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P-ROCEEDI-NGS
8:34 a.m

CHAI RMVAN RYAN: All right. The neeting
will come to order please if you could all take your
seat s.

This is the third day of 173rd neeting of
the Advisory Conmttee on Nuclear Waste. During
today's neeting the Conmttee will continue to conduct
a working group neeting on using nonitoring to build
confi dence.

The neeting is being conducted in
accordance with the provisions of the Federal Advisory
Commi ttee Act.

Latif Handan is the designated federal
official for today's initial session.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
fromthe public regarding today's sessions. Shoul d
anyone wi sh to address the Conmittee, pl ease make your
wi shes known to one of the Conmttee staff.

It is requested that speakers use one of
the m crophones, identify thenmselves and speak with
sufficient clarity and volune so they can be readily
hear d.

It is alsorequested that if you have cell
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phones or pagers, that you kindly turn them of f.

Thank you very much

And with that, I'Il turn the norning
session over to Dr. Janes C arke. Jinf

MEMBER CLARKE: Thank you, Mke. | do have
a few introductory remarks for those of you who
weren't here yesterday.

First, wel come and t hank you for attending
t hi s ACNWwor ki ng group neeti ng on using nonitoring to
devel op nodel confidence Mbdnitoring, and nodeling in
particul ar, but nonitoring and nodeling interface are
of great interest to the Commssion and to the
Commttee. Qur focus for these neetings is to answer
t he question how can we use nonitoring to not only
denonstrate conpliance, but to build nodel confidence
as wel | .

In arelated area the Commttee will al so
be |l ooking at the use of nonitoring and nodeling to
eval uate t he reliability and durability of
institutional controls. And as we progress through the
neeti ng we woul d appreciate any facts you m ght have
on this challenging area as well.

The Comrittee worked very closely with the
O fice of Research, Tom N chol son and Jake Phillip in

particular, to organize the sessions and select the
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speakers and panelists. As all of you know, Latif
Handan of the ANCW staff has played a major role.

Qur neetings have been organi zed around
four sessions. Yesterday we | ooked at the role of
nodel s and noni toring progranms and |icensing and case
studies for evaluating radionuclide releases and
ground wat er contani nati on.

Today we will | ook at sessions on field
experience and insights and opportunities for
i ntegrating nodel i ng and nonitoring.

W have invited a very capable group of
presenters and panel nmenbers, including
representatives fromthe Departnment of Energy and the
Nat i onal Labs, private consulting firns, our
uni versities and wast e managenent conpani es, the U S.
Ceol ogi cal Survey, the U S. EPA and NRC.

W do have a very tight schedule. And in
fairness to all of the participants we need to stay on
schedule. And | will do that as needed, so everyone
pl ease stay within your allotted tines.

And on that note, we will hold questions
until after the speakers have nade their presentations
and the panel has had an opportunity for discussion.

Pr of essor George Hornberger of the NWRB

and the University of Virginia has agreed to | ead the
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panel di scussions. He is, as you know, a former nenber
and Chairman of this Commttee. And we greatly
appreciate his participation and his | eadership role
in these neetings.

So, with that, let's turn to our first
speaker. Brian Andraski fromthe U. S. Ceol ogi ca
Survey, Monitoring and Modeling to | nprove Cont ai nnment
Transport Processes In An Arid Environnent.

Brian, wel cone.

PROFESSOR ANDRASKI :  Thank you.

As Jim nentioned, |I'd also |ike to thank
the Committee for inviting nme. | enjoyed the
presentations yesterday. Very interesting and
informative. And | warned a few people this norning,
| hope you all had your coffee because |'ve heard the
next speaker give presentations before, and it could
be a real sleeper. So hang in there.

Again the title that was nentioned,
Monitoring and Modeling To |Inprove Understanding O
Cont ai nnent Transport Processes, and our focus hereis
on an arid environnent.

A nunber of col |l aborators that are working
on this topic, and all of the folks listed here are
with the USGS. Dave Stonestrom and Bob Mtchel with

the National Research Program in the Menlo Park,
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9
California office, Mchel Walvoord, R G Striegl also

Nat i onal Research Program Denver. Justin Mayers is
innmy office and the person sitting data and Ron Baker
from New Jersey and Davi d Kradbenhoft from W sconsi n.
So we've got a number of folks.

Let ne get organized here. Al right.
And with that, ny tine's up, so I'll take questions.

In terms of an outline, the main focus of
the presentation will be to give you an overview or a
summary of some of the work that we're doing where
we' re conbi ni ng envi ronnent al noni tori ng and nodel i ng.
The two containnents that ['ll touch on include
tritiumand al so el emental or gaseous nercury.

The triti umwork has been ongoi ng for sone
time, whereas the mercury work i s sonmet hing t hat we' ve
started nore recently. W' ve collected a couple of
field data sets on nmercury and in ternms of the
nodeling it's just we're in the initial stages but
"1l share with you the results that we've gathered to
dat e.

The field site that we're working at is
the USGS Amargosa Research Site, which is |ocated
adj acent to the nation's first commercial |ow |evel
radi oactive waste facility, often referred to or

called the Beatty facility or the Beatty dunp in
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Sout hern Nevada.

The overall objective of our work is to
try to i nprove understandi ng of processes that are
controlling unsaturated zone transport of both water
and m x waste contam nants in arid environments.

The experinental approach that we use a
great deal of enphasis is placed on field intensive
research with nultiple lines of data. 1've listed the
types of data that we're collecting at the site, but
basically we'd cover the full gamut frombasi c weat her
data to sinple ground water nonitoring in terms of
water levels. And we do try to touch on everything in
bet ween as wel | .

In terms of containnents that we're
noni t ori ng, they include tritium radi ocar bon
vol atil e organi c conpounds and al so gaseous mercury.

For the VOCs, we analyze for 87 or 88
di fferent anal ytes.

So these field data then are integrated
with nodelings that we can test and refine both
conceptual and nurerical nodels. And the work that's
done, we work wunder both natural or undisturbed
conditions and al so have done studi es under perturbed
or contam nated conditions. And the idea there

really, we try to gain an understandi ng of conditions
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and processes in a natural setting and then use as
somewhat of a foundation to help to identify
contami nation and al so superinpose the contam nate
transport processes on these natural processes.

This is an aerial viewin the vicinity of
t he Amargosa Desert Research site. In the foreground
is the waste facility itself. W' re |ocated about 20
kil ometers east of Death Valley National Park.

The waste facility occupies an area of
about 80 acres. The western half, which would be on
your left, was used for low | evel radioactive waste
di sposal, m xed waste contam nates di sposed from 1962
t hrough 1992. And the eastern half of the facility is
used for hazardous chem cal waste disposal

In terns of precipitation it is an arid
site. W average about 100 millinmeters or four inches
per year.

Dominant digitation is creosote bush,
which is an evergreen shrub. But in ternms of its
sparse vegetation, there's about 5to 10 percent cover
by plants. So 90 to 95 percent is bare soil.

Sedinments are highly stratified being
formed in alluvial and fluvial sedinents. And the
depth of the water table is about 110 neters.

This slide depicts the locations of the
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various nonitoring that we do for tritium It

i ncl udes deep unsat urated zone borehol es. And we al so
collect soil gas sanples in the shallow unsaturated
zone. And we've also nore recently started to use
pl ants as a neans of coll ecting sone of the nonitoring
data to delineate contam nate plunes.

One of the things that stands out here for
nme is that we're highly unsanpled when it cones to
deep wunsaturated zone nonitoring. Basically two
bor ehol es, UZB-2 and UZB-3, are the two borehol es t hat
we use for collecting soil gas sanples. As we nobve up
to the surface the red dots represent the soil gas
sanpling | ocations. So we have a nunber. The nunber
of sanple points has increased quite a bit. But in
bot h cases the soil gas sanpling techni que that we use
requires about 12 to 24 hours of punping soil gas so
that we can collect enough water vapor or liquid so
that we can analyze for tritium So that's where we
turn to a plant technique.

And shown here the little green squares
t hroughout the di agram there's over 100 poi nts there.
And we're able to collect all of those sanples in a
single day. So that's something that's worked out
pretty well for us.

This is an exanpl e of sonme of the results
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from the plant sanpling that we've done, basically
usi ng pl ant wat er concentrati ons. And draw ng a si npl e
contour map we identify a hot spot here on the south
side of the facility and also a hot spot on the west
side of the low |l evel waste area. So the plants are
handy in ternms of using it to delineate contam nate
distribution. But we wanted to take that a step
further to extrapolate that information to shall ow
sub-surface transport. And basically just devel opi ng
rel ati ons between pl ant water concentrati ons and soi
gas concentrations. W put that together. And we did
docunent, essentially we have sub-surface tritium
transport that extends out to nore than 300 neters
away fromthe waste di sposal area.

This is an exanple of sone of the deep
unsaturated zone nonitoring data that have been
collected. Again, for tritium This data conmes from
t he UZB-3 borehol e, which is | ocated about 100 neters
fromthe nearest trench.

A coupl e of features to point out. First
of all, the peak concentration that we see there at a
depth of about 1 to 2 meters bel ow | and surface. And
al so high concentrations about 20 to 30 neters or so
bel ow | and surf ace.

Bot h of those peak concentration areas do
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correspond with a gravel layer in this highly
stratified profile in terns of the sedinents.

The ot her point to note is that throughout
the unsaturated zone we do have elevated |evels of
tritiumthroughout the extent of the unsaturated zone.
In contrast, the ground water sanple that was
collected at this site basically were at or just bel ow
detection | evels. So nost of the action, if you wll,
is in the unsaturated zone. And that's really where
we're placing our enphasis in ternms of transport
processes.

The initial nodeling work that was done
was carried out by Rob Striegl and others in 1996.
They used two separate nodels to try to analyze
further the field data that had been collected. A
di ffusive transport nodel and an advective transport
nodel . The diffusive nodel was one that was devel oped
by Dave Smiles. Dave's fromAustralia. He was on
sabbatical at UC Berkeley. And |I'mpretty sure his
wor k was done in collaboration with US NRC.

Unfortunately, in both cases these
nurerical nmodels did fall short. As an exanple, the
nodel ed di ffusi ve transport predicted a naxi numext ent
of contam nation of about 15 neters. And as you've

seen fromthe previous slides, were under predicting
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So the initial conceptual nodel Rob and

co-workers scratched their heads to try and cone up

with a conceptual nodel that m ght explain the

observations in the field and, although they di

dn't

feel very confortable with it, they felt that one

pot enti al hypothesis was that things were controlled

by |ateral sub-surface liquid transport
preferential paths.

Vll, with further data collection,
iterating back and forth between data nodeling
back to collecting data, that conceptual node

refined. And what we're focusing on at this poi

al ong

agai n
and
was

nt in

time is still a predonminately |ateral transport, but

the vapor phase domi nated transport controlled by

stratigraphy. So this is just a schematic to
illustrate what we're seeing in ternms of the

data suggesting a preferential path for

field

vapor

transport here at that 1 to 2 neter depth and then

also down at greater depths wth the hi

ghest

concentrations occurring in these very dry gravelly

materials that seemto be providing a preferentia

path for vapor phase transport.

So wi t h that new conceptual nodel in

m nd,

Justin Mayers took on phase two of the tritium
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transport nodeling. Justin used a nuch nore conpl ex
code, the TOUGH2 code which allows for sinmulation of
coupled liquid gas of heat transport in a non-
i sot hermal and het er ogeneous donai n.

The results shown here are for the
reference nodel, but as you can see things weren't
i nproved very nmuch over those initial nodels where we
predict here a maxinum |lateral extent of about 25
nmeters in 40 years.

And just as a reference, 1've included
where one of our nearest boreholes is |ocated, which
woul d be about 100 neters fromthat nearest trench.

Justin also wanted to | ook at the effects
of anisotropy and source tenperature and pressure
forcing. The results shown here are using for a nodel
usi ng ani sotropy of 1 to 100, a source tenperature of
45 degrees C and a source pressure of 500 pascals.

As you can see, the general shape of the
plume now is nuch nore representative of what we
observe inthe field. The extent of lateral transport
reaching out to about 120 neters in 40 years, which
does pass through the UZB-3 borehol e | ocation. So the
general shape of the plunme is nmuch inproved. But if
you do look at the concentrations, we're in the

hundreds of becquerels here versus the thousands in
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ternms of what's actually being nonitored inthe field.

Just a qui ck summary of what we've seento
date. In ternms of the nonitoring data, once again,
the plant based mapping did allow us to identify a
kil ometer sized plune adjacent to the waste facility.

W do see that tritium is mgrating
t hroughout the full unsaturated zone and those high
concentrations, the peak concentrations that we see
appear to be tied into preferential transport along
t hese course, gravelly materials.

The phase two nodeling results, it
basically required a large anisotropy and source
forcing to enhance the transport to get it to nove out
much further than what we were initially predicting.
And basically we have reduced discrepancies between
theory and neasurenents, but we haven't elinnated
t hose di screpanci es yet.

So at this point where we're at is
conceptual nodel, you know what's m ssing. One of the
guestions we're asking is what other processes are we
m ssing that nmay be enhancing gas phased transport.
Two of those that we hope to | ook in sone detail would
i ncl ude potential coupling between organic conpounds
and tritiumand al so what m ght the potential effects

be of barometric punping.
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Moving into the nonitoring data, again,
we' ve col |l ected a couple of field data sets. Mercury
data shown here. Again, deep unsaturated zone results
fromthat UzZB-3 borehol e.

One of the main things | wanted to point
out is that we do see a very strong correlation
between the gaseous nmercury and the tritium
concentrations. So as | noted before, a depth of about
1 to 2 neters and also 20 to 30 neters or so bel ow
| and surface we do see peak concentrations for both of
t hese cont am nates.

|"ve included also this open triangle,
which is a background concentration for gaseous
nmercury which i s neasured about 3 kiloneters fromthe
waste facility. W have another borehole that we use
as basically our control site. So it does appear that
the nercury source is fromthe disposed waste.

Initial nmercury transport nodeling. This
work has been done by Mchel Wilvoord. Again, |
enphasi ze just some of the initial results that have
been generated. M chel also used a nore conpl ex
nodel, FEHM which allows again for |iquid gas heat
transport and a non-isothermal heterogeneous domai n.

The one thing that junps out, | guess, is

that this diffusive nodel that's been generated or
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been used doesn't do a very good job of reproducing
what we see in the field.

Mchel did look at the effects of
anisotropy and source tenperature forcing, but
essentially it had no effect on the shape or the
bottl ed plunme that's shown here.

Somet hi ng t hat we haven't conpl eted yet is
to | ook at the source pressure forcing and what effect
that m ght have. But that is sonething that needs to
be pursued.

So a quick summary here as well for the
nmercury nonitoring data like tritium we've do see
gaseous nercury migrating |Iong distances through the
unsaturated zone apparently in these followng
preferential paths. The fact that we do see gaseous
nmercury in great distances in the unsaturated zone
does confirmthe dom nance of gas phased transport in
t hese desert soils.

When it comes to the initial nodeling
results, as we saw the diffusive nodel doesn't give a
very good approxi mati on of what we've observed in the
field. Unlike tritium adjustnents in anisotropy and
source tenperature forcing didn't give us any
i ndication of a preferential flow pattern in the

initial nodeling results. So here again | ooking at
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t he conceptual, what do need to i ncorporate to try and
i mprove our sinmulation of these processes?

The first one that | nentioned, source
pressure forcing but al so perhaps baronetric punpi ng.
So things that we need to still pursue and | ook at in
greater details.

In terns of conclusions, fairly sinple. |
guess nunber one, | feel |ike we can neasure the
cont am nat es.

