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+ 4+ + + +
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+ 4+ + + +
ROCKVI LLE, MARYLAND
+ 4+ + + +
The Advi sory Conmittee net at 8:30a.m in
Room T-2B3 of the Nucl ear Regul atory Conm ssion, Two
White Flint North, 11545 Rockville Pike, Rockville,
Maryl and, Dr. M chael T. Ryan, Chairman, presiding.
MEMBERS PRESENT:
M CHAEL T. RYAN, Chairman
ALLEN G CROFF, Vice Chairman
JAMES H. CLARKE, Menber
W LLIAM J. H NZE, Menber

RUTH F. VEI NER, Menber
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PROCEEDI NGS
8:51 A M

CHAI RVAN RYAN: The neeting will cone to
order. This is the second day of the 165th neeting of
the Advisory Committee on Nuclear Waste. M nane is
M chael Ryan, Chairman of the ACNW The ot her Menbers
of the Conmittee present are Vice Chairman Al an Croff,
Rut h Weiner, Janmes C arke and WIIiam Hi nze.

During today's neeting, the Conmttee will
hear a briefing by and hold discussions wth
representatives of the Ofice of Nuclear Regulatory
Research on radionuclide sorption in soils and its
i npact on reactive transport. W' |l make preparations
for the Comm ssion briefing on January 11, 2006 and
we'll hear presentations and hold discussions wth
representatives of the U S. Geol ogi cal Survey and t he
O fice of Research regarding denonstrations of the
generalized conposite approach to nodeling reactor
transport.

W will discuss the Committee's draft
whi t e paper on | ow | evel radi oactive waste and di scuss
draft comrittee letters and reports.

This neeting is being conducted in
accordance with the provisions of the Federal Advisory

Committee Act. M. Alan Pasternak of the California
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Radi ati on Forumwi || be participating by phone during
di scussion of the | owlevel waste white paper.

It is requested that speakers use one of
the m crophones, identify thenmselves and speak with
sufficient clarity and volume so that they can be
readily heard. It is also requested that if you have
cell phones or pagers that you kindly turn them off.
Thank you very much

| have one itemwith regard to staff that
|"dlike to bring to everybody's attention. M. Jesse
Del gado of the Advisory Conmittee on Reactor
Saf eguar ds and Advi sory Comnmittee on React or WAst e was
honored at the Hispanic Enpl oynent Program Advisory
Commi ttee dinner |ast week. Jesse received this
year's Equal Enploynment Qpportunity Award, co-
sponsored by the Ofice of Small Business and G vi
Ri ghts and t he KEPAC or gani zati on for her outstandi ng
service over a nunber of years. The EEO award is
presented i n recognition of outstanding contributions
to the advancenent of equal enploynment goals and for
pronoting diversity within the Nuclear Regulatory
Conmmi ssi on.

Jesse, we congratulate you on this
recognition and 1'd like to make that part of the

record.
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(Appl ause.)

Thank you very nmuch for all that you do
and all that's ahead and we appreciate your service.
Thank you very nuch.

Wth that, I will turn over the gavel to
Ruth Weiner who will be | eading us through the two
presentation sections today.

MEMBER VEI NER:  Thank you, M. Chairman.
Thi s morni ng we' re goi ng to have several presentations
on research on reactive transport and |' mgoi ng to ask
Bill Ot from the Ofice of Nuclear Regulatory
Research to lead off and to introduce our speakers.

Do you want to speak from back there,

Bill?

MR OIT: This will be fine.

CHAI RMAN RYAN: Just for the reporter, if
you will identify yourself and who you're with. NRC

is fine and then every ot her speaker do the sanme, and
that will be great. Thanks.

MR OIT: Okay, I'mBill at. I'mfrom
the -- I"'ma section chief in the Ofice of Nuclear
Regul atory Research for the Nuclear Regulatory
Conmmi ssi on.

And just one minor correction. Ruth knows

JimDavis couldn't be with us today, so the afternoon
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session is actually not going to take place. W're
going to extend the norning session a little bit and
cover a little bit of what Jimwas going to deal with
with regard to the OACD Nucl ear Energy Agency. |'ll
do that presentation.

Hopefully, if it neets with your schedul e
and Jims, we can bring themin in Decenber, to talk
about the Naturita Project whichis really the second
phase of this work that we're tal king about today.

And basically what we're tal king about
today is how we deal with chemcal interactions in
soi |l s wit h graduat ed radi onucl i de transport processes.
It's been a thorn in the side of PA nodelers for years
and we've extended considerable effort in trying to
come to grips with this problemand we're going to
talk to you about some of those efforts that we've put
forth today.

First talk is going to be Randy,
presenting sonething that Jim Davis and he
col |l aborated on with regard to sort of an overvi ew of
the research that we've been putting together. Then

Randy, Randy Cygan and Susan Altman will present the

work that's been done by Sandia and will give you a
fairly detailed overview of that work. They'Il end
with a discussion of the MOU which was -- there's a
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Menor andumof Under st andi ng wi t h many f ederal agenci es
dealing with rmulti-nedia environnmental nodeling,
research and devel opnent of those nodels. And we have
a wor ki ng group on reactive transport. W had a maj or
wor kshop about a year ago and they're going to discuss
the results of that workshop

The next presentation was supposed to be
JimDavis. That's not going to happen and then |'|
end up this nmorning with a discussion of the NEA
sorption project which is an international effort

that's been trying to deal with the sorption effort.

Wth that, I'Il turn it over to Randy
Cygan.
Randy?

MR. CYGAN. Does the Comrittee prefer that
| sit? 1'd rather stand or --

CHAI RVAN RYAN: We'll have to get a | apel
m crophone for you, if we do that and you're wel come
to do it any way you're confortable.

MR- CYGAN:. | should be rmuch nore
confortable standing, if you don't m nd.

CHAI RMVAN RYAN:  You need a microphone.
W' re recording.

MR. CYGAN. | assunme you can hear ne?

Okay. Randy Cygan, Sandia National Labs for the
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record. Thank you, M. Chairnman, Dr. Winer and the
rest of the Conmttee Menbers.

| appreciate this opportunity to present
our summary of our studies, the results of our work
this nmorning. Sort of just recently we | earned about
JimDavis not being able to attend today, so Jimwas
able to e-mail ne sone introductory slides. | got
them on Saturday and |I'm going to present them now.
These were prepared by Jim and hopefully I'1l be abl e
to represent best as | can sonme of the findings.

They're really neant to be an overvi ew of
where all of our projects fit together. It's sort of
how t hey dovetail together and relate to perfornmance
assessnment for |ooking at either deconm ssioning of
nucl ear power plants or dealing with nuclear waste
sites, mning, tailing operations and that sort of
t hi ng.

W al |l agree, at |l east in the geochem stry
discipline, the critical need for understanding how
radi onucl i des m grate through the environnent. W're
nost concerned, the USGS and Sandia were nost
concerned with sorption processes and trying to
under st and how we can best descri be the chem stry and
then transfer those into reactive transport nodeling

and hydrol ogi c transport codes that eventual | y get the
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answer, if you wll, wth regards to performance
assessnment, ultinmately the dose rate that eventually
goes into the water supply, for exanple.

So we do have sone issues about making
this conbination, just ground water flow m xing in
fl ow environnents, fractured fl ow, porous nedia flow
We know that there are some concerns across the
extensive paranmeters of being pH, carbon dioxide
content, these partial pressures, radionuclides
concentration, tenperature, ionic strength and so on.

Thr oughout the presentations this norning,
you'll hear a | ot nore of these details being brought
out, but in this overview, what we're trying to do is
conbi ne the nore standard approach, conbine it with
very detailed chenmistry and try to get a fairly
generalized and detailed reactive transport nodel
that's presented here, essentially |ooking at
concentration profiles, a radioactive plunme that goes
downstream from the source. And then trying to
incorporate that, as | said, into perfornmance
assessnent.

To back up a few steps, to give you an
idea of what's involved in |looking at the
t her nodynami cs, trying to generalize t he

t hernodynanics to better | ook at sorption processes,
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typically, we always -- geochem sts will go back to
just looking at standard solubilities and this is a
plot of the law of concentration of sone aqueous
species as a function of pH Thee's a fairly narrow
pH range from 5 to 7.5. This is showi ng you the
solubility curve for schoepite, a uranium ore.
Essentially, this dotted line represents
that solubility curve, know ng that at | ow pHs we have
hi gher solubility. Mddle range, it drops. Geater
solubility off on the right, but underneath this
solubility line, this limt, are a set of lines that
describe the speciation in this aqueous solution,
above the uraniummaterials that can cone out when you
di ssol ve the schoepite. These range from uranium --
uranyl sul phate, uranyl oxide, the standard uranyl
cadi on and then as you go up to hi gher pHs, especially
where you have CO, being involved in the reactions,
you start to formthese quite stable uranyl carbonate
conpl exes. But this is the standard approach aqueous
geochem sts having been wusing to just |look at
solubility limts and what the speciation mght be.
Now these details are quite inportant,
especially at the high pH ranges where we start to
formthese carbonate conpl exes. And you'll see later

on how critical they are.
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Now we al so have the availability to | ook
at the speciation across pH range and how it varies
each of these species. Wat we have here is an
overview, an overlay of all the different conpounds:
low pH, typically uranyl; mddle pH range, we have
t hese hydroxides that come out as species and then
again as | "' mrepeating, the carbonate conpl exes is at
the high pH You start to see this trace of these
curves and they sort of map out what | showed on the
previous slide for the solubility of schoepite.

Now that's +the standard geochenica
t her nodynani ¢ approach, know ng that we have a solid
phase that can di ssolve and precipitate, if you will.
W have species that occur in solution as a result of
that dissolution and we're taking that one step
further. And throughout the rest of the presentation
you'l |l be hearing nore and nore about how the solids
come into play and what are the sorption processes
t hat occur on these solids.

And this is a representation of hematite
and what we're able to see using sone fairly advanced
anal ytical methods, specifically extended x-ray fine
structure, absorption fine structure ex-outs, you can
get the details of what a sorption conplex m ght be.

And we know from those studies that we can form a
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uranyl (VI') carbonate conplex right on the edge of this
parti cul ar pol yhedron representation, the octohedran
in hematite. So this is a very fine detail that we're
getting. And what we're trying to do is conbine these
data to devel op the reactive transport nodels.

This is a set of results now for uranyl
conpl exes on hematite and you can see the detail. You
get the coordination of the wuranyl group. |It's
coordi nati on wi th carbonat e groups, other oxygens, and
then with the substrate itself, the iron oxide.

So in the first part of the slide you
essentially see the thernodynam cs, how you would
write an associ ation constant, an equilibriumconstant
for how uranyl wll conplex with sulphite in this
exanple. This is an aqueous solution. Sinple Kis
just the concentration of the conplex divided by the
reactives. Okay?

Now when you have a substrate and you
start to |l ook at the associ ati on of these conpl exes or
some subset of those conpl exes with the substrate, you
can wite very simlar thernodynam cally grounded
reactions as well. Here we have a mineral surface, in
this case it's an iron oxide reacting with the uranyl
(VI) cadion and with water and you formthis now

stable sorption conplex here, represented on the
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right.

And just like you would for the aqueous
system you could wite a sorption reaction here and
an equilibrium constant. W' re using fundanenta
t hernodynanmics now, using mass action laws to
under st and now sur f ace speci es, anal ogous as you woul d
wi th sol ution conpl exes.

Now this is just a repeat of the previous
slide, but we want to know t hat when you wite these
Ks you al so have Ks that are invol ved with the aqueous
solution, so what we want to | ook at is what's going
on in the solution and how it mght affect the uranyl
concentration here. And | could step up in this slide
and you can start to see now that we have a set of
mass action | aws, a set of equilibriumconstants that
now wll af fect, for exanpl e, the carbonate
concentration in this system And we know that the
uranyl will be reacting with the carbonate to form
these, for exanple, these type of conplexes and
sol uti on.

And this rigorous description of the
t her nodynanmics will control ultimtely hownuch uranyl
is nowgoing to be available to formthese conpl exes.
The point I"'mtrying to make here or | should say the

point that Jims trying to make here is that it's not

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

15

asinple Kd. It's a very conplicated chenmi cal system
that you're trying to describe and a Kd may work in

some cases, but it's just not going to work if you

want to be rigorous and general in describing how

uranyl will sorb, for exanple.

This is an exanple if you take it one
further step going into a reactive nodel where you
| ook at a breakthrough curve for let's say a plune
goi ng downstream |In one case, you night have a
sorbi ng solute, sone substrate here that's going to be
reacting with sone conponent. And the blue case, it's
a nonreactive tracer, so obviously this guy is going
to be goi ng downstream and not sorbing, whereas this
guy is going to be sorbing and you could use the
classic Kd to describe it. There is a retardation
factor that's invol ved here i n howyou m ght attenuate
the transport of the sorbing sol ute.

But we know and |I'Il be show ng you
exanpl e of how variable that result will be if you
start to conpare Kd with the nore rigorous
t her nodynani ¢ sorption nodel. Jimuses TSMto
descri be that as thernodynam c sorption nodel. "1l
be using SCM surface conplexation nodel to | ook at
t he specifics of how you describe the sorption.

This past slide is sort of a general
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slide, showi ng you the different | evel s of conplexity,
as you go froma sinple KD nodel which is very typical
of performance assessnment codes, where you have a
fairly sinple chemstry, constant chemstry and a
sinple linear absorption. You could step up a little
bit by | ooking at isotherns, nonlinear isothernms such
as a Freundlick and then what we're proposing and al
the studies that you'll be hearing | ater about

vari abl e chemi stry where we have aqueous reactions
that are involved with the sorption reactions nuch
nor e sophi sti cated approach, but in this case we have
the fractionation being represented as a function of
chemi stry, so these are the TSMs.

So obviously in the bottom slide,
denonstrate how TSM can benefit PA by increasing the
scientific credibility and reducing uncertainty in
representation of the sorption process and | think
that's a nice little summary statenment that Jim has
generated, just denonstrating that if we spend the
effort, look at the chem stry, try to generalize it,
be t hernodynami cally solid in howyou evaluate it, you
can get a nuch better description of sorption. You
could allow all the variables to be introduced and
understand those variables and how they influence

sorption. And this way you could al so reduce the
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uncertainty.

Now | ' m going to step into the next
presentation. | don't object to having questions in
the mddle of the presentation. Wat does the
Committee --

MEMBER VEI NER: | was just going to ask if
the Conmittee has any questions now.

MEMBER CLARKE: Randy, this may becom ng
up. So far everything you've been tal king about is
equilibriumsorption, is that correct?

MR CYGAN.  Yes.

MEMBER CLARKE: Are you doi ng any non-
equilibriumwork at all?

MR. CYGAN. There are ways to introduce
t he non-equilibrium conponent, trying to get kinetic
factors in there. Those have been introduced at sonme
| evel of sophistication. As you probably know, we
have difficulty with even thernodynam c paraneters.
Kinetic factors paraneters, reaction rates are nuch
nore difficult to ascertain, either experinmentally or
fromtheory

W do have the structure together to
i ncorporate them but there's some hesitancy in just
automati cally dunping in paraneters.

VMEMBER CLARKE: | under st and.
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MR. CYGAN. So yes, sone studies have been
done and quite successfully, but I'mnot going to be
presenting those in this norning s presentation.

MEMBER CLARKE: Fair enough, thank you.

MR. CYGAN. That's a good questi on.

MEMBER HI NZE: Randy, what is the order of
magni tude of the difference when you consider the
t her nodynani ¢ nodel versus a sinple Kd? Wat ki nds of
orders of magnitude are we working wth?

MR CYGAN. ['Ill be showing you in a
second sonme exanpl es of what that conpari son m ght be,
but there are sone where they're in fairly good
agreenent within an order of nmgnitude, for exanple,
sone factor, wherein in other cases you nm ght see many
orders of nagnitude conparing Kd to the thernodynanic
nodel. But it's so site specific on application.

MEMBER HI NZE:  What about ot her vari abl es,
tenperature and the like? Are these affecting the
results in a neani ngful way?

MR. CYGAN. Oh certainly. You could use
t he structured t hernodynam c approach to | ook at heat
capacity effects and ant hal pies and how t hey m ght
influence sone of these constants, sonme of the
t her nodynani ¢ paraneters. A |lot of systens, we know

these values quite well and we could easily
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extrapolate from the room tenperature values for
reaction constant. W could certainly get them scal ed
up to the right tenperature for the application. Qur
reactive transport nodel s often are pol yt hermal , goi ng

t hrough several different tenperature excursions and
we have a good feel for a |lot of the paraneters, how
they vary with tenperature and so there is sone
consi stency there.

Wth sorption dat a, there's some
uncertainty wth regards to higher tenperature
extrapol ati ons, but there are a handful of people.
W're not doing this work, but | know there are
several groups that are looking into how high
tenperature processes will affect sorption

MEMBER HI NZE: And these are effective
both in the unsaturated as well as the saturated zone?

MR. CYGAN. Yes. |In fact, part of the
MU, one of the findings of the MOU and our workshop
from last year is to essentially start |ooking at
betyl zone scenarios, trying to get a better feel of
the saturation rate and | ooking at the cyclic nature
of wetting and that sort of thing.

MEMBER HI NZE: That will be interesting.

CHAI RMVAN RYAN: | guess I'mthick in the

head for the day. |I'mkind of interested in the
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certainty or uncertainty questions and when | hear
that -- and neasurenent, | guess. You know, what do
you neasure and what are you cal cul ati ng and how does
this inprove ny ability to really tease out what is
ri sk significant?

Don't answer that necessarily with your
i ntroductory stuff, but | would be kind of interested
in how this view of transport will give ne a better
insight into what's noving where, when so | can then
have a better estinmate of ultimate risk from that
activity. | understand it has its own nerit as the
sci ence of transport, but I want to think about and
al ways think about well, does this help nme to make a
better dose estinmate.

MR. CYGAN: It cones down to a
phi | osophi cal question in sone cases when we start to
| ook at some of these sensitivity and uncertainty
anal yses and you' || see sone exanpl es that might help
expl ain that better, but yeah, when you try to | ook at
howal | these di fferent paraneters, especially if some
are paraneterized from enpirical measurenents, it's
interesting to see howthose areas are propagated down
the radionuclide, the path and then ultinmately to
dose.

CHAI RVAN RYAN:  Sure.
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MR. CYGAN. That's a critical question
obvi ously for PA

CHAI RVAN RYAN:  And | think frommy point
of view and perhaps the Commttee's focus is that's
probably the «critical value of these kinds of
i nprovenents, if we can do a better job of perfornmance
assessment or risk-informed perfornmance assessment.

So just the thought as you and the other
speakers come al ong that those kind of questions are
on ny m nd.

MR. CYGAN. W'Il| be addressing them
You'll see shortly sone exanpl es.

CHAI RVAN RYAN: Great. Thanks.

MEMBER VEI NER: Any of the staff have any
guestions at this point?

Go ahead then, Randy.

MR. CYGAN. Ckay, now I'mgoing to switch
to specifically the Sandia effort. And I'll be
| eadi ng of f and then Susan Altman will be foll ow ng e
on sone of the characterization studies.

Specifically, the contract --

MEMBER VEI NER: Before you start, could
you tell us what JCN is?

MR. CYGAN. That's a good question for ny

NRC manager, | guess.
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MR OIT: Job Control Nunber.

MEMBER VEI NER:  Thank you.

MR. CYGAN. We were working with JCN for
so long, it's sort of one of these things you just
accept. W' ve been working on JCN for the |ast three
years, this particular JCN. W' ve been funded
previously through contracts with the NRC. CQur
earlier work has always -- well, we've always been
| ooki ng at sorption processes and we did a |lot nore
| ab benchwor k during that previous and I'I|l nention it
briefly coming up here.

Actually, hereit is. Here's another JCN,
the W811. In that effort, we were | ooking at nore
| ab bench based anal ysis of sorption. W were | ooking
at sorption of cesium sorption of strontium | ooking
at their behavior on goethite, ferrihydrite. W also
did some theoretical work for that effort and
ultimately what came out of that were four summary
NUREG reports and there are a handful of journa
articles and book -- articles in books that related
specifically to sorption.

The present one we started in July 2002,
we nmet all these deliverables since right now we're
under -- | forgot the term-- no cost extension. W

are in the mdst now of witing up a |lot of our
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studies, trying to finish those in terns of journal
articles, but we submtted all of our NUREG reports.

| took this directly from our original
189, the proposal for the current project and
obviously, | don't want to read it, but | think it's
a very good description of why we want to get beyond
t he Kd approach and what the projects' objectives
Wer e.

