. So this is it, and
this is the place where people are going to have any
say at all, and | think you need to respect that.

MR.  Cl OCCO kay. Thank you. Judy,
maybe you coul d expl ai n. You sai d that before show ng
conpliance, and I amnot sure what you are -- we are
not showing -- did you nean conpliance with the
regul ations, or if you could just clarify for ne what
you neant. Early on, you said before show ng
conmpl i ance.

M5. TREI SCHEL: Yes. 1In a couple of Jim
Andersen's presentations, he tal ked about -- let's
see. | amtrying to find where it was.

CHAI RVAN HORNBERGER: Ji m was basical ly
t al ki ng about having the integrated IRSR refl ect the
civil --

M5. TREI CHEL: Yes, noving toward either
going to the review plan, or showi ng the way they are
goi ng to bl end what they are doing noww th the revi ew
pl an, and just using the draft in order to do that.

And we woul d hope that that review plan
woul d change a |l ot, and so conply with the final that

reflects all of these things that you are receiving.
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MR. ClOCCO kay. Thank you.

CHAI RVAN HORNBERCGER: | just want to
foll owup on that corment. Conpliance is one of those
words that can be used several different ways, and
just toclarify that when we were tal ki ng about havi ng
the IRSR conply with the draft Yucca Muntain Revi ew
Plan, it just neant not in parallel. There is no
regul atory issue involved here.

It isreally just havingthings goforward
in parallel. OQher cooments? Thank you very nuch
Jeff.

MR CIOCCO  You're wel cone.

CHAI RVAN HORNBERGER:  We | ook forward to
heari ng how you resolve these issues, and how you
present your responses to comments, and novi ng forward
to a final Yucca Muuntain Review Pl an.

MR. Cl OCCO Thank you.

CHAl RVAN HORNBERGER: Okay. | think we
are at a point in our agenda where it says |lunch, and
so we will break and reconvene at 1:30.

(Wher eupon, at 12: 21 p. m, the neeting was

recessed.)
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AAF-T-EERNOON S-E-S-S1-ON
(1:31 p.m)

CHAlI RVAN HORNBERCGER: Good aft ernoon. The
nmeeting will come to order. This afternoon, we are
graced with the presence of one of the ACNWs own
staff making a presentation.

M ke Lee is going to tell us about well
drilling in the Amargosa Desert Area, and that is our
first presentation for this afternoon. M ke.

MR. LEE: Thank you, Dr. Hornberger. On
the first slide there, | would like to just
acknow edge ot her staff that have contributed to this
work, and the work that | am going to actually be
t al ki ng about was conducted prior to ny arrival at the
ACNW

But for the record, | would like to note
that | amvery happy to be with the ACNW Next sli de,
pl ease. Ckay. Over the years, as you all know, the
NRC has served a variety of functions in the high
| evel waste program forenpost of which was to devel op
a regulatory framework, both in the generic, as well
as in the site specific sense.

And also to prepare for potential DCE
license applications, and so it was necessary to

develop an independent review capability, and
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frequently we hear a | ot about devel opment capability
in the context of performance assessment worKk.

Consequently, the staff found that it
needed to be know edgeabl e on water use issues, and
because of the uniqueness of the program we found
that there was no single source of information, but
rather nmultiple sources of information.

And as the staff began to review
informationintheliterature, we found that there was
both printed, as well as electronic nedia. The
typical data source or information source m ght be
sonme scientific journal, or book, and then there is
al so dat abases, which with the increase in the use of
computers are becom ng nore available. Next slide,
pl ease.

And as Timnoted earlier, when he tal ked
a little bit about his thought piece for nmultiple
barrier analysis, over the years the staff has
required a | ot of know edge and experience, but they
don't necessarily conmt that to paper.

And so having a | ot of our work behind us,
in terns of the developnent of regulations and
gui dance, and acknow edging that there is still work
to be done in some respects.

And we thought it m ght be useful at this

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

144

point intinme to beginto kind of just document what
our state of know edge is with respect to water use
i ssues.

So what we went about doi ng was j ust ki nd
of reviewing the literature or kind of collectingthe
literature that we had al ready revi ewed, and docunent
what we under stood t he hi story of water devel opnment to
be in the Amargosa Val l ey area.

And so we exam ned the literature covering
t he period fromabout the | ate 1800s to 1990, and what
we attenpted to do was not only describe what the
hi story of water devel opnent was, but al so provide a
little information regarding what that pattern of
devel opnent m ght be.

So we | ooked at not only the Jackass Fl ats
area, which is Area 25 of the NIS, but also the
Amargosa Valley area, Crater Flat, and we also
di scussed a little bit about the devel opnent of a
wat er systemw thin the Nevada Test Site in general.
Next slide, please.

And as | noted earlier the information
sources that we relied on, interns of printed nedia,
wer e engi neering and geol ogi c reports that have been
publ i shed over the years.

For exanpl e, USGS pr of essi onal papers, and
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t he St at e of Nevada wat er resource i nvestigati ons. W
al so | ooked at historical treatises, such as those
publ i shed by Ri chard Li ngenfel der, who has witten a
hi story of the Amargosa Vall ey and Death Vall ey.

And Margaret Long has witten, "Shadow of

the Arrow' which talks a little bit about the

Amar gosa, and surprisingly sonme information that you
can find in any water devel opnment.

Ve al so | ooked at ar cheol ogi ca
i nvestigations, such as those published by Morman for
NTS about 1969, as well as a nunber of the
i nvestigations that have been published by the Desert
Research Institute.

And we al so | ooked at sone ant hol ogi cal
studies. For exanple, Julian Stewart published in
1935 a reconnai ssance and census of Native Anericans
i n Sout hwest or Sout hern Nevada, and that was also a
useful source of information.

And we also relied on sone electronic
sources of information, such as the State of Nevada
wel | -drilling database that is maintained by the State
Engineer's Ofice up in Carson City, which is now
avail abl e on the internet.

As well as the USGS database on well -

drilling activity nationally, and it is indexed by
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State. Next slide, please. Ch, I'msorry, one of the
[imtations to this literature is that because of
pressing priorities we could not necessarily review
all of the literature that is publicly available.

As well as we can't account for drilling
records that were not afforded in these databases, and
t he ot her issue, of course, is that any time you | ook
at data in general there is always the issue of
i nconsi stent or inconplete data. Next slide, please.

So, in sumary, the fact is that we found
that have affected water use in the history of the
Amargosa Desert area is the adoption of grow ng
t echnol ogy was an i nportant devel opnent inthe ability
to exploit the underwater resource, and certainly
there was the evolution of punp technology was a
contributing factor.

The i ntroduction of el ectronic
infrastructure in the Amargosa area was an i nportant
issue as well. Electricity was introduced about 1962,
and as | will show!later on in sone of the slides, and
you can see spikes and well drilling activity as a
result of the introduction of electricity.

Anot her inportant area, of course, is the
growm h of geol ogi c know edge. A lot of the early

wat er exploration was far from scientific in many
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respects, and it was kind of based on the pattern of
drilling that was first established in the Las Vegas
Basin by a nunber of the railroads at the turn of the
century.

Land use practices for policies, rather,
were al soinstrunental in helpingtoexploit the water
resource, such as t he honmest eadi ng novenent, and | ast,
but not |east, soil conditions, particularly as they
relate to the potential farm ng, appears to have been
a factor as well.

Sone specific mlestones that we can | ook
at, internms of howthe water use has kind of evol ved
over tinme, we have a nodel of the Native American
farm ng that was present in the Ashe Meadows area, as
well as up in the Canes Springs area, and BS in the
early 1800s.

M ning certainly nade a contribution to
the ability to exploit the water resources,
principally fromsprings, but neverthel ess that was a
factor.

I ntroduction of railroads, in particular
the T&T Railroad running fromLudl ow, California, up
to Beatty, at the turn of the century, was an
i mpor t ant devel opment, because railroads had access to

t echnol ogy, as well as capital.
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Sointerms of the ability to exploit the
wat er resource, they were the first to bring in some
drill rigs, and take advant age of what was thought to
be water underground.

And certainly in ternms of farmng
activity, the T&T experinental range, which was
established to the east of Lehman M ning Di strict over
there in the Funeral Muntains was another mgjor
devel opnent .

And last, but not |east, of course is
honest eadi ng and desert recl amati on, whi ch t ook pl ace
in the late 1800s, and then again in the 1950s,
shortly before the devel opnent of the test site.

VWhat we found in our review of the
literature is that approxi mately 985 wel | s have been
dug or drilled, and those wells were first introduced
in the late 1800s, and Anargosa, in the southern
regi ons of the Amargosa Val | ey around t he St at e bor der
or State line of California and Nevada.

And the Franklin | think was the first one
drilled or dug in 1852. Drilled waters, and | have
already nmade reference to 1906, and those were
associated with the rail roads, and sustained the |ink
up until now fromthe | ate 1950s.

But when you tal k about drilling, thereis
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many ways to describe it. You can certainly talk
about the frequency of drilling, and the amount of
drilling, or the density of drilling, and this is one

of the classic problens in reviewing data is howto
descri be the data that you find.

So if you took to the next slide, if you
| ook at the distribution of drilling frequency by end
use, this is just looking at the data that has been
publi shed electronically, and how many wells were
drilled, and who can conme up with a distribution that
| ooks sonmething like this. And | think that everyone
shoul d have a copy of this in front of them but you
can see that the first spike and drilling activity
noticeably was in about 1955 to '59, and we revi ewed
t he data over a five year period just for the ease and
anal ysi s, and you can see that nost of the drilling at
the tinme was historically in the context of the
irrigation or sod drilling.

And this first spike we believe is
associ ated with t he know edge t hat there was novenent
underway to get electricity into the valley, and you
can see certainly inthe tine period from'60 to ' 64
that there was a significant anount of drilling, and
this corresponds pretty good wi th what we believe was

the reported use of electricity being introduced in
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the valley for the very first tine.
The ot her thing that this graphic displays

is that there has al so been a change in the trend of

drilling. You can see that over tine there has been
a reduction in the amount of drilling for irrigation
and stock use, and an increase in drilling for the
pur poses of donmestic -- providing donestic water
supply, as well as an increase if you will in the
amount of drilling classified as test and nonitoring.

So if you turn to the next slide, just as
alittle summary, you can see that if you | ook at the
Amar gosa Hydrographi c area, andthis i s the geographic
area that we are probably nost famliar with, and it
is basically referred to as the Amargosa Vall ey.

About 964 holes were reported and again
nost were drilled or if ook at the tinme period before
1999, which we have already tal ked about, but if you
| ook at the trait of the hydropathic area, we report
24 or we identify 24 bored holes in the literature
drilled fromthe 1981 to '99 tine frane.

Jackass Flats, which is Area 25 within
NTS, initially we identified 185 bore hol es whi ch were
reported in the SEP, and then nobst recently in the
site recommendation to the President, and DOE

acknow edged that it was approxi mately 454 hol es t hat
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have been drilled through 2001.

And based on that reviewof theliterature
it appears that nost of the bore holes initially were
drilledinthe '53 to '86 period, and just as a matter
of information, when you |ook at the water supply
systemwi thin NTS, historically NIS has relied on 17
wells for its water supply, and nost were drilled in
the 1950 to '64 tinme frane.

To just kind of wap up the frequency
data, nmost of the water drilling has taken place for
the purposes of providing fresh water supply, and
about 43 percent of the wells drilled do that, and 27
percent for agricultural purposes, and 19 percent for
scientific applications, and 9 were reported as unused
or unspecified.

And one of the conclusions that can be
reached in looking at the data on frequency of
drilling is that 45 percent of the drilling has been

conducted over the last 45 years, with the greatest

period of drilling was inthe '60 to '64 time frane,
accounting for about 17 percent of all drilling, and
44 percent of the drilling has been for agricultural
use.

Anot her statistic that you can | ook at is

the amount of drilling. |If you were to drill a bore
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hol e, how many feet were drilled, and this provides a
slightly different perspective on the nature of
drilling.

And as you can see here again, test and
noni toring occur initially inthetinme periods that we
have al ready tal ked about a little bit, but in terns
of overall drilling, it appears that drillingfor test
and nonitoring purposes appears to domnate this
particular drilling statistic. Soif we couldturnto
t he next slide.

This provides a summary of those
statistics, and 43 percent of the drilling by anmount
is for scientific applications, and the literature,
specifically, we relied on the State of Nevada wel |
drilling classificationsystem whichreferstowells
as either test or nonitoring wells.

Medi umdepth for test wells was about 400
feet, as opposed to nonitoring wells at about 215
feet. Agricultural wells, which account for 25
percent of all drilling amount, had a nedi umdepth of
about 300 feet; whereas, stock wells had 513 feet.

Fresh water supply wells or donestic
wel | s, had a nedi an depth of about 181 feet. And one
of the conclusions is that you could establish based

on a review of these statistics is that about 45
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percent of all the drilling has been undertaken under
the last 20 years.

Another way to characterize drilling
activity was to | ook at the density of drilling, and
physically where has all the drilling been
concentrated, and in this particular aspect of the
literature review, we focused primarily on the State
of Nevada and USGS dat abases.

And we | i m ted our descri ption of physi cal
drilling to those areas that | tal ked about earlier,
the Jackass Flats area, and Amargosa Valley, and
hydr ographic areas in Crater Flat.

And what we t hought we mi ght do to ki nd of
portray this information is to adopt an analysis
t echni que t hat was devel oped by a mi neral economni st at
Penn State University by the name of John Giffis, and
he introduced this concept of wunit regional value
anal ysi s techni que.

And what Professor Giiffis was interested
in doing is for the purposes of mneral exploration
trying to conpare different areas geologically and
geographi cally with sonme ki nd of standard netric, and
wi t hout getting into the anal ysis techni que, he wound
up -- he would be interested, for exanple, in the

amount of gold produced in a square mle.
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And so you coul d typically go back t hr ough
the literature and identify that information, and
| ocat e physically where the m ne was | ocat ed, and t hen
devel op a geol ogi cal index to kind of say that thisis
kind of anindex if youw !l for what type of econom c
activity potential mght exist at this particular
| ocati on.

And then conparing areas of sinmlar
geol ogy, you coul d begin to make sone i nferences from
a mneral resource exploration technique. W didn't
go that far. W tried to keep it a little nore
sinmpler by just looking at the density of the
frequency statistics by section within the township
range coordi nate system

So if we go to the next slide, what you
see here is the nunber of bore holes drilled per
section, and you get a distribution that | ooks
something like this, and | regret though that we were
not able to update this based on the new one.

We have sone additional wells for Area 25,
as well as the Crater Flat area. But generally you
can see that up until 1999 that nmuch of the drilling
had been concentrated in the Amargosa farns area,
whi ch nost of us are pretty famliar with

There is a lot of agricultural activity,
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as well as honesteading that has historically taken
pl ace down there. And so this is the distribution
that you get. That little red dot, if you can | ook in
your mind' s eye, if youare famliar with the 95 area,
you can see a little red dot up there.

That corresponds tothe Beatty | evel waste

site, and so that has also been a site for a | ot of

drilling activity historically. The next slide just
provides alittle summary of what the drilling density
| ooks like when you talk about concentration of
drilling.

And that is pretty self-explanatory,
except for the purposes of tinme, | wll just nove
along. You can get -- on the next slide, you can al so
use the data as they come up with some sinple
statistics about the nunber of wells geographically
over the area, and you can see the test and nonitoring
wel l's, and those are by far the nost frequently type
of well that has been drilled and reported in the
literature, and you get sone statistics concerning
aver age nunber of wells per section, as well as the
variation in the nunber of wells per section.

And | amnot going to go through that as
it is pretty straightforward to see. Going back to

the anount of drilling on the next slide, you get a
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simlar distribution physically, and as you can see
the Beatty site again cones up as an area of
concentration and drilling.

Al so, the Lathrop wel | s intersection. And
so what this particular illustration depicts is the
anount of drilling that has occurred within a
particul ar section. So, in sumuary, what we have done
is that we have provided an initial presentation of
this literature review at the HEU neeting this past
spring in Washi ngton, D.C.

And in ternms of along range goal, what we
woul d i ke to do is kind of sumrmari ze this analysis in
the NEUREG and add a Part A and a Part B to that
NEUREG if you will, which is not up on the slide I
regret.

But Part A would be just the literature
revi ew of the data sources that we exam ned, and t hen
in Part B provide the drilling statistics summary
which we can kind of relate back to that drilling
hi story that we described in Part A. And so that is
about it.

CHAI RVAN HORNBERGER: Thanks very rmuch,
M ke. Questions? Raynond?

VI CE CHAIl RVAN WNER: No. John.

DR GARRICK: | takeit, Mke, that there
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was no chem cal anal ysi s associ ated wi th what you were
doi ng?

MR. LEE: No, we didn't | ook at any water
chem stry. W basically in terns of the data, the
drilling data, we were concerned wi t h physi cal ly where
the drilling had taken place, and we just focused on
three statistics.

One, what we understood to be t he purposes
of the drilling, and two, what the total anount of
drilling at a particul ar | ocation was for a particul ar
wel | ; and, three, what the depth of the water table
was that was reported.

So those are the only three statistics
t hat we | ooked at.

DR. GARRICK: Okay. You didn't |ook at
the use of the wells?

MR LEE: Well, that would be --

DR GARRICK: The use?

MR LEE: Yes.

CHAI RVAN HORNBERGER: M ke, | have just a
curiosity question. Do you have any know edge of
whet her there have been analyses, radiological
anal yses done on any of these wells?