Nunber two, we can map the contam nates
but at this time our present nodels and t herefore our
understanding really can't accurately produce the
observed extent or distribution of the transport.

So basically where do we go fromhere? W
are going to continue to collect additional field data
to support the work and then integrate nonitoring and
nodeling to explore the questions that have cone up
and to al so use that information to refine the nodel s.
But ultimately the bottom line, | guess, is that
better process understanding is really needed to
further devel op and build confidence in the transport
nodel s.

And 1'Il just end with this slide,
basically a sunset over the Amargosa Desert Research

site. 1've included a web address there if anybody's
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interested in further information or a full
bi bl i ography of work that's been done at the site. But
|'"d alsolike to acknow edge t he USGS t oxi ¢ subst ances
hydr ol ogy program which is the programthat provides
base support for operation and mai ntenance of the
Amar gosa Desert Research site.

Sowiththat 1'Il close, and t hank you for
your time.

MEMBER CLARKE: Thank you, Bri an,

Qur next speaker is Van Price, Advanced
Envi ronnental Sol utions, Inc. The title of his
presentation is Toward a Mddeling M ndset For Nucl ear
Facility Site Performnce.

Van, wel cone.

MR. PRICE: Everybody out there stil
alive? | believe they are. You didn't do your job,
Bri an.

Thank you very nmuch. And I woul d al so |ike
to say it's a privilege to be here. [I'll just nove
ri ght on.

| think those of you were here yesterday
saw and heard nany of the ideas and sone of the data
that 1'mgoing to present.

My nessage for thistalkis well, it's the

21st century, or at least | think it is. And the
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concept of a nodel ought to mean nore to us than a
simulation of flow and transport. It should include
data managenent and visualization and comrunication
with the simulation sonewhere in between.

The state-of-the-art today allows near
real -tine data integration. You can put all of your
site characterization data, all of your newnonitoring
data and do all your sinulation and have a rear end to
t hat whol e process that facilitates communi cation. And
basically a good desktop conputer. And you no | onger
have to have an I MB 370 systemto do nodel i ng.

|"ve been working with Tom Nichol son's
group for the past few years on a project to devel op
a docunent on to provide logic and strategy for
groundwater nonitored at NRC |licensed sites. The
f ocus has been on perfornmance confirmati on nonitoring.

Those of you who have thought about
nmonitoring, the vast majority of all nonitoring done
since the EPA s groundwater protection regulations
went into place inthe early '80s, has been conpliance
monitoring. And if you want to worry about the
di stinction between these, think of the instrunents on
your autonobile. The big round one is your conpliance
monitor. |If you' ve got a radar detector, that's your

detection nonitoring. And there's sonme other little

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

23

gauges. There's a tenperature gauge, there's an oi
pressure gauge. On ny car there's ammeter. Well, if
t hose things get out of whack, your whole systemis
out of whack. So you want to nonitor the perfornmance
system you watch your oil pressure.

W're currently in the testing phase.
W' ve been very graciously provided data from DOE
sites, and t he gentl eman fromBrookhaven will see sone
of their data here in just a few nm nutes. Departnent
of Defense sites and USGS source. |'mnot going to
show any of Brian's data, but he's been very generous
in providing us with data fromthe Amargosa site.

WE' ve also begun tech transfer on this
project, largely for sone of the NRC regional staff.
It's primary background is in health physics. They
have very little background in earth science areas, so
we've run a couple of workshops that basically run
t hrough the basics that you woul d have to at | east be
conver sant about if you were going to reviewor design
a nonitoring program You mght say we've given them
alittle bit of know edge, which at | east nmade t hem
danger ous.

Here is a very high | evel overview of the
strategy. This figure we put together several years

ago. It basically shows aniterative process. You take
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your site data and you analyze that site data, your

ori gi nal site and facility characterization
information, you develop a site conceptual nodel.

CGenerally there has been sonme sort of a perfornmance
assessment or risk assessnent. And generally there is
a nonitoring program But by analysis of your

avai lable data you can decide what should be
noni t ored, what you should be nmonitoring. And these
we're calling performance indicators. So that's your
oi | pressure gauge and ot her things.

And based on sort of a review of the
state-of-the-art you can figure which's the best way
to test for these things. And based on your concept ual
nodel and perhaps sone sinmulation, you can decide
where and when you collect data and conpare that to
your nodeling results. And you feed back through this
whol e process. That's the gist of it, but we take
about a 100 pages or so to describe it.

And we tal ked al so yesterday about what
are sone performance i ndicators. Wll, initially, the
peopl e we were working with thought, well, those ought
to be your primary risk drivers. Perhaps that's
carbon 14 strontiumor sonething. But we're talking
about indicators of system performance. |t mght be

a noisture profile on a cap. It mght be once you' ve
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pl otted your data you see you' ve got a bull's-eye over
here on the contour map. Well, either you' ve got a
bad nmeasurenment or you' ve got a bad conceptual nodel
It m ght be non-spatial, you m ght just have a control
chart anomaly that spike it. So these can all be
i ndi cators that your systemis performng or not
perform ng as you currently understand the nodeling.
| mention sort of systems analysis at the
beginning of this. |If you're trying to think about
controls on flow and transport -- let's make this
thing do what | think -- then you have to have sone
sort of a depositional nodel.

This is California. These are kil oneter
tick marks and this is a cross section fromwells in
a couple of California water districts. It shows you
if you'rein an alluvial setting and this m ght apply
partly to the Amargosa site, that you could expect
some conplexity. Well, this is sort of |ike the
pi cture on top of your 1,000 piece jigsaw puzzle and
you're only given 12 pieces of the puzzle. Ideally,
you woul d be able to cone up with sone nodel of how
this overall systemis going to function

You would know that there should be
preferential flow paths and fanning out from sone

central source. For exanple, you wouldn't know the
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details, but you woul d at | east have sonme basi c thing
once you had a conceptual nodel based on the way the
geol ogy is taken.

| don't have another link on this one.

So to reiterate, and | reiterate two or
three tinmes in here, we gather all the puzzle pieces.
W conceptualize, we sinulate and we revise.

And | reiterate again, you have to have
sone initial characterization. You'll never build a
good nodel from-- you will rarely build an accurate
nodel fromthe initial data. So you have to nonitor to
refineit. And once you refine it, you have sonethi ng
you can conmuni cate to your stakehol ders.

Here's some things you can do with a
nodel . | do have a link on this. This slows a plune at
Rocky Flats. Oiginally the VOC was all contoured
toget her. But once peopl e understood the probable
flow paths for groundwater and contoured not just
total VOC but thinking about the degradation of the
VOCs contoured separately, the probable original
contaminates and the daughter products from
degradation, you could actually begin to understand
this.

You can al so communi cate to st akehol ders.

You know what stakehol ders are, don't you? Have you

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

27

ever wat ched "Buffy the Vanpire Sl ayer"? Stakehol ders
are these people out there who have these wooden
sticks and if they don't think your heart's in the
right place, they'll try to run it into you. So it's
very inmportant to deal appropriately wth these
peopl e.

You can reverse engi neer your nodel from
your observati ons.

Another thing you can do is evaluate
various alternative hypothesis. This is a flood plain
of -- can you see that? Well, never mnd. There's a
big river here. There's an interstate highway with
bridges elevated. And there's a little bit of a
natural |evee. Sone devel opers conm ssioned a surface
wat er nodel whi ch was revi ewed by a state agency. And
the state review noticed that they were giving credit
to a natural levee for holding back a 10 foot high
wal | of water.

Vell, | talked with the guy about a week
ago who did this review and who gave several speeches
onit. He woul d never say that they deliberately tried
to mslead. But you always got to have sone
skeptici smof any nodel and you've got to have sone
alternative hypothesis that you can talk about.

You' ve got to have a good review of it.
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Now let's | ook backwards. Probably 40

years ago we coul d make a nodel that is good for water
resources in the Qgalala aquifer. You could do a
nodel at the scale of a state. Yesterday you heard
t hat at Brookhaven they have good results, good
confidence in their nodel at a scale of a 1,000 feet.
But bel ow 300 maybe they don't have the details to
adequately capture that. So we have been over the | ast
few decades zeroing in on an ability to nodel a very
scal es.

In the mning and petroleum industry
nodel i ng has been profit related. There's been a | ot
of software devel opnent. One of the things we have is
a piece of PC software that was designed for the
petrol eumindustry. You can put in geophysical | ogs,
you can put in seismc data, you can put in all sorts
of subsurface data. And today it's fairly
i nexpensive. Not too many years back you had to |ay
out $75,000 to get equipnent software. But in
envi ronnental applications it's a dead cost. You know,
it comes out of your profits, but you got to do it.
And you're not likely, do not want to spend $75, 000 on
software. Well, you don't really have to anynore.

So I"'mgoing to talk about the state of

the practice. Twenty years if you wanted a nodel
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just like comm ssioning a work of art, right? M ke,

| want you to conme in and paint ny ceiling or make ne

a scul pture. You get it, it's beautiful. You show it
to your regulators, they say it's beautiful. You put
it on your shelf. It's not dynamic. But in 2006 your

nodel can include not only this once and done
simulation of flow, but you can update it with new
data. You can keep it sitting there on your desktop
and rerunit. It mght be on the server sonepl ace, but
you can rerun it. And | think it's not far in the

future that that could be a routine practice, if not
at an individual nuclear facility, that at sone
central location that sort of thing could be done.

| want to run through an exanple. Here's
a conceptual nodel. Once those once and done and the
shelf. Pretty expensive. It was used to predict what
m ght happen to groundwat er contam nation after somne
cl osure action on seepage basins. These are the H
area seepage basins at the Savannah River site. And
here's what it said after 45 years.

Vel |, but you go out and you | ook at the
nmonitoring data for that site, and this is a nice
snooth plunme, no zig-zags. |f you look at the
nmonitoring data that showed preferential flow paths

fromday 1, groundwater doesn't outcrop down here in
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the m ddle of this creek, it outcrops at what's call ed
a seep line here. Sointhis case it was not what in
the md ' '80s. It wasn't really possible to capture al
of the details of the site conceptual nodel. And if |
were reviewing it as a reqgulator, this nodel, | would
say well you show t hese ni ce snooth contours. But the
field data show a couple of preferential flow paths.
| don't think your nodel gives the valid results.

And Brian Looney and | were working the
same group at about this tinme. And he knows very wel |
| was considered very nmuch anti-nodeling. That's the
reason for the title of ny talk, is toward a nodeling
m ndset. |'ve nore or |ess been converted. Brian, |
admt it.

At about that sanme tinme there was a book
publ i shed that says you' ve got to have good field
data, but you can nonitor with nmedi ocre field data and
the nodel can then support your field collection
activities.

Here's an exanple of a sinple 2-D nodel.
The contam nation source, river, capture well. A
si npl e simul ati on suggests that some of the fl ow pat hs
are not being captured by this renmoval well. And so
you m ght want to nonitor down here for that sinple

model , 2-D.
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You can also profitably use sinple 1-D
nodels to illustrate a point. Here's distance. You
can sinulate a release. In this case we had tritium
iodine and strontium and peak literature Kds. And
you' re speaki ng to your nanagenment and you're going to
say | need this nmonitoring programand | need it to
run this way. And you're going to say | ook here.
Here's a 1,000 neters. W have a 1,000 well, the
tritium has already passed it. You can watch it go
by. So you get four quarters of non-detects and you
seal your well. \What are you going to mss? Wll,
you're going to miss the real risk if it every
appears, if it ever cones.

So you' ve got to go through this sort of
logic and sinply 1-D nodels are very useful in that
way.

Here's a slide you saw yesterday. The
Br ookhaven i ssue where there was seepage through the
vadose zone of 6 gallons a day or a few gallons a day
and the plunme basically here you ve got sonme warm
wat er, no downward driving force because they're in
t he shadow of the building. So it skins along on top
of the water table until you get out here where rain
is allowing infiltration and it's pushing the

cont am nati on downward. The flow path is goi ng down a
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little bit.

Vell, you can put -- and I want to again
t hank the Brookhaven fol ks for allow ng us access to
their data. And on ny screen up here, the reactor
building is here. This is neant to be the seepage.
This is the rain shadow of the building. This is the
| and surface. And here are sone of those severa
t housands of nmonitoring points that you tal ked about
yesterday. And this is tritiumconcentration
Vell, the original version of this we

could rotate and tilt, we could fly through the plune

if you wanted to do that.

It always gives nme a little

-- mkes ne a little queasy. But you're at a

st akehol der neeting. You

can say, | ook, here's the

reactor. W know where the plune is. And we can see

it. You can see we've got

it bracketed. And for your

techni cal people you can say look, it seens to be
slanting. | believe there's a road or a parking | ot
over here that's cutting off infiltration on the right
of this figure and the infiltration is a little
greater on the left, which m ght be pushing the plune
to the side. And you can al so say | ook, we've got it
captured, we've got it cut off.

Simple visualization. | think this is

done with the ArcA S software where you can build a
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nodel like this to display your data.

So insumary |'d |like to say we need to
live in the 21st century. W can easily today with
readily avail abl e software conbi ne data storage and
visualization with sinmulation and use this for
st akehol der conmuni cati on, hopefully headi ng off bad
reactions.

Ckay. Thank you.

MEMBER CLARKE: Van, thank you

Qur next speaker is Robert Ford fromthe
U.S. Environnmental Protection Agency. And he wll
talk to us about, | believe, site characterization to
support conceptual nodel devel opnent.

Vel cone, Robert.

MR. FORD: Thank you.

Vell, I'"'mgoing to give you sort of an
idea of who | am where I'"'mfromand a brief overview
of what 1'mgoing to talk about in this presentation.

But in the first issue, who | am | am
wi th the Environnment Protection Agency. However, |'m
with the Ofice of Research and Devel opnent and our
role within the organization of that agency is to
support those who make the regul ations that you al
are probably famliar with, and also to support the

enforcenent part of the agency, and that's the
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regional facilities that are scattered through the
agency.

A lot of the work that we do related to
groundwat er falls under CERCLA actions or Superfund if
you're nore famliar with that term nology. So that's
going float up, I'Il say up front, that's going to
bi as what you see presented here. And for what
coul d see and take away fromthe tal ks yesterday, that
may be a bias that's different from the NRC
perspective. And bear with ne on that.

W get involvedwith primarily the regions
wi th regard to groundwat er enforcenent acti ons, active
i nvol venent going out and actually designing and
conducting a site characterization or field
investigation to understand what's going on in the
groundwat er system But we also do a significant 1'd
say at |east another half or nore of the job that we
do is reviewing technical docunentation that is
presented to t hese EPA regi ons fromvari ous sources to
argue for or against approaches to characterizing a
site or conducting nodeling exercises as part of our
maki ng decisions at a site.

| acknowl edge here three individuals.
Steven Acree and Elise Striz are also at the

ORD Laboratory in Ada, Cklahoma. And they certainly
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contributed to nmy thinking that you'll see presented

here. And Bill Brandon is from Region | office.
A lot of what I'm going to present is
going to be very froman overvi ew perspecti ve. " m

not going to talk about site specific data or any
particular site. What you'll see is sort of ny take on
what one should be thinking about in terns of
approaching a groundwater nonitoring or a site
characterization effort basedonnyrelativelylinmted
experience relative to many of you in the audi ence of
what one encounters in the subsurface where there is
groundwat er contam nati on.

And so the first thing that we usual ly do,
both in terns of designing our ow site
characterization effort or but as well as revi ewi ng or
critiqueing site characterization efforts that others
are conducting or proposing to conducting, this
provides a general list of information that we | ook
at. This is how we begin our accounting.