Inthis effort, what we were trying to do
t hough is get beyond the Kd generalized sorption
nodels. W had a task that's related to | ooking at
t he uncertainty as brought up by the Chairnman, | ooking
at how the uncertainty and sorption paraneters wll
ultimately affect what's observed downstream for
exanple, the evolution of a contam nant plune. W
have a conponent that Susan is going to be describing
shortly on the characterization of sorption in soils,
conpl ex soils, mneral mxtures. And then we al so had
a theoretical effort that involves nol ecul ar nodel i ng
whi ch m ght be the nore unusual approach to | ooki ng at
sorption and |I'I|l be presenting that next.

| guess this is just a sunmmary of the
formal tasks. Task 1 was the work plan. Mol ecul ar
nodeling is Task 2. W're |ooking at uranyl and

cesium There was a probabilistic approach; and
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characterization, and then finally our |ast task was
added on about two years ago and this is related to
the interagency MOU and related to al so our workshop
that was held in Al buquerque.

In terms of deliverables, these are sone
recent NUREG reports that came out. The starred
entries are the topical reports that were required
under our contract and those were delivered just
recently. | can provide hard copies to any -- or
el ectronic copies to any of the Conmttee Menbers, if
t hey request one.

And then in the last two years we've had
t hese peer-reviewed journal articles. | believe al
are published and one is about to be submtted and |
provided those to the Conmittee this norning,
reprints.

MEMBER VEI NER: Let ne just interrupt a
nmonment. Randy has supplied copies of a nunber of
publi cations and we have -- and we can have CDs nade.
W have several CDs of the presentation and these will
be supplied to the Comrttee.

MR. CYGAN. kay, |I'mnow going to talk
about Task 2 and spend about 10 m nutes di scussi ng how
we' re using nolecular nodeling to help us towards

understanding how sorption occurs and one m ght
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extrapol ate fairly fundanmental approach to | ooking to
atons interacting with other atoms, specific chem cal
species on the surface of a substrate, such as a
mneral, in this case a clay; how we m ght use that
type of fundanental interaction, how we m ght
extrapolate that to | ooking at Kds. And |I'musing Kd
in the PA sense, you know, how we could get out a
fundamental property, albeit a Kd, but how we can
generate those nunbers from al nost first principles,
nmet hods.

And |' mappreciative of the NRCin hel ping
us start a lot of this work. | should also
acknow edge that BES funded sone of the force field
devel opnent. That's the fundanental set of
i nteraction paraneters.

So let ne just describe why this is a
difficult task and |'ve sort of been heading this
aspect of the project, so this is one of ny pet
projects, is to |l ook at how we can use a clay and how
we descri be atom stically howthe conponents of a clay
interact with each other, and then how that clay
surface theninteracts with t he aqueous systemand t he
species in that system

The problemw th clays, and this is sort

of a ~coined termnow, a nanocrystalline or
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nanomaterials, they are al nost cryptocrystalline. W
don't know the structure of a clay. They don't occur
inlarge crystals that could be on a defractoneter and
develop a refinement through a refined crystal
structure. Cays just don't have that type of
ordering, the crystallinity needed to get that type of
detailed picture. And often a clay mneral ogist wll
rely on a nol ecul ar nodel, at |east the nodels that
we' ve been devel oping to have a better feel for how
t hat cl ay behaves, what its structure is |like, howthe
interlayer varies and just its normal dynam c and
structural behavior.

One uncertainty here though is that it's
hard to get hydrogen positions, hydroxels. You need
to go to sophisticated nmethods such as like the
neutron source up at -- neutron defraction nethods
like at Los Alanos which we often use. C ays
typically are multiconponent systens, have |ots of
di sordering, obviously sone vacancies as well. They
have very | ow symmetry, nonoclinic or triclinic and |
think |I already nmentioned they have this disordering,
especially in the stacking level. So if you have clay
| ayers, they don't stack in a very |ong-range
ordering. They have a |ot of disorder here and that's

the critical factor and why we don't understand cl ays
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wi th standard techni ques.

However, with atom stic nethods, we can
start to wunravel what's going on on the clay
structures and behavior. Typically, we require an
accurate, enpirical energy force field and this is a
wor k that DOE3 BES hel ped to fund as well. Quantum
nmet hods are way too costly. These systens are quite
| arge, nmany hundreds of atoms. They have |arge
el ectrostatic fields because of the | ayered structure
and often it's difficult to validate the nodels.

So here's an equation that pretty nmuch
describes atom c i nteractions, at |east the style that
we use to do our nolecular nodeling. It's fairly
sinple and that's why it's so successful, is that we
paraneterize interaction paraneters, these A, B and Q
terns to describe how atomA interacts with atomB or
inthis case | with J.

I f you renmenber back to chem stry and
physi cs cl asses, the bul k of interactions are goingto
be Coulonmbic in nature. That's sinply a 1 over R
term very long-ranging and in this case & are the
ion charge or partial charge, okay? And then the
short-range i nteractions are described by these A and
Bterns. One over Rto the 12th and 1 over Rto the

sixth. This is a Vandervals interaction term
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Essentially, you have the electrostatics of |Iike
charges interacting. They'll collapse on each other,
unl ess they have a Vandervals term that keeps those
two ions apart. Ckay?

And what we' ve done i s paraneterize all of
these terms here by | ooking at sinple oxides, sinple
hydr oxi des. W' ve often done quantum cal cul ati ons
using sone high level bases set to |look at the
structure and as a result of all this effort, we were
able to generate a set of force field paraneters.

The force field paraneters are t he key for
how we describe atonms interacting with each other
They are anal yti cal expressions that the conmputer can
essentially evaluate for given di stance of separation
for certain geonetry of atonms, okay? So now we take
one huge step and we go to a sinulation of a solution
interacting with the cl ay.

W' ve taken | ots of baby steps | eadi ng up
to this. 1In fact, we've probably taken about six
years of baby steps intrying to take force fields for
clays into something as conpl ex as an aqueous uranyl
solution interacting with a cl ay.

We've done a |lot of validation work on
| ooki ng at just the standard structure for clays when

we do know their structures. They've all been
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validated with this nmethod. W' ve done a ot of
guantum work as well to go along with this, but we
have a lot of confidence that this force field is
doing what it's supposed to do. The force field is
very sophisticated in that it also allows you to | ook
at vibrational spectra, sonething that is well beyond
t he typi cal nol ecul ar nodel i ng approach and thisis --
this Cayff has been quite successful.

So here's the simulation cell. Coviously,
t hese are done on clusters or super conputers. These
are nontrivial calculations. This is an aqueous
systemof uranyl and sodi umand t here's sone carbonate
up here in this aqueous system Here's our clay
substrate. It has an inner layer of sodiuns here and
there's also an external surface down here. This is
a periodi c i mage, periodi c boundary conditions, so you
coul d extrapolate this cell in three dinmensions. And
so part of the calculation requires that we do that.

What we're trying to look at is how often
we start to formthese uranyls and here's the uranyl
here, the central wuranium and the two oxygens
associated with the uraniumand then it's coordinated
wi t h carbonates.

What we're trying to do is run a nol ecul ar

dynam cs simulation of this system W did it for a
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pryopphyllite substrate, as well as two different
nmontnorillonite substrates. The pryopphyllite was
chosen because it has zero charge. Mntnorillonite
cl ays have charge devel oped i n t he oct ahedral | ayer by
substitution, very standard soi | m neral .
Montnorillonite has sone variability in its charge,
but here's a low charge nontnorillonite and a high
charge nontrnorillonite.

Sorptionis primarily goingto be directed
by the charge, electrostatics, okay? So we didn't
expect to see nuch sorption of pryopphyllite. If it
does occur on pryopphyllite, it's a very | ocal effect.

W run M simulations under these
conditions and let ne just show you what we can get
out of these simulations. This is backing up a second
here. Typical property structural data we can get
from these sinulations, obviously, we conpare that
with the fraction. So this is our validation approach
on the right.

We can | ook at |ocal atom c coordination
t hrough sinulation with the generate RDFs, the radi al
di stribution function, know ng the | ocal geonetry and
obvi ously, | nentioned earlier we coul d associ ate t hat
with sorption x-ray spectroscopy, in this case, x-

axi s, for exanple.
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W could also look at interfacia
structure through atomc density profiles and
experinmentally, we can work with the advanced photon
source at Argonne, for exanple, or Brookhaven and
generate a high resolution x-ray scattering work to
conpar e.

And then as | nentioned earlier, we can
al so get vibrational data with this force field,
sonmet hing call ed the power spectrum and conpare that
directly with observed infrared and Ranan dat a.

This is just background on the force
field. Cdayff is the main enphasis for the clay.
Some of the other aqueous species are brought in
t hrough sonme other force fields, just an i dea of what
t he charges m ght be.

VWhat we did in this particular case, we
ran 10 sinul ations of 1 nanosecond each. That means
we took a mllion tinme steps. This is a very high
| evel anount of calculation time, taking one mllion
time steps of one phenpto second. So we're | ooking at
very detailed tine scales. This is well below what is
expected for vibration of an On, for exanple.

Here's an exanple of the RDFs. This
essentially is showing you the wuranyl carbonate

interaction in black. The uranyl water interaction,
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t he other coordination |igands here and then you can
get off into the diffuse region. This happens to be
t he second oxygen on the coordi nated carbonate group
to the uranyl, this black one there.

W started looking at the aqueous
speci ation --

MEMBER VEEI NER:  Randy, excuse nme. Wat is
your X axis?

MR CYGAN. Oh, RDF, radial --

MEMBER WEI NER: That's the Y axis.

MR CYGAN. Oh, I'msorry, the abscissa is
R, distance in angstrons.

MEMBER VEI NER:  Thank you.

MR. CYGAN. Now |'m presenting this detai
SO you can see the extrapolation now into generating
a reaction constant for a sorption. W're going to
| ook at uranyls sorbing on to the clay to get this
associ ation. And obviously, you could wite a
reaction constant for that and convert that to a Kd.

And this is essentially the nechanics of
how we go about doing it, essentially flip the cell on
its side and we generate an atomic density profile
that is the density of a particular atom over the
whol e sinulation tine as a function of di stance and we

try to correlate the actual imge with the profile
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bel ow and you can start to see the sodiuns in the
inner layer. Here's a sodium peak. There's another
sodi um peak. These are sort of the aqueous I|ike
sodiuns and this is the clay. This is the clay. And
then all the action that's critical for deriving Kds
is out here. Here's the sorb uranium peak that occurs
right here. There's two uranyls that are sorbed to
this particular surface and then we have a diffuse
regi on where t he uranyl concentration changes as we go
out into the bul k.

So taking all those sinmulations, | forgot
to nention that we did 10 simul ati ons of a nanosecond
each. Fromthat, we could generate a Kd and here |
plotted Kd for the nontnorillonite, high charged;
montnorillonite, |ow charge and the pryopphyllite as
a function of the carbonate concentration. W vary
t he carbonate concentration in the solution.

Now this is just showing the extrene
detailed | evel that sorption can occur differently on
the same mineral, but a mneral having different
charges, |low charge, this is high charge. GCbviously,
the Kd, alnmost by a factor of 10 variation in this
si ngl e phase. Ckay? Conparing that to pryopphyllite,
and this is a log scale, you can see that

pryopphyllite, as expected, has low sorption
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represent ed here.

Now we extended sone of the simulations
out to a |l arge carbonate regi on without nodifying the
uranyl just to get an end limt.

W showi ng the results as Kds. Cbvi ously,
we could generate a surface conplexation nodel on
these data. But if we're just generating Kds, this is
denonstrati ng what we want ed, so the point that we got
out of all of these simulations is that we form
carbonate species out in solution and I think in Jim
Davi s' introduction we talked about the carbonate
conpl exes that form w th uranium and here we are in
this force field wth this sinulation, we're
generating the sane type of carbonate groups. This is
a tryscarbanato uranyl conplex that occurs out here.

And we coul d pl ot sort of |ike the species
di agrams, we could plot the species as a function of
carbonat e concentration and then you can see that the
uranyl speci es decreases as carbonate i ncreases and we
start to form even for pryopphyllite, we start to
form these car banat o conpl exes. For the
nmontnorillonite, you can see the uranyl dropping at
t he sake of form ng the uranyl carbonate.

And this is just a summary slide of what

we're seeing here, the fact that you have absorption
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occurring as the clay |ayer charge increases, going
from pryopphyllite to nmontnorillonite. And then as

the concentration of either carbonate or uranyl

i ncreases, we start to formthese aqueous species. So
this is al nost a validation approach for our nol ecul ar
nodel , seeing that we're on the right track. W can
| ook at exactly at what's happening in the real world
in ternms of form ng carbonate conpl exes with uranyl,

especially if the concentration goes up, these guys
are stable in solution and therefore they're going to
have maj or effect on the transport. You're not going
to be sorbing uranyl as strongly if you have high
carbonat e concentrations and therefore you're goingto
have further transport down into the groundwater
stream

|"mgoing to nove to the next task

MEMBER WEINER: | think we have sone
guesti ons.

MEMBER CLARKE: Randy, this may be
premature or this nay be where you' re going, but are
you | ooki ng at desorption as well?

MR. CYGAN. Yes. These studies are
| ooking at local equilibriumif you will, in some
cases that has both sorption and desorption. For the

time period of the sinulations, you do have these
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sorption processes, so you're |ooking at conpetition
from sorption, desorption and ultimately an
equi librium

MEMBER CLARKE: You can | ook at the
concentration in the water and | ook at what cones off
the clay as well.

MR CYGAN: W could if we had the
confidence in our force field that we would be
representing that properly, but we have not done t hat.
W' ve al ways | ooked at full saturated systens.

MEMBER CLARKE: Thanks.

MEMBER VEI NER:  Anyone el se at this point?

MR CYGAN. All right, well, forgive ne
for the indulgence here in ternms of getting the
beginning talk being fairly heavy on the nol ecul ar
nodeling, but | think it denonstrates the build up
into all the other aspects.

Now |I'm going to presenting work that
Loui se Criscenti headed with regards to uncertainty
analysis and how you |ook at different sorption
nodel i ng and how scal i ng cones into play and how wel |
this can be used to predict sorption processes.

This is just to denpnstrate one of the
failings of a Kd approach | ooking at the activity or

concentration of an absorbate, just the ratio of the
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sorption to the aqueous sol ution. Wen you nmeasure a
Kd, it's at a very specific conposition, a very
specific ionic strength, a very specific pHand here's
an exanple of a sorption isothermthat is percent of
sone radionuclide or some netal. |In this case, |
believe it's cobalt, percent of sorption as a function
of pH. And you can as you increase the pH, you start
to sorb nore and nore of the cobalt. That's because
the surfaces of the gypsite are getting nore and nore
negatively charged, as you increase the pH The
surface chemistry is changing. There is nore deep
protination of the surface, nore exposed oxygens with
negati ve charge. The cobalt increases on the surface.

But if you do the sane experinment at a
di fferent concentration, you could see fairly drastic
di fferences in the percent sorbed, for exanple. Here,
you have one occurring at 50 percent for .01, but if
you go to one nolar concentration, it's going to be
about 85 percent sorb.

So very specific conditions are involved
in doing a sorption isotherm c experinent. GCkay. And
you just can't take the Kd and extrapolate it to ot her
envi ronnent s, di fferent chem stry, di fferent
composi tions.

Loui se has this sort of a conceptual nodel
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of what happens when you have a landfill, for exanple,

bei ng | eached, contam nates being |eached out and
going into the ground water system interacting with
vari ous oxides. You see the pH change, concentration
changes, obvi ousl vy, as we go through this
chromat ograph, if you will.

This essentially fundanmentally what's
involved in a reactive transport nodel and how we
incorporate sorption into that reactive transport
nodel will be extrenely inmportant. Aqueous speciation
solubility will come into place and the sorption here
is either going to be a Kd or a surface conpl exation
nodel. And we'll be conparing those.

So what are the wuncertainties in a
conceptual nodel? Let's define -- first off, you need
to define the systemin terns of the expected aqueous
speciation and in this case for calcium systemwth
carbonate, carbon dioxide equilobrating with the
water. You need the fugacity of the CQ. Cbviously,
we formcalcites and carbonates within the aqueous
system Cal ci um speci es, cal cium conpl exes. W have
the possibility of having precipitation of calcite,
also the dissolution as well. W can form sone
ferrihydrite which is a very conmon sorbing phase.

It's coating nost quartz feldspar in the ground water
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system in soil systens. It's the coatings that are
critical players.

And then as noted earlier, we have to
conpare kinetic versus equilibriumnodels, see if we
can i ncorporate these rate terns and t hen our enphasis
here has been on the absorption nodel, which one
shoul d we use.

In the field, there are sone concerns
about meki ng these neasurenents. JimDavis in the
USGS have done a great job, spectacular job, if | nmay,
at the Naturita site, and it's sort of being used as
a test bed for applying surface conpl exati on nodel i ng.
There they' ve col |l ect ed tons of aqueous data. They're
| ooking at certain mnerals and Susan is going to
di scuss sone of the characterization studies of the
m neral s, what specifically are the mnerals that are
absor bi ng the contam nants.

| already nmentioned ferrihydrite. |
nmenti oned earlier clays being critical players in the
sorption. W also need to know the reactive surface
area of each of these solids.

That didn't get translated right, but for
a surface conpl exati on nodel, you have several flavors
to choose from sem-enpirical nodels, where you

essentially fit paraneters to observed data and Jim
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Davis wll describe for Naturita the use of the
generalized conposite nodel. Essentially, it's a
matter of taking sonme soil fromthe field, doing some
bench experinents, |ooking at sone tracers and seei ng
how they're sorbed and from that you fit sonething
like a surface conpl exation nodel to those data and
you essentially have the fundanentals of the
t her nodynani ¢ sor pti on nodel

There's sonething called the single site
nodel which is pretty standard in a lot of the
geochem stry codes. And there are several flavors of
these. And I'Il tal k about those shortly.

And then the nore sophisticated nodels,
the multi-site nodel involves |ooking at a very
specific chenmistry of that substrate, of that m nera
surface. In other words, do we have a protinated site
or do we have a de-protinated site? Do we have a
cl eavage surface of a mineral that has different
groups bei ng exposed, different coordinating |Iigands?
And so the music and CD nusic nodel address that
i ssue.

The fundanmental question is in how much
detail do we have to go to describe the interface
where the sorption is occurring? Can we extract

acceptable reactions to alchemtries from bulk
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sorption data?

Do we have to get the particulars of the
surface species? Do we have to use spectroscopic or
even nol ecul ar nodeling tools to be able to wite the
sorption reactions?

Then questions t hat cone up on t he surface
sites: can we treat all the sites as being sone
average value that represent all the chem stries
occurring at that substrate surface? And then that's
for a mneral and then can we use these sanme average
sites to describe a nore conplex m xture of mnerals
such as in a soil.

These are pretty fundanent al questi ons and
hopefully, so far this norning, |'ve given you somne
exanpl es of how conpl ex these systenms can be.

We have the Star of David now i nstead of
the electrostatic potential, but this will do.

(Laughter.)

This is electrostatic potential. That's
a function of distance from an interface. The
constant conpacitance nodel, diffuse |ayer nodel and
a triple layer nodel. The surface is to the left.
This is a surface and this is going into solution from
left to right.

Each of these nodels has its own | evel of
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conplexity in describing sorption. As | already
nmenti oned from the nol ecul ar nodel i ng approach, the
el ectrostatics are crucial. |If you don't know the
charge distribution, the electrostatic potential at
that interface, you' re going to have a very difficult
ti me descri bi ng where the cadi ons and ani ons are goi ng
to go.

So the di ffuse | ayer nodel, CCN, was |ike
the first attenpt to try and describe how the
el ectrostatics change as a function of distance. And
here you have two sorption -- thernodynam c paraneters
pl us a capacitance. And the diffuse |ayer nodel, you
have a different description of it which is two
sorption paranmeters. The nore conplex, triple |ayer
nodel actually tries to look at the distribution on
the interface and the zero plane. This is where
you're |looking at protination schenes on the
interface. And a beta plane where the sorption
occurs, and you try to fit these paraneters or try to
get those paraneters.

MEMBER VEI NER: Excuse me, could you give
us sone idea of the scale of the axis, the scal e of
t hat X axis?

MR. CYGAN. Well, on this schematic,

deliberately we tried not to, but in practice, you can
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expect a lot of this action to be occurring in the
first maybe within five angstrons of the interface.
And sone systens, based upon the dielectric of the
substrate, this can be quite substantial, nmaybe up to
10 angstrons or 20 angstrons. So al so depends upon
t he sorbate, what material is sorbing to the service.

MEMBER VEI NER:  But it is of the order of
angstrons or a chance of angstrons?

MR. CYGAN: Yes.

MEMBER VEI NER:  Thank you.

MR. CYGAN. But trying to describe this
type of detail, obviously, is a tough one.

| already showed you a nol ecul ar nodel
Thi s happens to be water on gi bbsite and here, inthis
case, we show that electric double |layer to be on the
order of about 8 angstrons, | believe, or 10 angstrons
her e.