Do we have background i nformati on on any

of that?
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DR. LEE: | amnot sure. | think the one
t hing that coul d be done i s that you coul d go back to,
for exanple, the USGS database and frequently they
have -- every well that is in the database has a
uni que cl assification, and | have not interrogatedthe
dat abase for that purpose, but | would think that if
you go in there, there may be sone information on
wat er chem stry, or other chem cal types of anal yses.

| knowthat when you interrogate the State
of Nevada dat abase that it is not always clear. You
know what t he purpose of the drillingis for, but you
don't necessarily knowif there was any ot her types of
anal yses other than well logs that reflected the
drilling.

| nean, inreviewing the literature, for
exanple, thereis —- we couldtell fromtheliterature
that sone of the wells have chemcal analyses
associated with C ausen, for exanple, and when you
| ook at the drilling activity for a nunber of the
wells within NTS has sone chem cal anal yses there.

CHAI RVAN  HORNBERGER: Do you care to
specul ate on what the next technol ogi cal advancenent
will betothe next holesinwell drillingin Amargosa
Valley wll be?

DR. LEE: No. W just tried to present
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the facts. W didn't speculate too nmuch on the
future. As you can the NAS said that is not a w se
thing to do.

MR.  LEVENSON: This is a detailed
i nformation question. Wat arethelittle red cross-
sections on the figures?

MR. LEE: Sure. | think that Dr. Levenson
is referring back to Slide 13 or Slide 16. The
hatchard (phonetic) areas identify areas that are
patented. These are |ines that were once public that
are now privately owned.

And as part of the Desert Lands Act, |
bel i eve, what one could do is go in and honest ead on
a particular location and within a period of three
years develop anirrigationplanandactuallyirrigate
a certain percentage of the acres within the bottom
l'ine.

| think it was that you are entitled up to
a section or a quarter-section. M recollectionis a
littl e vague, but generally the gane pl an was t hat you
coul d go ahead and stake out -- you could take title
of the land after you first devel oped the well and
showed t hat you coul d go ahead and irrigate the | and,
and then pay a fee for the |Iand, which was a nodest

f ee.
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So what we thought woul d be val uabl e was
in terms of showing the distribution growing in the
context of where these patented | ands exi st.

MR. LEVENSON: | understand then why the
bul k of them are right where there is a bunch of
wells, and the wells cane after, and it is irrel evant
to our subject.

But I amcurious as down in the far right-
hand corner there is a huge area cross-hatched in red,
and no indication of any wells.

MR. LEE: That is Pahrunp, and that is the
hydr ographic basin that we didn't | ook at data for.

The data does exist, but that is beyond our range of

i nterest.

CHAI RVAN HORNBERGER:  Any quest i ons by t he
staff?

VI CE CHAI RMAN WIMER: It wasn't in your
scope what | am about to ask, but maybe you know
somet hi ng about it. In all of these drilling and

punpi ng has t here been any changes in the direction of

the --

MR. LEE: That was beyond t he scope of the
analysis. In fact, we didn't collect data for that
pur pose. W were nore interested in -- and as |

stated earlier, and as Timalluded to, this was just
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of an analysis -- well, the docunentation activity
that we are tal king about is nore of a cul m nati on of
staff work over about six years, internms of review ng
the literature.

And we t hought it was useful before we had
the loss of institutional know edge or staff
reassi gnnents, just to kind of docunent what we sawin
the literature. But the short answer is no.

CHAI RVAN HORNBERCGER: Any ot her questi ons
or comments? Jack.

MR. PARROTT: Jack Parrott, NRC staff.

m ssed the beginning of your presentation and |
apol ogi ze if you have answered this already. But is
this data only for conpleted water wel | s?

MR. LEE: No, this data was -- the data
that we | ooked at that was provided or is publicly
avai l able fromthe USGS or the State of Nevada, is
drilling by all types.

Not all drilling is associated with the
devel opnent of a wealth of water, and sonme drilling
may be for purposes of test or nonitoring, and in
terns of exploration, it is not always cl ear what the
nature of the drilling was for.

Sone wells are identified as unused, and

so drilling may have been intended for certain
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activity, and just not -- well, the well was not
devel oped for whatever reason

MR. PARROIT: But the purpose was to
explore for water, versus bore well drilling, or
m neral resources?

MR. LEE: Ch, | see what you are saying.
Wll, it is not -- that is not always clear fromthe
literature. Drilling could have been for exploration
pur poses, but they don't specify whether they were
| ooking for fuel or not, or mnerals, or evaluating
t he hydrot hermal resource, which we know there was a
ot of interest in during the initial oil enmbargo in
the early " 70s.

MR PARROTT: Ckay. Thank you.

CHAI RVAN HORNBERGER: O her questions or
conmments? We have to use the mcrophone for the
recorder.

DR. PETERMAN. Zell Peternman, USGS, and I
just wanted to nmention that we have been working on
what we call an integrated hydrochem cal |icense
dat abase for about the | ast four years or so, or maybe
| onger, and it was scheduled -- you know, it is a
living database that continues to be updated, and it
was schedul ed for release last fall.

Unfortunately, | had to pull a key person
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off to work on the Chlorine 36 validation, and so it
is way behind schedule. But it has also been
integrated into the environnental restoration
dat abase, which | think is available to the public.

Soitisanice--1thinkit is anore up
to date than the broader USGS database, and so it is
avail abl e, you know.

MR. LEE: Maybe after finishing here, you
can just give nme a reference to that.

CHAI RVAN HORNBERCER: Zell, before you
| eave, that |eads to another question. Are there
chem cal data associated with that? 1Is that what you
sai d?

DR. PETERMAN: Yes. W have incorporated
the chem stry that we can find, and there i s an awf ul
| ot of isotopic data in there, too; stable isotopes,
and radio carbon, and we try to make it just as
conpr ehensi ve as possi bl e.

One of our goal s continues to be nmaking a
user friendly database, where there is nultiple
anal yses fromsingle wells, and then we woul d use our
j udgnent to sel ect the best conposition, and have sort
of a derivative database that would be a little nore
user-friendly than just having everything.

You know, like J-13, there is upteenth
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anal yses of J-13, and some of themare good and sone
of them are bad, and | think we know which ones are
good. You know, to a single conposition

MR. LEE: Well, one of the infractions
that this analysis is qguilty of is that often
dat abases are put together for other reasons, and we
|l ook at themfor totally different reasons.

And as we get into the docunentation, we
try to acknowl edge that we are guilty of that. But
neverthel ess, there is sone insight into | ooking at
these data, in terns of getting a sense for how nuch
drilling as taken place, and where, and for what
pur pose.

Just what our intent was is to report what
we see in those data.

MR. LEVENSON: | have aslightly different
type of questions. Has the USGS ever considered
archiving sanples, particularly fromwells and areas
whi ch are controversial, with the idea that 20 or 30
years from now, we are going to have different
anal yti cal techni ques, and we are goi ng to be | ooki ng
at different things.

Has t hat issue ever conme up with the USGS
as being the custodi an of archival things?

DR. PETERMAN: You know, | don't think --
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the big analyst is the National Water Quality Lab at

t he Federal Center, and | don't believe they archive
sanpl es.
Now, for the isotope work, we never throw

a sanple away. We have got every sanpl e that we have

ever anal yzed. So we have our own sort of mni-
archive, but in a broader scale, | am not aware of
that, but that is a good idea. | renenber this com ng
up before.

DR. GARRI CK: The radi o i sotope work that
you have done, has it been sufficient to give you sone
sense of a spacial in timng, and a variation of the
i sot opes?

DR. PETERMAN: Certainly a special
vari ation, and conbi ni ng t he i sotopes with sone of the
nore conservative el enents, |ike fluoride, or sodi um
and things like that.

W have sone very nice patterns which we
think are mapping flow paths and flow zones, or
domai ns, or whatever. And so that sort of thing. The
radi o carbon work, you know, we have got a |ot of
conventional radio carbon data, and that is an
energi ng dataset just on dating the organic carbon
separated, and | think it gives a nore meaningfu

esti mat e.
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And right now there is not that nuch
di fference between the two nethods.

DR. GARRI CK: And that was going to be ny
f ol | ow up.

DR. PETERMAN: They are pretty darn cl ose.

CHAl RVAN HORNBERGER:  Thanks very much
Any ot her -- yes?

MR. SHETTEL: Don Shettel for the State of
Nevada. This is an very interesting study, but I
t hi nk the mai n poi nt of this should have been perhaps
the anount of water that was used over this tine
peri od, and then you m ght have been abl e to make sone
trends, or at |east perhaps future predictions of
wat er usage in this area m ght have been evident.

MR. LEE: You can't always get a sense
froml ooki ng at the data how nmuch wat er has been used,
and as | tried to note earlier, our principal concern
—- the docunentation here wasn't intended to satisfy
any specific staff activity or product. It was nore
of an intent to kind of just docunment our historic
know edge, in terns of the information that we | ooked
at .

At | east for this docunentation exercise,
nmy specific interest wasn't | ooki ng at how nuch wat er

has been punped, or how nuch water has been used.
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MR. SHETTEL: That shoul d be perhaps part

of the historical record, and it would be very
i nteresting.

MR. LEE: Well, | know as the authority
responsi ble for regulating water use, | think that
m ght be an issue that the State of Nevada may have a
better sense for. I am sonmewhat renoved from the
dat a.

MR. SHETTEL: That i s probably part of the
State Engi neer's database, perhaps. | don't know
personal ly. Just an idea.

MR LEE: Thank you.

CHAI RVAN HORNBERGER: Thanks a | ot, M ke.
We have had enough feedback to | ead you to your next
three papers. | think we are going to proceed, and |
bel i eve everyone i s here. W knowthat our speaker is
her e.

And so we have a programnext that is for
a DOE scientific update, and we have several things,
or two things, two main things that we are going to
consi der this afternoon.

The first i s an update on t he Chl ori ne 36,
and | think probably everybody knows t hat the finding
of Chlorine 36 at the repository in Horizon at |east

five years ago led to some reappraisal of fast flow
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pat hs, and potential fast flowpaths tothe repository
ari sing.

And | ater there was sone -- a different
| aboratory had done sone anal yses and there is now
some work trying to work towards a resolution of
di fferences that were observed.

So, Zell Peterman is going to give us an
updat e.

DR PETERVMAN: Let nme nention before |
start that thereis asignificant part of the Chlorine
36 validation team here today. Bob Robeck from Los
Al anos has taken over the work down there, and G eg
Ni mz fromLi vernore, who actual |y does t he Chl ori ne 36
anal yses, and ny colleague from Denver, Leonid
Neymar k, who had been heavily invol ved in the design
and the sensitize design and the sensitize related to
t he validation project.

The first slide, | gave sonething sim | ar
tothis several weeks ago to the BSE Proj ect Oversi ght
Board, and Bob Thorsen (phonetic) observed that | had
15 pages of history and no concl usi ons regarding the
val i dation project, and nothing has really changed.

But let ne just junp to the concl usions
first, and then work our way through this history. W

t hought it was inportant to try to give a historica
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perspective as we think we understand it.

And over the last 3 years, we have
generated a | ot of data, and we have given a | ot of
t hought on howto try to validate the work. W have
done a nunber of experinments, and we have a | ot of
i nformati on.

And our i mredi ate goal isto sensitize and
integrate all these datasets in to a report that is
due in Decenber. And that in that report that after
doing all of this, and really having time to think
about the data, we will develop a path forward. R ght
now we don't have that. The report is our path
f orward.

But there wll be in that report
presumably a path forward t hat | eads to hopeful |l y some
sort of resolution. And that is kind of where we are,
and let me just go through this.

| have a |ot of slides, and | don't want
to go and read every bullet, but let ne just try to
summari ze. Sometime in early Fiscal Year '96, when
t he ESF was bei ng constructed, there were two studies
that were started.

One was Chlorine 36, and the other was a
study of fracture mnerals, fracture mnerals being

t he only physi cal evidence of percol ation through the
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unsaturated zone at Yucca Muntain.

Los Al anps conduct ed t he Chl ori ne 36 wor Kk,
and USGS conducted the fracture m neral study, and
basically we both sort of followed the TBMas it made
a tunnel and coll ected our respective sanples. Next
slide, please.

Early on when it was evi dent when el evat ed
Chl orine 36 values were found, we had a neeting in
Denver, and the Los Alamps' folks, and the Denver
fol ks, and we really struggled with what this nmeant,
and how we were going to validate it.

W t al ked about doi ng deturium technesium
99, and i odi ne 129. There was a very early attenpt by
the USGS to look for tritium and that pretty much
fail ed because sanpl es were col |l ected fromthe tunne
wal | s, and those tunnel walls had been saturated with
construction water. Next slide.

The Chlorine 36 worked and continued to
the ESF, and into the ACRB as it is referred to
Technesiumdidn't really get off the ground, andit is
really a tuff thing to do.

The work on the fracture mnerals, we
devel oped a spectrum a dataset, for the uranium
series that ranged froma few thousand years, a few

t ens- of -t housands of years for the youngest, outer-

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

171

nost materials, to well over a half-a-mllion years
for the older material.

And then thi s evol ved i nto a urani uml ead-
dating system which now pushes the formation of the
ol der parts of the fracture mnerals back to 10 or 11
mllion years, within a mllion years or so of when
the tuffs were formed. Next slide.

In 199, and | think it actually startedin
late '98, the DOE asked the USGS to organize a
val i dati on project that coul dindependently verify the
presence of bonmb pulse Chlorine 36 or not in the
exploratory studies facility.

The final proposal, and what we put
t oget her, invol ved t he USGS, Law ence, Livernore, and
AECL, and Los Al anpbs, as an oversight -- to provide
oversight for the validation work.

The first organi zati onal neeting was held
in the spring of 1999. Next slide. This was the
dat aset at that tine that we were asked to | ook at and
basically on the wire access to the Chlorine 36 over
chloride ratio, tinmes 10 to the mnus 15, and it says
maxi num tw ce the sane.

And that was considered anything above
that |ine was considered to be bonb pulse. The little

XXs i s just distance fromthe north portal through the
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ESF, and the anomaly in the m ddl e there is associ at ed
with the Sundance Fault.

And we refer to that as the Sundance
Anomaly. And just another point, there is an anonaly
to the left of that that is conposed of about five
sanples, and that is the drill holelife feature. So
that is kind of what we were |ooking at. The next
slide, please.

So we tried to design a sanpling fromit,
and we decided to | ook at the Sundance anomaly, and
the Drill Hole Wash anomaly. And we went to the
tunnel, and we |ooked at all of the sanple sites,
sites that had been sanpled by Los Al anps.

And we | ooked at all three maps to assess
fracture spacing and that sort of thing from the
Bureau of Recl amati on mappi ng. Because of the -- the
dat aset that you just saw was devel oped from sanpl es
that were largely collected fromthe right rib of the
ESF, the |ower quarter, because a |ot of them were
col l ected by jackhamrer.

And by the tine that the validation work
started, that | ower quarter of the ESF had been washed
down so many tines to clean walls or control dust,
that it was decided that it decided that we were not

going totry to collect sanples fromthere again. So
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t he next slide, please.

So it was deci ded t hat we woul d bui |l d four
neter | ong bore holes, dry drill 50 of these, and 40
spaced al ong t he Sundance anonmal y and 10 spaced al ong
the drill hole wash anonmaly.

It had several advances. It goes us in
past dry out and it got us in past infiltration by
construction water. A lot of the surface or tunne
wal | samples had to be corrected.

The data had to be corrected for the
presence of construction water, and by going in four
neters and preserving the core, then we could also
extract water and conduct treadi ng anal yses.

Onething | have failedtoincludeinthis
history is that there was a peer review panel at the
Chlorine 36 dataset, and that peer review, one themne
t hat kept recurring is that you have got to go in and
try to do tritium

So this was an opportunity also to do
tritium Next slide, please. W were del ayed at t hat
poi nt, and there was a nulti-nonth safety stand down.
| can't even renenber what caused it now, but that
del ayed things for several nonths.

There was a bit of a problemin getting

all the perceived QA procedures going at Livernore.
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Anyway, the holes were finally drilled, and we | ooked
only at the deeper two nmeters fromthe construction
wat er and dry out.

We sub-sanpled or we sent sanples for
Law ence Liverman, and we took sanples to Denver for
water analysis and tritium and we sent sanples to
AECL for uraniumisotopes.

The Livernmore -- the first Livernore
dat aset was devel oped by an active | eachi ng process,
with seven hours inarotating tunbler; incontrast to
t he previous Los Al anps net hods, which was a passive
| each for 24 to 48 hours. Next slide.

The first Livernore results were presented
at the NWIRB Chair neeting in Pahrunp, and the val ues
were | ower than had been observed, and basically it
was concluded that that |[|eaching technique was
probably t oo aggressive, and we were getting too | arge
a conmponent of rock fluoride.

If the rocks are nultiple reservoir
chloride, there would be chloride initially in the
vol cani c rocks, and | think the average for the high
silicais sonmethinglike 170 ppmchloride, and thisis
primary chloride.

There would be chloride in the four

noderate inthere woul d be chloride in fracture order,
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and presumably what you want to | ook at for finding
bonmb pulseistotry tolook at fracture water, which
you can't -- nobody has sanpled fracture water, but
you can sanple the salts. You can |each the salts.

So you try to balance the leaching to
maxi m ze the neteor conponent, and m nim ze the rock
component. Anyway, next slide. So there was general
agreenent that the dynam c | eaching was a little too
aggressive, and there was an agreenment anong all
participants at that tine that we needed really to
rest, have a sanple to test the bl eaching process.

And the USGS was charged wi th preparing
that sanple, which we did. TRB too a very intense
interest in this, and wote a letter to the OCRW
Director urging a quick resolution, and that was on
June 16'" of 2000. Unfortunately, we are still not
t here.