Wth regard to contam nate transport, and

that is what we're talking about, contam nate
transport whether you call it conpliance nonitoring,
per f or mance noni tori ng, whatever you want to call it,

it's contam nate transport that we're tal ki ng about in

subsur f ace.
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There are physical constraints. You've
al ready seen explicit exanples of their inportance.
Cont am nate source mass and distribution. The flow
field in the subsurface, the flow field or the flow
field in both the unsaturated and the saturated zone.
The spatial distribution of those flow paths that
carry the contam nates of concern. And the tenpora
variability of both the velocity of flow and the
direction. And | think the exanple that Steve
Yabusaki presented for the 300 area on the Col unbia
Ri ver give you a very explicit exanple of how dynam c
t hese systens can be.

And then for chemical constraints, there
are obviously contam nate properties. Decay rate is
obvi ous inportance to the NRC. Sone of these other
i ssues may not be, but it depends on what types of
contanmi nates are entering the subsurface.

Degradati on rate for organi c contam nates
that nay be released as well. Sorption affinity of
any of the inorganic contam nates will be inportant to
know.

Aqui f er sedi nent properties, particularly
for integrating contamnates. |If there is sone
sorption that is occurring that's going to define the

dynami cs and the extent of the plume, one needs to
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know about that. Fromthe EPA perspective while use
of a published Kd may be a first cut evaluation, you
don't want to rely on that as your sole support for
defining sorption in the subsurface.

And then finally groundwater chem stry.
And this from an indirect perspective as it affects
contam nate chem cal specification which will affect
its transport in the subsurface. And also the
stability or the characteristics of the mnerals that
are influencing contam nate transport in the
subsurf ace.

And here's sonme questions to be addressed
through site characterization analysis. Agai n,
reenphasi zing that |ist before:

What are the transport pathways?

What is the rate of fluid flow al ong
critical transport pathways? Al fluid transport
that's occurring in the subsurface at a given site nmay
not be carrying the contam nates of concern.

What processes control attenuation of the
contam nate of transport pathways? That's not an
i ssue, obviously for tritium but it could be issue
for other radionuclides of concern.

And what are the rate of attenuation and

t he capacity of that aquifer to sustain those sorption
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processes? Because if you're at near the capacity of
the aquifer, many years down the road your plune
evolution may change because you' ve exceeded the
capacity at a given location within the plune.

So what does one look at in terns of
characterizi ng hydrogeol ogy? Here are sonme of the
goal s.

Agai n, identify t he pat hways of
cont ani nat e transport relative to conpl i ance
boundaries or risk receptors.

Est abl i sh a noni tori ng network t hat al | ows
collection of data to identify both the spatial
het erogeneity. W've seen inportant exanple of how
that can be critical

Tenporal variability. Again we've seen
hydrol ogi ¢ and characteristics of the site, we've seen
exanpl es of that.

And also tenporal variability of the
bi ochem cal reactions that define the properties of
the aquifer that are dictating contam nate transport.

And then finally establishthe groundwat er
nmoni t ori ng network t hat supports coll ection of sanpl es
that are representative of aquifer conditions. Any of
us can nake a nodel. Any of us can run a nodel. That

nodel is only of use to a given site. It becones a
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tool for making site decisions when we populate it
with data that is collected from that site. And
therefore, that data is the goal that we're m ning.

When we bring up a sanple, that's a
commodity that's very inportant. So we shoul d nmake
what ever effort we can to ensure the integrity of that
sanpl e before we carry out any chem cal anal ysis that
woul d support a contam nate transport nodel

And | want to al so point out that the way
you put in a well does make a difference. The type of
well, and the type of well that you have to rely on
differs from site-to-site. |If you can rely on
geoprobe as your nmethod for obtaining groundwater
sanpl es, nore power to you. That is great. That's the
ideal situation. There are a lot of situations out
there for which you cannot use a geoprobe to get to
depths to retrieve groundwater sanples. And the way
you put int hat well could inpact the types of
sanples, sanple <characteristics as you retrieve
groundwat er sanples. You can alter the hydraulic
conductivity at that well screen, you can also alter
t he geochenmistry right around that well screen such
that it's no | onger representative of what's goi ng on
down below. And therefore any data that you coll ect

from those sanples are going to be biased and not
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reflective of reality.

We are not in the business in Ada,

Ol ahoma of making nodels, for the nobst part, or
carryi ng out extensive transport nodeling simulations
like you ve seen. W do generate sone nodel, but
they're usually very sinple and they're used as sort
of screening tools for guiding howwe devel op the site
characterization effort.

These next two slides just cover one
sinpl e one that's been devel oped call ed
Optimal Well Locator. The objective of this tool is
to see to evaluate all the |ocations where you have
wel | s adequate to capture the plunme and its evol ution
in time. And it's based on basically defining the
flow field and then inferring what the contani nate
pl unme that woul d devel op fromthat based on basically
the nodel, which is an over sinplification in nmany
cases but it is still useful as a screening tool.

So here are three views. On the left is
gquarterly hydraulic nmonitoring data that's been used
to generate a plune. At one corner later in the year
the potential netric surface of groundwater has been
eval uated again, and the resulting plune has been
nodel ed. And you can see that things are noving

around. And we saw explicit exanples that plunes nove
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around. And therefore, and what the tool is then to
essentially generate a conposite over the tinme frame
of which you' ve collected data to see, you know, do
have wells located within the extent of that plunme or
are there regions where | really have very poor
coverage based upon ny antici pated expectati on of how
t hat pl une woul d behave.

Since many of the contami nates that we
deal with wunder Superfund actions do not behave
conservatively in the subsurface, we spend a great
deal of effort in ternms of characterizing water
chem stry as well as aquifer sedinment chemistry
relative to understandi ng how contam nates are being
transported. And here are sone goals with regard to
this aspect of the site characterization effort.

One wants to identify what reaction
mechani sm or processes are controlling contam nate
transport. Wth tritiumyou' d better know hydrol ogy.
You might be able to just get away with a good
knowl edge of hydrology in the subsurface. Wth
reactive contam nates that react with those aquifer
mls, you need to know nore.

You want to collect data that supports
eval uati on of the conceptual site nodel and to verify

performance of identified transport processes. You
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need to verify that indeed your concept of what's
going on in the subsurface is actually happening.

And when you col | ect sanples, you want to
do so in a manner, as | indicated before, that
mai ntains sanple integrity. And you want to be
collecting informati on that characterizes the factors
that are controlling contam nate transport in the
subsurf ace.

| "' mgoing to throw up sone cartoons in the
next few slides to sort of illustrate sone concepts
and so that we're sort of operating on the sane page.

This is very idealized plunes for a range
of situations with a decayi ng radi onuclide. Were I'm
assumng here that there is conservative physica
transport, an uncontrolled source. And all |I'm
| ooking at is a relative difference between what the
transport velocity in the subsurface is relative to
that decay rate. And that, in nany cases, is going to
have a significant influence on how that plune
evol ves. You have situations where it may renain
stable. W saw an exanple of a stable tritium plune.
It may be shrinking if you have a very rapid decay
half Iife or a slow transport time. O that plune
coul d be expandi ng.

Now | want to introduce the concept that
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may or may not be well accepted. And this is in
parti cul ar for cont am nat es t hat under go
nonconservative transport. They are partitioned from
the aqueous phase groundwater to the aquifer
sediments. Now typically we're thinking about
primarily groundwater, and that is inportant. W
definitely should be thinking about that. But for
t hose nonconservative chemcals, particularly |ong
l'ived radi onuclides, we al so need to understand what's
going on in those aquifer sedinments. And what | have
here is an illustration of an idealized situation
where again the orangeous colors are defining that
nmobi | e aqueous plune. And |I've shown anot her
characteristic here, and that's sort of the bl ue hash,
but what 1'd call the immbilized solid phase pl une.
Now attenuation of a nobile plunme is
certainly a good thing, and that's an objective that
we woul d want to achieve. But we need to be cogni zant
of what the future of that imobilized plune that's
now stuck on those aquifer solids nmay be in the
future. And here is a situation. The last bullet
lists what three situation | could imgine could be
the case and the tinme scales that are of inportance
for conpliance nonitoring at NRC sites, and certainly

are of inportance for nonitoring at Superfund sites.
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You coul d have a situation where there's
a decline in mass and spatial distribution due to
decay of that radionuclide, and that would be a good
thing. It could remain invariant in mass and spati al
distribution for a long lived radionuclide that's
never going to cone back off that solid, it's not
remobilize. That would be a good thing. But you can
al so have this last situation in which that
i mmobi li zed plunme evolves to a new state that serves
as a future source for devel opnent of a new di ssol ved
plunme. And that could be that the radi oactive decay
product process produces daughters that have different
chem cal characteristics and that will not remain
i mmobi lize or there could be changes, future changes
in gr oundwat er chem stry t hat coul d ef f ect
renobi li zation of that imobilized contam nate. And
one needs to be cognizant of that relative to
projected |land use into the future.

Here's an idealized schematic of a plune
cross section. Very idealized. And what | want to
get across here is some things that one should be
t hi nki ng about relative to the types of plunes that
may exist at their given site.

Now this may be a stretch for an NRC

facility, talking about a mxed organic/inorganic
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contam nate plume. You know, | don't know. | don't
know. But | do know that comercial facilities of any
sort have usually petrol eum products stored on site.
Sonme cases they may be stored in tanks underground.
And | can point you to plenty of exanples where that's
a pervasive problem throughout the U 'S. One should
not ignore those potential sources of other
contanm nates that could enter the subsurface. My be
not coincident with the release fromthe reactor, but
certainly it may end up being a part of a plune and
could affect how that plune evol ves.

And so here is an exanple of sort of the
Wor se case scenari o where you've got an organic, an
organi c, the degradati on of those organic contam nate
are causing nmajor changes to the geochem stry in the
subsurface. And here are sort of three zones that |
define here. A highly reduced systemw th these sort
of geochem cal characteristics, low DO, high ferrous
iron, maybe sulfide, mldly reduced and t hen oxi di zed
which my be representative of the background
condition exterior to the plune.

That was from the water side. Here's
|l ooking at it fromthe aquifer sedinent side of the
pi cture here. Again, the sane type of scenario where

you've got this mxed plune that's inpacting the
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geochem stry. And here's what you see reflected in

the aquifer sedinents. In the reduced zone you see

sul fides, reduced iron mnerals, you naybe see
anaer obi ¢ m croorgani snms whi ch woul d be i nmportant for
organi ¢ contam nates but naybe al so influenci ng what
types of geochemical <conditions exist in the
groundwat er, grading intoa mldly reduced zone and an
oxi di zed zone where there's significant change in the
characteristics of those aquifer sedinments, which
coul d potentially inpact contam nate transport and are
inmportant to know relative to the accuracy of any
transport nodel that's devel oped at a site.

And nowto sort of wap up, withregardto
that concept of the subsurface contanmi nate plune
what's the inportance of that relative to sanple
collection in terms of supporting conpliance
monitoring. I'lIl reecho or I'll echo what | said
before that nodel is supported by the data that's
collected. It becones a tool if used at a site based
on the data that you're inputtingintoit. |If you're
putting in bad data, we know the result, the outcone
of that is. And potentially leading to inaccurate
decisions with regard to noving forward on a site.

W want to properly identify the plune and

t he plunme extent for all contam nates of concern. And
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they may not exist all in the boundary. W've seen
exanples of that. And |'ve harkened back to the fact
that, you know, |I'm saying for nonconservative

i ntegrated contam nates you can have a solid place
plume. And | think that should be of concern relative
to future predictions.

Col l ection of sanples we want to prevent
m sidentification of plume geochem stry.

And these last two points are nore
rel evant probably froma renedi ati on st andpoi nt, which
| acknow edge is different than a conpliance
nmonitoring standpoint. But we want to be able to
accurately reflect the subsurface conditions so to
support our nodel that is being used to project

contanmi nate transport into the future.

| said | wasn't going to talk about a
site, and I'm not other than to point you to a
reference point for ny perspective. 1In this case it's

for arsenic. This is a site investigation with which
we have been involved for many years with Regi on
out si de of Boston. The contam nate concern is
arsenic. And | highlight it here because the renedy
selection at this site for groundwater is nonitor
natural attenuation.

And just so you know, arsenic is really a
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t enuous contam nate to be considered for this type of
remedy. And basically we're not doing anything to

i ntervene to prevent plunme mgration. W're rel yi ng on
the natural processes that active at site. The only
way that we can rely on that and knowingly that we
were abl e to convince the stakehol ders is by the | evel
of site characterization that was carried out to
support both our conceptual nodel and any anal yti cal
nodel s that were developed for this site to describe
contam nate transport.

And here are sone website links to the
docunent ati on t hat was prepared to support that renmedy
deci si on.

And with that, I will conclude. | have
sone additional URLs that are listed here that refer
to docunents that touch on sone of the issues that |
alluded to with regard to sanple collection for
groundwat er sanpl es and i ssues of concern with regard
to what exactly is going on in the subsurface that is
controlling contam nate transport.

And t hank you

MEMBER CLARKE: Robert, thank you.

Qur next paper is the first in a series of
presentations. Wen we were planning this nmeeting we

were hopeful that we could include presentations not
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only what | would call environnmental nodeling and
nmonitoring, but presentations that 1look at the
per f ormance of an engi neered systemas well. And our
next speaker is Craig Benson. Craig has participated
ina prior working group neeting on the performance of
cenentitious materials.

Crai g, wel come back

PROFESSOR BENSON: Thank you. It's a
pl easure to here. And actually d endon, who is going
to speak after me, we have essentially the sane title
to our talks, but the content is different. |
prom se.

MR. GEE: Slightly.

PROFESSOR BENSON:  Slightly.

Vell we're going to shift gears a little
bit and tal k about caps or covers. And our objective
here is really to look at barriers that we put on top
of a waste containment facility with the, in mny
cases, the primary objective of limting how nuch
precipitationultimately gets into the waste. W want
to limt that with the objective of mnimzing the
generation of |eachate and that may ultimtely make
it's way into groundwater and cause contam nated
groundwat er resources.

And to understand how covers behave, we
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really need to understand their hydrol ogy. In many
applications we use nodels to predict that hydrol ogy,
both in design. They're very commonly used in the
solid waste i ndustry where a good bit of ny experience
comes fromin this regard

| call these research questions, but |
think these are very pragmatic questions as well. So
first of all, do the common nunerical nodels that are
being used for design and evaluation of cover
hydrol ogy provi de accurate predictions? And | guess
| should add a little bit onto the end of that. Using
inputs that are normally available in practice.

And then the second question is, well
based on the results of the first one, isif there are
some devi ati ons between predictions and reality, how
can we nake changes to our nodels or our input to get
nore reliable predictions?

So sone pragmati c questions.

First of all, to assess the accuracy of
nodel s, the first thing we have to have is data.
That's the nightnmare. You have a good nodel, you get
sonme data. Well, | can always show you, perhaps not
such a good nodel. W had that field data in
particular. W want to deternmi ne whether it actually

predi cts what we observed in the field. And perhaps
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you nentioned this, Robert, about the conceptual nodel
being really inportant, is both our mat hemati cal nodel
and our conceptual nodel valid? W can | ook at that
t hrough conparisons with field data.

Anot her inportant part of that analysis
process is to nake avail able as nmuch of the inputs to
that nodel as possible. Elimnate the anount of
guessing that goes into the paraneters of the nodel
and ground those in truth as closely as possible.