It'sreally lookingat this fine structure
fromthe atomc profiles. You can start to see, in
this case, here's a water oxygen inred that's fairly
wel | coordinated. Water is a sorbing material. The
wat er nol ecul e sorbs to the surface quite structured
and it sets up an electrostatic potential because of
the partial charges on the oxygen and the hydrogens.

And then you can start to see sone structure and as
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you go into the second part of the double |ayer where
the protons and then second water has occurred.

One thing that we had done and Loui se
Criscenti headed this particul ar task, we were | ooki ng
at what the uncertainties in a surface conpl exation
nodel , how they're passed along in the cal culation
We wanted to | ook at the fundanental variation in the
log Ks, in this case for deprotination and in this
case for sorption

In this reaction, you have let's say
gi bbsite or clay or sonething that sorbs, the al um num
compound. W know that in order to sorb a uranyl onto
this al um num conpound, we need to first deprotinate
the surface or excuse ne, to protinate the surface to
form ALOH Now we're going to look at a log K for
this reaction here and fromthe literature, we got a
val ue around 9.7

W then | ooked at another log K for the
sanme surface reaction site, but now the formation of
t he conpl ex, the uranyl conplex, given by this
reaction here. And here we had a nean value of -2.7.
It's a fairly conplex system These aqueous
conponents are aqueous conponents -- are conpl exes
formed. Again, there's the ubiquitous carbonate

uranyl conplexes that can form And what we did, we
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| ooked at a snmectite, a snectite clay. And the
aluminum is an edge site on this particular clay.
There's the alumnum |If you cleave the clay surface,
you're going to expose the alum num The al um num
oxygens will interact with the agueous system and
there's an aci d base reaction that occurs. And that's
pretty nmuch described by this log K here.

So what we did was ran reactive transport
nodel s on this system W did 100 realizations based
upon Latin hydrocube sanpling. So we took this mean
value for the log K here. Took this nean value for
this log Kand ran 100 real i zations and we plotted t he
breakt hrough curve, at Jleast we nonitored the
concentration front as a function of distance for two
years. And we wanted to see how the variation of
these two log Ks would affect this val ue.

So i medi atel y, we sawt hat t he data broke
up into two different groups. Goup A a Goup B.
The base line is right in the center here. This is
actually a Kd nodel that we used, just for conparison
sake. You can see the difference here is enornous in
termse of after two years, the distance for the
concentration front varies fromlet's see, around 10
neters in one case, up to about 250 neters in the

ot her case on the two extrenes of the log K
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Anyway, we coul d break down the data into
di stance as a function of | og K of the conpl ex fornmer,
t he uranyl conplex and this is the acid dissociation.
And you can see the acid dissociation of log K
actually makes this distinction between group A and
group B.

| know the Survey has al so done work for
Naturita in a simlar fashion, using sone statistical
approach to sanple of the Log Ks into surface
conpl exation nodel and | believe Jim Davis will be
tal ki ng about that at your next chance to review his
program

Loui se was concerned in setting up this
part of the project, just trying to see howfar we can
bridge this gap between the field out here and the
atom stic level down here. And this is just a
standard log plot of the distance versus tine and
where our sinulation nethods fit in. Cbviously the
application is up in this right hand corner, the
atomi c detail down here. And trying to see how far we
can push the information that we gained down into
understanding what's going on up there and how we
apply surface conpl exati on nodel s.

| think I'Il skipthis. | just said that.

|"m just repeating here the need for an
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internally consistent set of parametersis critical in
understanding sorption. To date, a lot of the
researchers are relying onthe classic, | believeit's
Zonback and Morrell. | think it's 1990 or 1991. It'
a conpilation of sorption paraneters that are
avai l abl e for looking at how a variety of different
netals will sorb onto ferrihydrite, sone iron oxide
face and a | ot of people rely on those data sets and
that's getting pretty dated.

There's a need for a lot nore data, a
| ar ger nunber of substrates, so alot of work i s being
done and heading in that direction.

MEMBER VEINER: |1'd like to stop at this
poi nt and entertain questions.

MEMBER HI NZE: A sinple question to make
certain |'m understanding. Should we be concerned
about saturation in the sorption and how well can you
predi ct that nodeling?

MR. CYGAN: You nean a saturated surface
with some species?

MEMBER HI NZE: Yes, is that a concern?

MR CYGAN. It's going to be a concern,
but if you have the right nass action |aws and you
know your sorption densities, it will be handl ed by

t he surface conpl exati on nodel
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Not all these nodel s are capabl e of doing
that, but we know what the |loading is. |If you get to
sormre of these nore conpl ex sorption nodels, you could
exam ne that. Cbviously, for these concentrations,
let's say in nolecular nodels, we know we're not at
saturation. But if we had enough solute in the
solution, we could certainly saturate, as |long as

we're neeting charge needs to get the sorption to

occur.
MEMBER HI NZE: If you have enough tine
t 0o.
MR. CYGAN. And enough tinme, certainly.
But part of the input into all these -- into the

di ffuse | ayer nodel, the triple air nodel and all that
you need, site densities, know ng how many sites are
avai l abl e. You need to know the surface areas.

MEMBER HI NZE: How wel | can that be
predi cted, for exanple, if you characterize a site in
ternms of its mneral ogy?

MR. CYGAN. Well, you know, a |lot of these
are generated by enpirical fits. You do the sorption
experinments and you'll be able to generate those if
you look at titration curves, for exanple, then the
sorption isotherm You can do it that way. It

depends on the quality of those data. And you know
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certain groups do great work. Oher groups do not.
So you see a lot of variability in that.

So the nol ecul ar nodels help alittle bit
in terns of site density, assumng you have
equi librium but yeah, there's a |lot of conplications
that are involved in that.

MEMBER HI NZE: There are nodeling
procedures for this, but not all of theminclude that,
that's the bottom i ne.

MR. CYGAN. Right, right.

MEMBER HI NZE: Thank you.

MEMBER CLARKE: Allen?

VI CE CHAI RVAN CROFF: No questi ons.

MEMBER VEINER Jim | know you have
guesti ons.

MEMBER CLARKE: This is a quick one,
Randy. As you nentioned, you' re working with very
conpl ex systens, aqueous systenms with different
speci es. Have you done any vapor phase work which
mght be a little sinpler and just to check out your
predi ctions and your agreement with experinents?

MR. CYGAN. Wth regards to --

MEMBER CLARKE: Sonething sinple with
encl ave -- maybe not a radi onuclide, maybe an organic

sol vent .
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MR. CYGAN: We have done studies on the

nol ecul ar | evel with vapor, |ooking at what happens at
the liquid vapor interface and we have a good feel for
partitioning there.

W never really pursued it in depth for
uni que systens that can be vali dat ed.

MEMBER CLARKE: It seens like it mght be
a sinpler system You're |ooking at a nol ecul ar
| evel .

MR. CYGAN. Yes. That's a good bit of
val i dation set of experinents. That's a good idea.
That on its own is a very -- it's nontrivial, just
what |'ve denonstrated here. W just have not put our
effort into that aspect.

W often rely on how well our nolecul ar
nodel s, for exanple, we have enough experinental
spectroscopi ¢ data, defraction data to help keep us
honest and validate it. So we don't feel that we're
pushed in a corner with our nodels. W think they're
robust enough that they're doing a pretty good job,
especially with the results | presented on performng
t he uranyl carbonate speci es and showi ng their correct
trends.

Sonme of the other surface conplexation

nodel s, the nore macroscopi c type nodeling, they do
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pretty well on sonme idealized systens, but | don't
know of any vapor aspects.

MEMBER CLARKE: It's very interesting
stuff.

MEMBER WEINER | just have a sinple
guestion. Have you | ooked, theoretically, as well as
actually, at other conplexants than carbonate?

MR. CYGAN. For right now, all of our work
has been concentrating on either cesiumor uranyl in
terns of the nodeling, the nol ecul ar nodeling. So no,
we haven't gone beyond those. W could easily
i ntroduce theminto the nol ecul ar nodel for that type
of system

MEMBER VEI NER: Are there any that you
think m ght be particularly interesting in this kind
of systen?

MR. CYGAN. Take your pick. Carbonates,
sul phate systens, anions. | know the NRC Research
O fice has been very concerned, for exanple at | ooki ng
at iodine for exanple, but we haven't gone that route
yet.

MEMBER VEI NER:  That's for another tinmne.
Do any nenber of staff -- Neil?

MR COLEMAN: Neil Col eman, ACNW St aff.

To use the specific field exanple in terns of the area
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avai l abl e for conplexation, at Yucca Muntain, the
term nal part of the saturated zone flow systemis in
vall ey falaluvia, so you' re outside of this real m of
fracture flow

What's your sense of the efficacy of
conplexation and the volume of nmaterial that's
avai l abl e when you also consider matrix diffusion
processes whi ch you hadn't been tal king about here in
that sort of environnent?

MR CYGAN. | don't know. | don't have a
good feel for that nmyself. | think JimDavis and the
Survey people would be better at answering that
guesti on.

| think if you sawthe -- | don't know i f
you personally have reviewed the Naturita naterial,
but the Naturita has sonme aspects of that alluvial
fill type basin and gives you a better feel for sone
of those concerns that conme up. | don't know
specifically about the matrix diffusion effects
t hough.

MEMBER VEI NER: W I 1 Jim be tal ki ng about
the application to the Naturita site when he talks to
us?

MR. CYGAN. Yes. He will give you a | ot

nore of the hydrol ogic detail and how SCMfits into
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that nodel. | just can't answer that. It's not
something I'mfamliar with right now

MEMBER VEI NER:  Anyone el se? Sol di er on.

MR. CYGAN. Ckay. |'m alnbost done here on
my part. The last thing |'mgoing to nmention is
trying to i npl ement how one woul d go about neking t he
deci sion about wusing surface conplexation nodels
versus a Kd. And part of that is just providing a
tool and this tool was generated in response to the
NMSS group, trying to have sonething they could give
to the | icensees that they could test to a particul ar
site, beit acontainment facility at a power plant or
sonme tailings at a mne, trying to figure out when is
a Kd appropriate, when is an SCM appropri at e.

And so Geoqui m co, G en Harmond i s one who
generated the -- did all the progranmng for this
particular tool. He wanted to keep a Sout hwest fl avor
to it and so he used Geoquimco as the nane for the
sof tware tool.

But anyway, it essentially take surface
conpl exation nodels to diffuse layer nodel and
inplenents it into a nice easy-to-use, user-friendly,
gr aphi cal -base interface and | don't want to read off
all the slides here, but there is concern about trying

to make it user friendly and using up-to-date codes.
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Actually, it's witten in C++ and in Java. And so
it's fairly easy to convert to other platforns.

There was sone concern about a | ot of the
active codes that are available now, is that it's very
difficult to input the data and al so to have post-
processi ng, obviously not very user friendly. And the
decision was here trying to get sonmething that was
fairly easy to use, sonething that's state-of-the-art
in ternms of conceptual nodeling for surface
conpl exati on nodels, also, with the support of the
NRC, sonething that the users, the regulators can
provide to their |icensees.

It also allows a basis for conparing
sorption nodels, trying to figure out the validity of
one versus the other. | think alot of this |I'm
repeating with regards to the licensees. User
friendly. And the |ast one here is sonmething that we
were pushing, trying to make it web-based. So it
woul d be fairly easy to send out to the |icensees,
also fairly easy to maintain and that's why it has
sone Java conponent.

Less steep of alearning curve. | already
nmentioned the input is less conplicated. Let's see,
faster turnaround, nore defensible results. Allows

you to conpare the different nodels, sophisticated
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nodel s. Let's see, updates available, fairly easy to
depl oy updates. It's independent of a platform and
the GU. So forgive me for just reading off the
slides here, but in this case | could describe nuch
better.

This is a standard input and | won't
nmention the code, but this is what you typically have
to deal wth surface conplexation nodels, okay?
That's the problem You have to be an expert. These
are typically academ c codes, very user-specific
generated codes and not often codes you just pass out
to the general public. There are a couple out there,
sonme commercial codes now that are a little bit
easier, but there's sonme licensing issues with those.

bj ect-oriented, platform independent.
The GQUI | already tal ked about.

There are sone di sadvantages. There's a
guestion about speed and then also the | egacy issue,
do people really want to convert over to yet again
anot her code? And with what den has generated, we
have a nice little package here. This is essentially
the interface for Geoquimco, fairly straight forward
interns of addi ng your conponents. You obviously are
not going to be able to read these up on the screen,

nor probably in your handout, but essentially, you
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have pull downs for all of your basis, for all the
species that you want to | ook at. You also could put
in your sorbate information, the species here. This
exanpl e happens to be for |ead.

W chose in debugging this code a | ead
systemthat had been published and a | ot of work had
been done in validating that nodel, so we use that as
our conparison, our standard. Right now, Aen -- well
not actually -- 3 en was working on trying to generate
some uranyl scenarios that are nmuch nore specific for
radi onucl i de studi es.

He uses a 1D transport, finite vol une,
formulation for the fluid fl ow, aqueous conpl exati on,
sorption, given one of these three possibilities.
Surface conpl exation, a Kd and even an ion exchange.
There are a series of preconfigured schenmes that can
be tested, just for exanples. And then in the |ast
couple of nonths, this sumer, he's introduced
uncertainty analysis, trying to Ilook at these
paranmeters and how they mght vary. So he included
some Latin hypercube sanpling. He has sonme | og nornal
di stributions for the input paraneters.

And here's an exanple. This is a
breakt hrough curve for lead. | believe it's |ead

sorption onto a ferrihydrite using a Zonback Morrel
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dat abase. Essentially, this is a log of the
concentration as the function of time and he gives a
di rect conparison of what happens with a sinple Kd
nodel versus this diffuse |ayer nodel, the surface
conpl exati on nodel in terms of the long tail that goes
over, in this case, 2,000 years, still above the MCL
val ue, whereas the Kd nodel and this is a very good
exanpl e, at least for the case of |ead, the variation
and the mmajor significant difference between the
sinpl e versus the nore generalized nodel

MEMBER VEI NER: Do you have -- before you
| eave that slide, do you have any conparison wth
actual measurements to see which one is closer?

MR. CYGAN. Nobody has been working on

this. |1 don't nean -- nobody has been working on this
for 2,000 years, so -- but that's one of the i ssues we
have here. | don't know the experinental data

associated with this particular problem So | don't
have an answer for that. | don't nean to be glib
about it. But yeah, that would be the critical thing
ai d make that conpari son.

The best test for this is to do a Col ounb
experiment and start to conpare one versus the other
and I'Il actually address that at the very end.

For this code devel opnent, there's a w sh
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to continue on with regards to having nore urani um
based scenarios or other radionuclides. There's a
need to inprove the plotting capabilities, vary the
di stributions in sonmething nore non-standard for the
uncertainty analysis and nodifying some of the
sorption species and sone of the ability to save the
scenario, save in |oad features.

| think I will stop here and | will pass
it along to Susan, unless | can answer any questions
now.

MEMBER VEI NER: Are there questions?

CHAI RVAN RYAN: Wiy did you pick urani um
i nstead of plutoniumor --

MR. CYGAN. The urani um was enphasi zed
primarily because of Naturita. W were trying to work
with our collaborators at the Survey. Susan will
enphasi ze t hat when she presents the characterization
study next. But the Survey was trying to denonstrate
surface conpl exati on nodel i ng, its benefits,
specifically for the Naturita site.

CHAI RMAN RYAN: So the uraniumwas there
and you picked it for that reason?

MR. CYGAN: Yes. Naturita is an UMIRA
site and it has the contam nated ground waters there.

Even though it's been cleared off the top soils.
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CHAl RMAN RYAN: The reason | ask is it

woul d be unusual for uraniumto crop up at the top of
the hit parade for PA

MR. CYGAN. Right, understanding that.
Everything we've been working on has been trying to
coordinate with that, but | understand.

CHAI RVMAN RYAN:  Got cha.

MR OIT: |I'mgoing to add a little
perspective right here. About six or eight years ago,
you renenber, Randy, we had a little workshop out in
Menl o Park that was associated with the end of one of
the Alligator River prograns.

W were raising alot of questions at that
time, based on a |lot of resources being spent on
sorption work and were we ever going to get anywhere
because we still weren't being able to use these
things in PA

And | asked the question to the group if
there was anyplace that would actually apply this
stuff and Ji mDavis canme back and said well, based on
the work they'd done at Alligator River and they had
been studying Alligator R ver for alnobst 10 years at
the tinme, he said they thought they had enough
information on wuranium to actually do a field

denonstration site soneplace in the U S.
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So the next thing we did was chal |l enge
USGS with a denponstration project to go out and find
a fairly chemcally conplex uranium recovery site
where urani umwas t he species they were interested in.
So it was a fact that we had devel oped enough
i nformati on on uraniumthat drove us to continue using
that as the way of denonstrating the technol ogy.

CHAl RMVAN RYAN: No, | fully appreciate
that, Bill, thanks, but again, it's alowpriority in
the PA world.

MR. OIT: It probably dom nates a | ot of
systens like |owlevel waste sites where they put a
| ot of depleted uranium | mean the chem stry of the
uraniumis probably fairly inportant.

CHAl RMAN RYAN: It's a toss up. But |
under st and your point.

MEMBER VEI NER:  Allen, | have a question.

Wy Latin hypercube sanpling and not Montecarlo

sanpl i ng?

MR. CYGAN. For Geoqui m co?

MEMBER VEI NER:  Yes.

MR CYGAN: | can't answer that. WE ve
been usi ng -- Montecarl o sanpl i ng has been used before

for these type of conparisons for uncertainty. |

believe he actually has an option to get both in
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there. | don't know why that was the one that was
chosen initially.

MEMBER VEI NER:  Normal |y, you use Latin
hyper cube sanpling when the nunber of sanplings you
candois fairly limted and you want to get the whole
curve. But we found that if you have enough sanpl es,
that's not a problemand you don't over enphasi ze any
section.

MR CYGAN. Well, for the reactor
transport nodeling from Louise's effort, that
conparison with the sanple A and sanple -- or Goup A
and Goup B, that was obviously a Latin hypercube
sanpl i ng approach that's needed.

MEMBER VEI NER:  Yes.

MR. CYGAN. The geochim co probably is
| ess constrained and certainly Montecarlo may be a
better option. | just know he has several options for
the uncertainty analysis. But | don't know why one
specifically was chosen over the other first.

MEMBER VEI NER:  Thank you. Neil, you had
a question? Latif?

MR. HAMDAN. Randy, good presentation
t hank you.

The question | have fromthe standpoi nt of

that this is your maker, you give himthese two
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options. The Kd based approach and surface
conmposition nodel and | eaves the inpression who does
that. Are these the only two options actually
avai l abl e that state, for exanple, if a particular
site, just one site, is it an option, for exanple, if
uncertainties are so large that the envelope will do
or no nothing nmaybe is equally good?

MR. CYGAN. An excellent question. |
think to answer that is that you really want to have
sonmet hing that's defensible when you have a PA code.
And | think the point here is that you're relying on
the state-of-the-art thernodynam cs to describe the
si npl e sorption process or the not to sinple sorption
process, if youw |l and taking the short cut with the
Kd is going to be introducing substantial anount of
additional error that cannot be accounted for.
Essentially, you' re not describing what's happeni ng,
especially if you' re trying to push PA codes to 10, 000
years. W know that the solution concentration is
goi ng to change here on its strength pH D ssol ution
precipitation so on and so on.

A Kdis avery specific sort of an ad hoc,
that's ny term way to describe partitioning and it's
only that, where as the SCM has a | ot of history, a

| ot of theory, a |lot of nodeling basis that describes
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exactly how activities or concentrations will change
in a conplex system

So to generalize it with an SCMis
critical and defendable, whereas a Kd it's nore of a
stab in the dark if you will.

Now there are sone systens that are
sinple, sinplified that you can get away with a Kd, as
long as you have the constraints of words of
i sothermal, iso -- the pHdoesn't vary, ionic strength
is invariant and that sort of thing. And it mght be
applicable. But it would be hard pressed to defend
t hat when you have to start defending the transport
behavi or at 10,000 years down the road.

So | think you do have the choice, but

you're playing sort of on the -- on the uncertain
si de.

MR HAMDAN. |'d like to see and this is
the -- | think about that. |Is a third choice. Things

are those conplex, so far in the future. Let's say
10, 000 years. Can you nodel -- can you, for exanple,
just as an exanple, you can say in this case | can

nodel for 500 years or a thousand years, end of story,

the farthest | will go and that happens between now
and in 50 years sonmebody will -- the chronol ogy will
improve or the nodeling will inprove -- why isn't
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there a third choice? W are presented with choices
that are the researchers are working with and there's
no third choice, it seens to me, all the tine.
There's no third choi ce.