We devel oped a path forward, and we got a
| arge sanple from N che-5 in the cross-drift. This
was crushed and sized in Denver, and aliquots were
sent to both Livernore and Los Al anps to conduct
| eaching studies. Next, please.

These results were discussed at severa
nmeetings, and there was a nmeeting i n Novenber of 2000

at the GSA neeting in Reno. Next slide. The bottom
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line is that it was decided that the best way to go
about it was a passive leach, and to mnimze the
time.

And at that time one hour was sort of
indicated as a desirable time for |eaching of that
size of a fraction rock, even though that was in
sonmewhat of a contradictionwith the earlier dataset,
where sanpl es were | eached from24 to 48 hours. Next
slide, please.

So we needed to go back now and | ook at
t he validation core again, and the approach this tine
was we would crush the sanples, and actually the
sanpl e managenent facility crushed the sanples, and
some of the remaining core, and this was done in
basically a brand new crusher.

The only thing that it had ever seen
bef ore was ot her sanpl es of the Topopah Spring type.
Sanpl es were transported to Denver, and the USGS
| eached the sanples, and distributed aliquots of the
| each sanples to Los Al anpbs and Law ence Livernore,
bot h of which then spiked the sanples with different
chloride isotopes, and prepared the silver fluoride
preci pi tates, and Law ence Li vernore ran the sanpl es.

And generally the results were in fairly

good agreenent between sanpl es prepared at Los Al anos
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and sanpl es prepared at Livernore. The nunbers ranged
from200 times 10 to the mnus 15, to 500 tines 10 to
the m nus 15, still | ower than the previous Los Al anps
dat aset .

At a neeting | ast January, we convened t he
group i n Denver, and we | ooked at the data, and there
was one dataset in the old Los Al anpos data where core
fromNi che-5 had been anal yzed, or I' msorry, Niche-1,
had been anal yzed, and sonething |i ke 8 out of the 10
sanples that were analyzed revealed an elevated

chl oride 16 val ue.

And so we thought, well, this is what we
need to do. First of all, we had a hard tinme finding
the core. It turned out that sone of it was in the

USGS hydr ol ogi cal research facility, and nost of that
had been used for physical property neasurenents, or
had been saturated with J-13 water, and so on and so
forth. But there was still a pretty good coll ection
at Los Alanps. So we split the core up. Next slide,
pl ease.

And we agreed that we would do -- there
was concern that machi ne crushi ng m ght yi el d too nuch
fresh rock fractures, and therefore, overwhel mthe
| eachabl e chloride with rock chloride.

So we followed a procedure used at Los
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Al anos, which was hand crushing on a steel plate and
a hammer. Los Al anps conducted their or analyzed
their six sanples, and they reported ratios of 1140
times 10 to the mnus 15, to 8580 tines 10 to the
m nus 15.

That i s the hi ghest or | argest nunber t hat
has been reported so far. Chloride concentrations
were 1.3to .67 mlligrans per liter, and we processed
what shoul d have been roughly an equival ent core in
Denver, and we got rati os between 244 and 708 ti mes 10
to the m nus 15.

Bot h gr oups had noni t ored | eachi ng bl anks
during that time and no | eachi ng bl anks were deened to
be acceptable. So that is the nbst recent puzzl enent
as to why these nunbers differ

CHAlI RVAN HORNBERGER: Can | ask a questi on
on this, Zell? On the previous go around, the USGS
did the | eaching and distributed the aliquots. Here
two different [ abs did the | eaching.

Wiy did you do that apart from-- am|l
reading this slide correctly, that | eaching was done
both by USGS and Los Al anbs? Whereas, previously it
was done just by USGS?

DR. PETTERVAN: That's correct, and it was

because of that, because previously it had shown that
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if one lab leached a sanple, and distributed the
liquid | eaches, both |abs could get the sane answer.

So we were back to -- and we had al ready
denonstrated that to be true. So now we had anot her
chance, and the early Los Al anps data had said there
were el evated val ues, and so we just decided it was
best to let's just let those -- we didn't physically
split it. It was pretty runblized, and so Bob Robeck
had i nventoried what was avail abl e.

And we took alternate -- | don't know,
either one foot or six inch segnents of runblized
core, half to Denver and half to Los Al anps.

It should be, you know, unless fate is
really cruel, they should be conparable. The
statistics, the probability, of thembeing or | eading
to these results is extrenely | ow.

The bottom |ine though was that we got
different results, and agai n the | eachi ng bl anks were
okay at both | aboratories. So we decided that one
thing that we did not have control on was the actua
crushi ng bl anks.

So we got a hold of sone conputer chip
silicone fromthe DOE | ab in Gol den, the Energy | ab,
and supposedly pure to six figures. And we crushed it

just like it were a rock, and using the sane
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equi pnent, and we al so conducted a systens bl ank at
that time.

Unfortunately, our system blank, which
basically is pretending we have a rock and | eaching
it, but there is no rock in the pan, our system bl ank
was a bit higher than what we had seen before, which
has confounded the issue.

But if we correct our crushing bl anks for
t hat | eaching blank, then our blanks, the crushing
bl ank, we have concl uded i s not a significant i ssue by
t he USGS in Denver.

At the same tinme, Bob Robeck had surpl us
material fromone of the core sanples, which he sent
to Denver, and we | eached it, and we got essentially
the same nunber that he did, 1130 times 10 to the
m nus 15.

So that we could confirm and that is kind
of where we are at the nonment. And | think that it is
very i nmportant, and t hat we have so nuch dat a now, and
so many effortstotry toresolve this issue, that |et
me try to go through the concl usi ons here.

So this is kind of a sunmary. The old or
the early dataset at Los Al anps, sanples frombot h ESF
and Ni che-1, and this is the Sundance anonmal y now, had

el evated Chl ori ne 36 val ues.
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The Los Al anps data on the Niche-1 core,
the nost recent analyses, had elevated Chlorine 36
values. An early effort, and I think six sanples of
t he origi nal Chlorine 36 validation core were anal yzed
at Los Al anps fromthe Sundance.

Those did not have el evated val ues, but
t he nunbers were in the normal background range to the
Los Al anps dataset. Next slide.

The |owest values neasured was that
original dataset at Los Alanpbs, or |'m sorry, at
Li vernore, and the active | eaching. And then next we
found no bonb pul se in the validation core hol es, and
we found no bonb pulse in the Niche-1 sanples. Next
slide.

So | think we are at a critical juncture
here, and it is extrenely inportant that we have the
time tosensitize and integrate the existingdata, and
after doing that, then cone up with a path forward.

And to be honest, we just don't know what
that is at the nonment, but we think that putting al
t hese data and having tine to think about the data in
a report is a next very logical step.

The proj ect has indicated that they coul d
bring one or nore outside experts in to review the

report and whatever path forward we conme up wth
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Let's go to one of the illustrations here, and maybe
that sunmarizes -- let's see, how about page 29.

These are all the data now plotted on the
--the Y axis is one over chloride, and the reason we
do that is that inthis ratio concentration space, if
you plot the reciprocal concentration, then binnery
m Xi ng comes out as a straight line. That is the only
reason.

But the chloride concentrations is also
shown on t he upper access. The triangles down in the
| ower | eft-hand part are the Livernore results, and
the active | eaching of the chloride validation core.

So that is one set of data. The solid
bl ue di anonds are the original Los Al anos dat aset for
the Sundance Anonaly, and this is all Sundance
Anomal y. The orange triangles are the results, the
second round of results on the Chlorine 36 validation
core processed and | eached i n Denver, and anal yzed at
Li vernore, but aliquots al soto Los Al anps, and spi ked
at Los Al anps, and anal yzed at Livernore.

And those are the interspersed green
triangles inthat field of orange triangles. Sothere
is general agreenent, and then the |largest value is
t hat kind of open dianond, and represents the nopst

recent Los Al anps data on the Ni che-1 core.
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And the little purplish triangles down
anongst the orange ones are the USGS results on the
Ni che-1 core, both analyzed by Livernore. So again
that is kind of where we are, and | know that it is
not satisfying, and | think we have made progress.

| think we need three nonths now to
prepare the report, and | think we have to go into
what | would call kind of a forensic node, and we have
got to really get into the old dataset, and really
| ook at it hard, and see if thereis anythingin there
t hat woul d be of interest in reconstructing howthis
has evol ved.

CHAl RVAN HORNBERGER: Al l right. Thank
you. Questions? Raynond.

VI CE CHAl RMVAN WMER: It nmust be a little
di sappointing to you that after all this tinme that we
still have sonething unresol ved.

DR. PETERMAN: It IS extrenely
frustrating.

VI CE CHAI RVAN WYMER: But there is a
suggestion at least that at |east to the Sundance
Fault, that there is sone evidence for fairly rapid
novenent of water into the repository horizon, and
that is one part of the two-part equation, and how

fast does it nove.
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But the second part is what vol une noves,
because not nuch has noved, and you don't really care
with respect to the proposed repository. Wat do you
know, or what do you plan to know, or what does
sonebody plan to know about the vol une?

DR. PETERMAN. Well, | think that is nore
of a nodeling exercise and Los Al anbs has addressed
that, and has concluded that the actual volume of
water is probably small.

Now, | see that there is a flawin this
presentation. The dataset that | didn't nmention was
the tritiumdata, which we have al so done on t hese 50

core. And there agai n we have got anot her di sconnect.

And in the Sundance Anonmaly, we find no
tritium of any consequence. | mean, no tritium
period. It is dowm toonetritiumunit. In the south
ranp, where there is no el evated Chl orine 36 val ues,
we find significant tritium val ues.

So we have an anti-correl ati on between
tritiumand Chlorine 36, even though the peer review
said that tritiumis the ultimte hope for validating
t he Chl orine 36.

But you can come up wth post-hoc

expl anations for tritium andit is goingto noveinto
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t he vapor phase, and Chlorine 36, probably not. So
you can come up with reasons why they m ght not agree

DR. GARRI CK: How nuch cross-checki ng of
sanpl es has there been in the analysis? Different
| abs and even outside of the established --

DR. PETERMAN. | woul d refer that question

to Geg Ningz, who actual ly conducts the analysis. |'m
sorry, but | a not sure that | understand the
questi on. Are you asking how nuch cross-checking

within the sanples that we have done in the |ast two
years under this validation, or cross-checking in
general between | aboratories?

DR GARRICK: Let's try and answer both of
them Both sound interesting to ne.

MR NI MZ: Well, the best cross-checking
is probably the sanples that were prepared at
Li vernore Laboratory and at Los Alanps, and a little
nore at the Livernore Laboratory, and we get very good
agreenent as Zell pointed out in those.

Cross-checking around the world has not
been done except for sanple response activity, where
one |b send this to the -- the sanme sanple or a
simlar sanple, to two different |aboratories for
pur poses of turnaround tinme and that sort of thing.

And then in general analyses, the clean
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| aboratories, especially | amfamliar with the prinme
| aboratory in Indiana and Livernore. Those anal yses
have generally conpared very wel|l.

DR. GARRI CK: Have the results had any
i npact on the nodels that are being used to anal yze
radi onucl i de transport?

MR. NI MZ: | don't know the answer to
t hat .

DR. PETERMAN: Let me ask this question of
Abe Van Link, and of course, and he says no.

MR. VAN LINK: since we assune that this
datais correct, andit is fully incorporatedintothe
nodel i ng, and until sone definitive group cones i n and
says that it isn't correct, we would not change the
nodel .

However, the very fact that we al so have
some tritiumin the south ranp shows that sone very
smal|l fraction as the nodel now indicates can nove
rapidly. So probably the nodel woul dn't change anyway
even if this data canme in. But it is a scientific
credibility issue for us.

DR. GARRI CK: Thank you. Has there been
any indication of any gradance of this transport of
the chlorine, any particular |location that has

indicated a nore definitive flow pattern than maybe
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you knew about before?

DR. PETERVAN:. Well, the original dataset
has been used or expl anati ons have been put forth on
that slide nunber six, which is the original Los
Al anps dat aset .

Again, there are contradictions. The
sout h ranp, anmong t he whol e of the ESF, the south ranp
is the nost broken up piece of rock. It is highly
pallid, and there are fractures there that when it was
drilled, it was breathing to the atnosphere and
bl owi ng to the atnosphere.

And the contradiction thereis that there
have been no bonb-pulse Chlorine 36 values found
there, but again thereis tritiumthere, and soit is
still a set of contradictions.

And wi th those sorts of contradictions,
guess | woul d be personally reluctant to say that I am
going to use these patterns to say too nuch about
specific flowpaths or fl owzones within ESF, because
there is still sonething that we don't understand.

CHAI RVAN HORNBERGER: Zel |, let ne try to
sunmarize what | take from your presentation. The
accel erator nmass spectroneter appear to work. That
is, they give you the sane answer if you give them

different aliquots.
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DR PETERVMAN: That's right.

CHAI RVAN HORNBERGER:  You get, however,
di fferent answers when different |abs prepare or do
the crushing. So am | right in inferring that this
woul d either indicate that the USGS crushi ng adds an
anomal ous anount of dead chl orine, or Los Al anps adds
an unusual anount of elevated Chlorine 36; is that a
fair assessnent?

DR. PETERMAN: | think that is a fair
assessnment. That's one thing that we tried to | ook at
by this crushing blank, which turned out to be
sonmewhat confounded by the fact that apparently a
| each wire suddenly was higher in chlorine than we
t hought it was when we actually did the earlier
sanpl es, or it was higher than when we did the earlier
sanpl es.

So we have to nmake sonme assunpti ons about
cal cul ating the crushing blank. I1f we use the |each
bl ank that was conducted at the sanme tine as the
crushi ng bl ank, then we concl ude t hat crushi ng doesn't
add anything significant.

But it is a conplication that makes one
feel a bit unconfortable still.

CHAI RVAN HORNBERCGER: And | take vyour

poi nt that you really need three nonths to reflect on
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this and conme forward with a plan, but in general
terms, do you anticipate that it m ght be reasonabl e
to plan to involve other groups, groups that have not
yet been involved in the process, in terns of trying
to resolve this?

DR. PETERVAN: | think the project is
considering that. | don't know if the DCE wants to
make a conment on that.

CHAl RVAN HORNBERGER: My questi on wasn't
what the project was considering. M questionto you
as a geochem st is would that nmake sense?

DR. PETERMAN: Yes, | woul d wel cone t hat,
personal Iy wel cone that, you know. Anything to get
this off of dead center

CHAI RVAN HORNBERGER: M | t.

MR, LEVENSON: I have got a couple of
guestions. In one of your backup slides, youidentify
t hat t he nechani cal crushi ng equi prment at Los Al anps
was found to be contained with chlorine 36.

Now, that contam nation didn't originate
inthe crusher. What are the chances of other things
in that | aboratory are al so contam nated? Has there
been a sort of forensic search of that |aboratory to
make sure that it is a clean |aboratory?

DR. PETERMAN: Bob Robeck, who has taken
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over the Chlorine 36, actually works in a different
| aboratory than that earlier work was conducted in.
The contam nated equipnment was reported in that
earliest Chlorine 36 report.

It was detected and that's why basically
they went to the steel plate and hanmer rather than
t he nechani cal crushing.

MR. LEVENSON: But contam nation at the
| evel of 10 to the m nus 15, sone of ny experience is
that something in a building is contam nated, and
everything inthat building mght well be contam nat ed
at that |evel.

And changi ng equi pnent, or even the |ab
next door, doesn't necessarily help. The ot her
question that | had in connection with the anomal ous
tritium | have the inpression, and Ilike many
i mpressions, it could be wong.

But | have the i npression that sone of the
drilling equipnent that the DOE i s using or has used
is recycl ed equi pnent fromthe testing station. Has
anybody | ooked seriously as to whether the tritiumis
contam nation brought in ny drilling equipnent?

DR. PETERVMAN. Early on -- and this is
only sort of an antidotal recollection on nmy part, but

t here was sonme contam nate drilling equi pment used in
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sone of the surface-based drilling.

The drilling that was done under ground, we
used brand new core barrels, and brand new bits, and
new core liners, in anticipation that we did not want
to have that possibility.

And t he possibility that through the ESF,
t hr ough t he Sundance, and drill hol e wash anomal y, we
don't find any. And the sanme equi pnent was used in
the south ranmp, and we sort of would say that
equi pnent is not a problem

There was al soin the lab, the survey | ab,
there were early problens. The exit signs were
triturated, and so that created problens. And your
watch, if you have a triturated dial, you don't want
to be in there when you are extracting water. So,
yes, it is a tuff ball gane.

VR. LEVENSON: I's t he tritium
contam nation in the south ranp been found in cores or
only in surface material ?

DR PETERMAN: The south ramp is water
extracted fromdry bill core. Those are all by vacuum
distillation, and taking the preserved core, and
distilling it in a vacuumline.

CHAl RVAN HORNBERGER:  Staff.  Andy.

DR. CAMPBELL: Thanks. | have a | ot of
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guestions. Andy Canpbell, ACNWstaff. But |I amgoing
totry to touch only a couple of them Wy is |odine
129 not done? |Is there a technical reason?

And the reason that | ask that is Chlorine
36 was produced in the "50s by bomb testing in the
Pacific, because of the irradiation and activation of
chlorine in the sea salt.

Tritium was actually mainly produced in
the tests in the atnosphere, in the hydrogen bonb
tests in the "60s after the breakdown of the test
dat a. The iodine, on the other hand, also has a
source frompre-processingin Sullyfieldandthe other
reprocessing plant in France.

And, of course, various prograns around
t he worl d have been putting out lodine 29 for a | ong
period of tine. So if you are seeing the penetration
of these isotopes to the repository, then Iodine 29
m ght be a good trace, that of nore recent activity,
as conpared to activity produced inthe 50s and early
" 60s.

That is a question |I guess for you, and
then | will ask another.