And then finally matching the boundary
conditions can be as equally inportant as well.

|"ve been involved in a really neat study
over the last 6/7 years, and there's others that have
been involved in this as well. d endon Gee was part
of this study. Called ACAP, which is the Alternative
Cover Assessment Program Bill Al bright of Desert
Research Institute as well. Wwere we constructed a
variety of different near full scale cover systens
throughout the United States at these different
| ocations here. And | noticed | m ssed one up here in
Nort h Dakota. And have eval uated their hydrol ogy over
arelative long period. A long period froma research
point of view, 5to 6 years. Certainly not long term
in ternms of containing waste.

W' re going to use sone data here fromthe
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Sacranento site, which is right here. This is Kiefer
Landfill in nmy presentation here today. To make sone
conpari sons of what we observed at that site relative
to what we predicted using sone typical nunerica
nodel s.

At each of these sites we constructed
| arge test section. And part of those test sections
were essentially a big bathtub where we coul d nonitor
all conponents of the water balance. A lysinmeter, as
we would call it. W were able to nonitor the flux
out the bottom percolation or drainage. W could
nmonitor surface run off. W could nonitor |ateral
flows i f that was an i ssue. Monitor nmetric potentials
and water storage within the cover. Essentially al
conmponent s of the water bal ance which are inportant to
under st andi ng the hydrol ogy, except for ET, which we
obtained different -- mass balance on it and we
obtained ET by difference. And actually this method
of obtaining ET turned out to be pretty good. 1've
conpared it to a lot of other data and our ET
nmeasurenents are pretty reliable, | believe.

These are pretty |l arge test sections. You
can see here's a F-150 pickup. And there are two test
sections in Sacramento. They're very large test

sections. And they represent near full scale
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condi ti ons.

And we nonitored the hydrol ogy in detai
over a ten nmeter by 20 neter record area. You can
just see the outline of that. That's a surface water
di version and collection bermon top of one of the
test sections that delineates the record area.

During construction we spent alot of tine
collecting data on the hydraulic properties of soil,
because that's one of the things that are used as
inputs to the nodel. You can only check the nodels if
we have the good collection of data to describe the
i nput s.

W al so | ooked at characteristics of the
vegetation as well.

And we | ooked at four different nodels.
| picked four nodel s that are pretty characteristic of
what people use in practice. HYDRUS-2D devel oped by
Si munek and his col |l eagues at USDA

Anot her nodel call ed LEACHM devel oped by
Hudson who is now at Flinders University, whichis in
Sout h Australi a.

UNSAT-H, M ke Fayer's nodel. M ke's going
to speak today. Perhaps the nost widely used in the
United States for eval uati ng cover hydrol ogy for solid

waste landfills.
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And ten Vadose/W which i s Canadi an nodel

that's used fairly broadly in the British Cormonweal th
for doing simlar types of problens that UNSAT-H is
used. And al so used very extensively in the mning
i ndustry throughout the world.

Al these nodels are used in practice
Engi neers use these regularly to make predictions
And so it was inportant for us to get a sense for how
reliable are they, do they give us the same answers
and if not, why?

They all do essentially the same thing.
They sol ve Richards' Equation, which | think I'mthe
first speaker this norning to show a parti al
differential equation. |I couldn't help nyself. | |ove
partial differential equations and bei ng a professor,
too, we just got to get it in there. But they al
solve this partial differential equation. Different
net hods. Find an elenent, finite difference. They
solved themin 1D or 2D, nost of the tine in 1D. But
the inputs of these include hydraulic properties of
the soils, vegetation properties for root water uptake
and agai n, hydraulic properties of soils over here as
wel | .

W appl i ed boundary conditions totheseto

solve them Atnospheric flux boundaries at the
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surface and then sone type of |ower boundary at the
bottom of the cover.

When | was |istening to the ot her speakers
| was thinking about ny |ower boundary. And, you
know, we have groundwater nodels and we have cover
nodel s and t hen we have waste | eachi ng nodels. But we
don't really have a nodel that puts all these things
together. And that's sonething that as | was
listening that we need to start thinking about is how
all these integrate together as opposed to being
i ndependent pi eces.

|"mgoing to just to give you this exanple
for data for our Sacranento field site, this is at
Ki ef er Muni ci pal Solid Waste Landfill in southeastern
Sacramento, Californiaonthe southeastern side. This
is asem-arid site. It has a little 400 mllineters
per year precipitation. It has a precipitation
potential to evapotranspiration ratio of a third. So
it's a pretty dry site. Warm but seasonal
tenperature slightly above freezing in w nter and very
warmin the sutmmer. | f you' ve been to Sacranento in
the sumer, it can be very hot. In fact, | was in
St ockton, which is just down the road from
Sacranento in the sunmer doing field work and it was

119F when we were doing the field work. For Brian
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maybe that's not hing. Hot for me being fromW sconsi n.

The cover at the site, there's actually
two covers there. |1'mgoing to talk about the thinner
one. Has roughly a nmeter thick storage |ayer, as we
would call, this |awer essentially nmeant to store
water, prevent it frominfiltrating into the waste and
t hen rel ease it to t he at nosphere Vi a
evapotranspiration. Underneath that is roughly a half
neter of so called interimcover or soil placed that
woul d normal |y be placed on top of the waste.

The upper surface of this storage |ayer
tends to get fairly highly weathered, as we'll see in
some data. Upper six to 12 inches or 150 to 350
mllimeters

Thi s was constructed out of a very broadly
graded al um numw th t hings fromcobbl e-si zed down to
cl ay-sized particles, available on site.

| nput dat a we measur ed net eor ol ogi cal data
on site with a weather station. W field nmeasured
vegetation properties to the extent practical. W
neasured | eaf inputs to the nodels, |eaf area index,
root density distributions, hydraulic properties we
neasured, as | indicated, with collected sanples,
nmeasured hydraulic properties in the |aboratory on

large scale sanples, but using rmethods  of
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representative of practice. And this is just a
summary of the input paraneters that we used.

Boundary conditions. At the surface we
applied a atnospheric flux boundary, which is
available in all these nodels. It sinulates
infiltrationinthe soil surface, evaporation fromthe
soi|l surface and runoff often conputed as an excess
guantity. Essentially the difference between
precipitation and infiltration.

All these nodels do the same thing
conceptual ly, but they all do them mathematically in
a different manner. They all handl e the nuances of it
differently and we'll see they all give you a
different answer in just a mnute in ternms of
predi cting what that surface flux is at the boundary.

Lower boundary we wused either unit
gradi ent boundaries or seepage phased boundaries
dependi ng on what was available in the nodels. This
has been a great deal of debate in the |ysineter
i ndustry of what nodels shoul d be used for -- or what
boundary conditions should be wused for nodel
val i dati on and evaluation. And, actually, we found
out this isn't so inportant conpared to other
conmponents of the nodels. Surface boundary is much

nor e i nmportant.
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Let's |l ook at some of the results. [|I'm
goi ng to show you four very conplicated graphs here.
These represent the four prinmary conponents of the
wat er bal ance. Runoff along with precipitationinthis
upper graph. Evapotranspiration in the second graph.
Slow water storage within the cover in the third
graph. And then cumul ative percol ation or drai nage in
the bottom graph. And these are all shown as a
function of tinme during the nonitoring period. And
they' re cunul ative quantities indicating that we were
adding up the water over time. So you can see
precipitation is the total anount of precipitation
received at the site.

The black lines, the solid black line in
each one of these graphs is what we observed in the
field. Al right. So here's for exanple runoff in
the field.

And then the colorful lines ranging from
magenta to blue are the nodel predictions.

And | think the first thing that strikes
out is obvious from this graph. |s we have four
nodel s and we get four different predictions using
essentially the same input. Virtually identical input
to the nodels and yet we get four different sets of

predi ctions even t hough they' re sol ving t he sane basi c
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partial differential equation. But they do it in
slightly different ways.

For exanple, all the nodels noreover over
predict runoff. And because we get less water into
the system we're under predicting evapotranspiration
in many of the cases except for largely this LEACHM
nodel. It's pretty close to what you observed in the
field.

Qur water stored withinthe cover profile,
which is really a key element in our design
cal cul ations i n nost cases, is under predicted by nost
of the nodels. Largely because surface runoff is over
predi cted, except for in the one case LEACHM which
tends to get the peaks fairly close in sone cases.

This fluctuation over tine which is
equally inportant in the field data isn't captured
ei t her.

Anot her interesting aspect. In one year
we had a case where for sonme reason or another the
vegetation was not particularly effective in
extracting the water from the cover. And the way
we' ve paraneterized our nodels, which is typical of
practice, we don't capture that anomaly.

Finally, at least in this case, all four

of our nodels under predicted the percolation or
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drainage into the waste which we observed in the
field.

Four nodels, different input.

Ch, | got tothe end. W're at the wong
button. Back up a little bit. Ckay.

Vell, one of the things we m ght ask
ourselves to begin with is we're over predicting the
runoff. Significantly that may indicate that perhaps
our surface boundary or the hydraulic properties the
near surface of the cover are not particularly
representative. And if we | ook at surface |ayer
conductivities over tinme, we | ook at how pedogenesi s
effects the properties of soils used in covers, we see
that factors such as wetting and drying, freezing and
t hawi ng, ingress of roots into the cover tend to alter
t hose hydraulic properties. And what we see is that
over time nost of our hydraulic properties or
hydraul i ¢ conductivities at the near surface tend to
fall withina fairly narrowband. But |I'ma technical
engi neer by training, so an order of nmagnitudes a
narrow band for ne. For other people that nay not be
narr ow.

Thi s graph shows you essentially these are
saturated hydraul i c conductivities at the surface over

time at different tine periods in the study. And
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sanpl es we col | ected after construction versus the as-
built values. And if there was no change, all the
data would fall in this one-to-one line. But you can
see that very few of the data fall along the one-to-
one line and the further along we went in the record,
the nore horizontal this band becane.

Utimately, though, if we | ook at our data
over time we typically get surface | ayers that are on
the order of tento the mnus 4 centineters per second
as a kind of typical nunber. So if we put that into
our nodel rather than the field neasured val ues nade
during construction, we can see that here is our
predi ction nade using our field data fromorigi na
paranmeters. W've put in either aten to the mnus
four, tento the mnus three to nake the surface | ayer
nore perneable. W can drop down the runoff, increase
the water that evaporates, increase the anount of
water that's stored within the cover and i ncrease the
anount of pecul ation that predicted.

So we can i medi at el y see t hat perhaps t he
ori gi nal par anet eri zati on and per haps our
conceptualization of the nobdel wasn't quite right
based on the nonitoring data that showed us that our
predicted runoff wa quite a big different from our

nmeasured runoff. And that indicated perhaps that the
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surface layer was too inpervious in our original
simulations. And, in fact, it probably was.

And another question is we built this
cover and we neasured the hydraulic properties of the
deeper parts of the storage | ayer during construction.
But those layers, too, undergo wetting and drying,
root entry. In fact, when we deconm ssioned the cover
we found roots all the way down to the bottom of the
cover at the end of the nonitoring. So roots were
activeinthe soil, perhaps altering its structure. So
i f we perhaps increased the hydraulic conductivity of
t he storage | ayer, the | ower portion of the cover, it
m ght as well alter our predictions. And we can see
that's the case here.

Here' s our val ue usi ng what we cal | ed nmean
or typical values or nmean values from as-built and
then multiplied by five, ten and 20. And, of course,
as we make the cover nore perneable, we get |ess
runof f, nor e infiltration. W get nore
evapotranspiration. W get nore water cycling within
t he cover and storage. And we get nore percol ation.

One thing we do see, though, is that even
t hough we're getting nore water within the cover, we
still don't really represent these large swings in

soil water storage that we see in the field.
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In sunmer 2005 we went and dug up this
cover and | ooked at its hydraulic properties. W did
a whole series of hydraulic tests and you see they
have beautifully blue water here in Sacranento.
Actually it has a brilliant blue dye init. W dug
test pits to do geonorphol ogical studies. Really did
an extensive anount of characterization of hydraulic
properties of that site over tine.

This slide here just shows you some of
those findings fromthat. The saturate hydraulic
conductivity, which we originally measured to be about
m ddl e of the ten tom nus si x range had clinbed by the
end of the nonitoring period up in this range to on
the order of middle of ten to the mnus fives, which
going back to our previous evaluations is about a
factor of ten to 20 higher than as-built. And that's
pretty consistent with what our nodel showed. That if
we had about a factor of 20 higher, we got a much
better prediction.

This graph, it's just of saturated
hydraul i ¢ conductivity versus size of the specinen. |
shoul d point that out. This star here is just what we
nmeasured as-built. And these are all the nmeasurenents
we did at decommi ssi oni ng.

Thi s al so shows you a very i nportant point
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is that the scale at which you nake the neasurenents
is inportant. And in practice, in engineering
practice we typically do tests on very snall sanples
collected in a thin wall tube, which is roughly 70
mllimeters in dianeter. And that's down here. Al
right. These are large scale sanples done with a
seal ed double ring infiltraometer or back cal cul at ed
from our lysinmeter fluxes under nearly saturated
conditions. Quite a bit different.

These corresponded very well wth the
geonor phol ogi cal changes we observed as well. There
was a lot of structure. This just shows you the
aver age spaci ng between vertical features or cracks as
a function of depth in the cover. There was a | ot and
very consistent structure within the cover system
which is an indication that the hydraulic properties
have changed.

There are a nunber of other factors that
we identified as well. | just tried to touch on a
couple of inportant ones here. Certainly we
identified accounting for pedogenic effects was
important. W wouldn't have eval uated that or
accounted for that if we hadn't done a conparison
bet ween the nodel predictions and the field data.

W found anot her subtle thing, | haven't
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really tal ked about this, but little subtles in the
nodel , like the pore interaction paraneter used in the
conductivity function. WMkes a huge difference in the
predi ctions. W see that by naking conparison with
nodel s and nonitoring data.

Mat ching precipitation intensity, very
i nport ant as well. Sonething that's often
di sregarded, but conparisons of nodel predictions of
nodern data showed that very nicely. | didn't show
that today, but that's one of the things we found.

Accounting for tenmporal changes in the
veget ati on species and their effect on water renoval
was al so an inportant factor.

And finally this | ower boundary
conditions, which people have sat in neetings and
argued about ad nauseam perhaps is one of the |east
i nportant ones. And we see that by making conpari sons
with field data as well.

So just to summarize. W | ooked at four
nodel s, all very nuch the same, all using essentially
t he sane i nput and giving very different predictions.
And | guess if you're looking at trying to get a
permt approved, | want to get the nodel that gives ne
the best answer. Well, | can't tell you which one

that is. And | can't tell you what the best answer
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neans.

Probably one of the biggest things of
these nodels is paraneterization, as | kind of
i ndi cated the paraneters. As we vary the paraneters
we get much better predictions.

W woul dn't have been able to get these
assessnment of accuracy without the field data. You
know the nonitoring data is really critical to this.
Particularly this type of information we got fromour
decomni ssioning studies. This really helped us with
par anet eri zati on and that type of information that you
m ght do on an i nfrequent basis really can be rel evant
to predictions at a site, but also to maki ng updati ng
predictions for future cases or other applications.

| think this last bullet | thinkisreally

important. W talk about nodels. You know, | |ove
nodels. | did nmy dissertation on all nodels.
didn't have hardly any data. It was great. You know,

they all worked great and they were all exact. That
was a |long tinme ago.

You know, they're all abstractions of
reality. You know, they're all sinplifications. And
it's very inportant that they be conpared with the
real thing. And that we always be thinking about

reasonabl eness of predictions using nodern data if at
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all possible. And | think of a case history | was
involved in at a mne tailings facility in northern
W sconsi n where the cover onthis facility was perhaps
t he nost significant factor effecting whether it would
be in environnental conpliance or not. And we were
doi ng the sanity check on the nodel predictions. And,
you know, |I'ml ooking at data that we collected in the
field. And the argunment that | had with the owners
was well the nodel is not consistent wi th what our
field data is showi ng. And the argunent back to ne was
well vyour field data nmust be wong because it's
inconsistent with the nodel. It's the other way
around. The field data in nost cases, not always, are
ki nd of the acid test on which we use to eval uate our
nodel s. Good quality field data.