MR. CYGAN. Well, actually, there is a
third choice and that's why JimDavis' presentationis
somewhat critical because Ji mhas actually introduced
t he generalized conposite nodel. It's something that
we allude to in our work, but really the generalized
conposite nodel is being applied to the Naturita site
as a way to get beyond the conplexity of a surface
conpl exation nodel that has perhaps too many
paranmeters, too many new paraneters that mght lead to
additional uncertainty. And in a generalized
conposite nodel | alluded to is essentially where you
do sone field testing, lab bench experinents,
collecting field sanples, do the | ab bench experi nents
and then fit those date to try to get new paraneters
for new conpl exati on nodel .

So it's sort of Ilike an in-between
approach. It's sonewhat seni-enpirical

So in a sense, that's probably a good
option, a viable option, at l|least for the Naturita
urani um i ssue and perhaps for sone of these other

issues with nore critical PA type radi oi sotopes.
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MEMBER VEI NER:  John?

MR. FLACK: John Flack, ACNWstaff. |
have a question with respect to where we have j ust
been over in Wst Valley and | guess the question, of
course, is you know there's a strontium plume there
that they are collecting information on and whet her or
not that i nformation provides an opportunity for using
that to validate your nodel. So have you thought
about that? O has research thought about that at
al | ?

MR. CYGAN. Actually, yes, we have tal ked
in the last year and a half about considering Wst
Vall ey as an optimumsite for us and that remains to
be seen if we're going to pursue that. But we talked
with people who have had sone experience at West
Val l ey. The strontium plunes have been described and
there's a lot of conplications involved in
under st andi ng t hat.

| don't have an answer as to it's
appropriate or not in terns of applying sone of these
until we have a better chance to anal yze t he avail abl e
right now. | know there's some difficulty in terms of
DCE and EPA and the NRCin trying to get access to the
site, tothis type of analysis. So but yeah, that was

bei ng consi dered, but our contract was coming to an
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end and we sort of stopped pursing that.

| don't know, Bill, you want to make
addi ti onal comment or not on what's going -- okay.

MR FLACK: But there's no reason not
consider that information if it's avail able.

MR. CYGAN. Frankly, |'m surprised why
they haven't done it already. 1| think it's been
nostly the sanpling and trying to characterize the
pl unes, but not nuch work has gone into getting nore
sophi sticated groundwater flow nodels, reactive
transport type nodels into it.

It's a good challenge, |1'd say.

MEMBER WEINER  Actually, | have a
somewhat simlar question about the Hanford site,
because there you have a nunber of radionuclides in
various stages of absorption and dissolution flow on
subsurface |evel and they've been doing it for 50
years. So have you look at that site at all?

MR. CYGAN:. Col | eagues and col | aborators
have been working up at Hanford and | ooking at the
| eaky tanks and so | know sone work is done. | don't
know the particulars of it and | don't know how
sophi sticated the surface conplexation nodels. |
coul d provide sone nanmes for you to contact, if you

want to get nore information, but | don't know them
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first hand.

MEMBER VEEI NER: | was thinking for nore to
you to use this as a validation and not just the | eaky
tanks, but from the radionuclides fromthe French
drains which were -- don't directly enter the
subsur f ace.

MR. CYGAN. That's obviously one of the
applications that can be done. W just have not
pur sued t hat.

MEMBER VEI NER:  Any further questions or
comments? Hearing none, let's continue.

"1l speaker whilethey'retransferringis
Susan Al tman from Sandi a Labs.

M5. ALTMAN. Thank you. |I'm Susan Al tnan.
| '"mactually an experinmental hydrogeol ogi st working
with Randy's teamand |I' mgoing to tal ki ng about sone
characterization work we did on soil aggregate
sanpl es, nostly fromthe UMIRA site, although | have
one slide on sonme sanples we recently anal yzed on the
Cape Code site. So this is getting at the data to
provi de the nodel

So the purpose of this, well, let ne just
tal k quickly what we did. 1've divided this talk into
two sections, destruction characterization using

m croanal ytical techniques and 1'Il go into nore
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details and explain the acronyns later. And al so,
nondestructive nethods using mcrotonography. And
we're looking at two things. One is exam ning the
association of uranium wth different uranium
absorption with different m neral phases and al so with
t he tonography work, we use cesium as a proxy for
urani um

And then the second part is to
characterize the iron-bearing mnerals. And | put
t hi s beyond XRD as a rem nder, you know, generally use
XRD refraction to characterize the sanples. But we
found in a few sanples is the iron-bearing content is
such a small vol une that when you do this you have an
overwhel m ng signal fromthe cords of feldspar and
you're not going to see the iron. So that's why we
had to get into the nore high fidelity mcroanal ytic
t echni ques.

This is the sane point we're going to be
sayi ng over and over again of why are we doing this.
Tradi tional approach is using the bulk distribution Kd
val ues. You get an average effect. Leads, in
general, to overestimation of plume, underestimtion
of difficulty of renoving contam nants and so what
we're trying to do is provide data that feed into an

alternative to the Kd approach where we're going 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

69

able to look at variation of absorptive properties
which is why we need to | ook at different --figure out
t he di fferent m ner al phases, account for
reversibility, irreversibility, |ead to nore accurate
nodel. So bottomline is we need nore detail ed

i nformation on the substrate.

Cops. kay. As we said, we're |ooking at
a nunber of techniques and the nmain idea, one of the
main ideas | hope you get out of this is that each
t echni que has pros and cons to different scal es that
you were | ooking at the sanples, different detection
l[imts, but by putting them all together with this
nmul ti-scal e approach, you get a conplenentary story.

And again, we dividedit into two studies,
t he m crobeam studi es, Carlos Jove Col on headed this
study. The pros of this, you're going to get,
identify the inportant m neral s and absor bi ng phases,
be able to see the conposition of the sanples and
really see association of iron and uranium on the
sanpl es.

The tonography work, it's alittle |arger
scal e, so you can exam ne an entire aggregate sanple.
You can estimate mass fraction ions, so you're not
going to get the exact m neral ogy, but you can see how

much iron there is in there. And with know edge in
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m neral ogy from the m crobeam studies, you can get
sonme sense of the mass fraction of the different
m neral s.

Again, it's nondestructive and potentially
it can be coupled with transport experinments sothat's
t he advantage of the nondestructive. You could see
what's going on with these experinents.

kay, so first let nme go into the
m croanal ytical techniques. Here, I'mjust going to
descri be the techniques, as | said, Carlos Jove Col on
headed up this study. There's a NUREG report in
revi ew and press describing this work. And there are
five different techniques that were used: scanning
el ectron m croscopy, energy dispersive spectronetry.
Oh, | should say al so, the USGS, Jim Davis provided
t he sanpl es for us, did sone of the preparation of the
sanpl es bef orehand. .

There were generally two types of sanples
that were studied. Again, these are fromthe UMIRA
site. One was taking down gradient contam nated with
uranium and that we call the untreated conposite
sanples. So it's untreated, contaninated sanple. The
ot her was an up gradi ent uncontamn nated sanpl e and
what they did was they renoved the carbonates just to

sinplify, as Randy tal ked about the associ ati on of the
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carbonates in the uranium nmakes things nore
conplicated. And we were interested nore at | ooking
at the i on phases, association of the uraniumw th the
i on phases. So they renoved the carbonates and then
t hey added uranium So they -- it was a nmuch nore
controll ed sanpl e.

SEM work, we |ooked at the untreated

sanples. This was perforned at Sandia and each of

these -- | have a list of nanes of people who worked
on this. The secondary ion mass spectronetry -- and
again, you'll see, I'lIl have a slide for each of these

nmet hods. Again, it was untreated sanples. They were
put in epoxy nmounts and polished and this was
performed at Arizona State University. The high
resolution TEM there -- it was both the untreated and
the carbonate pretreated sanples. There were sone
preparation of the sanples prior to |ooking at them
This was done at the University of New Mexico.

The m cro-synchrotron x-ray fluorescence
was done on carbonate-free sanples at Brookhaven
Nat i onal Labs, along with the MXA and again, it was
t he carbonate-free sanpl es.

So now you can see the results. This is
the SEMwrk. The top rowis one sanple. The bottom

rowis another sanple. | apologize, the col or coding
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is conpletely inconsistent soit'salittle confusing.
The scale, this is a 20 mcron bar. This is a 30

m cron bar on the bottom sanple. And again, the

i nconsistency -- thisis silica, but it's green here,
red here. Al um numfor both. Potassium-- | thinking
this had changes, but | swi tched ny version on the
airplane. So this is the old version

kay, so potassiumhere and here, iron and
aluminumin this one and alum numand silica in this
sanpl e.

So the main thing you note is we've got a
guartz substrate, high silica. W've got al um num and
pot assi um coati ngs al ong the edge. The coatings are
on the range of 10 to 15 microns thick. W are seeing
iron in the sanple and in sone cases, it's associated
wi th the alum numand ot her cases it's free standing,
so there are probably sone i ron hydroxy coati ngs here.

This is actually unusual. 1It's a highly
weat hered sanple with a quartz substrate. You can see
hi gh al um numso there are sort of clays acting as the
gl ue hol ding the coarse grains together. Here you see
the two together and there's sonme potassiumin there.
And uranium was below the detection limt, so we
weren't able to see uraniumwi th this nethod. that

Ckay, secondary ion nmss spectronetry.
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Again, we have two sanples on each row, | ooking at
different elenents. For each, we've got a quartz
substrate for both sanples. This analysis was alittle
harder to interpret, but you can see there's clearly
al um num potassium so we've got alum num silicate
clays in these sanples here, here.

There's no clear evidence of uranium
associated with any phases, although there is sone
hint of it. Oh, | should say, the red dots here are
the uranium overlaying on the different phases for
this upper sanple.

So in the upper sanple, you can see
clearly some uranium on the alumnum so you guess
there's sonme association with the clays. 1In this
sanple, here's the uraniumand the carbonates are
simlar, so it looks like there's sone association
there. But again, we're very close nowto the
detection limts so it's hard to be real confident
with our interpretations.

And we're seeing that the coatings are
about 10 microns thick, so that's consistent with the
SEM

Ckay, the TEM work. |'ve got the main
points --

CHAI RMAN RYAN:. Can | ask a quick
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guestion?

M5. ALTMAN: Sure, please interrupt. The
previ ous slide?

CHAI RVAN RYAN: I f you could back up, that
woul d be great. I'ma little -- I'"mjust listening to
what you're sayi ng because this is clearly not an area
where | have any expertise, but you nake an
interpretation and then you say you're at the
detection limt, soit's hard to nmake an
i nterpretation.

Whi ch one do | believe?

M5. ALTMAN. | say you believe ny
interpretation with a grain of salt. |If we had other
data contradicting it and we had nore confidence --

CHAI RVAN RYAN: Can you turn that grain of
salt into a confidence interval or sonething | can get
my teeth into from--

M5. ALTMAN. In putting it in with the

ot her analysis, you could -- you know, we have cl ear
-- you'll see later we have clear association of
uranium with iron, so you'll be confident of that.

And I"'mtrying to think of the other sanples that we
saw, an associ ation of uraniumand clays. | would say
| woul d want supporting evidence, if | was going aid

publish this, or I would redo this. Randy has been
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telling me that this method is actually -- inprove the
detection limt a lot, so you would redo the sanpl es
and do it.

So | would say if you have supporting
evidence, then 1'd be nore confident. You'd
definitely see it, but you know, if you have the
detection limt, there's a |lot of noise in our data.

CHAI RMAN RYAN: | understand what a
detection limt is. |I'mjust trying to get an
analytical handle on it, rather than a qualitative
description of it.

M5. ALTMAN: All | can say is give you a
gualitative description, given sort of that we're at
the detection limt, but | nean when we put the whol e
story together, you're going to see a clear

associ ation of uraniumwi th iron-bearing mnerals, be

it clay.
CHAl RMAN RYAN: Let nme try once nore.
M5. ALTMAN:.  Ckay.
CHAI RMVAN RYAN: What are you detecting
exactly?

M5. ALTMAN: What are you detecting?
CHAI RMAN RYAN:. You say there's a
detection limt, what does that nean? It's going to

show up in color on this photograph or they're making
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counts per second? Wat are we doi ng?

M5. ALTMAN. Do you want to go into nore
detail ?

MR. CYGAN. This is Randy Cygan at Sandi a.

CHAI RVAN RYAN: Thank you, Randy.

MR. CYGAN. What we were doi ng was
essentially pushing a technique to see if we have the
ability, the sensitivity to get urani um associ ations
for these soil phases. W have had sone experience
usi ng secondary i on mass spectronetry to do that, but
never for uranium And you have to tweak and optim ze
the SIMS instrunment to enhance the urani um signal
You can nodi fy the detectors and that's what we did on
this particular set up at Arizona State. Rick Hervick
was hel ping us on this approach.

And we all had our doubts that we were
going to get the signal needed and you're talKking
counts per second for a scan across the sanple.
You're rastering a prinmary beamacross the surface of
your sanple and you're trying to generate counts for
some conveni ent count period while you raster this
beam So you're talking fractions of a second.

CHAI RMAN RYAN: So now we're in an area
understand. W have counts per second and there's

some background and there's sone net signal and
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cal cul ated uncertainty. Have you got those kind of
insights to share with us?

MR. CYGAN. We did not pursue any concrete
absol ute uncertainty because of t he poor
reproducibility of this particular detection set up.

CHAI RMAN RYAN: So ny question then and |
don't nean to be critical, my question is why do |
believe this thing? If I can't get ny arns around
uncertainty in the nmeasurenent, what do |l dowith it?

MR. CYGAN. | think Susan's presentation
real ly enphasizes that this is sort of a qualitative
first attack, prelimnary scoping experinent to see
can the techni que even be used to detect urani um

CHAI RVAN RYAN: Fair enough.

MR. CYGAN. And that's as far as we pushed
it, but since then |I've talked to Rick Hervick, this
was done about two or three years ago. Since then
we've nodified -- well, Rck has nodified the
instrument dramatically and | don't think this would
be a probl em any nore.

CHAI RMAN RYAN:  Fair enough. but again,
think the proof is in the pudding of a rigorous
statistical analysis, you know, | have background, |
have background plus sanple. | net the subtraction of

background and |'ve used statistics on the net result
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to see if that's an interpretable value or if 30

percent of time I"'mnmaking it up or three sigm

what ever you want to use. But wi thout that, again,
we're delving into newterritory and try to push a

techni que and | very nuch appreciate that, but | just
wanted to get clear about it, so thanks.

M5. ALTMAN. Back to the TEM The points
we want to nake are in the red squares. One is -- oh,
and | should note here, previous slide was sort of a
scal e bar of 30 mcrons. W're nowin the nano neter
scale, so there's 10 nano neters, 9 nano neters. This
one is at 100 nano neters. So we've gone down an
order or alnpost three orders of magnitude in somne
cases.

But now we'll be able to see the | ayered
illite, snectite as a dom nant phase in the sanples.
This i s another exanple of the layeredillite snectite
here and this is just a different orientation where
you don't see the layering.

W see close codes of the iron
oxyhydroxi des of the clay. Here's a good -- this is
clay again. Oh, | said the illite snectite was a
dom nant phase. Kaolinite was al so observed within
the sanples, so there are sonme other clays in there

too, but this is the dom nating phase.
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And so close co-existence of iron
oxyhydroxide in <clay and also different iron
oxyhydr oxi des, goethite and ferrihydrite and here you
see goethite and ferrihydrite together. Again,
goethite, goethite and ferrihydrite. So we go down an
order of magnitude and we have nore evidence for the
di fferent m neral phases.

And finally, the synchrotron work with the
x-ray fluorescence. Now we're talking about this is
a scal e bar of approximately amllineter. Here's the
optical image of the sanple at approxi nately the samne
scale. This the uraniumtreated carbonate free sanple
and you're looking at iron and uranium and you see a
cl ear association of the uranium peaks with the iron
peaks too.

In the other technique, we ran two
standards. The blue and the red were different
standards and the three ones are sanple and you can
see the peak here of the green matches with the
hexaval ent urani um sanple which is what was added to
the sanple, so it's not a surprise what we see there.
There isn't any change in the state of the sanple.

So again, the main is that we're seeing
the iron oxyhydroxi des as the sane for the uranium

CHAI RVAN RYAN: Let ne just follow up.
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That's the normalized counts, | guess is what the Y
axis is. \Wiat are the arrow bars on that?

M5. ALTMAN. Can you respond to that,
Randy?

CHAI RVAN RYAN: The reason | ask is you' ve
concluded it's hexaval ant based on it matching the
green, but | asked the question is it actually in
between the blue and the red or do the arrow bars
overlap enough the way you can't statistically
di stinguish one fromthe other using a T test or
what ever test you want. That's the risk. And again
you may be able to do that. |I'mjust saying that's --
you' re maki ng a conclusion, yet, | don't see how you
can get there without some nore detailed statistica
anal ysi s.

MR. CYGAN. Randy Cygan, Sandia. | don't
know what the arrow bars are on this. |[|'d have to
talk to our collaborators on howthat was set up. But
| think the main point here is that you're really
|l ooking in the shift in EV fromone peak to the next
and | think clearly you can discrimnate one val ent
state fromthe other, based upon sonme fraction of an
EV. | don't know exactly what the uncertainties are,
but if there's enough confidence that it is the one

state versus the other, but | agree, we don't clearly
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state what those uncertainties are.

CHAI RMVAN RYAN: Again, there are things
like the instrument uncertainty. That's clearly one
part.

MR. CYGAN. Right.

CHAI RMAN RYAN:  And then there's the sane
uncertainty and the prep uncertainty and background
and all the rest and wuntil you do a system
uncertainty, | struggle with how do | interpret the
di fference between two curves that are near each ot her
and those kind of scales.

M5. ALTMAN. And finally, let nme just
sumari ze m croanal ytic techni ques. Four techniques,
two different sanples. The main you see the presence
of iron-rich alumnumsilicate clays. The iron-rich
base is present as a snall scattering particles in the
clay layer. You see presence of uraniumin the
aluminumsilicate clay layer. Due to limtations of
the technique, it's hard to see a clear association
bet ween i ron and uranium The clays are donminantly in
m xed layers like snectites. There's a |large
popul ati on of iron oxyhydroxides. The iron bearing
| ayers are highly heterogeneous and this is just -- we
got ferrihydrite and goethite which cones in with the

next study. And finally, a close association of
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uraniumw th iron

So let nme open the floor for questions
before | go into the tonography work.

MEMBER WEINER So this is just a
conpari son of your techniques to see what you can do
with then?

M5. ALTMAN: Yes, | nean part of it was,
you know, they did the XRD work and they weren't able
to see the iron. So then it becane okay, let's |ook
at a suite of these techniques and see what we can
| earn fromthemwas the purpose of it.

MEMBER VEI NER: Any of the staff have any
guestions at this point? It's been suggested that we
take a 15-minute break because you guys have been
going on for quite a while. So we'll reconvene at a
quarter to 11.

(O f the record.)

MEMBER WEINER: On the record. Susan
you're tal king about the Cape Cod worKk.

M5. ALTMAN:. Ckay. So now |'mgoing to
nove onto the m crotonography work which | led. So
|"'mawful famliar with this work. This was conducted
at that Advanced Photon Source at Argonne Nati onal
Labs. This slide is attenpting to show the whol e

schematic. This is the hutch where we coll ected the
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data that conmes out here.

There are sone crystals that control. By
t he angl e, you can control the energy. The sanple is
just a sinple aggregate sanple, a millinmeter or |ess
in diameter epoxies onto a toothpick. So it goes
through the sanple, through a scintillator which
converts the x-rays into visible light, reflected off
a mrror and upward into the CCD carnera.

So the idea is you take an inmage of the
sanple and you rotate the sanple a little bit. Take
another inmage. Rotate it alittle bit, etc. So
you' ve gone out through 180 degrees. \What the inages
are is how many x-rays are transmitted through the
sanple and that's going to be dependent upon the
conposition of the sanple.

This is where the tonography cones in.
They take the series of inages and can put them
t oget her and you get a 3-D i mage of the sanple and t he
interior of the sanple wi thout actually having to take
the sanple apart. So what you're actually neasuring
is the source intensity over the intensity that cones
through the sanple and that's a function of the
t hi ckness of the sanple and what we call the |inear
sorption coefficient. So the output of the tonography

is the linear sorption coefficient for each voxel in
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t he sanpl e.

This is an exanple of slice of a 3-D
imge. Again, these are 3-D images but it's easier to
show a slice and it actually doesn't transmt very
well. But you can easily qualitatively distinguish
the different regions within the sanple. So we have
core screens here. You might want to | ook at your
handout. It's a little clearer.