DR. PETERMAN. That's interesting, as we
were just tal king about that at |lunchtinme. Wen Mark

Haf f ey was doi ng the work at Livernore, he was novi ng
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inthat direction, and | don't really know how far he
really got. Drake would know. He took a position at
Purdue to oversee the AMS facility there.

And so basically we have not pursued.
G eg, do you want to say anything about 1297

MR N M: Yes, the only point I would
make is that it would be analytically very difficult,
really tuff right noww th the amount of chloride that
we are getting fromthese sanples.

And the anmount of iodine is going to be
much less. So there is a very big question as to
whet her we woul d even be able to anal yze the i odine,
whi ch woul d occur in concentrations of perhaps of a
factor of a hundred | ess than chloride.

So there is that analytical junk that we
woul d have to make, whi ch woul d t ake several nonths of
preparation to just understand whether we could do
iodine with these very little concentrati ons when we
are doing this passive |eachings.

DR. CAMPBELL: Okay. The next question or
guestions has to do with the approaches used to
resolve contam nation when you are doing trace
anal yses.

This certainly is the first exanple of a

contam nation issue, andthe fact that virtually every
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trace anal ysis of either an i sotope or of a netal have
i nvol ved a nunber of years of kind of floundering
around until everybody agrees on a nethodol ogy, and
everybody agrees on an approach, and the way todoit,
and then people start getting consistent results.

Par t of t hat process i nvol ves
systematically going through and identifying every
si ngl e possi bl e source of contam nation in every step
along the way. And it is not clear to ne at | east from
how t hese anal yses have been done in ternms of the
sel ection of sanples, and not really analyzing the
sane t hing.

And it is not clear, for exanple, that a
reference materi al has been produced t hat has a known
concentration that each lab can include in a set of
sanples to check on the validity of their analyses.

You typically do a check sanple that is
very simlar in matrix to the sanples that you are
anal yzing. Part of the problem for exanple, is doing
distilled water and | eech blanks, is that you don't
al ways get the sane activities going on that you would
if you include a crushed sanple and so on.

And there are all kinds of winkles on
this process, and it is very detailed, and it is very

obsessive for the analyst to do it, but it has to be

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

195

done to eventually ferret out if there is in fact a
cont am nation issue.

I s that all going to be what you guys have
done folded into this report so that an objective
out si der can say, ahha, have they | ooked at this area
and have they | ooked at that area.

And are there any further activities that
you plan to do to try and nail this down. The other
thing that people have done are inter-calibration
exerci ses, where they take the same sanple, and
distribute it to half-a-dozen or a dozen |labs to do
t hat anal ysi s.

And | et each | ab work up t hat sanple, and
then do a conparison, a blind conparison of the
results, to see if any particular |lab either has

ei ther or very | ow nunbers, and could you conment on

t hat ?

DR. PETERVAN. Well, | guess | woul d agree
with everything that you said there. It needs to be
done, and we have probably done sone of it. | think
we will address those issues in the report, and it
will be part of our recommendations for a path
f orward

Part of it, you know, is al ways a resource
i ssue. You know, it is expensive analyses, and a
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coll ection of sanples that are | ess | abor intensive,
and it doesn't take very long to burn up your budget.

And that is always an i ssue, but | agree
with everything that you said. | amcertainly aware
of some of those historical problenms in working at
that | evel.

We asked Greg at | unchtine how many fol ks
t he worl d over have rocks that have chlorine 36, and
he said it is only you guys. | think there was an
addi ti onal comment there which | won't pass on.

So the point is that it is not sonething
that is routine, and we do need to think about
everyt hing that you said.

DR. CAMPBELL: One | ast comment on t he vi ew
graph up there at the three different years worth of
data. The interpretation as |I recall fromthe '97
report was that the high spikes that are categorized
as bonb- pul se above t he maxi nruml evel were interpreted
to be bonb-pulse in association with fractures or
faults. There are a few exceptions, but mainly those
data are.

But bel owt he maxi numand above t he | i nes,
thereis alot of scatter inthe data until you get to
6, 000. And then the data gets very tight. And there

were two explanations for that that | am aware of.
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One was that something happens at 6, 000
that causes a flushing of the system and the
scattering of the data before 6,000 mght be
representing different amounts of pre-plisticing
(phonetic) water of different Chlorine 36 contents due
to changes in the magnetic field.

Bill Murphy at the Center did a
statistical analysis, and said, well, you could
explain all of that scatter below 6,000 as sinply a
two- hand m xture of bonb-pulse contam nation and
nodern wat er pre-bonbed nodern water.

If that is the case, then it seens that
you actually have to nail this i ssue down even if the
nodel attenpts to take into account fast paths,
because the one interpretation mght be that that
scatter represents a lot nore fast paths than just a
few fractions.

You coul d certainly reasonably interpret
that data in that way. This is real and not due to
cont am nat ed sanpl es, and t hen t hat woul d suggest t hat
its nore inportant than just for a fewfractures. It
m ght be inportant for a significant portion of the
rock.

DR. PETERVMAN: Wel I, that's true, and al so

t hat a simlar | ab arri ved at a simlar
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interpretation, and that could explain all of that.
Most of it, except for the south ranp, and virtually
every sanple, or nost every sanple there has a little
bit, variable proportions of bonb-pul se chlorine 36,
and reasonabl e interpretation.

MR, ROBECK: | am Bob Robeck from Los
Al anos, and | took over the project from June about
two years ago, and have been working and puzzl ed by
this issue ever since. It has been a frustrating

experience scientifically for ne.

There has been a lot of talk - well
first of all, what you were saying over there, |
agr ee. Where the project is now, | think we have

elimnated a lot of first quarter issues that we have
been able to cone up with through a considerable
anount of di scussion and neeti ngs.

And we said, well, let's get a reference
sanple and try to devel op a reference sanple that we
can both work on. W tried that and we tried -- the
GStried |l eaching and di stributing (inaudible), and
cross-sanpled and sent themto Zell, and Zell has
cross-sanpl ed.

And we ar e wor ki ng t hrough the first order
probl ens, and nowwe still don't have the answers, and

now we need to get tothe difficult i ssues to address.
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And can we be mssing sonething at the
very |l owl evel, or perhaps are we | ooki ng at nore than
one problemrearing its ugly head, and fromtine to
ti me anot her probl emperhaps rears its head at anot her
time.

Personally, | think that's where we are
right now, and I don't think we have a single issue,
and a | ot has been said about the blank issue, and
just wanted to address that.

When | took over the operation, it was
shortly after the fire at Los Al anps, and as a result
of the fire, I was no |onger able to do the work the
| aboratory that had been used previously by June. So
| relocated the entire operation about a mle way in
a conpletely different technical area, and a
compl etely different buil ding.

| vigorously blanked that area, and the
bl anks cane up low, and that area is a non-rad area
within Los Alanps. | also nodified the procedures so
that we coul d keep careful tabs of the bl anks.

Thr ough t he course of the anal yses now,
have run sone 100 sanpl es and no fewer than about 15
percent of those are blanks. And every one of them
has come up quite | ow.

So t hat any contributionto Chlorine 36 by
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the blank would not be significant, or would not
change any of the concl usions. The bl anks that | have
t aken do not include a crushing bl ank which is yet an
i ssue.

However, when we do a |each blank, we
allow that leach to sit out that length of the tine
that we take to drive down our sanples, which is
sonmetimes up to a week

Wher eas, we are crushi ng for approxi mat el y
an hour to maybe a few hours within that | aboratory.
So | think any kind of fallout that we m ght get from
our crushing equi pmrent, and | don't see where el se it
coul d cone from because the equi pnent is vigorously
cl eaned.

So | think that we have done our best at
| east to address the blank issue at this point, and
perhaps we need to take it a little further. But |
also wanted to say that the data that we have
generated do not in any way suggest that a random
bl ank i s the problem here.

We are not seeing a random high ratio.
Rat her, we are seeing ratios where they have been
determ ned in the past. So, for instance, he has
di tched one sanple, and let ne junp back.

O the close to a hundred sanpl es that |
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have analyzed thus far, only one sanple from the
cross-drip has what we would consider a bonb-pul se
val ue, which is just barely bonb-pul se val ue, between
1200 and 1300.

And t hen when we did this Ni che-1 sanpl es,
again processing themin the same way, nost of them
did turn up to have bonb-pul se in the sane area where
June | ocated bonb-pul se, using nodified nethods in
different |aboratories.

Li kewi se, | processedthis Ni che-1 sanples
and did a couple of different experinents, and
separated them by size fractions, and you see
systematic differences within those size fractions.

And in this case the highest bonb-pul se
turned up in the finest fractions, but again the
systematics that we see from low ratios to high
ratios, and low chloride to high chloride for
corresponding sanples do not snell like a blank
pr obl em

You would not expect those kinds of
systemati cs. | mght also point out, too, June's
dat aset, where nobst of these bonb-pul se val ues that
she did find are fromher feeder base sanpl es.

Wher eas, within her systemati c sanpl e set,

| believe that only one sanple has turned up bonb-
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pul se. W are certainly concerned about the bl ank
issue, and | am doing what | can to address it
further, and we will continue to do that.

But right now!| firmy believe that the
data does not suggest that a blank is an issue. |
don't know what the problemis and hopefully -- and |
t hink t hat our path forward, we really do need to step
back here and | ook at all of this data. For the |ast
two years, we have been working hard to generate a | ot
of data, and | don't think we have gi ven the dataset
justice at this point. So that is our goal for the
next two nont hs here.

DR. RYAN. | amlooking at the figure on
page 6 and | have been thinking here quietly about
statistics. And as the ratio gets bigger, that neans
that there is nore Chlorine 36, right? Yet the
uncertainty gets bigger as well.

| would think it would be just the other
way around in bars that are shown on this graph, and
| don't have the data, and so obviously | amshooti ng
in the dark here.

But as the anmpbunt of Chlorine 36 gets
smal ler, and smaller, | would think the uncertainty
and your know edge of its val ue gets bigger. | nean,

that is just sinple sanpling statistics to nmy way of
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t hi nki ng.

But yet it is just the opposite on this
gr aph. So | am stuck with the basic statistics
guestion, and that i s when you neasure Chl ori ne 36 and
say it is this value, I am stuck with how well you
know that. So | amtrying to figure out if | should
interpret things that are below these various
hori zontal Iines as being different or not different.

And | amkind of stuck with the statistics
that you used. | knowthat this is not a radionetric
neasure. So it is a different kind of uncertainly
anal ysis perhaps. But | don't really have a feel for
how accurate any given neasure is.

And | know that you can't do it because
you would run out of sanple, but if | neasured the
sane sanple 50 tines, what would the average be and
what woul d the standard devi ati on be?

VWhat | amreaching for i s concepts that we
use in radionmetric analysis of mninm detectable
activity, critical level, and things Iike that which
we can do hypot hesis testing.

| mean, you have not tal ked about that
here, and I don't know if you have done that, and |
apol ogi ze if you haven't. | have not seen it yet.

But that kind of thinking may be hel pful perhaps. |
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don't know.

DR.  PETERMAN: Yes, it is helpful.
Attenpts to replicate anal yses on i ndi vi dual sanpl es,
and June reports this in her reports, has not worked
very well. Both data are avail abl e.

And so - well, Leonid, do you want to
conment on these uncertainties? This is Leonid
Neymar K.

MR, NEYWARK: Just that we started with
the | argest uncertainties, for exanple, for Chlorine
36 and there is a reason for that. But in nost cases,
and in June's data, a bonb-pul se signal was obtained
for asanple with | ower total chloride concentrati on,
and it increases the total there in that one.

DR. RYAN. That doesn't hel p nme very nuch
t hough. The nore chlorine 36 you have in the sanpl e,
you would think that if the neasurenment quality
increases with chlorine 36 concentration that's not
true?

MR, NEYWARK: No, it is not. A higher
chlorine 36 total chlorideratiodoesn't nean that you
have nore chloride 36 in your sanple. It depends on
the total chloride concentration. So if those |ow
chl ori de sanples, you have a higher ratio |arger.

DR. RYAN. | guess | would |ike to fol |l ow
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up if | could. That may not be a meaningful error to
report then, because are you neasuring the ratio or
are you measuring the chlorine 36?

MR. NEYWARK: | think it is that if you
have | ess chloride -- generally speaking, if you have
| ess sanpl e to anal yze, your accounting statisticsis
—-- you know, you get |ess counts and therefore your
error is larger, regardless of the ratio of chlorine
36 to total fluoride.

The total amount of chlorine 36 are | ower
because you have | ower chloride sample. Is that true?

MR. TYNAN: Let nme first say that | know
very little about the data on page 6, because this was
not done by me. It was done by the | aboratories, and
so | amnot sure what the neaning of the error is on
here. But to answer your question, in general, andto
foll ow up on what Leonid was saying, is that this is
sinply an accounting statistic problem

| f you have a hundred counts of Chlorine
36, you have 10 percent data. And so if you have or
if you are running sanples, and if the |aboratory
chooses to run the sanples for five mnutes, the
sanples with nore Chlorine 36 will have nore counts,
and therefore, better accounting statistics.

DR. RYAN. | guess | amgetting in a very
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fundanent al question of the accuracy and preci si on of
t he measurenent rel ative to m ni nrumdet ect abl e | evel s.

And wi t hout sone under st andi ng of m ni mum
detectable levels relative to neasured levels, it is
very difficult to either ascribe or take away nmeani ng
fromthe results.

And | assune that just based on what you
tal ked about that we are at very, very lowlevels to
begin with, and | amjust going totry to assess sone
statistical significance to that, and | have not seen
information that helps nme to do that yet.

MR. TYNAN: Again, | don't know about the
data on this sheet.

DR RYAN. | appreciate that.

DR. GARRICK: One of the questions that
this commttee often asks is so what with respect to
bottomline health and safety i ssues. | suspect that
you have done enough work now on these ratios on
chlorine to be able to categorize what the outcone is
probably going to be, internms of it being one or two,
or three different scenarios.

| n ot her words, you probably have a pretty
good handl e on what i s going to be the outcone of your
path forward i f you had the option of identifying two

or three possible outcones.
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Gven that, and this is probably a
question for DOE, and not to you, but what is the
i mplication? Has sonebody considered what the
inmplication mght be to the project and to the
anal ysi s?

Abe Van Link has already said that the
assunpti ons have sort of enbodiedinreferenceto what
we wer e tal ki ng about earlier, the possible inability
to get any advantage fromthese neasurenents.

But | amcurious as to whether or not this
is really going to have much nmeaning in ternms of the
project and in terns of the performance assessnent.
Abe, this is probably a question for you.

MR VAN LINK: Abe Van Link, DCE. As I
have already nmentioned, we fully incorporate the
information from the Los Alanps work into our
per f ormance assessnent at this point.

| think where this conmes down now is we
need to push to a resol ution, because we have several
august organi zations that we rely on for scientific
i nformati on, who have cone to a point where their own
scientific credibility is on the line.

So we need to push forward to a resol uti on
because from ny perspective it is in our best

interests that we get to the bottomof this, and are
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abletoestablishor reestablishcredibility for these
institutions.

Now, if some contam nation is found
sonewhere, so be it. If they find a new nechani sm
that one organi zation was not aware of, so be it.

Those are the two or three scenarios that we can cone

up with.

But either way a resolution will bring us
reestablished credibility. It is not something that
we want to shove under the rug and say, well, it

doesn't matter to performance anyway. W want to get
to the bottomof it.

DR. GARRI CK: What about if it conmes up
that there is no bomb-pul se or no evidence of it? Is
t hat goi ng to change anyt hi ng?

MR. VAN LI NK: | hate to speculate on
t hat, because as | said, we do have the tritiumwork
on the south ranp that shows that there are fast paths
ot her than the Chlorine 36 paths, and we do have one
tritiumsanple, | believe, that is associated with a
fault in Alco 6 or 7.

DR PETERMAN:  Yes.

MR VAN LINK: So on the other hand, it
pr obabl y woul d change our qualitative understandi ng of

t he unsat urated zone. You know, we do have -- nobst of
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the water there is pristine water still, and we do
have very good evidence fromZell's work that if you
| ook at the bulk of the rock, it doesn't see water
very often.

It sees it maybe during an ice age, and so
this is still consistent with our current nodel
t hough, that we have very little water novi ng t hrough
fast paths, and the bulk of the water is resident in
the rock for extrenmely long timnes.

| think that Mark Tynan was going to say
sonet hi ng

MR. TYNAN. Yes, Mark Tynan, DCE. You
covered one of the points already, but the second
point that | would make is that if our path forward
isn't defineduntil January, let's say, or the reports
aren't out, our ability to resolve this prior to the
license application is not a high percentage of
success.

So it is likely that this is the ongoing
wor k and post-LA submittal in Decenber of '04.

DR. GARRI CK: Thank you

MR. COBEST: Ti m Cobest, ACNWstaff. |
assune that thisis all being done under DCE's qual ity
assurance program have you had an audit done or

anyt hi ng?
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Have you had themcone in and gi ve you an
i ndependent | ook at it and come up with anything as
far as procedures, and as far as how you cl ean your
test equi pnent that you were tal ki ng about?

You know, handl i ng sanpl es, and have t hey
come up with anything or have they |ooked at it?

MR. TYNAN: Livernore just had an audit,
and -

MR. COBEST: And did they look at this
i ssue?

MR TYNAN: Yes, and we have | think
audits at |east once a year.

MR. ROBECK: We certainly have audits of
our scientific notebooks and our procedures, and t hose
are ongoi ng. As far as having and testing equi prnent,
it cones and is examine, but as far as soneone
actually comng in and observing a procedure that
doesn't happen.