So I'll leave it at that. And | think
we're al nost at the break

MEMBER CLARKE: Thank you, Craig. W are
at the break. And let's take a break and cone back at
10: 15.

(Wher eupon, at 10:03 a.m a recess until
10: 18 p. m)

VI CE CHAI RMAN CROFF:  Fol ks, can you take
your seats.

MEMBER CLARKE: All en, can you whack t hat
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gavel ? Three taps and I'mon the m crophone for a
half hour. |It's not fair. Okay, our next
presentation will be nade by G endon Gee of PNNL,
Monitoring and Modeling of ET Covers. d endon,

wel cone.

MR. GEE: Thank you. Thank you very nuch.
| want to give credit to Craig Benson for giving ny
talk and I'mjust going to fill in a few details but
| would like to try and couch it in terns of what has
been put upon us as speakers and that is to try and
provi de sone gui dance or at | east some recomendati ons
or suggestions about the way nonitoring and nodeling
can fit together and possible should fit together.
And | hope by the tinme sone of the exanples that |
present today are nade, you will catch a bit of a
vi sion of how at |east | view nodeling and nonitoring
and their interaction.

Now, | will do sone qualification. The
gualification is as other people have nentioned, and
that is primarily these di scussi ons we've had t he | ast
day and a half are focused on groundwat er nonitoring.
W said subsurface nonitoring, but, in fact, all of
the regulations that 1've seen, EPA and USNRC and
ot her regul ations are focused prinmarily on nonitoring

wel l's and docunentation of that specific kind of
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nmonitoring. So when | had a chance to discuss this
with Tom and others, | was trying to get an idea, a
vision of how flexible we could be in terms of
actually recommendi ng nonitoring in the vadose zone.
| showed a picture actually, tried to
capture the idea that the acronyns run ranpant in
t hese neet i ngs and ET, of cour se nmeans
evapotranspiration. You have basically an active
bi ol ogi cal punp that is noving water out of the near
surface and that systemthen is designed in sonme of
these covers to act primarily as the agent by which
wat er is renoved and prevents deep drai nage. So when
| say ET covers, |I'mtal king about a | arge system of
covers that include that concept. Talk about indirect
and direct measurements that are nade. Sone of the
nodel i ng i ssues, Craig has covered nost of that but
want to put in ny two bits.

Evapotranspiration does limt wat er
intrusion. That's the whole idea and virtually al
covers are ET covers. Basically, with few exceptions,
Hanf ord tanks being one of them you have vegetation
on the site with the idea that they stabilize the
surface and they also act to renove water. Milti-
| ayer ET covers are essentially covers that are

redundant. They have systens within them | ow
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perneability layers so on, RCRA caps, the EPA design
and recomendation. The Hanford | ong-term barrier has
redundancy built in, low perneability systens
incorporated in the engineering design. This is for
| ong-term perfornmance considerations primarily. The
probl em of course, is that it takes nore engineering
and the costs are typically nuch higher than other
syst ens.

What peopl e are tal ki ng about today in the
i ndustry are going to sinple or nmono-fill ET covers.
Basically, you put dirt over your waste, you vegetate
is and use that as the water infiltration control
The difficulties, of course, are how do you insure
that there is not biotic intrusion, other kinds of
water intrusion and then erosion and |ong-term
stability i ssues. Craig has nentioned in passing that
we do basically -- when we're tal king about water
bal ance or these kind of covers, the ET is part of the
wat er bal ance, the nodel inputs to this kind of an
assessment include docunenting the precipitation,
knowi ng the | ong-termrecord, knowing a bit about the
climate, so you can estimate the evaporative denmand,
assess the runoff as Craig nmentioned. That's a
critical assessment ans incidentally, there as an --

|"msorry, get the agencies right, an NRCreport a few
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years ago by PNNL that denonstrated at Barnwell that
if you change the runoff by sinply changing the
hydraul i c properties of the surface, that the drai nage
woul d change by an order of magnitude and whet her t hat
makes a long-termeffect on the dose assessnents, it
certainly can make a difference, certainly on the
dr ai nage.

And t hen, of course, as Crai g pointed out,
the soil hydraulic properties need to be known and
tend to be dynam c particularly in the surface. Just
as an exanple at an arid site, which creates an i ssue
about sone of the uncertainties, precipitation is
known generally within about 10 percent for a given
site. ET, simlarly, our best measurenents water
storage simlar range of uncertainty. So the drainage
at an arid site could be three or it could be 60. And
that basically creates a huge uncertainty that for
| ong-termassessnents is a difficult thing to nmanage.
So what one wants to know then is can we make this
nmeasurenent indirectly with | ess uncertainty or can we
use some kind of a systemto |ower that uncertainty.

The cover nonitoring requirenments, the
LTSM program that Jody will tal k about basically has
involved a nunber of sites and you'll see that

presentation. But they're |ooking nore on surface
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i nspections, erosions, subsidence, isolation, biotic
intrusion, the plant cover. Those things are all
docurmented in a nunber of these governnent |egacy
sites.

The groundwat er, of course, nost of you
know EPA requirenments. W're looking at primarily
wat er chem stry and nonitoring themw th up-gradient,
down-gradient wells. 1In the vadose zone, if indeed
the desire is to control water intrusion to |ow
limts, toamllineter or less a year, then what can
we do to nmake those ki nd of neasurenents? The typical
thing in the vadose zone is to neasure how nmuch wat er
is there. So that's a fairly straightforward
nmeasurenent, lots of different ways to do that. A
| ess used nethod is to neasure the pressures and that
can be done. Finally, if you really want to know t he
flux, you neasure the flux and that can be done
indirectly or directly.

Here are sone nonitoring systens for the
vadose zone and these kinds of things are used
t hroughout in agriculture as well as wast e nanagenent.
Por e-wat er vacuum sanpl es, sonetines they're called
solution lysimeters but basically they extract water
from the vadose zone and allow you to neasure the

chem stry. And all of the problens associated with
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groundwat er sanpling are included in this pore-water
sanpling system in spades, because if you pack this
with asilicon sand, it may be weeks and nont hs before
you equilibrate with the pore water and ot her issues.

Heat di ssi pation units for nmeasuri ng wat er
potential allows you to make measurenents, pressure
nmeasurenents indirectly in the vadose zone.
Tensioneters are direct nmeasurenents of pressure and
then, if course, water content sensors that can be
el ectric or neutron-logging or other systenms. But
t hese ki nd of things are expensive, they require bore
hol es and so all the problens associated with that,
with down-well placenent, intrusive placenents,
particularly at sites that are either have toxi c waste
or other things nake it difficult for placenent.

How do you use t hese i ndi rect
neasurenents? Basically, if you know t he unsaturated
hydraulic conductivity, an estinate of the water
potential gradient, then you can estinate the drai nage
flux. But you have to know this Kand this Kis a
function of water content and water potential and
generally, as pointed out here, typically, an
uncertainty of an order of magnitude is very common
And the other option is direct measurenments with

lysinmeters and here are sonme at Hanford. Basically,
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| arge two-neter di aneter cans, three neters deep. 1In
sone cases, they'reirrigated to neasure the i npact of
excess water. Sinply ook at the profiles, in this

case Hanford barrier is constructed in place in the
lysinmeter, a meter and a half of silt | oamover | ayers
of coarse materials and we create essentially what's
called a capillary barrier that tends to store water
until this zone gets wet enough that it drains.

Craig mentioned the alternative cover
assessment programof EPA that, so-called ACAP. Thee
lysimeters were 10 by 20 as he nentioned that
basically |arge enough where you could actually
construct, sinulate a cover and nmke all of the
necessary measurenents of runoff, of drainage and of
wat er storage. And when you do that, of course, then
you can get resolutions on the order of 10'" or 100'"
of mllinmeter of drainage with these ki nds of systens.
So you have a direct neasurenent, you have a
resolution and a | ot of the probl ens of uncertainty go
away at l|least in principle.

Ckay, what do we need for nodeling.
Craig's eluded to it, but I'lIl just reiterate. You
have to have some weather station records, on site
precipitation obviously is best. Soil hydraulic

properties, he nmentioned that plant, leaf, root

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

75

dynam cs. The sinplest nodels, which he did not
mention, such as the HELP, EPA HELP code, use default
paranmeters based on general characteristics of the
soil, the plant and the weather records. So you can
sit dowmn and -- very sinply and many people do, run
assessnments with a sinple water balance nodel that
doesn't require Richard' s equation but sinply does
essentially a water budget.

| won't go over the details here on the
conpl ex nodel s, but obvi ously, they require nore input
i nformation. EPA cover design code HELP, NRC had an
infiltration code that we have used to get quick
assessnents, nodified KIM from the Water Resources
Research publications. EPIC from ARS, these are the
nore conplex ones that Craig nentioned, that all ET
nodels are Jlimted by uncertainties in plant
paranmeters and dynamics, and I'lIl try and illustrate
that in addition to the uncertainty in the hydraulic
properti es.

This is a site at H Il Air Force Base in
Qgden, Uah. This picture was taken | ast week
basically after 10 years of a sage brush vegetation
comunity growi ng over a bare aid swi mi ng pool and
the swinmring pool is essentially the lysineter.

There's pl unbi ng goi ng out the bottomof the sw nm ng
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pool into a collection basin. At H Il Air Force Base
we have about three tines the precipitation we do at
Hanford, 180 mllineters at Hanford, about 480 at
HI1l. The main difference is that winter snow nelt is
the main driver for the |leachate. And just adjacent
tothis site is their operable Unit 1 which contains
two large landfills of about 90 acres or nore.

And they're spending mllions of dollars
i ke many sites on punpi ng and treating because of the
| eachate production in those land fills. The tests
t hat were conduct ed here showthat the Hanford barrier
whi ch we tested at Hanford under irrigated conditions,
performs perfectly well at H Il Ar Force Base and
that we've not nmeasured drai nage after 10 years so we
have a fairly long-termrecord suggesting that by
knowi ng t he vegetati on, knowi ng the soil type, we can
control the water infiltration. A nunber of these
sinple water HELP and EPIC adequately described
results fromH |l Ar Force Base tests. W' ve done
the nodeling on bits and pieces and certainly
extensively nodeled the climte change scenario at
Hanf or d.

Snow nelt has caused the capillary
barriers the other tests, there are a series of five

tests there. | only showed one, but the other five
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have drai nage rat es exceeding 50 m|linmeters per year.
Just sinply say that snow nelt captured on the Hanford
barrier at H Il Air Force Base increased the storage
-- was captured due to the increase of storage
capacity of the silt loamsoil. And the nodels show
that the Hanford ET barrier effectively operates under
el evated precipitation conditions. So in this
particul ar case, the soil systemwas adequate, the
plant dynamcs were such that this system was
adequately described with our water bal ance nodel s.

I n contrast, Craig showed sone results but
this is the Sacranento site that Craig el uded to.
j ust have sonme additional data and what you see that
spi ke of percolation that Craig showed but in
addition, the last two years, there have been
addi ti onal spikes in percolation or drainage and how
do you explain that when all of the nodels generally
show, if you use the average characteristics, as Craig
did, all of the nodels show that there should be no
drai nage and yet, in 2002, 2004 and 2005, we have
significant drainage, enough to require that soneone
either nodify the cover or redesign it in such a way
that it perforns better.

Moni toring of an ET cover actually will be

a challenge. Craig s nentioned the dynanmics in the
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hydraul i c properties. |1've tried to show you dynam cs
inthe vegetation can alter the -- what | didn't el ude
to is Craig showed this but you see the change in
storage. Basically, the plant water renoval pulls the
soil water storage down to sonething in the 150, 200
mllinmeter range each year for the first two years,
very predictable with the nodels. But the third year
the -- for whatever reason, the plants did not renove
the water. And so the dynam cs of the plants were not
i ncorporated properly in the nodel and as a result, it
under - predi cted the drai nage by a significant anmount.
Erosion control, that's easy to fix,
observabl e, repairable. Bio-intrusion control is
likely repairable but water intrusion still remains
the greatest challenge. The tine dependence of the
plants will continue to be difficult to quantify and
this suggests that if you're going to design a system
you may have to have redundancy in the design. Just
to reiterate and make the point again and again,
because of the uncertainties in the actual
neasurenents of water bal ance, indirect measurements
are too inprecise. So if you're going to spend any
noney on nonitoring, where should you spend your
noney? Well, water content sensors, TDR and ot her

things are interesting but they -- it is not flux.
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The water potential is nore direct but it is not flux.
Wat er bal ance nodel i ng combi nes al | t hose
uncertainties and they remain uncertain as Crai g has
il lustrated.

So direct neasurenents arereally required
and as far as |'m concerned the test pads, like the
ACAP are reliable and allow you to nmke these
nmeasur enent s over extended periods of tinme, which are
needed to docunent the changes in the plant and
hydraul i c paraneters. Finally, the plant paraneters
in the nodel remain very conplex and an uncertain
paranmeter and cannot readily be engineered and they
have no safety factors built into themand therefore,
engi neers should regard the plant paraneters with a
great deal of caution

So, |I'mfinished.

MEMBER CLARKE: (Ckay, d endon, thank you
Qur next speaker is Jody Waugh. He is with the --

MR. GEE: Could | make an after-thought?

MEMBER CLARKE:  Sure.

MR GEE: Is there tinme to nmake an after-
t hought ?

MEMBER CLARKE: Yes, sir, go ahead.

MR. CGEE: One of the questions in the

focus group was defining programmatic actions, what
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programmati c acti ons do you reconmend be consi dered or
undertaken that can pronote? Well, ny view of
programmatic is do you have something built into the
systemthat allows youto afford things |ike |l ong-term
nmoni tori ng and what should you nonitor?

| woul d suggest you consider |ooking --
t he NRC or ot her agenci es consi der | ooking at sone of
these long-term facilities that have had these
records. |If you're going to inprove the nodels, then
the longer termrecords will allowyou to do that, so
Hill Air Force Base Hanford and other sites that have
long-term facilities right now are hurting for
financial support. So if you want a reconmendati on,
that's one to consider.

MEMBER CLARKE: Ckay, d endon, thank you
Jody is with Stoll er Corporation, Departnent of Energy
at Gand Junction and will talk about perfornance
noni toring and sustainability of engineer covers for
uraniummll tailings. Jody, welcone.

MR. WAUGH. Thank you, Jim |[It's good to
be here. | apologize for my cold. [|'m not
responsi bl e for my voice or ny mnd set at this point.
Maybe | got this fromDbDavid Esh. |'mnot sure but |I'm
going to sit down and I'm going to go through this.

Basically, in the Departnent of Energy, we are the
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| ong-term caretakers of sites, disposal sites in the
O fice of Legacy Managenent and hopefully, we're not
the | ong-termundertakers. Most of what |'mgoing to
tal k about we don't have to do. NRC in our uranium
mll tailing sites doesn't require us to do this but
we do have a nandate to try to inprove the way we do
| ong-term stewardship, long-term surveillance and
mai nt enance, LTS&M and our neasures for success is if
we can reduce cost, if we can reduce risk over tine
and perhaps, maybe if we invest a little nore up
front, then in the long-term we can reduce cost and
ri sk for stewardship.

| won't go through who all the sponsors
and col | aborators are but you'll see sone of themhere
in the room Also Legacy Managenent has sites al
around the country. I'mgoing to focus primarily on
uranium mll tailing sites and I'mgoing to use the
Lakeview site as a cast study as | go through this.
When sites are transferred we ask a set of questions.
These are questions that | put together. Wen the
site cones to us, what about that cover? Well, howis
it designed, howis it constructed, howis it supposed
to work? What and how do we nonitor to show that it's
actual |y worki ng? Wat types of maintenance are going

to be required and at what cost to keep it working as
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desi gned? Wiat are the risks if it's not working as
designed? This is the so what question. Maybe the

cover doesn't work. Well, maybe it doesn't natter.