W have this intergranul ar material which
is nore absorbing. So darker is nore absorbing to the
x-rays and there clearly appears to be two different
zones of granular material. So one we call the high
iron and the nore normal background for granul ar
material. You can also clearly see the epoxy
surroundi ng the sanpl e.

The voxel size is approximtely 4 mcrons
on the side and you'll notice this tree-ring
structure. That has to do with the tonographic
reconstruction and its used nore than the data al ong
wi th other sources or norms and agai n our scal e bars,
we're tal king about a half a mllinmeter here.

CHAI RMVAN RYAN. How big is the beam
conpared to the sanpl e?

M5. ALTMAN. How big is the beanf? You

actually have control of the beam because you have
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shutters. So the beam we keep it as small as
possi bl e to nake sure we conplete the sanple. So it's
in the order of maybe 3 mllineters high and --

CHAI RMAN RYAN: It's bigger than the
sanpl e?

M5. ALTMAN:. Oh, yes. And then it can be
much bigger but then you shutter it down just to
control it.

CHAI RMAN RYAN: |I'm asking real specific
guestions. |Is the beam bigger than the sanple or not?

M5. ALTMAN:  Yes.

CHAI RVAN RYAN: Ckay. |f you have that
situation, don't you have built up from scattered
radi ati on com ng back into your sanple and so forth?

MS. ALTMAN:  You do have sone scattered x-
rays that cone. There are sone things, they call them
ringers, where in the reconstruction process they can
remove it. It is also a source of noise.

CHAI RVAN RYAN: But you calculated this
I/10. It actually should be equal to a build-up
factor which is also a function of the relaxation life
UX.

M5. ALTMAN. Ckay. You're getting a
littl e beyond what I know. But what | can say is that

i n doing the reconstruction they have this background

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

86

factor, the dark fill, that they correct for which may
be accounted for that.

CHAI RVAN RYAN: That's not reflected in
your equati on.

MS. ALTMAN: This is a theoretical

equati on.

CHAI RVAN RYAN: Onh, no. It's a rea
equation. It works like a charm

M5. ALTMAN:  Yes.

CHAI RVAN RYAN: The reason that |'m asking
is --

IVB. ALTMAN:  -- details of the
reconstruction and what exactly is it.

CHAI RMVAN RYAN: There's a question with
narrow beam and wi de beam geonetry.

M5. ALTMAN.  Ckay.

CHAI RMVAN RYAN:. |If you have narrow beam
geonetry and you're trying to neasure it with a
detector, you' re not going to get scatter from bigger
beans back into the detector that didn't interact and
give you a fal se positive signal. Wereas broad beam
geonetry you have to correct for this built-up. So
"' mjust wondering which circunstance you had?

M5. ALTMAN: And | can't answer that.

don't have the answer to that question.
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CHAI RVAN RYAN: Ckay. Fair enough.

M5. ALTMAN: It's bigger. 1It's not a |ot
bigger. And | don't know where the cutoff is.

CHAI RMAN RYAN: If it's bigger at all,
built-up is an issue.

M5. ALTMAN. Ckay. So | don't if the dark
field -- What they do is every so nany inages, every
50 i mages, they have the beamgo off and take an i mage
on nothing and they use that as a noise correction.
| don't know if that accounts for that or not.

CHAI RVAN RYAN:  No.

M5. ALTMAN. Ckay. So in the previous
slide | showed youthis is qualitative information you
can get from the data. Now we tal k about nore
guantitative information. So what we did is just nake
note of the values of the voxels of the linear
sorption coefficient of all the voxels in the sanple
and we get a histogramwhich is the heavy dark |ine.

So what | didis | best fit the black line
using different neans of standard deviations. The
blue I'ine shows the air. The green shows quartz. The
red shows the intergranular, the nore dom nant
material and this is a blowup of this slide. So we
have here again the intergranular material and then

the high iron. So we have the high intergranul ar
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material. It's a small vol une.

Wth that, | have a nean and a standard
deviation |linear sorption coefficient for each region
within the sanple. And you can see distinct regions
clearly. Then you also see -- Sorry.

CHAI RMAN RYAN: What's the standard
deviation? | don't see that.

M5. ALTMAN. It's defined as the Gaussi an
Di stribution.

CHAI RMAN RYAN: So it's not an error bar
in particular.

M5. ALTMAN: You'll see that later. [|I'm
just showing the Gaussian Distribution which is
defined by a nean and standard deviation. |[|f you
subtract that from the range, you get these dotted
bl ack | i nes which are either m xed voxel s, so you have
sone voxels that have nore than one substance in it,
or it could be due to x-ray refraction too or inthis
case, it's probably some epoxy.

Here you can see -- | should say also
al ong wi th our aggregate sanples that we got fromthe
UMIRA site we took sone m nerals of known conposition
and i maged those and neasured the nean and standard
deviation for those. So that's what this plot is

showing is the mean and the error bars are one
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standard devi ati on.

The mass sorption coefficient is just a
I inear sorption coefficient divided by the density of
the sanple. Theoretically, there should be a pretty
linear rel ati onshi p between the nass fractioniron and
the mass sorption coefficient. W're seeing that at
t he | ower ranges because you have ot her m nerals.

The iron's really going to dom nate the
sorption of the x-rays at | ower ranges. Wen there's
less iron other mnerals you'll see. So you get off
the regression a little bit. But we defined a
regression between mass fraction iron and mass
sorption coefficient.

What we want to know is how rmuch iron is
in the sanple or at each region? How nuch clay and
how nmuch iron (oxy)hydroxides and this is where the
previous work fits in because they were able to
provide us with these are different mnerals, these
are the conpositions of the mnerals. So we were able
to use that as background and we just set up a system
the four equations, the four unknowns, pretty sinple
equations just |looking at the mass fractions and the
rel ati onship between nmass sorption coefficient and
linear sorption coefficient to solve for these

unknowns using this regression.
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This is the data input. The ferrihydrite
versus gurtite (PH), they're going to have a simlar
anount of x-ray sorption. W won't be able to
di stinguish them So what we did is just bounded
val ues and said we have a nean fraction iron based on
t he stoichionmetries of this between this and this and
the same for clays. Fromthe work from Carl os
Ovacol ogne (PH), we were able to have a range of what
t he stoichionetries were and then able to give a range
of the fraction of iron in the clays.

This is the background data that we put
into our system equations. Then we come out with
either mass fraction iron or mass fraction iron
(oxy) hydroxi de for the different sanples.

The blue and the red is we collected data
at two different energies. The lower the energy the
hi gher the quality of the data, the | ess noise there's
going to be. But unfortunately at the | ower energy we
weren't able to get enough transm ssion through sone
sanples. So we had to redo it at a higher energy.
Actually for this high iron portions, | trust the 26
keV data there.

You' re al ways | ooki ng for ranges. W have
a range of nmss fraction iron given sort of the

uncertainty in sone of the paranmeters. | didn't

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

91

account for the standard devi ati ons which shoul d be
there to a certain extent. But we have a range of
mass fraction irons and mass fraction iron
(oxy) hydroxides if you subtract. W assunmed it's just
clay or (oxy)hydroxide. So you subtract one fromthe
other. |If you subtract one fromthis value, you would
get the mass fraction clay. W're talking val ues
around 30, 35, percent in the high iron dom nated by

t he (oxy) hydroxi de.

For nost of the sanples, again this is one
sanpl e here and three other sanples. W're talking 20
to 35 percent iron (oxy)hydroxide and about 20, a
little higher than 20, percent iron in the sanple. So
we're hoping this can be input data into the nodels
and it's asinple way to collect a fair anount of data
wi t hout having to do a | ot of sanple preparation.

The second thing we were interested inis
| ooking at the association of cesium wth
intergranular material. W could see that. W used
cesiumas our tracer. |It's highly soluble in water.
It's cad ion like uraniumand it's highly absorbing to
X-rays.

So what we didis we took the sanples. W
soaked it in a cesium chloride solution. Then we

rinsed the sanple for a number of rinsing until we

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

92

didn't see an cesiumor chloride in the rinse water
and then we imaged it. Now this slide here shows the
| inear sorption coefficient versus energy.

I f you look at quartz, it just decreases
with time and the sane with iron. But with cesium
you have this sorption edge. At a specific energy,
all of a sudden there's a junp in linear sorption
coefficient. Wat we do is we take an image above the
sorption edge and below the sorption edge and by
subtracting the two, we hope we only see the cesium
because with iron, there's not going to be much
difference in the sorption between the two.

So this is the imge above the sorption
edge and below the sorption edge and this is a
different image which again is not transmtting very
well. You can see a little cesiumup here associ ated
with this high iron. There's also sone around here.
| f you | ook at your handouts, you'll be able to see it
better. Unfortunately, we think we had sone epoxy in
the way of the sanple down here. So we didn't see
much cesium sorption down here. But we were pretty
excited. W got to see the cesiumin this sanple.

Finally, we just in August got sone data
on the Cape Cod sanple. These are sanples the USGS

has been working with. [It's a well characterized site
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and we wanted to test this technique with a different
sanple. Wiat's interesting with this sanple is that
it seems to be, these are really prelimnary results,
much nore het erogenous than in that of other sanples.

W have nass fraction iron ranging from
about 20 to 40 percent and actually there was anot her
sanple |'m not showi ng here where it went up to
greater than 50 percent iron.

Fromthe literature, these are sort of the
potential mnerals that could be in the sanples that
are consistent with the readings we're getting. Also
again if you look at the cesium this is our
difference inage. W're seeing a |ot of cesium
sorption. W were a little bit nore careful with our
epoxy this tinme. You can't see it here but this
yellow circle, there's <clearly quartz and our
nmeasurenent for the linear sorption coefficient is
consistent with the theoretical val ue.

Then t here' s anot her reason, slightly nore
absorbi ng t han another mneral. Wat's interesting is
you see some cesiumsorption at that boundary between
the quartz and the other mneral. The rest of the
cesi umyou see associated with the intergranul ar high
iron materials.

What |1'd love to be able to do i s we need
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to finish the evaluation of the Cape Cod sanples
through a nore rigorous quantitative eval uation and
this is where making the connection to the nodeling
which | think would be a great next step. |If we have
these different iron phases, determ ne the surface
area available for sorption from the tonographic
i mges and then take that data and fit it into a nore
explicit surface conpl exati on nodels or Kd nodel s and
conpare the results to see hownuch it really matters
for these sanples. That's it.

MEMBER VEI NER: Questions? Jim

MEMBER CLARKE: This is kind of a general
guestion maybe going back to the beginning. As I
understand it, to ne it | ooks like you' re devel opi ng
a framework. You're using particular species in your
predictions and in your experinents, uranium for
exanpl e and now cesium How transferrable is this to
ot her radionuclides of interest? If you know the
chem stry, can you do that?

M5. ALTMAN. |I'mgoing to defer that one
f or Randy.

MR CYGAN. Welconme to the CMI work, the
first part of the study really was enphasizing the
mneralogy and | think that's clear cut how just

identifying the fine coatings, the small thin-Ilayered
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coatings, that occur on these substrates, quartz,
fel dspar, whatever. That's critical no matter what
t he radi onuclide is obviously. Then with the cesium

MEMBER CLARKE: M question was a little
nore general including the surface conplexation
nodel i ng, the nolecular nodeling, just everything
you've presented to us today. | just wonder how
transferrable it is to be on the radi onuclides that
you focused on.

MR CYGAN. Oh.

M5. ALTMAN. Each solute is going to have
its unique characteristic.

MR. CYGAN. Essentially, you're not going
to be able to just generalize their behavior.
Qobviously each system is going to have its own
particul ar reactivity and associ ati on.

MEMBER CLARKE: That's what | said. |If
you know the chem stry.

MR. CYGAN. | guess you can nake
conpari sons for anal ogous type behavior. |If you go
t hrough the periodic chart, you can start to say |like
manganese and rhenium for exanple, that conparison
But I think going fromthe very fundanmental nol ecul ar

nodel s all the way up it woul d be tough. | think what

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

96

we could do is pick our targets carefully, try to nake
sure they cover enough of the periodic chart in terms
of general behavior and then | ook at those trends.

| think there's a very specific problem
W' d probably want to do fromthe beginning. |[|f you
want to | ook at neptunium for exanple or plutonium
you coul d make generalities. But | think some of the
behavior is very specific to that el ement especially
if you're looking at the uniqueness of inner sphere
versus outer sphere how nmany |igands are involved,
| ooki ng at the hydration energi es of solvation in the
bul k versus pulling off those water nolecul es and
trying to have it sorb on the surface is an inner
sphere conpl ex.

Those details certainly will require al ot
of work. But | think you can nake a nmap of let's say
a dozen type of proxies and work on those to get that
type of detail and then |look at the trends.

MEMBER CLARKE: | asked the question for
two reasons. Yesterday, we heard presentations on the
new proposed EPA standard whi ch proposes a conpli ance
time of a mllion years. That suggests to ne that
attenuation in the subsurface is going to becone nmuch
nore inportant. Maybe it didn't need to be as

i nportant when the conpliance period was 10, 000 years.
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Perhaps it needs to be | ooked at nore cl osely now.

The other thing is that the radi onuclides
that drove the risk over a conpliance period of 10, 000
years may very wel|l not be the same radi onucli des t hat
drive the risk over a conpliance period of a mllion
years. That was what really pronpted ny question
You' ve done sone great work, it looks to nme, on sone
parti cul ar radi onuclides and there may be ot hers that
are going to be very inportant.

| guess the other general observation is
you tal k about going beyond Kds but you al so tal ked
about a way of getting nuch better Kds putting in
wat er chem stry, surface conpl exation, nodeling. |

think that's going to becone very inportant in PAs as

wel | .

MR CYGAN:  Thanks.

MEMBER VWEINER:  Bill.

MEMBER HI NZE: To follow up on your
comments, it seenms to ne that this thernodynanic

nodeling is extrenely interesting and very useful for
characterizing the sorption on a variety of mnerals
under vari ous physical chem cal conditions. But being
a geotype, | worry about how this really relates to
the real world and how one takes into account the

geol ogi cal environnent, not the physical and chen cal
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envi ronnent but the geol ogical environnment and take
i nto account the texture and structure associated with
the conpaction of clays, the occurrence of sand
stringers in clays and so forth and how one can real ly
apply this to a specific geol ogical situation without
having an extreme anount of characterization,
geol ogi cal characterization and materi al

characteri zation.

That's an observation that | have that |I'm
wondering just how one is going to apply this. 1 can
see this in the theoretical world, but I want to see
this to the real PA world.

M5. ALTMAN. | think you bring up a really
good point. The two issues involved, one is a scaling
issue and the other is the heterogeneities in the
system and you can't just dig out the ground and see
what's in there. Traditionally, one way to approach
it at the larger scale is you do, and I'ma hydro
geologist, so |I'm focusing on the hydrologic
connectivities of porosity and the other materials
that are i nportant, the physical paraneters inportant
for the transport nodel s, but you generate statistical
fields. You take what you know fromthe well data of
the stratigraphy. |If you think there's stringers you

can put things like that in a geostatistical nodel
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with a certain probability of themand you have to do
nunmerous sinulations and that's where you get your
uncertainties and ranges of results.

MEMBER HI NZE: Yes. You're absolutely
right. The characterization on a variety of scales is
extrenely inportant to make this into a truly
ef fective procedure.

M5. ALTMAN. Right. So the nol ecul ar
scal i ng nodel i ng, we have to take those results, build
it up to a bench scale and see how well we can match
that and then you go on to the next scale.

MEMBER VEINER: |1'mgoing to take the
liberty of asking a question because it follows right
onto Dr. Hnze's. Wat steps do you think you stil
have to take or beyond these next steps, what do you
plan to do to make this applicable to sone of the
problens that we have wth the mgration of
radi onucl i des through actual natural systens?

MR CYGAN. Can | defer that "till the
next presentation?

MEMBER VEI NER:  Certainly.

MR. CYGAN. Because | have a sunmary slide
in terns of future directions in mne.

MEMBER VEI NER:  Thank you.

M5. ALTMAN. But you brought this up
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before. W have test sites with data and it woul d be
great to be able to apply them

MEMBER VEI NER: Al | en.

VI CE CHAI RVAN CROFF:  No.

CHAI RVAN RYAN: Again, | want to share in
Prof essor Hinze and Dr. C arke's comrents that | think
the work is fascinating, probably very helpful to
getting sonething better than a shot in the dark Kd
which | agree they can be all over the map. It's a
wel |  known paranmeter typically plus or mnus two
orders of nmagnitude.

But | urge you to think carefully about
the systematic risks in your systems and in your
nmeasurenents and in your calculations. There's a
whol e slew of them It's not just an instrunent, but
it's a sinple prep question. [It's an instrunent
guestion. It's this question of backscatter and
build-up in an x-ray beam All those things are
errors that you have to sonmehow systematically treat
and then that's different yet again froma cal cul ati on
uncertainty in a nodel

The power of interpreting your data is
only as good as a rigorous analysis of those
uncertainties and |I just urge you to think carefully

about thinking about how you're going to go about
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doing that and | recognize as true experts in the
subj ect your skills of interpreting are obviously at
probably the highest |evel of anybody to do it. But
you have to, | think, also add to that the rigor of a
true statistical analysis that |ooks at every
conponent of systemerror.

In my owmn area of interest, |I often see
folks that mnmake a neasurenment with a gama
spectroscopy unit and they give ne the error for the
gamma neasurenent. That's typically the small est
error in the system and typically trivial in the
system Everything else is very inportant and
typically ignored.

So | urge you to think about that and
maybe add that kind of thinking to your analysis to
make sure that you're not interpreting sonething that
m ght not allow you to nake that interpretation or
you're distinguishing between curves that really
aren't different. Just sonething to think about. But
again, | want to enphasis. | think it's cutting edge
wor k and very val uable to push in these directions to
see if you can inprove our use of these principles to
i mprove Kds. Thanks.

MEMBER VEI NER:  Lati f.

MR. HAMDAN. | also want to follow up Dr.
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Hinze's point. The other risk that concerns ne is the
data that you have. Susan, you said you have it and
you work with it. But the question before you do that
is whether or not the data is enough to characteri ze
the environnent or the side that you want to
characterize and that's a very inportant question

M5. ALTMAN:. Yes, | agree with that.
You're talking about nmeasurenent there and you're
tal king about variability and they both have to be
characteri zed.

MR. HAMDAN: So the point, sonetines data
t hat you have is not enough and so naybe it's a waste
of time to analyze it and deduce fromit if you don't
ask the question at the beginning is this data enough
to characterize the situation | want to study.

M5. ALTMAN. And that's in part why the
CMI data canme in. They did the m croanal ytical
techni ques but they're time-consum ng. There's a |ot
of sanple prep. You can't do that for a |arge nunber
of sanples. So we're |looking for -- And then you can
go to batch structured experinments and get Kds. W
want something a little better than that. So we're
trying to find that something and it's doable to find
the variability in it at the same tine to get the

detail s we need.
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MEMBER HHNZE: 1'd like to point out that

that variability is not just spacial but it's tenporal
as well particularly in the Vado zone and that throws
an additional conplication to it.

MS. ALTMAN. | agree.

MEMBER VEI NER: O her questions? Hearing
none, Randy. | suppose you're up.

MR. CYGAN. Okay. I'mgoing to finish up
the Sandia part of the presentation for this norning
and then Bill is going to end with some of the NEA
project results. The last part, our task five is an
enphasis on the neno of understanding that's anong
nine different federal agencies. This was started
some years ago and we j oi ned as representatives of the
NRC.

W joined the MU effort and we j oi ned
right at the tine where they were preparing a reactive
transport workshop. W had several people in our
group who were quite interested in this and we deci ded
to junp in whol e-hog and we offered to host it. So we
got quite in above our head in terns of dealing with
a large group of people in trying to get a workshop
together in a short amount of tine. But the effort
was all quite worth it.

This activity was defined in the May 2003
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proposal. This is a Phase 2 proposal and I'll give
you a webpage | ater on in the presentati on which gives
you the history of the MOU and of this particular
wor ki ng group. There are several working groups. One
is for exanple that we've been involved in to a | ess
extent is the one on uncertainty and uncertainty

anal ysis. The other one is on reactive transport
nodeling. So working group no. 3 is the reactive
transport one.

Qur charge was to organize and convene
this workshop and it was entitled "Conceptual Model
Devel opnent for Subsurface Reactive Transport Mdel i ng
of Inorganic Contam nants, Radionuclides and the
Nutrients.” So it brought in a | ot of other experts
beyond t he geochemi stry people, the hydrol ogists. So
we have a good audi ence for that reason.

It was held in April of last year in
Al buquerque downtown and fortunately we had sone
financial support through the registration fees and
some of the travel was brought up by these agencies.
W had about 70 people who contributed who attended.
These included people from the federal agencies
t hensel ves, academ cs and international as well.