MR. LEVENSON: The conversation has been
f ocused on Sundance, but in the original sanples, and
in fact the highest Chlorine 36 ratio was not at
Sundance, was a 2,000 neter and five separate sanpl es
i ndi cati ng bonb-debris. Is 2,000 neters still part of
t he Sundance?

DR. PETERVMAN: It is part of the dril
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hole life structure, and that was inour initial plan.
We al | ocated 40 of the bore hills to the Sundance and
10 to the drill hole wash.

MR LEVENSON: And | gather that there
have been sone nore recent sanples that confirmthe
early Sundances, and has t here been any recent sanpl es
concerning the early high ones of 2,000 neters,
especially since the very highest ones were there?

DR PETERMAN: Not that | am aware, no,
according to the reports. The report data, that is
the original data, or the early data.

CHAI RVAN HORNBERGER: | just wanted to
make sure that we are clear on this now MIt said
that fromyour 40 sanpl es that you have confirnmed hi gh
chlorine-36 ratios at the Sundance? That wasn't ny
under st andi ng.

DR. PETERMAN: No, we haven't. Not inthe
val i dati on core, we have not.

CHAI RVAN HORNBERGER: | just wanted to
make sure that we are clear on that. That the
di sagreenment was the Niche-1 sanples; is that right?

DR. CAMPBELL: One last comment here is
M ke Ryan's observation of the statistics. Has
anybody done an analysis of the statistics of these

hi gh chl orine-36, but |low chloride sanples that are
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heavily in the bonb-pul se area?

And that is a very curious result to ne,
and is there an explanation for that? If you | ook at
everyt hing about the 1250 |ine, nost of those sanples
have much hi gher air bars, which if | understand the
argument about accounting statistics, it is because
t hey have overall very | owchl oride, and t hat seens to
be a curious result, and possibly an explanation
buried init.

So have you guys pursed that or do you
intend to pursue that?

DR. PETERVMAN: | guess | amalittle dense
here. | amnot sure that | understand. Does anyone
want to -- Leonid, do you want to --

DR. CAVPBELL: The air bars at everything
about 1250 on the graph on page 6, the original
dataset, that all of the high fluoride Chloride 36
sanpl es appear to have significantly larger air bars
associ ated with themthan the stuff bel owyour cut-off
poi nt .

And that is a curious result. That is not
what | woul d expect for a natural system unless you
have some sort of explanation for why those sanpl es
have a | ow overall chloride.

| understand the accounting statistics
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argunent, but fromjust a phenonenol ogi cal point, why
woul d the hi gh point 36 sanpl es al nost uniform y have
relatively | ow anounts of chloride?

DR. PETERMAN: Now, one coul d specul ate.
Perhaps it is a function of -- well, there are a
nunber of factors, such as grain size, and how
rubblized t he sanpl e m ght be, and | each tinme, and all
of that.

If you | ook at the slide on page 28, it
sort of shows the same thing, and again that is the
| ow concentration val ues. | nmean, this is the
validation core, and that doesn't fit the trend that
you were tal king about in the early Los Al anps dat a.
The | owest concentration values are all |l ess than five
or six hundred.

DR RYAN: And that point is highly
uncertain, and that S a whole different
interpretation thanif it has got a very small error.
So uncertainty analysis has got to be factored in to
help with the interpretation | think.

DR. PETERMAN: In addition to anal yti cal
uncertainty.

MR ROBECK: I am not too terribly
famliar with the issue of the error bars there, but

what | am famliar with is the data in the cross-
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drift. W don't see a good correlation between
fluoride concentration and Chloride 36 ratios, at
| east in the sanples with bonb-pul se.

So we don't necessarily see that the
hi ghest Chl ori ne 36 sanpl es have the | owest chl ori de.
They are ki nd of just scattered all throughout typical

chl ori de ranges.

DR, RYAN: Now, on distribution to
understand in detail, because if you can understand
that in detail, you can assess sone uncertainty on
that basis. And if you don't wunderstand that

di stribution, or have not figured it out from your
data yet, that is something that has to be done.

MR. ROBECK: Agreed. | amlooking at the
dat aset fromJune, and | ampuzzl ed by the reason for
those larger air bars with the higher Chlorine 36
val ues. One thing that comes to mind, and | just
throw this out, as | don't know it is in fact the
reason here.

But when | do an analysis, | have
uncertainty based on i nternal accounting statistics.
| al so have an uncertainty that | will assign based on
external reproducibility.

Now, t hat woul d general | y be a per cent age.

Now, if that is what June has done here, and sinply
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assi gned a five per cent uncertainty for
reproduci bility, that those w Il appear as |arger
error bars.

DR RYAN: Again, the basis for that
assignment is critical. If it is just a typical
nmeasure error is five percent, that's not going to get
it.

MR. ROBECK: That woul d be your interna
error based on accounting statistics. It would be
based on external reproducibility of standards.

DR. RYAN. You know, | guess ny genera
reaction to the discussion is without a systematic
devel opnent of uncertainty analysis in the
nmeasurenents, and all the conponents, whether it is
i nstrunent uncertainty, sanpl i ng uncertainty,
contam nant uncertainty, and all those things, you
really can't interpret these neasurenents as
effectively as you could with the uncertainty.

You know, sinple exanples like it took a
hundred sanmples of blanks and what is the average
nmeasurenent. Theoretically, they should all be the
same. Well, if they are not, what is the standard
devi ati on.

| nean, sonething as sinple as that gives

nmeani ng t o how you sanpl e, and 67 percent of the tine,
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you will be within that. | mean, everybody knows
t hose statistics.

And in fact without that laid out on top
of aninterpretation, it is hard to ascribe nmeaningto
it.

MR. ROBECK: W have anal yzed st andar ds,
and al ong with each set of samples, | will send a few
standards, which | know the ratio -- and it is a
certified ratio, and those ratios conme in very good.

DR. RYAN: That is the part that is not
going to cone out (off m crophone).

MR ROBECK: Right. And let's just not
report it here, but it is reported, or at least it

will be reported. But, yes, along with blanks that I

typically submt, | submt 10 percent of my sanples
will be standards, and sone of themw || be spiked
standards, and sone of them wll be unspiked

standards, and those results cone out quite good.

So the results are reproduci bl e, at | east
when we have a nice honpgeneous sanple, and therein
lies the problem It is hard to envision getting a
rock that we could claimis honbgeneous that we coul d
process 30 tines, and then do statistics on our
nunbers.

DR. RYAN. Again, that is not what the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

217

bl anks, and dupes, and all of that are addressed at --
is a fundanental sanpling error that -- you know, |
think that relates to the steel plate issue, and sone
of the other things that you have nentioned.

But agai n quantifying that systematically
iscritical. If you have not done that failure repeat
sanmpl e, you shoul d.

DR. PETERMAN. In ternms of the sanples,
there is really attenpts to replicate. You know, it
was very difficult to replicate results. So if you
were to use those duplicates, in a statistical sense
the error bars fromthose would be off the chart.

MR. ROBECK: And that is exactly what we
are talking about, and | think that has been the
thrust of the early part of this project. W have
been exchangi ng sanples, and we did try to prepare
what we t hought woul d be a good reference sanple, the
Eval ve-1 sanpl e, and we performed a nunber of anal yses
on that.

And | o and behol d, it wasn't honogeneous.
It is not a straightforward problemto really say,
well, here is a honogeneous rock and analyze it 30
times.

CHAI RVAN HORNBERGER: | think the bottom

line is that it is a fairly easy problem if your
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sanpl e or your analysis cost is $10 a sanple. And |
think that you are probably not doing exactly what
M ke wants because your costs are just alittle nore.

MR. ROBECK: It would be about 40 or 50
sanpl es a year.

DR RYAN: | appreciate the difficulty
(of f-m crophone) .

CHAI RVAN HORNBERGER: Thanks very nuch
That was very informative, Zell, and we | ook forward
to hearing about your pass forward, and | do think
that | really appreciate Abe's answer, because | do
think that it is —- well, | would express ny belief
that it is critical that we do get to the bottom of
this.

W don't want to look at this as a
puzzling question mark just sitting out there, and
think we can doit. And | think we will come up with
a good plan. Thanks very much. W are going to take
a break now, and let's take a 25 m nute break.

(Wher eupon, at 3:18 p. m, the neeting was
recessed, and the neeting was resuned at 3:48 p.m)

CHAI RVAN HORNBERGER: Ckay. | woul d ask
everyone to nake sure that they have signed in. W
woul d I'i ke to keep a record of who attend our neeti ng.

We ar e goi ng to conti nue our presentations
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on the DOE scientific update, and we are goi ng to hear
sone of the results on mcrobial-induced corrosion,
and we have a presentation fromJoanne Horn. Joanne.

DR. HORN: | just wanted to first thank
the coormittee for giving nme the opportunity to present
an overvi ew of our programon assessing the inpact of
m croorgani sms on | ong t ermnucl ear wast e cont ai nnent .
| think we are ready for the first slide.

Thanks. Mostly our program has been
focused on the effects of m croorgani sns on the waste
package, and these are basically categorized as
m crobi ol ogically influenced corrosion or MC

This is really a conplex set of
interacting mcrobial facilitated processes, and it
i ncl udes aci d production by bacteria, as well as iron
oxi dati on and reduci ng reacti ons, sul fate generati on,
wi th a reduction of sul fate, and hydrogen producti on.

And al so the brown kind of bubble there
represents what we call biofilm Al these bacteria
are enbedded in a matri x of polysaccharide, but it is
al so generated by bacteri a.

And the polysaccharide are long chain
sugars that produce a kind of sline. The slinme
prevents the diffusion of oxygen towards the neta

surface, and that also produces conditions that can
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accel erate corrosion.

Now, which of these reactions occur is
real |y dependent on a nunber of variables, including
t he environment. That is, for exanple, that you can't
get sul fide generation w t hout havi ng sul fate present,
for exanple.

Al so, the organisns that are present and
t he mat eri al under consi deration. Next slide, pl ease.
So the goal s of this programthen are to determni ne the
potential for MC in the Yucca Muntain repository,
and determ ne the conditions under which MC would
occur, and that includes the boundary conditions for
m crobial growth since we expected initially wll
start with a sterile environnment, at |east on the
wast e package because of the radiation fields
generated by the decay of the waste.

But that eventually we did either a
reintroduction of bacteria or a regrowth of those
organi sns that could survive through that radiation
field.

Also, the conditions for mcrobial
activities, and so again that would be -- you know,
you have to have the necessary sulfates for a given
end- product to be generat ed.

And al so the quantified rates of MC on
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t he waste package materials, and that woul d include
t he producti on of dil atory and net abol i ¢ end products,
and al so the direct effects on candi dat e wast e package
materials. Next slide, please.

kay. So we have taken this kind of
mul ti-prong approach to answering t hese questions, and
anong t hemet hol ogi cal studi es, and we are | ooki ng at
t he types of organi sns t hat are present, and expect ed,
and t hat woul d essentially establishthe potential for
M C.

The conditions under which m crobial
growt h woul d occur, and if you couple that with sone
of the thermal hydrol ogical testing, for exanple, you
could estimate the tinme that the MC mght initiate,
and that will becone cl earer on |later slides we think.

Looking at the effects of mcrobial
activity on water conposition, and so that would be a
kind of indirect effect of bacteria or fungi. For
exanple, if they were to acidify the ground water, and
then the ground water inpacted the waste package.

We need nore traditional el ectrochen ca
studies to quantify the overall changes and corrosion
rates due to M C, and these studi es can al so indicate
t he mechani sm by which this accel eration occurs.

We are perform ng accel erated testing as
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well, using both mxed cultures, and that is the
entire Yucca Mountain community, as well as using pure
cultures with defined mcrobial activities.

And i n these studi es we are | ooki ng at the
surveci al effects of the materials, and the
bi ochem cal effects on water chem stry, and the pure
cul ture studi es can provi de boundary conditions, and
for exanple, the generation of these del eterious end
products. Next slide.

Okay. So first | would just like to just
address the ecol ogical studies and we are doing a
characterization of the Yucca Mountain m crobial and
fungi comunities, wusing a nunber of different
nmet hods, and we have al so determ ned what the extant
m crobial densities in the nmountain are, and the
gromh limting factors. Next slide, please.

Ckay. We started these studies a nunber
of years ago by sinply isolating mcroorganisnms from
rock t hat was excavat ed aseptically fromthe nount ai n.
This is within the ESF.

And also fromthe large file test, and
what you are seeing on the left there -- and | don't
have a pointer, and so I'"'msorry. Oh, do we have a
poi nter in the audience? Wnderful. M hero.

Perfect. So what you said, hopefully it
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won't blind youinthe process. Onthe left, youwl]l
see -- or laser paint you. ay. Those are little
bits of rock that we actually collected from the
repository, aseptically crushed themand aseptically,
and what you see there are bacterial col onies grow ng
ri ght out of that.

And those are criteria that are contai ned
on the surface of the rock, and each one of those
colonies rises presumably froma single cell. On the
| eft, again, you see bacterial col onies, and those are
fromactual ly artificial pouredwater formul ati on t hat
we washed this rock with, and then plated that out,
and these are all on low nutrient nedia.

And so you can see that there are indeed
bacteria that are contai ned within the nountain. Next
slide, please.

Ckay. What we didinitially was to first
i sol ate these bacteria, and speciate them and t hen we
tested them for a nunber of activities that were
associ ated with corrosion, and found t hat i ndeed rmany
of these had these activities.

And so were thereby established the
potential for MCto occur. Next slide, please. W
al so determ ned what the bacterial densities in the

mount ai n are, and we did this not by using growth, but

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

224

by directly extractingfossil lipidfatty acids, which
are menbrane conmponents, directly froma rock core.

VWhat we did was that we drilled the rock
core out of the ESF, and split it in tw, and one
representing the sort of region that was closest to
the drip wall, and one that was further into the wall,
and we found that there was sonme difference in fossil
lipid content.

You can estimate the nunber of bacteria
here by normal i zing the extracted fossil lipidto that
froma known nunber of bacteria, and you can see t hat
t here was sone di fference between the surface and the
at-depth cores.

But the bottomline was that it was about
10 to the 4th, or 10 to the 5'" bacteria per gram of
dry rock. The next slide.

Ckay. We have al so done a number of
grow h studies. This is a graph, and we are | ooking
now just at crushed rock fromthe site, and anended
with —- this is assimlated ground water at 1-X
concentration, with or w thout glucose.

And | ooki ng at the growt h of bacteriafrom
the rock over tine, and what you see is that as soon
as you add ground water, you get a significant

increase in the nunbers of bacteria that you can
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recover in the acetous phase, up to or from10 to the
6'" bact eri a, and approxi mately wi t hout gl ucose added,
or up to 10 to the 8'" with gl ucose.

So this showed us that the major limting
factor to growmh was water availability. And as soon
as you add water, you are going to get a significant
amount of bacterial growth.

And we have al so done ot her studies that
| didn't think | would have tinme to show here, and so
| just nention them here. W have al so established
t hat phosphate is the major nutrient limting factor
in the nountain, and that if you actually add
phosphate back to these systems, you get an increase
on the order of one to two orders of magnitude.

And carbon is well as this slide shows.

There is apparently enough sulfate and
nitrate in the nmountain to support growth, evenin 1-X
ground water. Next slide, please. Now, this is
i mportant because it tells us when the possible kind
of on-switch for bacterial effects would occur during
a repository revol ution.

And | just want to apol ogi ze here for the
slide. | think we lost alittle in the transport of
these slides fromLivernore to here, but on the |eft

isrelative humdity, and this is actually down from
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TomBuchef f' s nodel i ng group at Li vernore, the thernal
hydr ol ogy.

And what we are | ooking at is therelative
hum dity on the rock walls over tine after closure.
kay. So this would be after ventilationis shut off,
and what we see here is that it areas of |[|ow
infiltration, the dose of hum dity never increase over
70 percent.

But in areas of higher infiltration and |
think that is about 50 mllinmeters per year, you
al nost mai ntai n a hundred percent hunmi dity on the rock
wal |'s.

So knowi ng that water is amjor limting
factor for growth, we could see that in areas of high
infiltration, you will have growth supported al nost
i medi ately after closure.

Whereas, inareas of lowinfiltration, you
may never reach the humdity's that are required for
growt h, and actually in the nodels we have put the
cut-of f for bacterial growh at 90 percent hum dity,
whi ch is probably conservative.

The literature is nore on the order of 95
percent. Ckay. Next slide.

CHAI RMVAN HORNBERGER:  Joanne, can | --

DR. HORN: Sur e.
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CHAI RVAN HORNBERGER:  Goi ng back to your

previ ous slide, where you concluded that water is the
major limting factor, what are they grow ng on?
assume that these are aerobic experinents?

DR HORN: Yes. These are aerobic
experi ments.

CHAl RVAN HORNBERGER: And what is the
ener gy source?

DR. HORN: You know, we -- | don't know
whether it is dead cells, and if you look in the
literature, there is sone evidence in the deed
subsurface, things |like organic carbon being a
possi bl e sour ce.

Sorre of these organi sns do fix CO2, and so
not all of them need an organic carbon source. You
know, we have isolated all the bacteria that we could
out of those experinents, and indeed we have found
sone CO2 fixers.

M5. TREI CHEL: What is the nunbers on the
bot t on®?

DR,  HORN: Maybe we should -- oh, I'm
sorry, on this slide?

MS. TREI CHEL: Yes.

DR. HORN: | think it starts at 150 years,

because | think that's when closure starts. And |
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think those are a hundred year increnents.

MS. TREICHEL: And 450 and -

DR HORN: Right.

MR. LEVENSON: Joanne, on your slide that
George just asked about, where you have the sterile
control. What was the water and gl ucose, or what was
the sterile control with water, and with glucose, or
wi t hout gl ucose?