Coul d we design a sustainable repair or renovation if
needed to be better long-term stewards. And then

finally, the million dollar question or at |east the
200 to 1,000 year question is, can we expect these to
conti nue wor ki ng?

So again, I'mgoing to use Lakeview as a
case study and step through sonme of these questions;
howis this cover designed. Most uraniummll tailing
sites, these are disposal cells. Lakeview actually
the tailing were hauled fromthe mll site into a
clean site. Most of these covers consist of really
three layers and variations on that thenme. A
conpacted soil layer which is supposed to limt
infiltration and radon escape, a gravel |ayer over the
top of that, a rock layer which is usually on the
surface of these covers for erosion protection. At
Lakevi ew they added a thin soil layer to plant grass
but nost of themare that. WlIl, howis that supposed
to work? What it's supposed to do, and I'monitting
the radon attenuation, because we're focusing on
groundwat er here but a target was to have a saturated

conductivity of that conpacted soil | ayer of |ess than
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one times 107 and again, this is supposed to continue
wor king for 200 to 1,000 years. Wat and how do we
nmonitor to show that it's working?

Vell, as | nmentioned, NRC doesn't require
us to nonitor anything in the cover itself. W are
required to nmonitor groundwater according to
conpliance, at Lakeview actually only every five
years. And that's considered a neasure of the
per formance of the disposal cell. They said, if you
don't see anythi ng down gradient in groundwater, well,
the disposal cell must be working. | was going to
nmention, there are visual inspections. And part of
that is there anything new happening, are there any
changes fromthe baseli ne of what we thought we built
that may inpact |ong-term perfornmance. And what are
t he needs for mai ntenance; foll owup investigations if
t here' s sonet hi ng happeni ng that we don't under st and.

So let me talk a little bit about those
foll owup investigations. New conditions that may
impact long-term performance and focus on an
observation of encroachnent by deep-rooted shrubs on
the Lakeview cover and how that mght effect
perneability. In this case, |I'mtalking about
intrinsic perneability and just in a general sense

perneability of the ease with which water can pass
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through. Well, that thin soil layer at Lakeview
created sparse grass. This is off the cover, here is
on the cover. The reason for that is thin soil over
the rock | ayer, the water noves deeper. It really
created a habitat for deep rooted shrubs which really
weren't intended at Lakeview or any of these other
UMIRACA sites. It didn't only happen at Lakevi ew.
Thi s happens at these sites around the country. This
is Burrell, Pennsylvania, rock cover, in a few years
we see trees growing into it.

At the dry end, Gand Junction, rock
cover. Thisis alittle bit different, it has a
protective |ayer but again, deep-rooted shrubs
encroaching. So are roots penetrating this conpacted
soil layer, are they effecting perneability? And then
finally, are they effecting flux, are they effecting
percol ation directly? At Lakeview, yes, indeed, these
shrubs that have grown into the cover are grow ng
t hrough the conpacted soil layer. And it's not just
a few isolated shrubs here and there. Over tine, you
see recruitment, you see nurse plants established in
t he progeny and then they begin to spread fromsort of
an i sland ecology until they begin to cover the whole
cover.

Ckay, how about perneability? What are
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the effects of these roots on saturated hydraulic
conductivity? W did this with sone air-entry
perneaneter, a little bit smaller scale than what
Crai g was tal ki ng about earlier which based on Craig's
figure probably effects our results but we conpared
saturated conductivity where there are roots, where
there aren't. Actually, the top slope and the side
sl ope of the Lakevi ew cover and upper and | ower part
of that conpacted soil layer. That was a picture of
the air-entry perneaneters. | didn't nmean to nove
that fast, but the point is, the target was down here
and in all cases, the case sat results, saturated
conductivity is considerably higher. Up there in that
10*as Craig found at sone of his sites. And this
isn't unique to Lakeview. W've done these at other
sites, the Burrell Wt Site, the Grand Junction Dry
Site, Shiprock whichis aDry Site, Tuba City alittle
bit the exception but for the nost part, we have two
to three orders of nagnitude greater saturated
conductivity than our design target.

Wiy is this happening? Well, perhaps the
soil structure in these conpacted soil layers is
devel opi ng faster than expected. WlIlI, plant roots,
burrow ng ani mal s, freeze-thawcracking, nothingwe're

seeing -- it appears a lot of these cells retain their
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structure fromthe borrow material. 1In other words,

when they haul these materials and conpacted it to
achieve these high bulk densities, that in the |ab
suggested, well, if we do that, we'll reach that

conpaction, we'll have this really | ow conductivity,

it wasn't the case. People see dyes in the structural
patterns fromthe Lakeview soil and roots follow ng

t hose plains of weakness in the soil structure.

The next thing we did is, well, let's try
to see if we can nmeasure flux directly as d endon was
talking about. And so we used what | call the
Ceeneter, PNNL lysinmeter, install these in a down
sl ope |l ocation where we thought it's probably nore
vulnerable. This is the top slope of the cover. W
put these in, in a down slope location, put in three
of these so some construction installation, grass.
These were put in last fall. This is what we've seen
since then. It's arelatively wet wi nter and spring
in the Lakeview area and we see how the daily fl ux,
daily precipitation varied over time, considerable
percol ati on going through. |In fact, probably because
we're seeing a water harvesting effect by putting
these flux meters in the down slope |ocation, our
percol ation i s consi derably higher than precipitation

that's going into the tailings at this site.
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Now, | ook at the alternative and
Monticello is that alternative ET cover. Mnticello
isalittle bit different. It wasn't an UMPTRA site
it was a CIRCLA site and it was included in the ACAP
program | won't go through a | ot of detail again,
but as an ET type cover with a storage |ayer over a
capillary barrier, there was sone cobble included to
try to keep the critters from borrowi ng down to that
interface. You can see some of the construction,
instrumentation that was tal ked about previously.
They wanted to | ook at the data. You know over a few
years, the first several years it's relatively dry and
here's wat er storage, evapotranspiration,
precipitation simlar to figures you ve seen
previously, so water storage varied and then all of a
sudden in the wi nter of 2004/2005, you have this
really wet year, one of the wettest on record and big
spi ke in water storage. It exceeded the storage limt
for that soil as we've neasured previously. And we
get sonme percolation at that point. However, it did

draw al | the way back down to the pre-wet year storage

| evel s.

Total percol ation over that entire period
nowis about 3.8 mllinmeters, about .6 mllinmeters per
year which, in fact, is still bel ow what our target
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was. Qur target was three millinmeters. Through this
-- and this isn't in your handout, but based on sone
guestions yesterday, we're not going to be able to
noni tor wi th enbedded i nstrunmentation for 200 to 1, 000
years over time. W've got to do sonething a little
bit different naybe sone sort of perfornmance i ndi cator
t hat was tal ked about before, sone sort of -- and this
is an idea of what might do that. This is a renote
sensing inmage that John d adnman of SRS devel oped of
Monticello. This is the Monticello cover. \Wat it
shows is NDVI, Nornalized Deference Vegetation |ndex
and varying vegetation fromhealthy to nore stressed
vegetation, you can see there's these areas of
stressed vegetation on the cover. There's --
vegetation varies considerably, both spatially and
tenporally, as d endon nentioned, it's one of those
hard things to paranmeterize. But this may be one of
t hose i ndi cators.

Here's where the vegetation is being
stressed. It nmay be an indicator of a change of
performance from the baseline. Wat types of
mai nt enance are required and at what cost to keep
t hese designs working? Can we design sustainable
repairs or renovations if needed? Going back to

Lakeview, well, based on our ET cover experience,
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maybe the shrub encroachnment is the solution and not
the problem Maybe we need to be | ooking at this
different. At nost of these sites, we' ve been
required to go out and spray the plants. Anything
growi ng, we've got to kill it. It shouldn't be
growing out of the rock. Lakeviewis a little bit
different.

So as far as |long-term stewardship, what
are our options? Wll, we can keep spraying, we can
et them grow or maybe we can try to facilitate a
benefi ci al ecol ogi cal succession and this is
sonmething, a study we're |ooking at right nowis how
can we renovate these ol der covers to nmake t hembehave
i ke ET covers because, in fact, w thout our conti nued
intervention over tinme, Mther Nature is going to
transformall of these covers into ET covers anyway.
What are the risks if the cover is not working as
designed? And finally, can we expect these covers to
continue working for 200 to 1,000 years?

Now, | want to introduce another concept
along with nonitoring and nodeling to help us to
understand | ong-termperfornmance and that's -- and we
tal ked a | ot about these, | won't talk so nuch about
that, but also natural anal ogs, |ooking at natura

settings that are analogous in sone way to our
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engi neered cover setting that may tell us what could
happen in the future. WlIl, what do they give us?
They give us sonme sort of tangible clues about future
environnmental conditions. There nmay be a basis for
designing covers totry to mmc favorabl e condi ti ons,
beneficial conditions. It nmay becone a basis for
hypot heses and treatnments for the short-term field
studies that we've tal ked about |ike the |ysineter
st udi es.

They also nay be a basis for inferring
some future environnental scenarios that we mght try
to nodel. Wat's going to happen way out in the
future? And so if we have a real sinplified | ook at
a performance nodel i ng process for predictingintothe
future, you need to define these possible future
scenarios. Wat nodels go into that, what the
paranmeter ranges in uncertainty are for, as we're
tal ked about before, clinmate change, sonme hydraulic
properties like the K* , plant properties |ike |eaf
area, calculations and interpret those results in
terms of risk and performance. So where do the
anal ogue data fit in? WIlI, to help us to define
t hese scenari os, what's a reasonabl e range, a possi bl e
future conditions, based on past conditions, based on

climate nodeling and to help us get an idea of the
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uncertainty in these paraneters that go into it.

There was a denonstration done by diff
Hal | and some fol ks at PNNL using a platformcall ed
FRAMES and | won't say a whole |ot about this other
than Crai g said we need sonething that ties all these
together, all these different nodels. FRAMES attenpts
to link the water flux source term the vadose zone
transport, the saturated zone transport, and an
exposure pathway. In the denonstrations that Ciff
and others did, we begin to identify what those
i nportant nonitoring paraneters are. But let's go
| ook at how the anal ogues can help us with these
uncertainties. Let's -- |leaf area index is one we've
tal ked about previously. Currently, we have a really
low |l eaf area in at | east 2003, | eaf area index on the
top sl ope of that Lakeview cover.

If we look at a chrono-sequence, or a
sequence of sites that are anal ogous to how successi on
may progress over tine, in 20 to 30 years we nay see
sagebrush dom nating that site. WlIl, sagebrush LAI
is about .77 and at Lakeview our potential natura
vegetation is domnated by a larger shrub that has
greater leaf area called bitterbrush. How about
saturated conductivity? W go back to these soils

where we -- the borrow areas, the soils that were
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actually used to construct these covers, where
pedogenesi s has taken place for a | ong period of tine.
How has that effected saturated conductivity? Well,
with these area permeaneters were 10°°, 10*. And that
may even be higher if we had nuch | arger perneaneters,
as Craig indicated in his work.

How about clinmate? Well, here's a couple
of sites that represent a couple of clinate change

scenarios, a dry scenario and a wet scenari o based on

climate change nodels. |If you go to these anal ogue
sites, and for a wet scenario, same soil type
basically as at a Lakevi ew disposal cell. W have a

m xed conifer vegetation and a considerably higher
| eaf area index. A dry climate scenario primrily
sagebrush, doesn't go to bitterbrush, it's not wet
enough, basically the same soil type again and a
considerably |ower |eaf area index. These are

anal ogues that can help us understand those future
scenari o0s.

So goi ng back and addressing sone of the
focus area questions, the focus questions. |n sunmary
for our sites, for the Ofice of Legacy Managenent,
DCE sites, for wuranium mll tailings at |east
conpl i ance noni tori ng and nodel i ng are not required by

NRC. However, we have been doing sonme |imted what
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"1l call non-routine nonitoring and investigations to
bett er understand howthese systens work and hopeful |y
becone better stewards and reduce our cost and risk in
the long term And we're finding that many of these
low perneability, t hese ol der desi gns, | ow
perneability designs, effect the soil layers really
aren't performng as designed. They aren't |ow
perneabl e. They have hi gher saturated conductivities
because of the ecology of these sites and because of
soi | devel opnent, soi | formation processes,
pedogenesi s.

In contrast the Monticello ET cover does
seem to be perform ng as designed. There has been
some limted use of nonitoring data for node
i mprovenent with regard to the FRAMES pl atform t hat
PNNL has devel oped. Reconmendations; currently at our
sites we only nonitor to point of conpliance, to see
if our disposal cell is working. Well, if it's not
and you're at a site where the water -- groundwat er
was clean to begin with, you may have a big problemif
you contam nate the groundwater, if you don't know
until you get ahead of the point of conpliance. So
the recomendation is, let's nonitor and nodel
hydrol ogi cal and ecol ogical performance of these

covers as a precursor as an early warning to potenti al
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future groundwater non-conpliant. Use the soi

ecol ogi cal anal ogue data to devel op sonme scenari 0s,
future environnmental conditions at out sites for
nodel i ng | ong-term performnce.

As far as the FRAMES, the FRAMES use, we
tal ked about earlier, the sinple water bal ance codes
real | y FRAMES shoul d have a Ri chards equati on sol ution
for saturated flow and Iink in another type of nodel,
a vegetation dynam cs nodel such as TerreSIM All
this in situ or enbedded instrunmentation is great in
the near-term from our perspective, fromthe 200 to
1,000 vyear perspective but | don't think it's
feasible. This isn't going to last you know, point
nmeasurenents and sensors that are in these covers
aren't going to last forever and so they're fine for
confirmation measuring and nonitoring and nodeling in
the near term but for the long term we need to put
nore i nvest nent i nto performance i ndi cators, what sort
of change are we seeing fromthe baseline, like the
NDVI, the vegetation index where we saw the dynam c
spaci al patterns or some sort of surrogates to those

for the long term And that's the end.

MEMBER CLARKE: Jody, thank you and |let ne

thank all of our presenters this norning for very

interesting presentations. This brings us to the
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panel discussion. Dr. Hornberger?

DR. HORNBERGER: Thanks, Jim GCeorge
Hor nberger, Nuclear Waste Technical Review Board.
Agai n, L1 remnd everybody that we  have

approximately a half hour for panel discussion,

maxi num If we don't use it all, that's fine, because

the committee, |'msure had plenty of questions that
they would like to address to the presenters. The
presentations this norning are fairly diverse and so
it's sonewhat difficult to find a summary point here
to go to, but let nme try, never backing away.

It strikes ne that we've heard again this
nor ni ng how nonitoring and nodel i ng together can be
used to either add confidence to nodels or to point
out deficiencies in the nodels that we use and that's
fair enough. Wat we're here for -- the NRC, of
course, isinterested in conpliance nonitoring and the
guestion that occurred to ne is whether people had
some advice on how they could seek conpliance
nmonitoring design as one of the questions sent out,
that could be used to i nprove nodels but that are not
currently used. And | guess the concern | have is
that it's easy to see how we can have iterative
approaches in a kind of research setting but are these

going to inprove our nodels to the point where they
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are going to be nore useful on the conpliance cases as
opposed to -- that is in cases where we nay not have
the luxury of making extensive neasurenents and
installing lots of equipnent, that is alimted anount
of conpliance nonitoring. Howis that -- can you
enl i ghten the NRC on ways that they m ght change their
program design to help inprove confidence in their
nodel s?