Seventeen were invited speakers and we

broke it down into four summary groups that had a
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little niche of each of the particulars of reactive
transport. |1'mgoing to briefly discuss what canme out
of the sorption workshop, sorption breakout session.

The wor kshop objectives were to confirm
t he needs and goal s for field scal e reactive transport
nodeling. |1'menphasizing the field scale here. Even
though we're talking about in sonme of the
presentations at that conference atom stic processes,
t he goal was to always scale up. So we're going back
to the spatial and time scales in ternms of the
mul ti scal i ng.

W wanted to also denonstrate what the
state of the art was in the discipline and how the
nodel i ng of the processes will control the field scale
mgration. This work was all in inorganic sol utes.
"1l be talking briefly about some foll owup work on
organi c materi al s.

What we were nost concerned with in terms
of the state of the art was to |ook at where the
advances are needed in our scientific understanding,
trying to see what the new approaches are for how we
could develop better, inmproved conceptual nodels,
assessing field rel evant reaction paranmeters and al so
what are sone capabl e, achievable targets for these

new nodel s.
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This is just sone eye candy if you will.
It sort of represents the detail of what goes on in
t he subsurface and why this is a nontrivial, non-Kd if
you will type of problem This is a fairly nice
schematic of the nmultiple scales that are involved in
| ooking at a landfill on the margins of a river basin
and howthe | eaf -shaped (PH) material can get into the
subsurface and in this case, we showthe conplications
associ ated with goi ng through oxic zone and then into
a reducing zone and then perhaps back into an oxic
zone as it gets into the flow drai nage.

We coul d al so denmonstrate the multileve
scale at |east going back to what we tal ked earlier
about, the atom stic approach, in this case | ooki ng at
arsenic or iron and their val ance changes as they are
interacting with substrates or for exanple even
colloid nmaterial and not just the sedinment. That's a
broad macro-scale, mcro-scale, atomc scale and we
heard this a | ot throughout the workshop about Kds and
Kd was often a so-called standard that was used for
conpari son of the surface conpl exati on nodeling.

Specifically to the breakout session on
sorption and iron exchange, there were severa
recommendations. The first was to publish sone

gui dance docunents, sonething that the whol e i ndustry
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can refer to to establish pretty much what is the
state of the art, what are the different choices that
are available to the geochem cal users or for that
matter the |icensee at sone decomm ssioning facility
as to nake sonme judgnent on how to go with sorption
nodel i ng.

The results on the matter of devel oping a
new dat abase for sorption nodel paraneters. This goes
well beyond the Kd but gets you into surface
conpl exation nodels, site densities, equilibrium
constants for all the reactions, acid/ base reactions,
conpl exati on reactions and that sort of thing for not
just ferrihydrite but for nore conmon substrates.
mentioned earlier about Zonmback Morrell (PH)
references primarily for the ferrihydrite materi al
Then it was a material of al so how do you extend a | ot
of the conplexation nodeling to nore sophisticated
systens and we tal ked about this already this norning
is looking at vadose zones or infractured rock
material. How easy is it to take nore of the
honmogenous, uniformtype application that we're used
to for surface conpl exation nodeling and try to push
it into sone rather unique type of environment but
sonmething that's nmuch nore applicable to sonme of the

regul atory issues for the NRC
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The one unresol ved question here was how
do you nmake that third choice, Latif? W could talk
about using sonething that's sonewhere i n bet ween a Kd
and a sophisticated SCM and that would be the
general i zed conposite. How would any of these choices
be nost cost effective?

And 1'd like to have the Conm ssion
recognize that Jim Davis in the Survey wll be
presenting next nonth hopefully and you' Il get a
better fee for howthe generalized conposite could be
used as sort of a bridge which provides the rigor of
t he t her nodynami ¢ approach but yet reduces the nunber
of paraneters needed to nodel sonmething rather
conpl ex.

And then the breakout session group al so
identified that there is a need for a field site to
test all these, a field site that has sonewhere a
bal ance between conplexity and tractability, a range
of observabl e | ength scal es wi th physi cal and chemn cal
het er ogeneity, things we've al ready tal ked about, al so
the effect of hydrol ogic and chem cal transients, how
a pulse mght affect your nodeling and trying to see
t he outcome of that.

And then also there was a concern about

pretty much expanding this into all biogeochem ca
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processes and that brings in an i ssue about the effect
of bugs, mcrobes, and how they affect sorption
processes. | know there are several groups around the
United State, at |east at the universities, who are
really looking into the issue of microbial activity
and how netals will be sorping certain exudates,

pol ynmers that are exuded fromthe bugs.

But anyway this field site issue and the
conplications associated with a field site, this was
a comon thene for each one of the four breakout
sessions and not just our sorption and exchange.

MEMBER HI NZE: Do you have any gener al
reference on that biogeochem cal work that | night be
able to | ook at?

MR. CYGAN. The workshop actually had a
breakout session that dealt with that and | have two
sources for that. One is this docunent here which is
proceedi ngs fromthe workshop and then I'1| be tal king
here about the webpages.

MEMBER HI NZE: G eat.

MR. CYGAN. One of our charges as host and
for our Task 5 with the NRC was to develop public
webpages for reactive transport nodeling and this is
the main page for the nmultiple agencies, the Steering

Committee for Multi nedi a Envi ronnent al Mbdel s and thi s
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has a summary of each of the agencies that are

i nvol ved.

Also it provides summari es of each of the
di fferent working groups. | believe there are four or
perhaps five. | don't know if Tom s here or not.

What's the count? Five | think. Four. Then part of
our effort was coordinating the content webpages,
provi di ng public docunments and then there was a
publication of a Phase 2 proposal for our particul ar
wor ki ng group.

W essentially took our conference
proceedi ngs and got theminto the webpage. This is
all fairly mnor stuff. Actually here you can see
some of the different agencies at the tinme of the
neeti ng who were involved. Actually, | should point
out one thing that's been nice about this workshop is
that we started to talk with the people in the USDA
the Agricultural Research Service, ARS, and the soi
scientists there. So that has hel ped out trenmendously
with the collaborations and also it brought that
comunity into a better working environment with the
others in the field.

Essentially we have publications on the
web of the abstracts, presentations and summaries of

the nmeeting. This is the NUREG report that has al
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ext ended abstracts and short papers fromthe workshop
and the summaries of all the breakouts sessions.
That's to be published soon by the NRC

There is also a nice workshop summary
article that was published in the Transactions of the
Aneri can Geophysical Union last fall which had a nice
summary. In fact, the arsenic/iron exanple that
cartoon was published in ECS, the Transacti ons.

The thing that we' re working on right now,
| " mwor ki ng wi t h Sabi na Gol dberg of the USDA and we're
editing a special volunme of the Vadose Zone Journal .
| forgot the main editor's nane and he's identified a
special issue for next year to highlight reactive
transport nodeling, something that he sees as being
critical and the people who are doing hydrol ogic
nodeling and trying to incorporate chemstry
especially in Vadose zones obviously but it's fairly
general across all groundwater systens and he
recogni zes that our reactive transport nodeling,
specifically surface conpl exati on nodeling, needs to
have much nore visibility in the comunity.

So we're going to be taking advant age of
this and we essentially have eight authors who are
fromthe workshop who will presenting in that issue.

The lastly since the workshop, the enphasis of the
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wor ki ng group has been on devel opi ng an organic
subgr oup

Let me end with this last slide in terns
of Sandia's interest and where we see t hings goi ng not
necessarily just by our group but other groups doing
surface conpl exation nodeling and that is to start
| ooking at what level of conplexity is needed to
really apply to a particular problembe it a heavy
netal contam nant or radionuclide contam nant. Now
where do we have to draw the line in terns of how
sophi sticated of a nodel we need to really nodel it
accurately?

Adm ttedly, alot of our research has been

enphasizing fairly detailed, fairly sophisticated

net hods ei t her t heoreti cal, comput at i onal or
spectroscopi c, experinental. W're not hiding that
fact but this stuff is not cheap. It's sonewhat

costly but it's also wusing state of the art
facilities. But yet we feel that it provides a good
foundati on or good bottomline for making judgnent,
especially legal judgment in sonme cases with NRC
i ssues, on how best to do performance assessnent.

So we don't hide away from that fact at
all. However we recognize that in an application we

have to draw a | i ne sonewhere. Sone ways we m ght be
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able to do that is to perhaps |ook at a system where
we know | et's say critical substrates for sorption for
radi onuclides, let's say quartz, ferrihydrite and
clay. Perhaps we coul d perform adsorption experinents
and then fit the data wusing all the different
sophi sticated SCM nodels. Then we could | ook at the
adsor ption experi nents, naybe just one or two or three
at time, try to look at all the conbinations and then
conpare that to assenbl ages.

So we do the mi neral s i ndependently, apply
t he surface conpl exation nodeling, bring in mxtures
of the mnerals, do the experinents and the
conpl exati on nodeling and see how they conpare to
really prove that SCM can be a predictive tool. W
have not done that yet. |In fact, nobody has done it
at this scale. So it's taking very fundanenta
nmonomi neralic conparing that to m xtures and mnerals
and then conparing the conpl exati on nodel s.

CHAI RMVAN RYAN: Just a quick question
there. | think that's a good exanple of the kind of
thing I"'mtrying to reach for. So basically you're
saying you're trying to prove if it can be used for a
prediction. Wat's the hypothesis driven experinment
you're going to design up front to do that,

statistically driven hypot hesis?
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MR. CYGAN. That gets to the point. |If
you're going to have -- W could denponstrate it
perhaps for one or two or three as | nentioned here
i solated cases. But statistically drivenis a
different issue.

CHAI RMAN RYAN: That's the key issue.

MR. CYGAN. That's the key issue but it
determ nes how rmuch effort you want to put into it.

CHAI RMVAN RYAN: Wt hout that though, |
t hi nk you' re ki nd of driven phenonenal ogi cal |y and not
interns of your ability to reach your end goal which
is touse it in PA

MR. CYGAN. Right.

CHAI RMAN RYAN:  So |'m struggling why that
I inkage isn't part of your thinking.

MR. CYGAN. The linkage is there but it
becones an issue as we start to prove the proof of
principle let's say. |If we can denonstrate that here
is a single mneral and we could do the nodeling
perfectly on it. Then we take the same m neral,
expose it in an iron solution and let's say we force
out ferrihydrite on that mneral. Now we start to
have a mi xture of a substrate. Mybe it's quartz we
| ooked at with m ni mal anount of sorption. Now we add

an iron oxide conponent as a surface coating in a
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| aboratory environnent and if we could still predict
the surface conplexations for that next |evel of
conplication, then we have a buil di ng bl ock to proceed
to maybe two or three mnerals in the assenbl age.

CHAI RVAN RYAN: It's a big naybe.

MR CYGAN. It's a naybe but it hasn't
been tested yet. That's the hypothesis. WII it
performat the same |evel taking nonom neralic data,
conmbing themto a nultiple soil mxture if you will.

CHAl RMVAN RYAN: That's not really a
hypot hesi s.

MR CYGAN: No, not inits true sense of
a hypot hesi s.

CHAI RMAN RYAN: That's again | strive to
get across. That's what's going to tell you whet her
the research ultinmately gets to the goal of really
enhanci ng perfornance assessment.

MR. CYGAN. But at this |level, ny point
that |I'm stressing here is to do it right
statistically drivenwill involve alot nore work than
what we're proposing right now.

CHAI RMAN RYAN:. Sure, and again an old
mentor of mne said, "All the easy stuff's been done
already.” | hear you. 1It's a challenging problem but

it's one that | think you have to face if you want to
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have the utility that you' re reaching for.

MR. CYGAN. The next |evel of conplexity
on that sorption nmodel would be to | ook at surface
protenation (PH), something | only alluded to earlier,
and that is if you' re going to be tal ki ng about
surface conplexes and you want to have the detail
needed to have t hese nodel s be as general as possi bl e,
there's an issue of what is the protenation state and
you coul d perhaps use these nusic or CD rnusic nodel s
that are out there that would add that |evel of
conplication. But again, this is all at the very
fundanmental level and it's a big step to go fromthat
into the application for PA

There's certainly some clean-up work
related to Geoquinmco. | already alluded to those in
the presentation earlier related to that software and
| think that Susan just enphasized the issue about
CMI. | think I"'mgoing to leave it at this point.
Qobvi ously, there's sone phil osophi cal concerns about
what' s driving the research and setting up hypot heses.
| accept that as a concern.

But | think the bottomline of our
presentation this norning has really been enphasized
that there are a |l ot fundanmental physics and chem stry

that go into these nodels that typically has been
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ignored. |If they are included and to generalize in
that way, we have a nmuch nore solid scientific basis
to predicting surface conplexation and attenuation
perhaps to the point of intrusing to performance
assessment codes. Do you want to open it up?

MEMBER VEI NER: Are there any questions at
this point? Latif.

MR. HAMDAN. Randy, have you thought or
consi dered taking a study that used Kds for which you
have enough data and try to redo the study with that
surface conpl exati on nodel and then not just one find,
not just one study, nmaybe two or three studies that
use Kds and see what kinds not necessarily to see
which one is better but if nothing else to generate
guestions for you what it is that you want to pursue
inthe future. It seens to ne if you |look at three or
four studies that use Kds and you applied your
operatives the way you |i ke to approach it, you would
have sonme nore neani ngful questions as to where to go
from here

MR. CYGAN. A great suggestion as how you
shoul d go out conparing Kds and SCM | would refer to
JimDavis and what the USGS has done. They're pretty
much the field based part of our collaboration with

NRC support. Jim Davis has been doing that. | think
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when you hear the results of the Naturita study,
you'l | be rmuch nore appreciative of the SCMversus Kd
duality.

It's very easy to generate a Kd from SCM
data. That's the baseline part of it. You can
extract that out. You could see the variation in
spacial and in tenporal scales and they' ve done that
inareally nice study with Naturita. So the data are
there for the Naturita and that's what you'll hear
next nont h.

Wth the same concern, they've also
denmonstrated that at the Cape Cod field test site and
conparing tracer tests for exanple where they
i ntroduced tracer into the hole and into the well. So
they're able to do SCM nodeling of sonme of the
tracers, either sorping tracer or non-sorping tracer,
and they' ve done the conparison of Kd and SCM

So there are a couple issues that |'m
aware of. W personally are not the ones doing field
studies and so | can't really answer that outside of
referring to JimDavis and their group.

MR. HAMDAN: The point I'mtrying to nake
is that one i nportant purpose of nodeling, when you do
a nodel, one of the nost inportant purposes that's

of ten overl ooked i s choose the nodel to identify where
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you want to spend your resources and you nentioned
that this work is not cheap. So if it's not cheap,

t hen t he nodel s are perfect for you to go and identify
where you want to spend your noney, where you want to
spend your effort and use the case studies on Kds not
so nmuch to conpare the surface conplexation with Kd
approach, not there, but in order to map for yourself
what ki nd of things that you need, where you shoul d go

with your efforts.

MR. CYGAN. | agree. There are certainly

some weaknesses that we aren't even aware of yet when

we start to get into the applications especially a

conplicated application. Once we start to do that, we

start to see where there are sone pitfalls. That's
when we have to back up to this type of |evel and we
recogni ze that as being an ancillary or supportive
role to doing the performance assessnent which is to
recogni ze where are the technical gaps. W can fill

in those gaps.

But | will back up alittle bit. This is

an anecdotal story. The nodels are only as good as
t he assunptions. W've always heard that one. But
nodel has nore than just the option being right or
wWr ong.

An el ectrochem cal Nobel |aureate once
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said, "Anodel can be totally irrelevant.” That's the
thing that we have to be careful of. W can't have a
nodel that we push for performance assessnent that has

no bearing on the problem It may give you a nice

answer. It may give you nice graphics. It mght give
you ni ce, pretty pictures but it's totally
nmeani ngless. |I'mafraid that in sonme cases we have

pushed it to the point where it's neani ngl ess dat a.

MR. HAMDAN: Thank you very much

MEMBER WEI NER:  Bruce.

MR. MARSH Wiy the fixation on Kds? |
know it's a very convenient thing to use and people
can get these results fromvarious ways but why not go
for rate constants so that when you fornul ate a nodel
with differential equations and these things then can
be put in and they're nmuch nore predictive and nuch
nore expansive in ternms of the full regi nes and doi ng
many other things with it? Plus if you set the nodel
up to begin with that has the right differential
equations then it tells you what you need to head
towards. | know you know these things and |I'm j ust
wondering if that's in your future direction al so.

MR. CYGAN. Actually you brought us right
back to the very begi nni ng of our session this norning

because | was enphasizing in the very first
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presentation this whol e i ssue of being rigorous inthe
t her nodynani cs and to set up the equations properly,
to use mass action laws, |ooking at equilibrium
constants that go well beyond t he aqueous system t hat
go into the substrate and the sorption process. So
that's definitely the whol e background. | don't know
if you were here at the very begi nning.

MR MARSH. | wasn't.

MR. CYGAN. But certainly we recognize
that that is the advancenent that we're pushing
towards. The application of the SCMis to base it on
that. W reference Kds here prinmarily as a reference.
The Kd has just been the normin typical hydrol ogy PA
codes and it's the sinply way out to describe all the
chem stry.

W know pH, ionic strength, conposition,
multiple substrates, the surface state of that
substrate are all critical issues that can actually be
addressed in very rigorous manner wth the
t hernodynanic tools that are out there and the
extensions of the thernodynamc tools. So
appreci ate you ral |l yi ng around t hat poi nt because t hat
is the main enphasis of our work. The Kd just happens
to be a point of reference for conparison for PA

codes.
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MEMBER VEI NER: Just to nove things al ong,
| think, Bill, you had a final statenent. |'msorry.
Go ahead and ask your question. Dr. H nze, go ahead
Okay. We defer.

MEMBER CLARKE: Just a quick question.

MEMBER VEI NER:  Well, you cut Bill off,
but go ahead if it's quick.

MEMBER CLARKE: Just very quickly here.
Are you planning any future workshops?

MEMBER VEI NER: The question is invite us.
Let us cone.

MR. CYGAN. Unfortunately, we didn't do a
good enough job advertising the | ast workshop. There
are a coupl e of representatives here fromthe NRC who
were there and | think some of the other people in the
audi ence. We have nothing planned. | don't know what
the state of the other MOUs are but those are annual
or biannual events and |I'm sure surface conpl exation
nodel ing wi |l be di scussed, those MOUs, as part of the
wor ki ng group neetings.

MEMBER VI NER: | might say that Bill and
Susan will be ready to answer any questions that you
pass to them by email or call themup or if we have
further questions. Bill, you had a final word.

MR. OIT: | have the NEA project.
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MEMBER WEI NER: Yes, the NEA project

review.

MR OIT: I'mgoing to go a little bit
farther now and di scuss the last thing that Ji mDavis
was going to discuss, the NEA sorption project.
That' s t he OECD Nucl ear Energy Agency. |It's a project
t hat i nvol ved on the order of 16 organi zations from13
different countries and it has had two phases.

The first phase was basically do we think
we can do any better than Kds and the actual
observation remark to Bruce is that the problemis
that every PA nodel that | know of uses Kds. That's
primarily why the focus is trying to evolve from Kds
to sonething better. Kds is sort of the reference
where we are and we don't want to be and the question
is how do we get sonepl ace better.

Anyway, the first phase decided to the
surprise of sone of the participants and sone of the
nmenber countries who had placed a lot of effort in the
Kds and really didn't want to go away from it that
there had been considerable scientific devel opnent
over the previous 10 to 15 years since they started
doing it and perhaps they should be thinking about
doi ng sonet hi ng better.

The second phase of the project was to
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actually look at what's out there and do sone
conparisons. So they did was they took these
participating countries and organi zations, devel oped
a benchmarking study and the benchmarking study
i nvol ved six or seven technical cases that were

devel oped by a technical direction team Jim Davis's
group at USGS was our nodeling team but actually the
NEA asked himto cone on board and actually head up
the technical direction team

So this group selected test cases varying
fromfairly conplex information on Naturita to just
single mneral studies. The teans fromthese various
countries nodeled these test cases. W had 16
nodel i ng teans nodeling seven different test cases.
You rapidly get a fairly large nunber of test case
analyses that this particular nodeling project
undert ook.

In the end, they published this
docurnent ati on which 1've given the reference to D ck.
It's available through the NEA and unfortunately
they're very tight with the copies they put out.

In this particular docunent, the NEA
Sorption Project Phase |I1, Interpretation and
Predi ction of Radi onuclide Sorption on the Substrates

Rel evant for Radioactive Waste Disposal Usi ng
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Ther nodynani ¢ Sorption Mddels. | haven't read it
entirely myself. | glanced through it and read in
detail certain portions of it. It's a very good

sutmmary of the state of the art of what can be done
and it's very interesting in attending the final
wor kshop and i stening to the technical directionteam
on what they did and didn't do.