DR. HORN: The sterile control actually
sinply contains rock that was sterilized. Wat we do
to sterilize the rock is that it is actually fairly
typical to sterile Yucca Muntain rock.

Ve have tried aut ocl ave emtter
peri odi cally and t hat doesn't work. W use a gamma or
a cobalt-60 source, and we eradiate it for about at
| east three mnmega-reds.

MR. LEVENSON: And what was the nedia?
Was it in water or in -

DR. HORN: Yes. It was, and so you then
have to sterilize rock or non-sterilize rock, and we
added a formulation that approximated Del aney's
formulation for J-13.

| can show you that. | actually brought
some extra over heads. You know, | apol ogi ze, because

| thought that I would have a little less time than |
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did. So | kind of elimnated sone things. But if you
are interested -- well, okay, next slide please.

Ckay. \When you grow organi sns from any
envi ronnental sanple for that matter, you only recover
about one percent of those organi sns t hat are present.
So to overcone that, there has been net hods devel oped
to directly extracting DNA from environmenta
materials, and they characterize in the organi snms by
sequenci ng the DNA that has been extracted.

And we have actual | y done a study on Yucca
Mount ai n rock, so that we kind of |ike brought out a
stone, and we got DNA out of rock. It took about half
a kilo of rock to extract a sufficient amount, but we
were able through various biochem cal and genetic
mani pul ations to separate these DNAs, and to take the
uni que ones, and have them sequenced.

And what thisis, istofollowthe genetic
or evolutionary tree of the organisns that we were
able to identify, using this DNA analysis. And we
recovered about -- well, we identified about 65
di fferent organi sns.

And you can see that they stand out --
t hese are actual | y about 45 of them and we have 20 of
themthat we still need to actually insert into the

tree.
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And then you can see that they span over
a broad and foll ow a genetic range, and they include
these high GC grampositive organisnms that are
typically found i n betas one areas, and they are very
resistant to desiccation, and a nunber of other
or gani sns.

These pr ot eobacteri a are very
netabolically diverse, and a lot of them produce
aci ds, and have different netabolisnms that arein fact
associ ated with corrosion.

Sothisisreally neant to give us a kind
of baseline, although the repository is expectedto be
an open system and so anything that we presunme is
going to be able to invade and get in there. But at
| east we will know what we are starting off with.

And if we associate the netabolic
activities with their ability to produce corrosion of
t hese various groups of bacteria, we nay be able to
get a handl e on at | east what we will be dealing with.
Next slide, please.

We al so | ooked at or identified a nunber
of different fungi and we have identified these.
These were actually obtained by slotting and just
growi ng and i sol ating various bacteria froma region

of the ESF where there ventil ati on had been shut off.
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And so fungi are inportant or potentially
i nportant because they produce organic acids, and the
wast e package materials coul d be susceptible to these
producti on of bioorganic acids. Next slide, please.

We al so have done sone experinments or we
are actually in the process of doing these now, but we
have a | ong-termcorrosi on experi nent that i s goi ng on
at Livernore, and this is depicted here. This is a
picture of the facility.

Each one of these tanks is about a
thousand liters and they contain -- they are actually
environnents that mmc the expected repository
envi ronnment over tine.

They wvary in ironic strength, and
temperature, and pH, and although no bacteria was
introduced intentionally into these tanks initially,
we had prelimnary evidence that at | east sone of the
t anks had been at | east somewhat col onized.

But what is interesting to us about this
isthat it sort of reflects the repository evol ution.
That is, that you start off with a fairly sterile
environnent, and then kind of anything that is wong
that can survive in there will do so.

And so we t hought that it would be a good

thing to test these tanks and anal ogously determ ne
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what the mcrobial sort of roster of organisns is in
there to see what may fly into the repository and
survi ve.

Okay. Next slide. Sothisistheresults
fromone of these tanks. This is a tank that contains
water that is neant to mmc dilute ground water at 60
degrees, and it contains the corrosion resistant
materials |like Alloy-22.

And we found five different groups of
organisns | should say, and we actually had an
organism that is radiation resistant interestingly
enough, and we al so found one t hat was heat tol erant,
and then the bacilli, there were five different
bacilli that we isolated that were identified that
were actually all sporul ati ng organi snms that cane in
with both desiccation and high tenperature.

And we ar e anal yzi ng anot her t ank nowt hat
is acidified water at 60 degrees, and from that we
have observed a very strong DNA signal, and we have
cloned, or anplified and cloned the DNA, and we are
screening them now to determ ne which organi sns are
present.

MR. LEVENSON: Joanne, excuse ne, but on
your slide that shows the facility, does the tank

environnents mm c expected repository environments?
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These tanks all have |iquid phases?

DR. HORN: They both -- actually they are
hal f full, and so they have hal f of the sanples of the
corrosi on coupons are actual Il y subnerged and t hen hal f
of themare in the vapor phase.

MR. LEVENSON: It may be that a possible
repository environment woul d be better than expected.
It is full of water.

DR. HORN: Right. This is true. | guess
nostly the chem stry was what we were nost concerned
about when devising the environment that was being
tested. But thanks, MIt, you're right. Next slide.

So just a summary then of sone of these
ecol ogi cal growth  studies. W  know that
m croorgani sms are extant in Yucca Mountain rock, to
the density of about 10 to the 4'", to 10 to the 5'"
bacteria per gram

There is al so a wi de vari ety of fungi, and
the major growh [imting factor appears to be water,
and when wat er becones avail able, we will expect that
m crobial growth wll ensue.

That also we are expecting that
infiltrating water will likely transport organisns
into the repository, and cultured Yucca Mountain

bacteri a have activities associatedwith MC, andthis
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establishes a potential for MC in the repository.

That uncul turedidentified organi sns span
a wi de phyl ogenetic range, and their activities are
being investigated for MC activities. In the
i nvestigations of the corrosion test tanks, showthat
organi sns adapted to repository environments wll
becone establi shed.

Ckay. Next slide. So |I would like to
nove on then to el ectrocheni cal studies that we have
conducted to quantify the overall contribution of
m croorgani sms to corrosion, and then these types of
studi es al so offer an indication of the mechani sm of
bi ogenic alterations to corrosion rates. Next slide.

So primarily for the studies thus far, we
have used a test cell that we have actual |y devi sed at
Li vernore and this is conposed of -- on the bottom of
this working coupon is the material that is being
tested, and it fornms the base of the vessel.

And we either cook these with Yucca
Mount ain mcroorgani sns that we have isolated and
characterized, or we leave it sterile. So we
consistently try to run our experinents under both
sterile and non-sterile conditions to determ ne what
the biotic effects are. So you can subtract out al

the biotic effects.
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And the nedia that we have used in these
experinments again thus far is afairly rich nmedi a and
sort of accelerated the whole process and produced
m crobi al growt h.

And into this we have a pl ati numel ect rode
that is attached actually to potenti asac (phonetic),
and under an applied current, you can build up a
potential on this coupon and conpare it to that of a
reference electrode, and it turns out that the
corrosion potential or the potential build-up is
directly correlated to corrosion rates.

So this is a neans of actually neasuring
corrosion rates inreal time. Okay. The next slide.
So we incubate these for a period of -- in this case
up to about five mnes, and this is | ooking at -- and,
you know, | apol ogi ze, because when they reproduced
t hese overheads in black and white, | think you | ost
like the green like the green and the red, and you
can't deci pher.

But what this depicts is one of these
| i near pol ari zation studies with either carbon steel,
or Al'l oy-400, which is a copper nickel alloy. You can
see that under sterile conditions this is the Al oy-
400, a fairly corrosion resistant material .

Notice here that <corrosion rates and
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m crons per year are on a |log scale, and so you have
very |low corrosion rates under sterile conditions.
And yet when you add the bacteria, and that is the red
circles, and they appear, you can see that you have
i ncreased corrosion rates on the order of 200-fold.

Simlarly, wth carbon steel, under
sterile controls, and that is the yell ow squares, you
have a | ower corrosion rate, albeit it's on the order
of one m cron per year.

And it increases to about 8-fold, or |
think it is about 6-to-8-fold actually when you add
bacteria to the system Sointhis way we are able to
actual Iy establish what we call an M Cfactor, or that
factor by which m croorgani sns i ncrease t he corrosi on
rate of a given material.

And in this case, it increases the rates
of Alloy-400 alnost to sterile, the level of the
sterile carbon steel. Next slide, please.

kay. This is the sane type of study, and
this tinme we are looking at probably nost
interestingly Alloy-22 and stainless steel 304, as
wel | as 1625, and what you see is the Alloy-22 under
sterile conditions, and non-sterile.

And you will notice here on the Y-access

that these corrosion rates are nuch | ower t han t hat of
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the Alloy-22, or I'msorry, the Alloy-400 or carbon
steel. This being one of the reasons that we are
using Alloy 22, or not using it, but pronoting it as
a possible candidate material for the corrosion
resistant barrier of the waste package.

And the bacteria, at least in this
experinment, don't appear to have that nuch of an
effect. | nean, they raise it by the order of two-
fold, and they have actually incorporated that MC
factor into the current nodels, and the next slide --
oh, I"'msorry.

So at the termnation of t hese
experinments, we did what was called an anodic
pol ari zati on test, and what this shows is three of
these materials, and again a sterile control, and
i nocul ated with Yucca Muntain bacteri a.

And you can see that wunder a given
potential here that there is always a higher current
density with the Yucca Mountain bacteria, and this is
fairly consistent for altering materials.

This actually shows that the nechani smby
which these bacteria are causing these increased
corrosionrates is by accel eratingthe anodic reaction
or the dissolution of netal.

So we think that is howthey are worKking,
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and we are investigating that further. The next slide
is sort of a sunmation of the status. Agai n, for
exanpl e, the carbon steel, these are average corrosi on
rates, and so what we have done is just under steady
state averaged all those points.

Agai n, a factor of about 6 or 7-fol d under

sterile conditions, versus non-sterile, and then again
for Alloy-22, only by a two-fold difference.
Now, this nmay be somewhat of an under-estimte of
corrosion rates, because if you recall when | showed
you the set-up of this experinent, it is actually run
under batch conditions for about five nonths, and
although we have not nmeasured the oxygen
concentrations, we think they are going anaerobic.
That would be fairly typical. They are not being
m xed or aerated.

And so we woul d expect that they woul d be
depressed or the overall corrosion rates. Now, the
actual MCfactor or ratio of sterile to non-sterile
may remai n the sanme. But we are checking that out by
runni ng these experinments under aerated conditions
presently. Ckay. Next slide.

| don't want to rmake too much of this,
because thisis avery prelimnary result, but what we

did was to test at the ternm nati on when we tore down
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some of these experinents what the soluablized
concentration of alloy elenments were in solution to
see if we coul d get any i dea of howfast the nmetal was
goi ng away, or which alloy el enents m ght appear.

And what we saw in the case of Alloy-22
was that when it was sterile, we couldn't detect
either nickel or chrome in solutions, but when we
added t he bacteria, we detected a noti ceabl e anount of
chrone. This is in parts per mllion.

Now, this isn't to say that we are
actually getting selected dissolution of alloy
elements. It may be that everything does go away at
the sanme tine, but that some of the alloy elenents
reprecipitate.

So | don't want to nmake too nuch of this,
but what we are doing nowis to -- that instead of
| ooking at what is left in the solution, we are
| ooking at what is |l eft on the coupon, okay? And that
is a nmuch better neasure, using sputtering Xx-ray
phot oel ectron spectrostrophy, we can actually
determine what the ratio of alloy elenents is as we
sputter into the nmetal on a very high resol ution.

Soit is a nmuch better nmeasure of what is
going on with the node of dissolution here. Ckay.

Next sli de.
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So to sumari ze t hen t hese el ect rocheni cal
and dissolution studies, carbon steel shows an
increase in corrosion rates for the Yucca Muntain
bacteria and Monel shows even a greater M C factor.

The Al l oy 22 shows a | ower increasein MC
factor, only two-fold so far, and delineated MC
factors require further investigations under nore
representative, i.e., aerobic conditions.

And this 1is another aspect that |
negl ected to nention, was that when you pol arization
this, normally you use to neasure a generalized rates
of corrosion, and M Cis usually characterized by what
is called a localized effect.

That is, it is nore associated wth
pitting and so forth. Nowa better way to assess that
is using cyclic polarizations. So what we are doi ng
now, is that we have got sone testing planned to
better estimate these |ocalized corrosion effects.

Okay. To date, the anodic polarization
anal yses denonstrate that mcrobes are causing an
increase in anodic activity; that is, neta
di ssol uti on.

And that the MC factors thus far
det erm ned have been incorporated into a rol e nodel .

The next slide. Ckay. Let me nove on to our
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accelerated materials testing program and we are
actually doing three different types of testing for
this.

W have got a sinulated saturated
repository environnent that we call mcrocosm for
obvi ous reasons, although M|t may di sagree, and then
we ar e doi ng peer culture studi es and usi ng organi sns
with defined mcrobial activities.

And we are al so doi ng sone bat ch chem cal
testing. So |l will describe each one of these. Next
slide. These are sinulated saturated repository
m crocosns. They are fairly sinple systens, but they
i ncl ude what we expect would be all the el enents of a
saturated repository.

So what we do is we feed the actual
m crocosmenvironment with a fornmulation that is ten-
fol d concentration of J13 ground water. W suppl ement
it wwth some glucose to accelerate the process, the
m crobial growth, and we feed this at a very slow
rate, at about 2 m|s an hour, into this vessel, which
contains aseptically collected and crushed rock.

And agai n we run these under both sterile
and non-sterile conditions. Again, sterile controls
are produced by eradiating the rock at 3 nega rads.

And into this we al so put candi date material coupons
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of waste package material s.

So that periodically we can wi thdraw the
coupons and |l ook at the surfacial effects of the
bacterium Next slide. This is just a picture of
what sonme of these m crocosns setups look at. Thisis
the reservoirs, and these are being incubated at 30
degrees C.

We were running thempresently at 30 and
at roomtenperature, and it goes through a punp into
the m crocosns and out through a punp and i nto a waste
reservoir. Next slide.

And one of the things that we have been
able to do is that we when we w thdraw coupons, we
| ook at themfirst just under fixed, and we fix them
wi th ei t her gl utaal gahyde (phonetic) or we appr oxi mat e
a critical point fixing.

But if corrosion products are evident, we
can i mage t hemusi ng scanni ng el ectronscopy. And t hen
inthis case it is carbon steel, and so the corrosion
products build up rather quickly and these are just
different m| basis that we have been able to identify
t hrough facial chem cal effects. Next slide.

An in fact this is just |ooking at the
SEM and we can identify the norphol ogy of these

corrosi on products, and we are using the EDS, and we
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can identify their el enental nmakeup, and we have been
able to do x-ray refraction and actually identify the
m neral phases.

So we can match these up, and pretty much
not only identify the m neral phases, but what |ikely
they originate from For exanple, the silicainthis
case cones from the rock that we have incorporated
into the system Next slide.

Now, despite the fact that these systens
are being fed continuously, and you are conti nuously
getting a dilution of whatever chem cal effects are
occurring in that mcrocosm

And you are al so washing out any of the
chem cal alterations. W have been able to detect
and | don't want to nmke too nuch of this either
because you are | ooking at parts per billion here, but
t hi s nol ybdenumin the efflux, that is, inthe angel us
phase of a m crocosm containing Alloy 22,
and under non-sterile conditions at 30 degrees.

And we really are not seeing the sane
thing with the sterile controls or the new neta
controls, or eventhe non-sterile at roomtenperature.
But again we are investigating this further. Next
sl i de.

Okay. When we wit hdraw t hese coupons, as
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| said, first we fix themand i mage them and then we
cl ean them And we use high resolution inmaging
techniques and in this case atom c force m croscopy,
to |l ook at the surface and to see if we can discern
any di fferences due to the presence of bacteriainthe
r ock.

And here you see that this is what we
start off with. The surface was sanded to 600 grid
initially, andsoit is fairly rough, and that i s what
t hese striations are. Again, | want to enphasi ze t hat
you are looking at a very snall piece of property
here. This is a hundred-square m crons, okay?

And the Z-axis is 3 or 3-1/2 mcrons,
okay? So it is a very high resolution. The sterile
controls for m crocosns containingjust the sterilized
rock, you see a kind of flattening of the striations.

And in the non-steril e coupons, these are
all incubated for a year, and the non-steril e coupon,
you can see that there appears to be a kind of
redistribution of the roughness, and it nmay be
sonmething li ke nanoto mcropitting. The problemhere
| think with this analysis is you are starting with a
rough surface, and you are ending with a rough
surface.

Soit isprettydarndifficult to get your
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arms around quantitatively around what i s happeni ng.
So what we are doing nowto renedy that situation is
toincubate mrror finishcoupons. So that neans that
we start with a nuch flatter surface, and if we see it
erupting, we can at |east quantify it.

Next slide. GCkay. This is |ooking at a
non-steril e coupon of Alloy-22 going throughtwo years
inanon-sterile mcrocosm and 1 year or 1-1/2 years,
2 years. So again there does seemto be some effect,
but they are snall.

Again, the Z-axis is 3 mcrons, but they
are clearly not rare events. | nean, we can zero in
on these regi ons without too much difficulty. But we
need to get a better handle on the distribution of
t hese events as well. Next slide.

So to summari ze t he m crocosmexperi nments
t hen, we have got a system that allows analysis of
material effects in an environnent that includes
essential elements of arepository. That the effects
of the m croorgani sns can be di scerned by compari son
with a biotic controls. And we also have no neta
controls, and so we can look at the effects of the
rock top

W have conbi ned chem cal , anal ytical, and

i magi ng techni ques to quantify specie and corrosion
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products. W also do gravinetric analysis of these
materials, which permts the estimation of corrosion
rates and effects.