MR PRICE: You're |looking at ne. Van
Price, Advanced Environnental Solutions. | guess
there are two parts to this, to nmy answer one of which
| can't really address, | can only hint at. NRC
probably needs to take a look at their current
regul ations and how they relate to nonitoring today
and for what periods of tinme and for what sorts of
things. But another think that | believe everyone
really accepts is that one size does not fit all. A
noni t ori ng programhas to be specifically designed for
the site. And you ve got to do a careful analysis of
that site and you' ve got to characterize the site in
detail before you can design and inplenent a
nmoni toring program and decide how long it needs to
run. That can be contam nate specific, transport
paranmeter specific and so forth. 1It's site specific.

DR. HORNBERGER: Craig, we're just going
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to go around this way.

MR. BENSON: Sure. One of the first
things that came to ny mind is what does conpliance
nmean because conpliance nornmally has associated with
it sonme regul ations, sone standard that you have to
denonstrate that you've nmet |like at MCL or sonething
like that and groundwater. At |east from cover
systens, we really don't have anything like that.
think Jody kind of talked about that. | mean, we
really -- we design thembut the conpliance point is
really in groundwater and | think our question though,
is could you cone up with some type of conpliance
criterion to denonstrate that a cover is functioning
as intended? And | think there are -- you could cone
up with tools, near-term tools, to denonstrate
conpliance. But | do think long-termyou are going to
rely on nodels and the things that we get out of, |
think, fromshorter terns nonitoring are information
about paraneterization which | think is one of our
weaknesses i n nodels, how we paraneterize themand we
can really gather a |lot of information about
paranet eri zati on fromshort-termnonitoring prograns.
| think that kind of addressed your question.

DR. HORNBERGER: Yeah, and again, |'1lI

remnd you, | don't mean to constrain anyone. |If you
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want to nmake other coments off my question, that's
fine. Brian?

MR. ANDRASKI: Brian Andraski, USGS. MW
only thought there was, perhaps, a couple of things
that were nentioned both yesterday and today and
again, as Craig pointed out, in terms of point of
conpliance, nost of the nonitoring focuses on
groundwater and | think we've seen sone interesting
wor k where we have used things |ike plant sanpling,
perhaps, mybe nore enphasis on early warning
t echni ques that we m ght use, which in that case would
rely sonet hi ng sinple, plant sanpling or nore enphasi s
on saturated zone nonitoring that would provide,
perhaps nore of an early warning and if that could be
incorporated it might be very hel pful in the I ong run.
| think a lot of exanples that people pointed out
per haps once things hit the groundwater it's too | ate.
So if we could incorporate some early warning
nmonitoring, | think, at least in my eyes it seens |like
t hat woul d be sonet hi ng hel pf ul

MR. GEE: dendon Gee, PNNL. [It's been ny
observation that for the last 15 years or nore that
there's been a -- sonmewhat of a dilemma in the m nds
of EPA and other agencies to inpose any kind of

criteria on how to nonitor the vadose zone. The NRC
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set sone guidelines for mll tailing sites in terms of
radon emanation. So one could nonitor surface gas
evol ution and the radiumcontent in the surface soi
and ot her things that were somewhat prescriptive, but
as | understand it, it was always generally a design
basis. You design your systemso that it, in theory
nmet that criteria, not necessarily requiring themto
go out and make neasurenents.

| guess |I'mthinking along the sane |ines
as Craiginthat can there -- if you're going to have
nmonitoring that is required, performance nonitoring,
there should be sonme criteria established by NRC and
maybe that's the point to start is determ ne what
t hese early warni ng neasurenents m ght be and try and
incorporate the ideas that nmany of the expensive
nmonitoring systens that are out there now nay not be
adequat e, that geophysics nay be -- we haven't talked
much about that in terns of the vadose zone. There
was sone nention by Steve yesterday that he was
| ooking primarily for groundwater issues wth
geophysi cs but certainly many things that we' ve tal ked
about today coul d be neasured on a broader scale with
better geophysical tools, sothings |ikeincorporating
state of the art geophysics into the design of a

nmonitoring system | think that's a few years off but
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| think it's sonething that we ought to consider
basi cal |l y findi ng perfornance assessnent, perfornmance
nmonitoring criteria that will be meaningful for early
war ni ng systens is where | think we ought to be
heading in terns of discussion.

MR. VAUGH. This is Jody Waugh, SM Stoller
Corporation. W're of a simlar nmnd set here. You
know, we tal ked about early warning but |let ne give
you an exanple of a consequence going back to the
Lakevi ew case study that | showed there. Al that was
required by NRC at this particular site is to nonitor
the point of conpliance wells every five years. |
haven't seen anything yet. |In fact, they' ve been
nmoni toring themsince the md- 80s and there's al ready
some di scussion of, "Well, we haven't seen anything,
maybe we can just stop nonitoring. W don't have to
do this any nore", because we're not |ooking at the
holistic picture, the big picture of the dynam cs and
the |l ead/lag rel ati onshi ps here.

Because what we found by goi ng back and
| ooki ng at these, these foll owup i nspections is well,
in fact, there's a lot of water passing through that
cover. And a slide | didn't showis we tried to put
some of those flux meters on the side slope. W

couldn't because we augered the hole and it rapidly
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filled with water because the tailings were saturat ed.
kay, soif we don't do an early warning there, maybe,
you know, in five years fromnow we'd stop nonitoring
all together but in 20 years fromnow, we'd have a big
hit at that point of conpliance well because we didn't
| ook at the whol e systemand we didn't do sonme sort of
early warning.

So |I'm echoing what ny coll eagues have
said here, an early warning type of nonitoring is
i mportant.

MR. FORD: Robert Ford with USCPA. First
| wanted to give sort of a brief -- a couple brief
i npressions | have on ny steep |earning curve during
this week. The way | understand conpliance as it's
bei ng used, | would nake that -- tonme it's equival ent
to contanm nant detection. The process of contam nant
detection is different than nonitoring or site
characterization to support a transport, contam nant
transport nodel. They're two different realns. And
from the very beginning, that dictates what that
monitoring effort will be. | would echo what's
al ready been said with regard to conpli ance nonitoring
or at least contam nant transport nonitoring by
putting wells at some pre-determned point of

conpl i ance.
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One, there's always uncertainty that
you've identified what the nost inportant route for
exposure is ahead of the game which we're talKking
about many years into the future, so certainly |and
devel opnent. W can see in sonme parts of the country
there are dramati ¢ changes that can occur over tens of
years and so positioning sanpling points for
conpliance nonitoring wthout foreknow edge of how
| and use nay evolve, to me would indicate, you know,
there's always a chance that you're really not
capturing the future exposure route.

So what | would advocate really and to
echo, you know, what |'ve heard repeatedly this issue
of early -- some sort of early detection approach
woul d be to treat conpliance nonitoring as a staged
approach which would nmean you don't elimnate those
pr edet er mi ned poi nts of conpliance because, you know,
that's what we've al ready established and as soon as
you change horses in md-stream that is not received
wel |l publicly. But to incorporate additional stages
where you do sone sort of conpliance nonitoring near
to the point of release, | know an issue we face
repeatedly at SuperFund sites is the cost of site
characterization and t he deeper you have to drill, the

nore it costs and you know, | don't knowif it scales
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linearly or expedentially, | would probably as a gut
reaction say it scales expedentially, so any sort of
nmonitoring systemthat you can do closer to the point
of release, is going to increase your |ikelihood of
finding, detecting that rel ease and havi ng confi dence
t hat you' ve actually detected the najority of the mass
of that release. You know, hunting plunmes, tracking
down plunes is an expensive proposition. And you

know, I've -- it neets a lot of resistance and, you
know, I'm on the VPA but | can agree with that
perspective because it can becone prohibitively
expensive to try to track plunme mgration.

So anything you can do to shrink in sone
poi nts of conpliance nonitoring or add that as a part
of a staged approach where, you know, naybe you nodify
what the frequency of nonitoring at the different
stages to try to mnimze costs to nake it nore
pal atable to these entities that you're forcing to do
this effort, | think would be inportant.

The only other issue | would add in terns
of the plume chasing, the farther out you nove from
t he source of contam nant rel ease, the harder it isto
find that contam nant. And so as you nove cl oser in,
you're going to increase your |ikelihood that you're

going to find that contam nant release if it were to
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occur and | would suspect that you're going to
actually mnimze the cost for conpliance nonitoring
which | think is a justifiable goal from the
regul atory perspective. W want to nmake it easier,
| ess costly for these entities to pay for conpliance
nmonitoring so that they'll actually doit. That's --
you know, if we can't get them-- if we can't tw st
their arnms enough to do it, then what have we gai ned.

So and one other thing | would add in
terms of establishing what should be included in
conpliance nonitoring and/or contam nant transport
monitoring, | think it would be worthwhile to take a
step back and evaluate do we really have a conplete
grasp of these systens that we're trying to nonitor.
A lot of our focus and we see this in SuperFund sites,
a lot of the focus is on the particular waste units,
on the particular contam nant, you know, and ignoring
the land setting around there or ignoring other
potential chemcals that could be released into the
subsurface that couldinterm ngle w ththe contam nant
of concern. That has a big inpact on your ability to
nodel contam nant transport. It nmay have | ess of an
i mpact on your success of conpliance nonitoring.

But, you know, we've seen that sites that

are near rivers, sites that are near |arge surface
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wat er bodies and there's clearly going to be sone
i nter-connection, that should be on the plate up front
with regard to conceptual nodel and how you desi gn and
determ ne what your conpliance nonitoring process
shoul d |l ook Iike. And as | nentioned before, this may
be -- you know, it rmay be a mnor issue. | admt ny
i gnorance here, but you know, we really should do an
accounting of what exists at these comercial
facilities. | would assunme there's sonme uniformty.
Qur focus right nowis on cooling water or aspects of
the particular reactor itself, but what else is on
site that could potentially enter the groundwater
system or vadose zone system and could inpact
contam nant transport? And that's sonething that
woul dn't require a lot of cost, but it requires
steppi ng back and doing a conplete accounting and
figure out well, what is our scenario that we really
need to capture with regard to contam nant transport
and nodel i ng exposure at sone down gradi ent point of
conpl i ance?

DR. HORNBERGER: Let nme -- another thing
that occurred to ne as we're going through -- | think
that everyone agrees that early warning is a good
thing. G oundwater contam nation is a bad thing.

Neverthel ess, we do wind up sonetines at |east --
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especially with respect to nodeling, being interested
in projections of potential -- at |east potentia
groundwat er contam nation. And a question that cones
to me is how or whether we can use either data
collection or nonitoring data to justify sone
sinplifications.

As an exanple, we've heard -- we've seen
this norning Robert gave an exanpl e of Redox changes
in groundwater in a plume. W also have heard about
potential wuranium transport. W know that, for
exanpl e, water chemstry effects things |like
absorption very strongly. And yet, what have we heard
about today, KD's. So we use these approaches that we
know we can't justify in a scientific sense. So how
do we do that? How do we reconcile these
di screpancies, if youwll, between our know edge base
and how we nodel things and how we do | ong-term
proj ections and how, again, we canintegrate this with
nmoni t ori ng? Does anyone have anything they can help
enl i ghten ne?

MR. BENSON:. I'Il chime inalittle bit
and | want to go back to sone of those other
guestions. Craig Benson from W sconsin.

| think, first of all, you evol ve through

that by collecting data and observing how things
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performrel ati ve to how you expected themto perform
And fromthat perspective alone, a nonitoring system
serves a very val uabl e functi on because it allows you
to essentially apply the observational nethod and
increnentally inprove nodels or sinplify them
whatever the need be. So | think fromthat
perspective, the -- and particularly kind of this --
a noni toring systemthat's not necessarily groundwat er
conpl i ance noni tori ng but cont ai nnent syst em
nmonitoring to see is the lining system functioning
properly, is the cover system functioning properly,
are the |leachate collection systenms functioning
properly? Are they consistent with our nodels and if
they're not, well, naybe then we need to upgrade our
nodel s or sinplify them whatever it may be.

|  would argue that sone of these
nonitoring systens to | ook at the contai nnent system
really can be designed and constructed to | ast a very
long tinme with very little intervention with sone
careful engineering. You can really devel op what you
m ght cal | passive systens that don't require a |l ot of
everyday detailed intervention by sonebody on site.
Now, a lot of what -- you know, what |'ve done and
what ot hers have done for research, of course, we have

all this trenmendous detail, we're taking neasurenents
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every 15 mnutes, do you don't need to do that for
conpl i ance or performance nonitoring per se, you need
to do that for research but not for conpliance.

You can design passive systens that
coll ect fl ows and neasure themin a very sinpl e manner
and then store that information on a server and
sonmebody in Jody's organi zation can | ook at a whole
bunch of sites on the web very sinply, keep an eye on
t hemand nonitor themand eval uate themwi th regard to
performance criteria fairly sinply. | think that's
possi bl e and doable. W designed a prototype system
like that for the Fernald | owlevel facility.

That essentially had a variety of
different nonitoring points init, collected data, it
stored it on a server and then you could click on
different things on the web and it would pop up and
tell you what's happening at that facility. And that
one had a |l ot of bells and whistles to it but we could
distill that down to sonething very sinple with sone
sinple lysineters and sone sinple -- for exanpl e, they
nmonitory uranium concentration and the |eachate
coll ection system You could devel op a few sensors
for that that are easily repl aceabl e and nonitor that
for relatively low cost over a very |ong period of

time and develop that confidence. That's a |ong-
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wi nded answer to your question but sonething | fee
pretty strongly about.

MR FORD: I'Il chime in on KD. Firstly,
KD and the term the parameter KD that's deternined,
one can determne and is published in different
conpilations and the term sorption are general terns
or parameters. They capture a wi de range of chem ca
processes. Teasing out what all those particular
processes are that are active at a given location in
the subsurface is not a straightforward process but
one thing that can be done in a strai ghtforward rmanner
since the propensity for a contam nant that isn't like
tritium and is not going to be attenuated, to
partition to the aquifer sedinments is dictated one, by
the wat er chem stry and al so by the properties of the
sedi ments or soils at the given site.

And so having a know edge, devel oping a
knowl edge on water chem stry through a collection of
wat er sanples in the aquifer underneath the facility
we can do that. That can be done in a straightforward
manner. W woul d have to request though that whoever
i s doing that anal ysis do nore than just | ook at what
| would call the contam nants of concern. You have to
do a full suite of measurenents that don't add a huge

anount of cost to the analysis of the water sanples
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and doesn't really add any difficulty to the
col l ection of those water sanples, and with regard to
understanding the influence of the sedinent, the
aqui fer sedinents, any of thedrilling activities that
we do and many of the technol ogies that we' ve tal ked
about for putting in wells, can also be used to
retrieve aquifer sedinents. And it's fairly
straightforward to conduct bench top experinments with
t hose aquifer sedinments with the groundwater sanpl es
as your water matrix and whatever your contam nant in
spi king in your contam nant concern, to measure sort
of a site specific KD and you can even do that for
different parts of the aquifer and get a handl e on
what is the variability of that KD -- guote unquote
"KD characteristic" of the aquifer. And that's
something that can be done very -- in a very
straightforward manner w thout too much cost or
conpl exi ty.