One of the things they discussed and
didn't do was constrain the nodeling teans because
they wanted to get a feel for how peopl e out there how
adept they were at interpreting systems and applying
t hese thernodynam c sorption nodels. 1In the fina
result, they found that they had a w de range of
response just because they didn't constrain it because
sonme of the teans actually came intrying to | earn how
to do the process and cane in from a fairly naive
perspective. Al of this reflects on the results that
t hey published in here.

Now let ne go to the actual slides
thensel ves that Jim provided. Sone of these
background things | won't go through, | won't
enphasize a lot. The bottombullet on this slide
"Nearly always nanagenment organizations use Kd in
their PA cal cul ations.”

Anot her aspect of this workshop that we
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just held over in Paris was that not only were the
participants in the sorption project present but they
al so invited PA nodel ers froma nunber of the agencies
and they invited nenbers of the IGSC which is the
Integrated Group for Safety Case which is a higher
| evel NEA committee which is | ooking at performance
assessment anong the nmenber nations in the whole. So
t hey had the PA nodelers and the | GSC peopl e there.

And later in the week there was an | GSC
neeting in which they discussed the results of the
sorption project. Al of this stuff was com ng
t oget her and coming to a head. The question involved
was whet her the NEA thought that they should continue
to do work in the area of sorption

There's a general desire to have a
scientifically robust and defensible basis for these
geochem cal cal culations. They know that the old
constant Kd view is wong, that Kd isn't constant,
that that fraction varies with chem cal conditions,
wi th solution conpositions, the nature of the anount
of solid materials, the wetted surfaces. They can
vary frompoint to point and Bill's observati on about
what about all this fine structure in the geol ogi cal
environnent is well taken. | think we recognize that.

As a side comment, | wanted to refer back
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to the presentations you had | ast sunmer about nodel
extraction fromthe Agricultural Research Service in
which one of the basic questions we're trying to
address is what is the appropriate | evel of conplexity
to enpl oy in any given nodeling situation. Maybe it's
isolated and it's just a short pathway within a | arger
medium So that question of what |evel of conplexity
is one that we are addressing in another part of the
program

The peopl e that put together the sorption
project felt that confidence in Kd val ues used in Pa
woul d be inproved. |If we can show that there's a
basi ¢ understandi ng behind these Kds, behind the
val ues t hat are used, behind the way that those val ues
are derived. The observation that they're not
transferrable. |If you just take the concept of Kd and
neasure that at one location, it's not transferrable
to another |ocation because the conditions are
different.

What Randy has done in ternms of trying to
| ook at the basic mineral phase and the radi onuclide
species, it should be transferrable. The question is
how | ow can we go and how can we build that into a
| arger system

|'d already nentioned this. Eighteen
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fundi ng organi zati ons, 13 nenber countries. Trying to
reduce uncertainty in Kd. Reduce increased confidence
in PA. This is the bottomline for all these NEA
countries. They want to increase in their perfornmance
assessnments. That's the only reason they're funding
this work and trying to inprove this is to increase

t he confidence in those PAs.

Hence we went into the interconparison
exercise. This tal ks about the benchmarki ng exercise
which |'ve already told you about.

Now we're going to go basically into the
results. This is a |arge docunment but you'll see sone
commonal ity between the results here and the results
that came out of the workshop that we had at Sandi a.
And you have to realize this is focused only on
sorption. The Sandi a workshop was focused on reactive
transport in general and only one of the breakout
session was focused on sorption. As Randy nentioned,
results of the other breakout sessions are avail able
on the website and will be available in the draft
NUREG when it gets published.

The key results fromthe Phase 2 report.
They feel that the robustness of the basic concepts
underlying thernmodynam ¢ sorption nodels represent

phasi on (PH) of radionuclide Kds. They feel they have
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a good denonstration in here that wusing a nore
defensive and nore scientific approach, usi ng
t hernodynanmi ¢ sorption nodels they can reproduce
what's happening far better than you can with a
constant Kd and they showed this tinme and again in
test case after test case.

Another thing that cane out of the
wor kshop was they thought they had in increased
awareness of critical 1issues and that inproved
comuni cation and scientific defenseability for these
nodel s and between the nodel ers was very inportant.

As the Sandia workshop said, they think
that the establishment of nodel guidelines wth
respect to thernodynam c sorption nodels for use in
the safety cases not only is needed. They think it's
now feasible. They feel that the conclusions that
t hey' ve reached and the general trends that they saw
inthe application of thernodynam c sorption nodels to
all these test cases have real and significant
information that we could coal esce into a reasonable
gui dance docunent on the use of these techniques at
the current state of the art. And that's the |ast
bul | et.

This was generally with regard to the

range of test cases involved. Advanced nodeling
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strategies are feasible with less conplex materials
dom nated by one or few defined mnerals. The

generalized nodeling strategies are suitable for
guantifying sorption characteristics of conplex
materials. |'mnot a geochemist. |'mnot going to
try and explain those any better than that right now
You can hit Jim with that when he cones in in
Decenber .

Potential issues and actions for a
possi bl e future programon TSMs for supporting --
These are identified needs that cane out of this and
here we say it again. Devel oping guidelines for TSM
nodel devel opnent. That's nodel devel opnent for a
gi ven application.

How do we address a specific application?
Ensuri ng nodel , physical and chem cal reasonabl eness.
Proper quantification and assessnent of errors and
uncertainties. MKke's issue. Upscaling criteria and
credibility. Mving fromlab to reality. Bill's
issue of how we go to larger systens. This is
somet hing that came out of the sorption project.

Here we go with education of PA nodel ers,
performance assessnent nodelers it should be, about
TSM application to relevant systenms. | think you're

seeing that we're comng to a lot of the sane
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conclusions and answering the questions that you
rai sed here. W see the sanme weaknesses you do and
the sorption project |I think they're identifying to
NEA t hat we ought to support further work to do this.

MEMBER HI NZE: |' m curious though. Randy
nmenti oned the organics. How nmuch are you involved in
organi cs? Have you eval uated whether they're
i mportant to study? Where do you stand in that?

MR. OTT: The work on the NEA sorption
project is looking only at radionuclide sorption.
It's not |ooking at any organics at all. To the
extent that the organics m ght be the source of carbon
in the systemand the carbonate reactions, of course
it's inmportant. There was nuch nore in ternms of
general organic stuff at the workshop in Sandi a.

MEMBER HI NZE: But this is not sonething
that you' re focusing on.

MR OIT: |It's not a focus of this
particul ar project.

Possi bl e actions here are actions that are
going to be proposed to the NEA. And it's a docunent
describing a strategy for devel opnent of TSM nodel s
for a wi de range of materials and chem cal el enents of
interest to PAwitten in a manner which facilitates

comuni cation of wuse of TSM and supportive Kd 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

132

safety cases.

This is again thisissue of docunentati on.
W' ve begun to see sone indication that our |icensees
woul d i ke to use nore advanced processes. W're al so
seeing sone indication that we don't know how to do
it. It's critical if we want to nove forward and have
a nore scientifically based use of these processes to
eval uate sites that we need to devel opnent sonewhere
some kind of guidance on that.

We're working on trying to put together
sonet hi ng i n-house, primarily an internal docunment for
i nternal guidance. W haven't gotten it thoroughly
scoped out yet and it's one of the things | want to
talk to Randy and sone of the staff about this
af t er noon.

But we would be hoping that if we do
sonmething like this we mght actually submt it to the
Wrking Goup 3 of the MU for other federal agency
interaction. |If the NEA does come up wth another
project to Phase 3, then we mght provide it to them
as a starting point, a point of departure for this
nor e extensive documnent.

Unfortunately, it takes awhile to get
things started with the NEA. They'll conme down and

ask sonebody to wite a proposal and the proposal will
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go back. The proposal get reviewed. It could be
anywhere from six nonths to a year before anything
el se gets started. And we feel a need to at | east
derive sonme benefit fairly soon fromthis work because
the indications are that there i s enough there to get
some significant benefit right away.

Then the I ast bullet on hereis atraining
programabout TSMapplication to rel evant systens. So
the NEA is saying if we devel op the docunment then we
ought to provide to NEA nenbers training in the use of
t he techni ques.

MEMBER VEEI NER:  Thank you very much. 1'I1
go around one nore time. Bill, further questions?
All en?

VICE CHAIRVAN CROFF: | think I will. |
think you maybe have inplied this but I want to be
explicit on it. Wuat |I'mhearing fromyou is these
nodel s in your opinion are ready for prine time. In
ot her words, they're practical for use by people out
in the field outside of a research setting.

MR. OTT: W've reached the point where in
cases they will be. This is a very conpl ex subject
and sites differ very greatly in the anount of
information avail abl e on i ndi vi dual radionuclides, on

i ndi vi dual m neral species and how t hose speci es and
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radi onucl i des and ot her chem cal conpl exes interact is
highly wvariable. In other words, you may have
sufficient informati on at one site and not at anot her.

This is where, | hate to keep referring
back to Jim Davis's project and | wi sh he had been
here today. This is why the approach that has been
used in Naturita is fairly crucial. 1In being a sem -
enpirical approach, it probably makes nore use of
onsite data than you m ght use, say, 20 years fromnow
if you have an established dat abase.

The ot her thing that was nentioned i n here
by both Randy and by the NEA was the need for a
dat abase. The databases that are out there now are
i nconpl ete |ike you've nentioned this Zonmback Morr el
is only for the ferrihydrite. That's not the only
substrate that we need to have the data for in order
to apply these nodels on a general basis.

The generalized conposite approach that
Jimis using essentially tries to study a site and
come up wth a set of basic reactions that
characterize that site and he'll arrive at those
reactions from characterizing the mneral ogy of the
site and the basic water chem stry. Wat he'll do is
he'll look for those reactions that he feels wll

dom nate the system
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Then he'll go back and he'll do a site
specific application of this work that essentially
fits a lot of the constants to that site and the
reason why it's a sem -enpirical approach. 1t's not
the Kd which does the same thing because it includes
a lot of the actual reaction chenmistry that's
involved. But it's also not the full-blown surface
conpl exation nodel that realizes on the conplete
knowl edge of the mineral substrates and the
contam nants. |It's the in between approach that Latif
was tal ki ng about .

VI CE CHAI RVAN CROFF: And you can write
down criteria defining which kinds of sites it should
be used for and which ones it shouldn't be used for.

MR OIT: | think that based on the
information in the NEA report and the other work
that's been done by USGS and the Sandia we could
probably provide guidelines. | don't knowif we could
come as far as criteria, but guidelines as to howto
approach a given site in any kind of given
envi ronment .

VI CE CHAI RVAN CROFF:  Thank you.

MR OIT: | think we're at a point where
we can do that.

MEMBER WEINER Bill, a couple of
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t houghts. One is | think the conmittee has appl auded
your efforts in the past and | recognize now that
you're leveraging limted resources for this kind of
research by participating with other federal agencies
and internationally and | think that's sonething we
recogni ze as having great value and you're really
stretching your dollar and getting the nost out of it
that you can. | think that's terrific.

The second is I'mreally taken by this
exerci se aspect. |'mrem nded of years ago at QGak
Ridge. Mxed field dosinetry was magic for a | ong
time, neutron and gamma ray dosinetry, and | guess it
was 25 years or so that an international
i nt erconpari son of dosinmeters was actually conducted
every year at the Dose-R Reactor which was a burst
m xed field reactor.

It was fascinating to see those results
over time. It was kind of like you described your
results. There were new folks. It was kind of al
over the map but as that group routinely met every
year, they found the central tendency after awhil e and
there was an awful |ot of learning that went on by
seeing other folks' results.

That's a great activity | think because it

really gets you at the point where you can say |'mon
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the center or |"mout hereinleft field with ny nodel
what ever ny nodel mght be. So there are sone really
good exanples in the past where that kind of exercise
works. Is there any other activity on this NEA
sponsored activity to do this kind of interconparison?

MR. OIT: This is the only one I know of
at the nonent.

CHAI RMAN RYAN:  Shoul d there be an effort
anong the federal agencies in the US to do it a
little bit nore provincially for the U.S.? You don't
have to answer it today but it's sonething to think
about. | guess | find that prospective pretty exciting
because it really is a way to sort out all of these
i ssues whether it's ny uncertainty questions or some
of the other ones to really get down to the brass
tacks and begin to do it in a forumthat's not a
licensee trying to neet a requirenent. |It's nore of
an open forum to look at the issues on their own
merit.

MR. OIT: The interesting part of the NEA
exercise is that you have so many countries that have
wast e managenment prograns right now.

CHAI RVAN RYAN:  Sure.

MR. OIT: And actually if you | ook

donmestically, we don't have as many single-goal
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progranms out there that nmight be interested in an
i ntensi ve benchmark study like this. Maybe we do.
There are a coupl e of agencies that are interested in
a couple of states but | don't know that we could
generate the sanme |level of intensity that we had in
this particular project.

CHAI RVAN RYAN: But by the sane token as
you poi nted out, the NEA wheel turns a little slower
than it mght here.

MR OTT: W have found ourselves to be
sonmet hing of a forcing function. W force the MOU and
we actually force the NEA a little bit here.

CHAI RMAN RYAN: If you can see strategies
al ong those lines that you think we could be hel pful
on conmenting on, we'd be happy to hear about it.

MR. OIT: An interesting aspect of this
that you remind nme of is that because we had this
range of application expertise they al so deduced a | ot
of things about faults and ways that you can go w ong.
So there are all sorts of insights in this docunent
that | think could be transferred i nto gui delines that
woul d be very hel pful

CHAI RMVAN RYAN: And again, | think those
i nterconparison efforts you're nultiplying your own

wor k by however nany participants you have and it's
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usually a pretty high return

MR. OIT: | have to al so give sone other
credit. You haven't asked the question about how
we're transferring this work to NVSS or whet her the
high level waste program is involved. One of the
nodeling teanms in the sorption project was fromthe
Center. We specifically invited NMSS to participate
in the project and they funded a nodeling fromthe
Center. So they participated in the NEA sorption
project and they sent two people over to the final
wor kshop. Goody (PH) was there and Dave Turner.

MEMBER VEI NER: Goodness. You answer ed
the question before | asked it. Jim do you have
further questions?

MEMBER CLARKE: You nentioned that it's
considered to be feasible to devel op nodel guidelines
for the TSM nodels. |Is that work going forward? |
couldn't tell if that was.

MR OIT: This was a conclusion that was
expressed at the workshop in Paris which occurred
about a nmonth ago. As a matter of fact, it was Scott
Al tman that was the one that actually came forward and
said that he felt that based on the sunmary report of
Phase 1 and Phase 2 it is now feasible to provide sone

kind of general guidelines that would be hel pful in
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appl yi ng these nodel s.

MEMBER CLARKE: Woul d those gui delines
al so address the data you need to nost effectively use
t he nodel site characterization aspects of the nodel s?

MR OIT: Yes. It would have to address
all those aspects.

MEMBER VEI NER: | just have a coment and
that is we have successfully used basic chem cal
principles in PA and | encourage you not to give up
that focus. W did it for the waste isolation file
client and it's al so been done in sone of the PAs that
have been done for Yucca Muntain as well as other
sites. Looking at how one applies these very basic
principles to a PA to the calculation of sone
sorption nodel, | think is an effort that is certainly
worth conpl eting and coming to sone concl usions for.
| don't want to nmess with that at all. Does anyone
el se? Latif.

MR. HAMDAN. Really quick. [If the
gui dance and the database were to be devel oped, who
woul d devel oped t henf?

MR. OIT: The NEA right now is seriously
considering the database issue, the database that
Randy referred to before on the agueous speciation

(PH) is an NEA database and if the |1 GSC and t he ot her
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countries look at the evolution of the process and
feel that this is the way of the future, it seens to
be a forward | ooki ng enough organi zati on that they
woul d consi der doing that. That is not a trivial task
as |'msure you know.

MEMBER VEI NER: O her questions, anyone?
Hearing none, |I'll turn the chair over to the
Chai r man.

CHAI RMAN RYAN: Thanks, Ruth, and agai n,
thanks to all the presenters and the discussion this
norning. |It's been real hel pful and interesting and
as | said, all the easy problens have been solved
already. So on we go to the tougher ones. But |
think the fact you're |leveraging the work with many
others on an international scale is really a fabul ous
way to go about it. It will hopefully bring us
answers qui cker rather than slower. So great job.

A coupl e of housekeeping itens. Based on
the shift in schedule, we're going to take up sone
letter witing directly after lunch. 1'mgoing to
suggest we cone back at 1:15 p.m instead of 1:30 p. m
and we'll start with the igneous activity if that
suits Professor Hinze, followed by Allen's letter on
the West Vall ey Performance Assessnent.

We will then nove on schedule to the Low
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Level Waste White Paper because we do have a
partici pant by tel ephone. So we have to maintain that
schedule. But we'll pick up whatever letter witing
doesn't get done after that short one hour or shorter
session on the White Paper.

MEMBER VEI NER  You nean the SRP for
Al en.

CHAI RMAN RYAN: Yes. |I'msorry. So we'll
do those two letters that we have right after |unch
starting at 1:15 p.m W wll not need the record
until 3:00 p.m when we have the session on the Low
Level Waste Wiite Paper and we'll proceed on from
there. So again, thank you all very nmuch for your
participation. W'I|l see you at 1:15 p.m Of the
record.

(Whereupon, at 12:05 p.m, the above-

entitled matter recessed to reconvene at 3:04 p.m)
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AAF-T-EERNOON S-ESSI-ON

CHAI RVAN RYAN: On the record. Tell us
who we're tying in please sir. Is it Al an Pasternak?

MR. PASTERNAK:  Yes.

CHAI RVAN RYAN: Yes, Al an Pasternak from
t he Cal Red Forum Thank you.

(Di scussion off record.)

CHAI RVAN RYAN. We're in open session and
we have a transcription going, Alan. So wel cone and
Al an Pasternak fromthe Calred Forumis on the phone
and | think we have your participation duly noted.
Alan, | don't know if you have in front of you but
we'll be happy to fax it to you something that's on
the screen which is the outline of this Low Level
WAast e Paper. But before we get to that, | just
t hought 1'd nake a fewintroductory comments and again
we'll have conmments from participants as we m ght go
around. So if you need to say sonething, chine right
in. Ckay?

MR. PASTERNAK: Ckay.

CHAI RMVAN RYAN: All right. Several
neeti ng ago, six nmonths or so ago, we undertook to
think about the history of |lowlevel waste and its
regulation and this is a first step and the step that

we're going to talk about today is the report.
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Are you on a speaker, Al an?

MR PASTERNAK: |'m sorry.

CHAI RMVAN RYAN. Are you on a speaker
phone?

MR PASTERNAK: No, |'m not.

CHAI RMVAN RYAN. Okay. Because we're
getting just a little bit of static from you, but
we'll see how that goes.

W devel oped | hope what is an accurate
history of |owlevel waste regulation in the United
State. W decided on taking this tactic of being
fairly rigorous in trying to docunent the entire
hi story of howl ow | evel waste has been regul at ed over
time and it's parts and pieces so that we can better
have insight into how the definitions that currently
exist in lowlevel waste spring forward into other
areas of waste regulation and even nucl ear materi al
regul ati on.

Where we are in the report devel opnent
process is that we have a working draft that is
probably 98 percent or so along the way to conpl eti on.
|"mgoing to ask Mke Leeinamnutetotalk alittle
bit nore about it. But as we finalize that draft and
just clean up all the little spots where we have to

get a reference and do a final editing check, we'll
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t hen make the report available as we report it to the
Commi ssion. So that will be com ng al ong.

In short, what we tried to do is cover
several parts. The first two parts are the | ow| evel
waste program history and we started from the very
earliest days of the Atom c Energy Conmi ssion, talked
alittle bit about ocean disposal, |and disposal and
early performance issues and then a bit of the
Congressional history for 10 CFR 61, the Low Leve
Waste Policy Act of 1980, the Amendnents Act of 1985
and in efforts, we've covered the i ssues of efforts to
cite new di sposal sites in the United States and the
current program stat us.

The second part was to reviewthe NRC | ow
| evel waste regulatory franework fromthe devel opnment
of Part 61 including the basic questions of who should
be protected and what should the | evel of protection
be, sone of the scoping activities that occurred in 10
CFR 61 including NUREG 0456 which was titled a
"Proposed Low Level Waste Dose Assessnent Model,"
NUREG CR- 1005 " Proposed Radi oactive Waste
Cl assification Systeni onto NUREG 0782 "The Low- Level
Wast e Draft Environnental |npact Statement.” | think
it's interesting to note the Draft EIS is the one

where the intruder scenario is nost explicitly
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described in terns of the doses that were assuned and
the various assunptions that went into the actua
scenario that | guess could be viewed as a boundi ng
case at | east and nmaybe even an extrene boundi ng case
if you consider sone of the details of how that
intruder had to conduct its life to be exposed,
i ncluding waste streans that were considered and of
course exposure pathways that were considered. Al
that information we tried to summarize and in fact
docunent fromthese foundational documents.