And t here appears to be sone nano effects
of mcrobial activity on Alloy 22, but quantification
and distribution of corrosion needs to be analyzed
with mrror finish coupons, and then the results can
be incorporated into the corrosi on nodel s.

Next slide. So we are also doing sone
pure cul ture work, and what | did was to go through a
ki nd of systematic analysis of Alloy-22 and titanium
primarily may nost |ikely be susceptible to m crobial
corrosi on.

And what | cane up with is -- and then
what we did was to pick organisns that have these
specific activities, and grow themin peer culture.
So this is what we call a mcrobiol ogy continuous
cul ture.

So you are constantly feeding the
bacteria, and grow them wunder optimal growth
condi ti ons, okay? So what we are doing is producing
this very vigorous high-density culture, and then we
pi cked t hese speci fic bacterium d ostridi umproduces
hydrogen at point high rates.

And in order to see if they generate
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hydrogen enbrittlenent, and we are also testing a
sul fate reduci ng bacteria that produces sulfide, and
it also happens to grow in high salt environnent.

We are | ooki ng at a thiobacillus organi sm
t hat generates sulfuric acid when grown in reduced
sul fur medium and we also are taking a m xture of
Yucca Mountain fungi that we isolated, and we are
growing that in sone rich broth to see if the
generation of organic acids is going to affect
corrosion of these materials. The next slide.

Sothisis the mcrocosns, except that now
we have just -- we don't have any rock in these
studi es, but rather we have t hese defined organi snms in
separate experinents, and they are being fed with
nmedi a that is conducive to generating these possibly
del eteri ous end products, and in the reactors we have
got trays, Teflontrays containingbothtitani umG ade
7 and Alloy 22.

And of course they are being drained at

the sane rate that they are being fed at. The next

slide.

This is just a picture of a c.
acet obutylicum bioreactor. It is about a one liter
vessel, and this is actually contained in the

anaerobi c gl ove box, because these are anaerobic
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organi sns that are grown in an nitrogen atnosphere.
Next sli de.

kay. This is a picture or an SEM i mage
| should say of the biofilmformation on a titanium
coupon in a sul fate reduci ng bi oreactor. And you can
see that on the little rods here that they are
m croor gani sms. They are col oni zi ng t he surface, and
ontheright thisis actually a picture of or an i mage
of that polysaccharide matrix that | nentioned
earlier.

And you have t o of course dry t he sanpl es,
fix and dry themin order to see themin the SEM and
so when you dry them the filmtends to crack them
and that is what you are seeing there. But it is
definitely evident and present. And the next slide.

So this is the sulfuric acid producing
culture, and after seven nonths we w thdrew sone of
t he coupons, and surprisingly we actually found sone
di ssol ution of titaniumfromthe surface.

This is again what we started with, AFM
i mages again. This is in a sterile control and that
isjust incubated in a bisulfate medium And it | ooks
fairly degraded when we | ooked at the sane, or the one
t hat was exposed to cul ture.

And we actual |y found t hat we preci pitated
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the titanium in the reactor, and the increasing
roughi ng was al so confirned by doing what is called a
root mean square analysis. Root mean squares are an
i ndex of surface roughness, and you can see here with
the titaniumthat you actually increase the surface
roughness.

But fortunately with the Alloy-22 that it
didn't seemto have any effect. So that was a good
thing. But this isn't actually the first report of
M C of titanium People have | ooked for it for along
ti me, but they never used quite these conditions. The
next slide.

So t he sunmary of our pure cul ture studies
so far is that we can anal yze the effects of specific
del et eri ous nmet abol i c products on mat eri a
performance, and it permits the determ nation of the
upper limts of generation of these end products.

We are actual Iy est abl i shing that now, and
we are doing things |ike nmeasuring the organic acid
concentrations of several organic acids, including
t hose that have been recently found by the USGS in
pour water formthe site.

And it establishes some kind of upper
bound so that we can i ncorporate those i nto nodel s for

t he producti on of these end-products. And despite the
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fact that there is a continual input and output into
the system a steady date is gained, and | didn't
really showthis slide, but we have been able to see,
for exanple, titanium dissolution again in our
clostridium CA2 reactor.

So we can actually see a surfacial
anal ysis of the material coupons i s nowongoi ng. Ckay.
The next slide. | just lastly wanted to nention a set
of experiments that we have just recently initiated,
and I wanted to get past this dissolution and washi ng
sort of issue that is connected with continual flow
syst ens.

VWhat we have done is to start sone
experinments under batch conditions sothat we can | ook
at the build up or accunulation of either alloy
elenents if they are being soluablized or of the
netabolic or alterations to ground water that the
m croor gani sms are generating.

And so in these experinents, we are using
crushed tuff and our sinulated J-13 ground water, and
we can use either anaerobic or aerobic atnospheres.

And we think that we are actually using
Al'l oy-22 foil and the reason that we are doing that is
to sort of increase the surface area and the mass

ratio. So that if these materials are actually being
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corroded, we can detect them nore readily by just
having nore surface area being exposed in the
experi nment .

And we can -- and, of course, we always
run our sterile controls with or w thout organisns.
We are al so running with themw t hout a carbon sour ce.
And we are analyzing periodically the generation of
sul fide acids with a waste package all oy el enents.

So it is sort of looking at all these
different all oytes so that we can get a better picture
of what the change in chem stry is both for the all oy
that we are testing, as well as the ground water. The
next slide.

So just to summarize overall then of our
M C studies to date, we are | ooking at the potenti al
for MC to occur, and that has been affirmtively
det er m ned.

W are |looking at the conditions for
m crobial growth, which have been established, and
then coupled with therno hydrol ogi cal nodeling, and
this establishes when M C may becone a factor for
m crobi al effects.

We have generated a roster of organi sns
extant at the Yucca Mountain site and al so organi sns

that may col oni ze the repository. And then if we --
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and answering that why question, coupled with their
associ ated metabolic activities, thisinformationw I
all ow what M C activities may be relevant to waste
package corrosion.

And initial MC factors have been
det erm ned, and establishingthe overall contribution
of mi croorgani snms to waste package corrosion, and we
are doing further testing on that, and under other
condi tions.

Qur di ssolution rates and corrosi on nodes
of engi neered barrier material s are bei ng det erm ned,
and the upper limts of deleterious bacterial end
products and their effects on these materials are
bei ng est abl i shed.

And lastly the effects of the Yucca
Mount ai n gr oundwat er are currently under
i nvesti gati on. So with that, | wll conclude ny
presentation and i nvite any questions fromthe panel .

CHAI RVAN HORNBERGER:  Thank you, Joanne.
MIt, as our MC expert, would you |like to go first?
Wel |, Ray, do you have any questions?

VI CE CHAI RMAN WMER:  First, let me say
that it |ooks |like a very nice work, and it is a |ot
nore than | have seen up to this tine, and you are to

be congratul at ed on t he scope of your studi es, because
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they are very broad in trying to cover all the
paraneters of interest.

DR. HORN:. Thank you.

VI CE CHAl RVAN WYMER: I do have sone
guestions that you probably have not had enough tine
to do research on to answer yet, but |let nme go ahead
and fire away.

First, | wondered about the potential rate
of bacteria enteringthe repository by whatever route
that they enter over a long period of time, and
whether there is enough there that it makes any
di fference.

DR HORN: Well, you know, it doesn't take
very much to start with to generate a |ot, because
t hey divide by binary fusion. So they grow at an
incredibly high rate if the conditions are right.

VI CE CHAl RMVANWNER: | f the nutrients are
t here?

DR HORN: Yes, and | think - well,
pretty nmuch the assunption is at this point in the
field is that organisms in the deep subsurface
primarily are -- and they either originate when the
rock was laid down, or they infiltrate with i ncom ng
ground wat er.

So in this case, we would be | ooking at
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infiltrations. So | think that the nunber of
m croorgani sns that cone in absent ventilation, but
that is another issue, will be primarily dependent
upon infiltration itens.

VI CE CHAI RMVAN WWMER:  And | suppose the
nutrients have to cone in with then?

DR. HORN: Yes, except that so far we have
found that they don't need very nuch to grow. [If we
gi ve themground water, even unamated wit hin a carbon
source, that they appear to be able to pick up and
grow fairly readily.

VI CE CHAIl RMAN WMER: O course, they all
need a phosphat e backbone, and so --

DR HORN: That's true, that is an
essential el enent. Now, there is a about 200 ppm
phosphate in the rock, which | am sure that many of
you are aware of. And when we don't put -- and |
di dn't showthese experinents, but when you don't add
phosphate to rock, we are presum ng t hat t he phosphate
that they are growing on, they are dissolving from
rock. And there is actually a good deal of evidence
intheliterature to suggest that bacteriacanreadily
di ssol ve phosphate fromthe rock.

VI CE CHAI RMVAN WWMER: Ckay. There is a

question of the m xtures of the bacteria cones up, and
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you did studies with typical Yucca Muuntain m xtures
of bacteria.

DR HORN: Right.

VI CE CHAI RVAN WYMER: But then you are
doi ng the peer culture studies, too.

DR HORN: Right.

VI CE CHAl RMVAN WMER: It | ooks to nme |ike
some of these bacteria would be fighting each ot her,
and t hey are reduci ng bacteria, and they are oxi di zi ng
bacteri a.

DR. HORN: Yes. Yes. And that occurs in
subsurface environnents. As an exanple, there are
met hane produci ng bacteria that attack CO2 and reduce
it to nethane, and then there are nethane oxidi zing
bacteria that use the nethane as a carbon source and
generate CO2. So, anal ogously, you know, nanganese
oxi di zers.

VICE CHAl RMVAN WYMER: And in the
repository the question is who w ns?

DR. HORN: Well, actually, in this case
don't really think that they are fighting each ot her,
because in a way they are really facilitating each
ot her's physi ol ogy. In other words, if you are a
manganese oxi di zer, you need r educed manganese, and so

i f you have a manganese reducer that i s producing t hat
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as an energy source for the nmanganese oxi di zer, that
guy kind of has it nade.

So | think in sone sense that if you | ook
at the overall storic-netrics, as a chemst, | can
under stand how you think. But froma m croorgani sms
poi nt of view, this is a good thing, because you have
got avail abl e sub-stain.

VI CE CHAI RVAN WYMER:  And you have, for
exanple, that you are either making sulfite, or you
are maki ng sul fate?

DR. HORN: Right.

VI CE CHAI RMVAN WWMER:  You are not rmaki ng
bot h of them

DR.  HORN: Yes, the sulfite oxidizing
bacteria are actual | y anaerobic. Andultimtely these
things are striated according to their environmenta
m cr o- ni che.

So, for exanple, the sulfite generating
bacteria are anaerobic. And then you see this, for
exanmple, in sedinments in marine sedi ments, where you
have a | ot of sulfate and sea water, and you have got
a lot of sulfate generating bacteria in sea water.
But you get right into the sediment and then you get
very anaerobic. You only have to get down a coupl e of

mllimeters and then you get sulfite generation.
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VI CE CHAl RVAN WMER: | n a wast e package,

you are probably going to have one or the other.

DR. HORN: Well, in even that, in these
bi nner fil ns, you have very di verse m croenvi ronnents.
So, for exanple, at the top, you can have an oxi di zi ng
envi ronnent, and then the oxygen concentration pops
preci pitously as you go towards a netal surface.

And so you can have these sort of mcro-
ni ches, where things that have very diverse
physi ol ogi es can actually exist side by side. So |
know that it is sort of counter-intuitive, but
apparently that has been shown.

VI CE CHAI RVAN WYMER:  Actual ly, | have
argued i n the past for reduci ng environnment, and what
is the repository in |localized areas which supports
t he oxi dation.

DR. HORN: Yes, and froma mcro | ogical
poi nt of view, everything runs slower under anaerobic
conditions. You just don't get as much energy out of
t he anaerobic nmetabolism And so fromthat point of
view, | think an anaerobic reducing environment is
sort of better.

VI CE CHAl RVAN WYMER: Now, what about
tenperature effects? How do these --

DR. HORN:. Sure, superinpose them

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

258
VI CE CHAI RMAN WNER:  Are you pl anning

experiments at several tenperatures?

DR HORN: Yes, we found some sort of
crude kind of -- well, just kind of under anaerobic
conditions noving the tenperature up. W have not
found nmuch growt h after about 60 degrees, but just the
organi sns that are extant in the rock.

O course, we know that there are
organi sms --you know, those that grow in hot springs
and down in the snmoken vents in the deep sea that can
exi st up to tenperatures -- | think about the upper
l[imt for life is about 120 degrees C.

We are not sure whether we are seei ng any
of those organisns. So far we haven't found any. W
are still at the beginning of testing the tanks, and
that is one of the reasons that | think those test
environnents are going to be really interesting to
see, and if there are any floating around, are they
goi ng to becone established there.

Because the canoni cal t hought in
environnental biology is that things will grow and
become established if they are adaptive to a
particul ar environnent.

So it is not totally beyond the real mof

possibility that we will see these things grow ng and
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VI CE CHAlI RMAN WYMER: And it could be
quite a whil e before the surface of the waste package
will get down to 60 degrees or 70 degrees.

DR. HORN: And even nore t han t enper at ure,
| think it is going to be water availability, because
we know that there are things that can grow at high
tenperature. But water availabilities-- 1 nean, life
needs water, and that is the bottomline.

And so we really are not expecting
m crobial growmh until water reenters the repository,
but the water availability is tied directly to the
tenmperature of radiation. So as the tenperature
drops, water increases, and radiation drops.

So those three factors are really tied
together, but since water seens to be the primary
riveting factor, we have ki nd of picked on that as the
ki nd of swtch.

VI CE CHAI RVAN WYNER: And on the waste
package, you do have both tenperature and radiation
fighting you pretty good?

DR. HORN: Right. Absolutely, and those
things will prevent the growh directly on the waste
package for thank god a good long | ength of tine.

VI CE CHAI RVAN WYMER: John Garrick has
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given nme perm ssion to ask his so what question.

DR HORN: Yes, so what, and | was
expecting that.

VI CE CHAI RMVAN WYNER: Just take your
general corrosion rates fromone of your viewgraphs,
and you conme up with maybe for the Alloy-22 a couple
of mllinmeters in 10,000 years, and for stainless
steel, 3 or 4, or maybe tw ce that.

DR HORN: Right.

VI CE CHAI RMVAN WYMER: Maybe for 3 or 4
mllimeters, maybe 10, 000 years.

DR HORN: Right.

VI CE CHAI RVAN WYMER: That doesn't get
t hrough the waste package. So | et ne ask you what is
your opinion about the significance of the m crobial
on the waste package?

DR, HORN: Well, you know, | nmean, we
didn't designthese experinments to prove that bacteria
were going to be a problem W designed them to
answer that question will they be a problem

So | think under the conditions of this
particul ar experinment, we have shown that it won't be
a problem which is a good thing. Now, like | said,
these may be depressed sonewhat because of the

condi ti ons under which we ran these experinents, and
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that's why we are repeating them

And we are also doing sonme alternative
types of testing that are better at | ooki ng at sort of
| ocalized pitting, which is what bacteria are really
known to do.

VI CE CHAl RVAN WMER: Wl |, t hank you very
much. That is really nice work.

DR. HORN. Thank you.

DR. GARRICK: Just continuing with that a
little bit. | am curious about how nuch m crobi al
corrosi on you woul d have to have in order for that as
a wast e package integrity threateni ng nechani smto be
conpetitive with, for exanple, the current corrosion
nodel, which is a diffusive transport nodel that
eventual ly  eads to i ntergranul ar corrosion cracks in
t he absence of water, and only in the presence of an
assunption about a film

So thereis nowater until the drip shield
begins to fail, which according to the current nodel
doesn't occur for several tens of thousands of years.

So what is the rel evance of all of that?
| f you have already got a fail ed waste package in the
absence of water, how can we become concer ned about a
contribution that conmes froma phenonmena that has to

be in the presence of water?
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DR. HORN: So you nean that you can't Kkill

it twce?

DR GARRICK: Yes.

DR. HORN: You know, | m ght just defer to
one of ny coll eagues who has nore famliarity with
sone of the other nodes of corrosion. Dan McCrite has
been in the programfor a long time, and Dan, do you
want to give that one a crack?

MR. MCCRI TE: Well, one of our mgjor
concerns with the MC factor is what it would do to
| ocalized corrosion, and possibly stress-corrosion
cracking, again in an anaeceous setting, because in
t hose cases the MC factor would be a |ot nore than
just two. It would be in the thousands.

And that is analogous to sonme of the
industrial or field studies that conponents have
failed by MC conmponents, particularly the stainless
types of materials, |like stainless steel and so forth.

But when MC is a significant factor in
your corrosion, it is usually in a crevice or around
the weld. And today we have not studied all those
things wwith MC as al so a conponent. W have done a
| ot of testing in just purely a biotic condition, but
we plan to also do those sane kinds of studies with

M C conponents.
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It isalittle harder test to do because
obvi ously we have to keep the mi crobes alive during
t he duration of the experinment. So al so have had sone
problenms in getting suitable sanples, especially
wel di ng sanpl es, where we wi I | carry those experinents
out .

So the data has been essentially the
effect of M Con general corrosion, whichreallyisn't
much of a maj or problemwi th All oy C 22, whether it is
biotic or a biotic. But we think that if there is an
effect that that it is going to be in |ocalized
corrosion and stress corrosion cracking, and those
experinments remain to be done, particularly with MC
as a conponent.

DR. HORN: And just toadd alittle bit to
that, is that it has been established that
m croorganisns really |ike weldnents, and so we are
pretty anxi ous do these sane experinents and | ook at
the differential effects on weldnents.

DR. GARRI CK: Many years ago, when the
WHI P proj ect was goi ng through a stage sinm | ar to what
t he Yucca Mount Project is going through now, one of
the big worries was gas generation.

And one of the big anxieties about gas

generation, at least inthe early days, was m crobi al
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i nduced corrosion on the drugs, et cetera, et cetera.

Eventual |y that issue seenmed to go away,
and the experts on mcrobial corrosion came forward
and essentially indicated that this was not a real
i ssue.

Is the information that led to that
concl usi on or the technol ogy that was associated with
that effort -- and | realize that geology is very
different, and the materials are very different,
except for iron. But has that information been a part
of your --

DR. HORN:  You know, we have not worried
about it too nuch, because we really have an open
system here. | nean, are you tal king about within
wast e packages?

DR GARRICK:  Yes.

DR, HORN: Well, | am not too worried
about wthin waste packages, because | think
everything is just going to be killed there, and the
wooden facility, since it is a low level radiation

envi ronnent, they were nuch nore susceptible | think.

So once bacteri a can recol oni ze t he i nsi de

of a waste package, it has al ready been breached, and
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so already you have defined an open system And we
know that it is not like in the Canadi an version or
t heir design.

It is a very tightly packed system |
know t hat they are al so worri ed about gas generation
and pressure buildup, but | think the inside of the
packages are going to be sterile. |If anything ever
gets in there to recol onize, by definitionit has to
be breached.

So you don't have to worry about pressure
build up on the inside of the cans. And then on the
exterior of the packages, | don't think we have to
worry about pressure buil dup, because we essentially
have a breathi ng open system

DR GARRICK: | wasn't thinking of it so
much as having to worry about pressure buil dup. | was
nore thinking about it at the nmechanistic |evel, and
t he nechani sns.

DR.  HORN: Wll, we have this one
experiment going right now, and | guess hydrogen
enbrittlenent is nore of a concern for titanium and
so we have got this hydrogen producing culture that
gener at es hydrogen |i ke nobody's busi ness.

And so we are actual ly testing whet her we

can i nduce hydrogen enbrittl enment by t hese organi sns.
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It is kind of a worse-case scenari o, and t hen | ooki ng
at the mechanical effects, and we will be doing the
sane on the surface to seeif there is actual hydrogen
invasion as a result of mcrobial generation of
hydr ogen.

So fromthe literature is real ambi guous
on this topic. Nobody has ever definitely seen MC
i nduced hydrogen enbrittl enent.

DR GARRICK: And just a final conment.
Wil e you are doing these experinents are you al so
thinking in terns of possible nethods of mitigating
m crobi al corrosion?

DR. HORN: You know, | think that was sort
of -- you know, because anything would have to be a
ki nd of engi neered approach, and | think everybody is
very hesitant to -- you know, for exanmple, | think
sonmebody really early on suggested, well, why don't
you add a micro side, and I think over a 10,000 year
period that everybody is fairly convinced that just is
not a practical approach.

So what we are doing is tryingtorely on
the material s to resist corrosion, rather than trying
to get rid of the bacteria.

DR. GARRICK: Ckay. Thank you

CHAI RMAN HORNBERGER: Joanna, | amstil
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-- | aminterested in how the results actually get
scaled to the repository, and again in this sense, |
asked you the question about the source of energy to
run this system

And you replied, well, it could be on a
chenoanot ropi ¢ base.

DR. HORN: Right.

CHAl RVAN HORNBERGER: O it had to cone in
withthe water. In either case it strikes nme that the
10 to the 4'" and 10 to the 5'" bacteria per gram of
rock is not a big thick biofilm

DR HORN: Right.

CHAI RVAN HORNBERGER: And | can't see that
you are going to bring an energy source in with the
wast e package.

DR. HORN: | guess the thingthat concerns
me is that when you do add that ground water, even
Wi t hout a carbon source, you see up to 10 to the 8'"
bacteria, and that is actually per m.

That is actually the platonic bacteria
that are floating around in the aqueous phase, and
bacteria like to stick to things. So it is at |east
that many, and there is probably nore stuck to the
r ock.

DR. HORNBERCER: Then why do you only
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measure 10 to the 4'" and 10 to the 5'" in the rock?

DR. HORN: Because you don't have water
t here now, okay? So right nowthere is 10 to the 4'"
to 10 to the 5'", but they are | ooking at perturbing
the systemand we are going to drive the water away
presumably and then it is going to cone back.

And | think the infiltration rates are
going to be what determ nes the microbial growh

CHAI RMAN HORNBERGER:  So basi cal |y you are
looking at this as a potential problem in the
superfluvial, wheretheinfiltrationrates are higher?

DR HORN: Precisely.

MR. LEVENSON: One of the things that I
have been aski ng about I can't seemto get an answer,
as to why with the present design the inner-container
is stainless steel instead of just iron or carbon
steel, from just the standpoint of mcrobia
corrosion, or mcrobial enhanced corrosion.

| s t here any advant age t o st ai nl ess st eel
as opposed to ordinary steel?

DR. HORN: Well, right now we are really
not taking any credit for the inner-package. It is
just as a structural support for the outer package.

MR. LEVENSON: | know that they are not

taki ng any credit, but as a taxpayer, | ampaying for

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

269

DR. HORN: Yes. Well, | think | amgoing
to call on Dan for this because he has been around t he
car bon steel days, and has nore of ajustification for
the switch.

MR MCCRITE: Just arguing from general
corrosion to stainless steel, the general corrosion
rate will be under alnbst any circunstance will be
| ess than carbon steel.

So one of the reasons for picking
stainless steel for the inner-barrier than carbon
steel was that if and when the outer barrier is
breached, if it were stainless steel, it would corrode
still rmuch the sane way as the Alloy-22 did by sone
| ocal i zed nechani sm

If it is carbon steel, it will corrode
much nmore vigorously, and probably wth sone
volumetric change, and so in which case the whole
package woul d stand to rupture open, and nore so if it
were a nore corrosion resistant material inside.

So agai n our concept of the corroded wast e
package is that we woul d never have |lots and | ots of
area exposed, and that it woul d be just crack by crack
and tit for tit. It would be a very small, snall

anount of actual area that was corroded through and
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where the water could penetrate through, rather than
a very large area.

So we thought that the stainless steel
i nside would help in that argument.

MR. LEVENSON: But the argument that you
are not making, since you are taking zero credit for
it.

MR.  MCCRI TE: That's right from the
contai nnent point of view, but thinking that other
people in their analyses may want to consider the
pat hways of water in and the pathways of radio
nucl i des out.

And that this is not our argunent in the
cont ai nnent group, but as to others as being a tota
barrier system

CHAI RVAN HORNBERGER: Questions fromthe
staff? M ke.

MR. LEE: M ke Lee, ACNWstaff. The Yucca
Mountain rock, is that just the Calico Hills crushed
tuff?

DR. HORN: Actually, | thinkit is Propone
Springs tuff. Actually, we have isolated it from
where we excavated it from Alco-5, which is in the
sane horizon as the repository.

NR. LEE: Ckay. So it is a pretty fresh
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sanmpl e then?

DR. HORN: Yes, and | just want to nmention
that in these studies we really have not made a
di stinction between organi sns that are introduced as
a result of construction activities, and those that
are extant. So we really have not separated those
out, because | don't really think it makes any
difference to the project in the end.

| nean, they are going to have to deal
with the whole thing. So we have tried to get it, and
we have done both getting it off the surface of the
wal | s, and inside as well.

MR LEE: And ny other question is that
there is going to be a |lot carbon steel possibly in
the repository as a result of roof enforcenment and
things |ike that, and rock holes, and stuff.

Is there any plan on |ooking at the
effects of m crobial induced corrosion there?

DR.  HORN: Wll, we have done sone of
t hose studi es and we did sone |ineal polarization and
this was primarily at the ti me when carbon steel was
t he outer | ayer of the corrosion at the waste package.

But knowi ng that, there are ot her el enents
of the engineer barrier systemthat are cl ose to steel

and t hat' s why we characteri zed t he corrosi on products
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and | ooked at the overall rates of corrosion.

But nore recently we have frankly been
focusing in nore onthe All oy 22 and titanium because
it is just nore of a priority.

CHAI RVAN HORNBERGER:  Andy.

DR. CAVMPBELL: GCettingto the water issue,
how much water do you need? W took a tour of Yucca
Mount ai n yesterday and went into the cross-drift, and
saw and heard di scussi on about nold spores. |In fact,
we all had to sign our life away sayi ng that we woul d
not hol d DOE responsi bl e.

Mol d grewrapidlyinthat environment once
it was cl osed up. Now, thereis noliquidwater there
that is dripping as far as you guys and as far as DOE
knows. But there is a heck of alot of noisture there
in terms of hum dity and condensati on.

And even wi t hout a punctured drip shield,
as the waste packages cool, do you believe that there
woul d be sufficient noisture on the surface of the
wast e package that these organisnms could grow?

DR HORN: Yes, | am well aware of the
cross-drift issue, because when it first cane up it
was primarily the S&H i ssue, and t hey brought usinto
do this survey of fungi. They were growi ng on just

about everything organi c down there.
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And so if you look at the literature
fungi are a little nore justification resistant than
bacteria, but it is on the order of 95 percent Rh.
Now, that doesn't include -- you know, there is sone
di scussion that as salt brines actually build up on
t he package, or for that matter on the drip shield,
t hat t he del i quescence poi nt or that point of relative
hum dity, where the salt actually absorb water, and
produce a water film can actually be at a |ower
relative humdity than that turnaround point for
general mcrobial buildup

So | think there are those two issues.
Yes, we are saying 90 or 95 percent Rh, but that
doesn't include the deliquescence point of the salt.
Now, | just want to point out that if they grow in
t hese m nes, they have got to be very salt resistant
or gani sns.

And those do exist, and | live in San
Franci sco, in the Bay Area, and i f you have ever fl own
into South Bay, you will see these big salt ponds that
are all red, and the reason that they are red is that
t here are organi sns cal | ed hal o bacteriathat are very
salt resistant, and that have these red pignents that
grow in there.

So, so far we have not seen it in halo
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files, or what we call halophytic or salt |oving
bacteria in the repository, or we have not seen them
in the test kits either. So that is good news.

So how much water? Well, if it is free of
relative humdity, then probably we are talking 90 to
95 percent, and all you need is a film You don't
need it to be dripping.

But then you might start at relative
hum dities i f you have hal o tol erant bacteria and you
get this deliquescence on the packages or other
surf aces.

MR. LEE: One other conment. |In another
life | actually worked on hydrothernmal vent systens,
and marine sedi nents, and i n answer to Ray's questi on,
you generally see some sort of divergence of the
nmet hane producers, versus the sulfide producers,
versus the sul fate producers, and sul fide oxi di zers,
excuse ne.

And you see a stratificationin sedinents,
but frankly you see a | ot of cross-over and you see
m xtures of bacteria that in theory should not be
growing together and they are, and the usual
expl anati on was t hat you have m cro-environnments t hat
favor either nore reducing or a nore oxidating

envi ronnment .
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And the other thing is that hydrothernal
vent systens have t hese wonderful communities of life
novi ng around and they are all living on essentially
the bugs that oxidize sulfite, as a conpletely
chenor odi ct hrophi ¢ system

And so once you get one growing, pretty
soon you colonize it with all kinds of other things,
and the last thing is to remenber that the reason we
have oxygen in the atnosphere i s because of bugs. So
no matter where they are, in the earth, or even deep
into the earth, one finds bacteria, and they are
living off of sone sort of energy source.

CHAI RVAN HORNBERGER: Don't forget there
has to be an energy source, and thereis a pretty darn
good energy source at those vents. Any ot her
questions nor comments from anyone?

MR. SHETTEL: Don Shettel for the State of
Nevada. Are you planning to | ook at any ot her water
composi ti ons besides J-13?

DR. HORN: Well, the problemis that you
| ook at nore materials and nore water -- well, we are
| ooki ng at hi gh reactions and ot her pHs i n t he cont ext
of what we saw in corrosion tanks.

MR. SHETTEL: Well, does that nean |ike 10

times --
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DR. HORN: Actual ly, t he nor e

concentrated, it is a thousand tines. W are
attenpting to expand the matri x sonmewhat, but it is
just difficult because a |ot of these are long term
tests, and they take a | ot of mmi ntenance, and howto
gauge that is difficult to acconplish.

MR, SHETTEL: Yes, but port water has
hi gher sul fate and nitrate, which m ght be i nportant.

DR. HORN: Well, already we knowthat the
ground water has enough sulfate and nitrate. You
al nost can't have too nuch sulfate and nitrate for
bacteria, because that is what we call macronutrient.

| nean, it is in all your proteins, and
your DNA and all the nmenbrane proteins. So you need
a |l ot of phosphate and sulfate, nitrate, or nitrogen,
and sul fur, as well as a carbon source. And those are
the four things that you need a | ot of.

So to increase it 10-fold wouldn't be a
bad thing. It wouldn't prevent mcrobial growth. W
are nore concerned with nitrate concentrati ons being
depl et ed by bacterial growth because it turns out that
nitrate kind of conbats chloride. Chloride generates
corrosion, andnitrate sort of enolliates that effect.
So the nitrate and chloride concentrations are

i mportant, and those ratios are inportant and is
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sonething that we are interested in | ooking at.

MR. SHETTEL: And ny next questionis that
| know that you are going to try different
t enper at ures, which is good, but when the coupons are
submer ged bel ow t he sol uti on t hough, that is okay for
anaer obi c bacteria, but wth the aerobic ones, you
should be trying perhaps to drip the water on the
coupon.

DR. HORN: W have thought about doing
t hat . Actually, in the tanks, they are very
vigorously m xed and so it is an area of environnent,
and it is not a closed system It is generally
closed, but it's not like it is sealed. And then
t hese things are being continuously m xed.

MR. SHETTEL: And that would mimc a thin
film and you mght find on the canister?

DR. HORN: Right. And when we sanpl e the
tanks, we actually sw pe the surfaces, too, to see if
we can expect nore to be attached to surfaces.

CHAI RVAN HORNBERCGER: | don't want to
interrupt, but | don't want to carry on too nuch into
deeply exactly what is neasured, and what the plans
are, because a lot of this can be done off the record.
| s there anot her question?

MR. TYNAN: Mark Tynan, fromDCE. | was
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going to try to lead you to the final question. |If
you | ook at the species that you have identified from
t he rocks at Yucca Mountain, how do they differ form
the ones that | find in nmy aquarium at hone?

DR HORN: Well, your aquariumis alittle
bit different environment. But in your garden, |
woul d say they are a lot closer, although generally

there is a lot nore organic material in your garden.

MR. TYNAN: How about on the surface area
at Yucca Mount ai n?

DR. HORN: You know, we haven't actually
| ooked at that, and that is one of the things that I
have been wanting to | ook at, particularly inlikethe
pl ayus (phonetic), these dried up salty | akes and so
forth in that area, because that nay be a good
m m cki ng environment for these surface grinds that
t hey are expecting nmay devel op on the surface of the
packages. But great question. | would |l ove to do the
experi nment .

MR. TYNAN. Fromwhat you have | ooked at,
your factor of two on C22, is that incorporated inthe
TSPA SR?

DR HORN: Yes, it is.

MR TYNAN: And is it includedin SSPA and
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the FEI'S cal cul ati ons?

DR, HORN:.  Yes.

MR. TYNAN. And so you ar e addi ng sone new
thingsinthe futurethat will be avail abl e t hr oughout
that will be available for LA that you indicated --

DR. HORN: Absolutely. And | knowthat a
lot of this data is in the data bank, and we very
shortly are going to be putting a lot into it.

MR. TYNAN: And then ny |ast question is
that | amleading up to is does your study indicate
that |ong duration ventilation would be bad for the
repository because of introduction of organi sns that
aren't there?

DR. HORN: Well, it is kind of a doubl e-
edged t hing, because you are going to be introducing
organi sns, but you are al so going to be drying things
out. And | think probably the dryout factor overrides
the i ntroduction factor, because if you dry everythi ng
out, nothing is going to grow anyway.

So | think during the ventilation period
it is agoodthing internms of corrosion, because it
will elimnate water.

MR. TYNAN. Ckay. Thank you.

MR. LEVENSON:. | have one ot her questi on.

You showed pictures of several different types of
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equi pnent, but just to get a feel for the scope of the
program how many speci nens total do you think there
is, including your long term prograns?

DR. HORN:. | think a couple of hundred.

MR. LEVENSON: A coupl e of hundred?

DR, HORN.  Yes.

MR. LEVENSON: Sone of the tanks have nore
t han a hundred.

DR. HORN: Yes, but we go like into depth
on each coupon.

MR. LEVENSON: No, | nean the total nunber
of coupons you have in the program

DR. HORN: You nean inthe entire progranf

MR, LEVENSON:  Yes.

DR HORN: Go ahead, Dan.

MR. MCCRITE: W have nore than 20, 000.

CHAI RVAN HORNBERGER: Thanks very nuch
Joanne.

DR HORN: Thank vyou all for vyour
attention. It has been a long day and | really
appreciate it. Thank you.

CHAl RVAN HORNBERGER: | t hi nk because we
had a break earlier, we are just going to continue on
with our agenda. Qur agenda now is open, and

basically we are open for questions and coments on
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anyt hing that has been heard today and actually not
evenrestrictedto anything that has been heard t oday.
We are open to hear any questions or coments that
peopl e may have.

(No response.)

CHAI RVAN HORNBERGER: | f not, very good,
and thank you all for attending. W are adjourned.

(Wher eupon, at 5:13 p.m, the neeting was
adjourned, to reconvene at 8:30 a.m, on Thursday,

Sept enber 26, 2002.)
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