The definitions of safety we've tried to
capture what EPA has said in regard to its
pronmul gati on of generally-applicable standards, NRC
selection of a default |owlevel waste standard and
the Waste C assification Systemthat came fromthe EI' S
process into the final EIS and the regul ations
subsequently. Then there, of course, are other
regul atory devel opnents including guidance and
strategi c pl anni ng.

Part 3 which is enpty at the nonent is
ACNW s observations and reconmendati ons and | think
after we all have a chance to study the final
docurnent, we'll be having an open session where we'l|
talk about what our views and thoughts are on

observations and reconmendations that may cone from
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this hopefully detailed and thorough study. Several

appendi ces will be included, a study of the structure
of 10 CFR 61, the final Comm ssion policy statement on
the wuse of PRA nmethods in nuclear regulatory
Activities, theregul atory evol ution of the definition
of low | evel waste and then a sunmary of the past ACNW
advi ce and recomendations in our previous letters in
the area of |owlevel waste.

Again our goal is to try and produce a
conpr ehensi ve package of information in one place so
t hat any di scussion of | ow1|evel waste fromthis point
forward will be on the sanme footing for anybody that
reads this document.

W have one table also attached for
everybody's consideration today and that is the
potenti al candi date areas where we coul d think about
how coul d 10 CFR 61 be inproved. This was taken from
Attachnent B of an NRC 1993 anal ysis on that topic.
So this tells you what the NRC at | east was thinking
some 12 years ago or so and there's a |ist of those.
| won't go through each one but such issues as active
nmai nt enance, per f or mance obj ecti ves, t echni cal
requirenents for l|and disposal facilities, sites
suitability requirenents, environmental nonitoring,

| and ownership, institutional control period, waste
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classification and characterization, retrieveability
option, groundwater protection requirenents were all
things that were considered at that tinmne.

Again, | think the overarching view is
that we tried to not necessarily interpret anything
but rather not interpret things at this point and get
a very accurate, conplete factual history down about
where | ow | evel waste has been in the | ast 45 years or
so. Mke, anything to add?

MR. LEE: No, Dr. Ryan. That was very
conprehensive. Wat | did is like Dr. Ryan said, we
tried to at least in the first round of witing just
present in essence a literature review just stating
the facts of what was done and why. W tried to
reference it as extensively as we could to nake our
sources of information transparent. There's still a
little bit of bird-dogging on sone references and a
little bit of witing here and there to do.

|"d like to clean up Section 7.1 alittle
bit. I'mnot happy with how ny first crack at the
witing went on that and Appendix C, the regul atory
evol ution of the | ow | evel waste definition, still has
to be hamered out, but | don't think that's a
substantial effort. Former alumus Howard Larson has

been tasked to go ahead and develop a draft of
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Appendi x D which is a sunmary of the past 19 letters
t he ACNW wr ot e.

CHAI RVAN RYAN: Just for those who don't
know what a fornmer alumus might nean, you m ght
explain howit's a former job and that we've retained
hi mas a consul tant.

MR. LEE: Sure. Howard's a former support
staffer with the ACNW He recently retired and has
come back, has been rehired. So that's really about
it, I guess. What | did do though is we put together
a table which Dr. Ryan alluded to which is Table 14
and this was an earlier analysis that the staff didin
1993 that identified potential areas for consi deration
of revising the regul ati ons.

The one reconmendation | didn't includein
here which is addressed in the text of course was a
recommendation to go with a risk-based perfornmance
type of standard with just performance goals and no
techni cal requirenents per se. That's covered in the
writing here.

CHAI RVAN RYAN: So wi th that introduction
said, | think the steps that will occur from this
point is we'll report this sunmary to the Conm ssion
and then of course, we'll finalize it as a public

docunent concurrent with that submttal. | think
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we'll be in a phase then of welcomng any and al
comments on this history to nake sure that we haven't
m ssed anything or msrepresented any particular
detail or that we have everybody's views on what the
history actually is and we get all those facts right.
Then | think the Committee will beginits deliberation
and again those will be in open sessions to consider
views, inputs or other opportunities to get views on
what shoul d change, should it change and how shoul d it
change to perhaps inprove the process or the
definitions of the regulation of |owlevel waste.

One item | just mght nmention as a view
t hat devel oped yesterday in our session is that we
heard that the plan for 10 CFR 63 is that the worker
dosimetry will use nore nodern | CRP dose factors and
waiting factors in particular. That would be
different than what's in 10 CFR 20 and | note that the
dose basis for what's in 61 is also different. That
relies on | CRP-2.

I nstead of having two foundations from
| CRP, one from 1959, that is the ICRP-2, we would end
up with three. Depending on where the worker worked,
you would end up with three different views of -- Not
wher e t he wor ker worked. Wiere the dose is cal cul ated

for a nmenber of public for | owlevel waste and workers
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for Part 20 regulated facilities and then for Part 63
at | east that prospective dose would be different.
So that's just one area where it's worth
thinking about. 1Is there an issue there? Should
sonmet hing be changed? |Is it okay the way it is?
think that's just a small indicator of the kind of
things we'll be thinking about. Comments? Questions?

Jin? Anything? Ruth?

VEVBER WEI NER: Does the title of Table --

Are we on the record?

CHAI RMAN RYAN: Yes, we are.

VEVMBER WEI NER: Does the title of Table 14

Potenti al Candi date Areas to Amend in 10 CFR 61, does
that inply that we may be consi dering reconmendi ng
changes to the rule itself?

CHAI RVAN RYAN: No, that is what was
considered in 1993. That does not reflect anything
that we're considering. That was taking froma
reference. So thanks for clarifying that.

MR. LEE: Right, and |'ve included that
source docunent in the little blue folder | gave you
there. So if you go to Appendix B of the 93 neno
fromthe staff to the Comm ssion you can see exactly
what the staff wote.

CHAI RVAN RYAN: And again, | want to
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recogni ze and thank M ke Lee and Sharon Steele for
both their efforts on pulling this docunent together.
Sharon did sonme of the early ground work in pulling
the huge chunks and parts and pieces together and
M ke's done a lot of the witing to organize it and
appreci ate both of your efforts. |It's an effort well
done. Any other questions, Ruth?

MEMBER VEI NER: No, that was ny question
ri ght now.

CHAI RVAN RYAN: Al | en.

VI CE CHAI RMAN CRCOFF:  No.

CHAI RVAN RYAN: Bill?

MEMBER HI NZE: A couple. Wat's our
timeline on this?

CHAI RVAN RYAN: Correct ne if |I'm wong
but I believe we'll probably be turning it in Decenber
31st, by Decenber 31st. So | think we'll finalizing
it probably at our neeting next nonth.

MEMBER HI NZE: The second question is
where do we stand here with a discussion of tine of
conpliance in | owlevel waste.

MR. LEE: I n Appendix D, Howard was goi ng
to go ahead and take a crack at organi zing the 19 or
so letters. You recall that previously we conpiled a

list of all ACNWIletters and in all the areas --
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MEMBER HHNZE: | wote it. Right.

MR LEE: -- we tried to organize them by
t opi cs.

MEMBER HINZE: But it's nore than that.
It's nore than the ACNWs views. |It's the background
in the whole are of tinme of conpliance. 1Isn't there
a role here?

CHAI RMVAN RYAN: In the 61 regulation
itself, there's a very limted bit on tine of
conpliance. It's not a topic that's taken up even by
that title or subject.

MEMBER HI NZE: But it's there and it's an
i nportant el enment.

CHAI RVAN RYAN. It is there subsequent to
the regulation. So the letter is as probably as good
of a history of it is as thereis. Now should we | ook
for sone nore? Absolutely. W'Ill take that up

MEMBER HI NZE: And | guess ny concern was
that | don't believe that should be relegated to an
appendi Xx.

MR. LEE: Just for a little background, do
you recall that in the md 90s and naybe 96 the
Comm ssion issued its Comr ssion paper on its siXx
performance assessnent related issues, one of which

was how |l ong the PA should be conducted for a |ow
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| evel waste facility? That's included in the body of
the text but the intent wasn't to give short-trip to
the past Commttee advice. W can work that in as a

CHAI RMAN RYAN: Yes, | think just for
convenience the letters will all be in the appendi x.
Then the discussion of it will be in a section in the
body of the text.

MEMBER H NZE: Sure. And that's all that
| would like to see.

CHAI RVAN RYAN: Fair enough.

MR. LEE: W' ve been noving fast.

CHAI RMVAN RYAN: Again, we have a nunber,
| think, folks in the audience who are interested
participants in |owlevel waste activities in one way
or another. |If there are any other comments, we'd be
happy to have those at this point and the brief
sumary of previous thoughts is avail abl e t hrough M ke
Lee and | think we have copies for folks. You're
shaki ng your head no. |It's not avail able or you have
not hi ng to add.

So at this point, that's probably where we
stand and | just wanted to give everybody an initial
view of howthis is shaping up and what the outline of

the report |ooks |like and we're going to go on from

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

155

t here.

MR. PASTERNAK: Dr. Ryan, this is Al an
Pasternak. |s this an appropriate tine to junp in?

CHAI RMAN RYAN:. Yes, please sir.

MR. PASTERNAK: | just want to express a
poi nt of view of organizations that use radioactive
materials. Wat is needed in the |lowlevel waste area
and urgently needed is access to nore disposal
facilities. Fromour point of view, there is no
crisis or urgency with respect to the regul ations
t hensel ves. They' ve been on the books now since about
1982 and they appear to be working well. 10 CFR 61
appears to be working well.

The problemas |'m sure you know i s | oss
of access for disposal of B & C waste by organi zati ons
t hat use radi oactive materials in 34 to 36 states and
that will cone about July 1, 2008 and also the
prospective that as of the sanme date, there will only
be one facility in the country to which these sane
organi zati ons can di spose of their Cass Awaste. So
you have nonopoly control.

| was glad to hear your response to Dr.
Wi ner's question that you' re not planning a revision
to the regulations. W think such a revision would

only delay solutions to the current inpasse.
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| would respectfully refer the committee
to several statenments on the record. One is the
comments of the Nucl ear Regul atory Comm ssion itself
on the June 2004 report of the Governnent
Accountability Ofice to the Senate Energy and Nat ural
Resources Conmittee in which the Comm ssion calls for
some changes in the national framework in the interest
of providing assurance of disposal availability to
organi zations that use radioactive nmaterials,
assurance and stability in the franmework.

Then there is al so a position statenment of
the American Nuclear Society and nore recently sone
very strong position statenents by the Heal th Physics
Society. | hope that these are reflected in the
ACNW s report because these all point to the critical
issues with respect to |lowlevel radioactive waste
di sposal

| don't know. Is the current draft
avai l able to the public?

CHAI RMAN RYAN. It is not yet because
we're still inthe final witing stages. But in the
spirit of wanting to be open and forward in our
thinking here in this forumat the ACNW we wanted to
go through the outline that we had to-date and | m ght

just ask if you could scroll down past Section 7.
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Mai nly the focus was to get all the regul atory issues
correct. Alan, you've raised a really interesting
point and | think there are sources of information
that are contenporary at | east across recent tinmes and
us t hi nki ng about and st udyi ng position papers and t he
GAO report and Comm ssion coments on that report is
an excel | ent suggestion and we'll certainly add t hose.

| f you have other suggestions on those
ki nds of related docunents, we'd be pleased to make
sure that we give those full consideration in our
deliberations as well. So that's a great suggestion.
Thanks. | think we're all aware of them but including
themformally is a very good idea.

MR. PASTERNAK: Yes, and again in the area
of I ow1evel waste di sposal we think the crucial issue
that the ACNWhopefully will focus on is the need for
access to nore disposal facilities and disposal
options for all of those organizations, governnental,
private, commercial that use radioactive materials.

CHAI RMAN RYAN: | think at |east my view
is that we certainly can be m ndful of your thoughts
and interests in that area. But again, | don't think
we have the power or authority to nmake specific steps
toward those goals. But we certainly can understand

your perspectives and i deas on them your views toward
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those goals. Again, | appreciate your input and
suggestions. Mke, you had a comrent.

MR. LEE: Yes. The GAO report in question
has been referenced in the report.

CHAI RVMAN RYAN:  Ri ght .

MR. LEE: W can certainly go back and see
what we had to say about it. [|f M. Pasternak has any
recommendat i ons on st akehol der vi ews or organi zations
we coul d reference that had public views.

CHAI RVAN RYAN: | think there are two, the
ANS and the HPS statenments are public.

MR. LEE: kay.

MR PASTERNAK: Yes. There are others.
There's a Council on Radi opharnaceuticals and
Radi onuclides. There is a nore recent GAO report
i ssued i n Septenber of this year, GAO 05967 on Seal ed
Sources and that al so has sone i nteresting conmments on
a possible role for the Departnent of Energy.

CHAI RVAN RYAN: Agai n, any other society
or professional organization position papers that
m ght becone available, we'd sure be happy to be
informed about those. It leads ne to think as well,
and I'mthinking out |oud here for the nonment, but we
ought to understand if there's anything that the CRCPD

or the Organi zation of Agreenent States has conmented
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on or has a position on in this area. | don't know
that they do but I'mjust trying to check that box as
wel | .

MR. PASTERNAK: Ckay.

CHAI RVAN RYAN: Anything el se? Al an, you
have the floor still.

MR PASTERNAK: No, | think I've said what
| wanted to say. Thank you very much

CHAI RVAN RYAN: All right. Thank you and
unl ess there are other coments. Yes, we have two.
Woul d you pl ease speak in the m crophone and identify
yoursel f and your organi zation?

MR LI EBERVAN: JimLieberman. |'m here
representing nmyself. Are you going to consider
i nternational devel opnments, | AEA docunents, that talk
about different types of waste systens?

CHAI RMAN RYAN. Jimthat's a good
guestion. | guess in nmy own thinking we had sort of
touched on it. But the framework of sone of the
international systenms is alot different because they
have high-1evel, internediate-level and | ow | evel and
t he schene doesn't line up. So we would be kind of in
a constant translation scheme. So while |I think some
of the general docunents, for exanple you nmentioned

the | AEA ones, are certainly instructive and | think
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have sonme good sci ence and good t hings to think about,
| think they tend to be general enough to where |
don't knowthat they woul d add a whol e of | ot gui dance
to this nmuch nore specific eval uation

If there's sonething that you could
identify that's very specific that you think does have
particular value to this agenda and our table of
contents in the subsequent report, we'd be happy to
have a corment in that regard that this | AEA report or
NEA report or sonme other report had particul ar val ue.
W' d be happy to think about that.

MR. LI EBERMAN: | recognize what you're
sayi ng, Dr. Ryan, but | was thinking one general point
you m ght nake is the fact that in the international
community they're looking at the different |evels of
classification very | ow | evel waste, internedi ate and
the fact that they have di fferent categorizations with
different regulatory standards applicable to those
different classification mght be a fact to recogni ze
that could forma basis for future recomendati ons.

CHAI RMAN RYAN: Yes, and again, that's not
unli ke the effort that's on hiatus at the noment here
in the US., the disposition of solid nmaterial
activities. So | agree and | don't discount your

point that there are sonme interesting schenes and in
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a particular country seemto offer some thoughts and
things to think about but again the translation part
gets a little tough

MR. LI EBERVMAN.  Thank you.

CHAI RVAN RYAN: Ckay. Than you. But
again, we'll certainly consider those things as they
come to our attention. |In fact, the Commttee in My
vi sited Japan and had sonme rather detailed briefings
from the National Safety Committee | believe it's
cal | ed equi val ent to the Conm ssion and we have a trip
report sunmarizing that information that's avail able
to the public.

Yes. Next sir please.

MR LOVINGER |'m Todd Lovi nger, the
Executive Director of the Low Level Waste Forum and
the Forum as nost of you are probably aware, nenbers
of the Forumare conprised of the governors appoi nt ees
for the states as well as the appointees from the
conmpact conm ssions. At our neeting in Septenber, the
Forum passed a Di scussion of |ssues docunent. It is
not intended to be a position statenment, but it is
i ntended to be an outline of this issue and to discuss
bot h sonme of the benefits and drawbacks of the current
system as well as what sone of the benefits and

drawbacks are to alternative approaches t hat have been
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di scussed and reconmended. | woul d encourage you to
| ook at that also. W provided copies | know to both
yoursel f and to Sharon.

CHAI RMAN RYAN:. Great. W appreciate your
nmentioning that for the record and that again is a
good forumof folks involved inthis industry in this
area and we appreciate you naking that available to
us. Thank you. Anything else at the nonent?

MR. HAMDAN. Can | say somet hi ng?

CHAI RVAN RYAN: Pl ease Latif. Yes.

MR. HAMDAN: Just because all you have is
two nont hs and you want to subnit this by Decenber and
| noticed that Part 3 is still blank. You haven't
sai d anyt hi ng about the reconmendati ons. You nmay want
to start thinking about the nature and scope of what
t he conmittee recomendati ons m ght be, what you m ght
i ncl ude and what you m ght not want to include early
on so that it helps the process, the efficiency of
finishing the report.

CHAI RMVAN RYAN: | agree. Thank you. So
we're going to work hard in the next nonth is what
you're saying. Thanks for keeping us right on the
center line, Latif. That's fabulous. | agree and |
think once the commttee digests the draft and we

finalize the report, we'll be prepared at the Decenber
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neeting to consider that kind of sutmmary of i ssues and
again, | don't think we'll necessarily offer sol utions
but per haps identify i ssues, opportunities,
chal l enges, that we see from this study and this
analysis and fromthe other input that we get from

ot her forums and so forth. M Kke.

MR. LEE: This hasn't gone through any
granmarian or technical editors. So what you see is

CHAI RMVAN RYAN: Any and all coments are
wel comre. No backing off, M ke.

MR. LEE: Nothing rhetorical.

CHAI RMVAN RYAN:. Again, | appreciate
everybody's participation. This is a relatively short
session. But in the interest of being fair and open
and we wanted to get this out and get it on the record
that we have this activity underway and we'll be
reporting this out next nmonth and to the Conm ssion
shortly thereafter, we wel conme any and all input. Any
ot her questions?

MR FLACK: Just one nore, M ke.

CHAI RMAN RYAN: Yes, please. John Fl ack.

MR FLACK: This is John Flack, ACNW
Staff. | guess fromwhat | heard is that Part 61 is

not broken. So then it nmust be in the inplenmentation
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of Part 61 that the issue arises as to why we don't
have access to these sites. So it would be in that
context that the recomendati ons would be make. Is
that right?

CHAI RMAN RYAN: No, | don't think that's
necessarily so. | think there are lots of |evels of
i ssues. For exanple, and this is a very practi cal
one, very small quantity sealed sources |like
strontium 90 eye application that eye doctors use and
so forth, by calculation of the sources itself and
again correct ne if I'mwong, Al an, can actually be
"greater than Class C on a concentration basis" and
there are other sources in that category.

But when you | ook at the absol ute anount
of radioactivity, it's trivial conpared to what's
di sposed on a routine basis at alowlevel waste site.
So in certain states with certain |icenses for
facilities, those acconmodati ons have been nade for
robust packagi ng for those seal ed sources and they're
deened to be appropriate for | ow | evel waste di sposal .
It's things of that sort that are kind of practical
ones. That's a probl em sol ved.

MR. FLACK: But you wouldn't have to go
back to rul emaki ng to solve that problem

CHAI RVAN RYAN: Again, | want to be very
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careful here. | don't think we're even suggesting
that at this point. W're studying the question. |
don't know what will conme out of it. This isn't a
study ai med at supporting a position. This is a study
of where things are.

So at this point, we're not at the step,
at least, in my view of saying how you would fix
something. Let's figure out what, if anything, is on
the to-fix list and what m ght not be. So once we get
t hat step done and have i nput and hear expressions and
views on that aspect of it, then we can nake t he next
step. But | think | want to be cautious and careful
not to junp ahead to sone solution that may or nay not
be appropriate, helpful or needed. So we're taking
this in a careful step w se fashion.

O her questions or conments? Wth that,
Alan, | think we will close this part of our neeting.
W appreci ate your participation fromthe other coast.

MR. PASTERNAK: Thank you very nuch

CHAI RVAN RYAN: And we'll certainly take
your suggestions carefully under advi senent and | ook
forward to your future participation

MR. PASTERNAK: Thank you very rmuch.
appreciate it.

CHAI RMVAN RYAN:. Thank you. Any ot her
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guestions or coments? Wth that, | think we'll close
this part of the neeting and we'll get back to our
letter witing. | appreciate everybody's attendance
and participating and we'll close the record and go
back to letter witing. Of the record.

(Whereupon, at 3:36 p.m, the above-

entitled matter was concl uded.)
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