And that's a very val uabl e effort because
the KD s that are published in avail abl e conpil ati ons,
EPA has their own, they're only reliable to a certain
extent and | would hesitate to apply that across the
board for every location within the US. It really is
important to have a sort of a site specific nmeasure of

that propensity for contam nant partitioning that's
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going to be dictated by whatever the groundwater
chem stry at that site is and whatever the sedinent
properties. And, you know, the test | described
doesn't nean that you have to figure out what all
t hose sedi ment properties, you just have to figure out
what the inpact on contam nant partitioning is.

MR. GEE: dendon CGee, PNNL. It seens to
nme that conpliance nonitoring objectives are at odds
wi th nodel paraneter nonitoring objectives. At the
DCE site at Hanford one of the issues that concerned
DCE officials was that they did not want to be caught
with a contami nant getting into the groundwater that
they didn't expect. And the nonitoring wells that
were placed 100 neters bel ow t he waste, in sonme cases
provi de surprises, in some cases are still nonitoring
and not giving themany indication over the | ast 35 or
40 years that there is any problemand yet, there's
100 nmeters of vadose zone in which things can and are
happening that cannot be predicted from the
groundwat er sanpling that's been done in the past and
possibly in the near future.

So we have the issues of trying to get
conpliance nonitoring in line with getting the nodel
parameter nonitoring and so | guess | would just issue

again an urge to | ook at near warni ng systens that can
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gi ve peopl e early indications of problens rather than
at conpliance points that are far enough away that our
generation won't recogni ze them

DR. HORNBERGER: kay, | think we'll nove
to the question period now. Jinf

MR. BENSON: Can | say one nore thing on
the end of that, just for a nmonent. | think it
conpl i ments what you said, dendon. |In Wsconsin for
solid waste landfills, we do the same thing, nonitor
t he groundwat er at sone conpliance point, | thinkit's
150 feet fromthe limts of solid waste. But for
years, we al so put this large | ysimeter underneath t he
liner, 40 nmeters square or so and the idea was to
nmonitor for water quantity and quality and that data
was collected. Unfortunately it was never really
anal yzed. It was put in a shelf, but we went back and
m ned that over the last few years, all that water
guantity and quality data and the things that you see
is that we see VOCs above MCLs at the base of our
landfills com ng at the bottomof the |iner.

W' re probably not going to see that in
groundwater for a long, long tinme but the early
war ni ng systemreally sinple shows it's there. Now,
whether it will ever get to the groundwater, you know,

that's anot her issue. | don't know but | think that
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kind of dovetails in with what both of you gentl enen
had to say.

MR. VWAUGH Can | make one nore conment
briefly? This will be brief. This is just sort of
the rest of the story for sonething Craig had
nment i oned before. At the Fernald site,

i nstrumentation was put in disposal cell as an early
war ni ng, but there seens to be this culture that we
only have to nonitor what's exactly required for
conpl i ance, not for understandi ng because now as t hat
site is being transferred to Ofice of Legacy
Managenent, my first question was, great, you know,
where's that data? Well, we don't do that. W don't
-- we haven't been collecting that data. Al that

i nstrument ation was put in for naught because it's not
bei ng used as an early warning.

DR. HORNBERGER: kay, Jim

MEMBER CLARKE: Thank you. Here again,
thank you all. | actually want to start out this tine
and nmake an observation and ask a question. And |
listening to what everyone has been saying over the
| ast couple of days, so far, I've tried to distill
this down into a way that nmakes sense to nme and it
comes out like this. W have nonitoring requirenents.

The questions are what, where and how often. In sone
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cases, we have nmaintenance requirenents for a
particular period of tinme, for exanple, RCRA
facilities, 30 years of post-closure nonitoring and
mai nt enance. |f we nonitor for conpliance for X
nunber of years and we don't see anythi ng, one of the
i ssues, of course, is we're nonitoring groundwater
where we don't want to see anything and where, if the
facility is designed and installed properly, we
shoul dn't see anything at least for the period of
record, which is a few decades.

So we have this conundrum bet ween wanti ng
to nonitory nowquarterly and t hen not seei ng anyt hi ng
and thinking well, gee, nmaybe we're okay, mybe we
don't do this any nore, but knowi ng that if we' ve done
this correctly, we shouldn't see anything for 30 years
at least. | mean, | would say the currently favored
desi gns are naybe decades ol d, early 80s perhaps. So
what do we do with that? And | was intrigued with
Robert's concept of stage nonitoring which you know,
coul d be location and could be time and coul d be both
and so I'd just throw that out to anyone who wants to
pick it up and then we need to nove on, but |'ve
struggled with this for a long tine. 1've spent
several years working on SuperFund sites in a

consulting firm and have seen nore than once people
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after a couple of years want to termnate the
noni t ori ng.

MEMBER HI NZE: Do you want a response?

MEMBER CLARKE: Sure.

MEMBER HINZE: Well, it seens to ne that
why are we nodeling? W're nodeling so that we can
build confidence in that nodel and that nodel should
be able to predict into the future i f we have done our
job properly. And as a result, this nonitoring in the
future is just really a mai ntenance function. And al
you have to do is get a slope on it and nmake sure that
your nodel is correct. You know, the long term
monitoring really is -- if you ve done your job
properly, is not inportant.

MEMBER CLARKE: Just one followup to that
and then I'm going to go to -- | think we have to
nmonitor for a certain period and we're nonitoring
groundwater and | would like to see us nonitor other
things as well, and I think that the early warni ng and
the precursors is a big part of this and | think we
will have to nonitor themfor sonme tinme because of the
failures that I'mfamliar with usually occurred in
the short-term because the systemwas either not
designed properly or nore likely is not installed

properly or all of the above, and Craig nentioned ET
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caps that didn't have enough storage and there are
clay caps that weren't covered with geonenbranes and
they dried out and desiccated. So, you know, we're
famliar with these kinds of failures. So | would

t hi nk we woul d need sone nonitoring in the short term
to confirmthat. But then Bill, I"'mwth you, if we
can build the nodel confidence, then we --

MEMBER HI NZE: That's the first tinme |'ve
ever done that.

MEMBER CLARKE: Coul d you say that again,
pl ease? Did you get that?

MR ANDRASKI: Jim if | could -- | don't
nmean to cut in but I'mgoing to, sorry, but just to
foll ow up on both Robert's suggesti on about staged in
time and space and also the comment about the
nodeling, | think the staged approach would really
have good utility in ternms of the nodeling aspects as
well. W' ve tal ked about the iteration between data
col | ection and nodel i ng and goi ng back and | think it
woul d have a good application there as well, just a
point to naybe tie in.

MEMBER CLARKE: Good poi nt, thanks, Brian.

MEMBER VEEI NER:  Just to nake an additiona
corment on that point and | think Jody nade the

comment, when you have construction on a site, it can
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change the way t he groundwat er noves. | have had this
happen on property that I own so, | know about it
first-hand, and I think any nodel is really going to
have to look at that since we're nodeling for the
future any nodel will really look at that. The
guestion | wanted to ask is for the whol e panel; many
peopl e today and yesterday nentioned that there are
|arge uncertainties in -- particularly in input
paraneters, and | wonder ed whet her anyone had tried to
add to the nodel a nethod of distributing the input
paranmeters and then | ooking -- since you nmay know you
know, the limts, you know, your smallest value and
your largest value or whatever, or at |east your
| ar gest val ue and nay have sone i dea of how these are
distributed or at Ileast you can try different
distributions, and this is a fairly easy thing to do.

W have done it with a nodel. You just --
you put in distributed input paraneters, run your
nodel a nunber of tinmes to sanple on those paraneters
and what you get out is either a CDF or a CCDF or just
adistributionitself and | wondered i f any of you had
considered that. The silence is deafening.

MR, ANDRASKI: I'Il junmp in, Brian
Andraski, USGS. W haven't followed that approach

specifically but the nodeling work that has been done,
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we' ve done just the basic sensitivity anal ysis to | ook
at effects of various paraneters, but we haven't gone
in and developed a distribution function. So we
haven't followed that approach exactly but we have

| ooked at trying to feather out the nore inportant or
| ess inmportant paraneters, a little different
appr oach.

MEMBER VEEI NER:  Let nme make an invitation.
| f any of you are interested, I'll be glad to show you
how we do it.

MR. WAUGH. This is Jody Waugh --

MEMBER VEI NER: It woul d pl ease ne.

MR WAUGH | was waiting for one of the
nodel ers to answer that question because |I'm not a
nodel er, but sonme of the activity that was done at our
sites with the FRAVES pl atform and PNNL devel oped is
a probabilistic platform and so for the input
paraneters, you input distribution for those data.

MEMBER VEEI NER:  Yeah, that's very good if
you have the program that can do it. Wuat |I'm
suggesting is that you can put a program on top of
what ever nodel you're using and just sanple and run
it. And that's a good one. M other questions were
nostly directed at Robert and | was very interested in

a lot of what you had to say. I'ma little -- | was
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alittle disturbed and maybe | m sunderstood that you
said the nodel shows you where you need to nonitor.

And is that alittle bit |ike saying if you drop your
car keys at night, you |l ook for themunder the street
light because that's where the light is? And I'm
asking that you clarify that.

MR FORD: This is Robert Ford, EPA. It
was the heat of the nonent. A nodel -- and as a
followon to your earlier question about, you know,
doi ng sensitivity anal ysis of whatever formas part of
the nodeling effort. The nodel hel ps in naking
deci si ons about where to nonitor but that is -- the
caveat to that is only to the extent that it
accurately represents what's going in the subsurface.
And | think we've heard a consensus that you really
only get to that | evel of confidence through iteration
and, you know, unfortunately, that's really the only
nmet hodol ogy we have right now for establishing our
| evel or increasing our |evel of confidence.

And so you know, | would qualify that
st at enent by addi ng on that one has to revisit through
data col | ecti on and determ ni ng t he performance of the
nodel to represent reality to really support the use
of the nodel to, you know, make deci si ons about where

to put nmonitoring points inyour program Wth regard
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to the sensitivity analysis, that is an inportant
exercise. You know, if you do have sone | evel of
confidence in the nodel and representing reality in
t he subsurface, it's an inportant tool for designing
the nonitoring programnot only in terns of

proj ecting, you know, where the plunme may end up sone
time in the future, but if you have sone cheni cal
processes that incorporate, you know, a conponent of
that nodel, certainly doing paranmeter sensitivity
analysis as well as with the hydrology really tells
you where you're going to get the nost bang for your
buck in terns of expenditures to collect sanples and
data at the site. The one thing you want to avoid is
putting a lot of effort into collecting data that
really -- which -- whose variability doesn't really
i npact contam nant transport that nuch and so the
nodel i ng provides you with a tool to at | east assess
that in a first to around to see, you know, if I
change sonme of these chem cal paraneters or if |
change fl ow paraneters, what inpact does that have on
the plume, you know, ny projected plunme devel opnent
and that nmay really point you to, you know, | need to
be very careful, | need to focus on collecting certain
types of data and be very careful on how | collect

t hat and maybe collect that type of data at a greater
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frequency than you m ght collect other types of data

and in so doing mnimzing the overall cost of the

effort.

MEMBER CLARKE: Ckay, M ke?

CHAI RMAN RYAN: This is a real interesting
di scussion. |I'mgoing to come at it froma
practitioner's point of view for a mnute. | have a
site and | have di sposed of sonme material, | have to
build a systemto do that. | have a half a mllion

bucks a year to nonitor. Wat do you guys want ne to
monitor first and why? Wat's ny best chance of
getting in conpliance, whatever that is with ny new
site?

| think you've all spoken to bits and
pieces of this question but to nme that's the sum
guestion that we need to think about as we tend to
chase our own ol ogy whatever our own ol ogi es are and
then we tend to chase the conpliance points, whatever
they are. | nean, it's obvious when you say it out
loud that if the conpliance point is 500 feet away
from the disposal unit and you get a positive hit
there, the horse is already out of the barn, that's
too late. There's nothing you can do. You know, when
you think about -- | think about the fact 1'd nuch

rather be trying to figure out the behavior of
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infiltration water w thout contam nants in it than
figuring out groundwater novenent with contam nants in
it. So maybe | ought to spend nore tine in ny cap
arena. Again, | want to try and enphasize that
guestion because | think it is the thought question
that | take away fromthis norning's entire session
and that is that if you put yourself in the position
of that facility general manager or vice president and
he's got a half a mllion bucks and you need to tel
hi m how to best spend it so he can be in conpliance
and be ahead of the curve in ternms of facility
performance, that's the kind of thinking that | think
many of you have offered specific comments on. |Is
that a fair sumary?

MR PRICE: [|'Il take a beginning stab at
that. Half a mllion bucks you can do a lot. You
haven't told us what's your inventory. You haven't
told us what's your design. You should take a systens
anal ysi s approach to your whole site, establish data
gual ity objectives, what you want -- what the desired
outcone is to be, what your design paraneter is to be,
what your subsystem design paraneters are to be and
what you expect in the way of performance fromthe
subsystens and the systemand start there as a point

of departure and what is the surroundi ng environnent.

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

123
CHAI RVAN RYAN:  Absol utely.

MR, PRICE: And start with that as a point
of departure for deciding what to nonitor, when to
nmonitor and where to nonitor. Certainly, it would
i nclude constituents of your inventory, it would
i ncl ude background wat er qual ity chem stry and per haps
soi | m neral ogy and characterizationto start with and
it would include things that are not necessarily risk
drivers but mght be precursors to a plune. For
exanpl e, Ji mShepherd tal ks about a site where nitrate
is right ahead of the uranium So you -- and | showed
you this norning a slide where the tritiumwas a
precursor to other bad actors.

CHAI RVAN RYAN:  Sure.

MR. PRICE: So a systens approach

CHAI RVAN RYAN: Well, | think you've hit
the key. It is a systemand we can't subdivide it
when we really want to think about conpliance. And to
nme conpliance cones in many forns. It's not just a
radi ol ogi cal constituent at some point in the water.
It may, in fact, be the kinds of things you've
nmenti oned and perhaps nany ot hers.

MR. PRICE: Yeah, | think the thinking
that we've evolved here over the last few years with

Tom Nicholson is we sort of refer to these other
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t hi ngs and many of the earlier warni ng system warning
attributes that you would try to neasure, we call
per formance i ndi cat ors because they' re not required by
| aw t hat you neet some regul atory conpli ance st andard,
but they are indicators of your performnce of your
system

CHAl RMAN RYAN. And let nme, if | may, |
think it's the same i ssue with the surface ecol ogy, if
you will. | mean, | think that's -- if that's
operating correctly, you're doing your job in terns of
reducing infiltration or managi ng the water, but you
know, people drive their trucks over and inspect
plants and see their growing and that nay be a bad
think. So you know, naybe there's sone indicators
right on the surface that you can begin to think
about .

MR. WAUGH This is Jody Waugh S. M
Stoller. | agree with that. | think at nost of our
sites we are concerned about water infiltration noving
t hrough but we need to get back and | ook at the entire
system Let me give you an exanple. Loman, |daho,
our first concern was water infiltration, but we found
out that in these tailings the radio-nuclides were
bound into m neral formand water infiltration wasn't

a problemat all. 1In fact, the way it turned out, we
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wer e concerned about pine trees growi ng on the cover
because over tine we get bl ow down and the tree would
fall and it would leave a big cavity and we'd have
erosion and washing these tailings into the surface
water. That was a greater risk. That was a greater
probl em

So if we had focused on nonitoring flux,
whi ch woul d be ny first answer to your question if you
wanted to nonitor just one thing, at nobst of these
sites that would probably be it. But we've got to
| ook at the whole system and where the risks lie.

CHAI RVAN RYAN.  Well, | think the systens
approach always carries that exact caution with it.
You know, Robert, you made a comment about neasuring
KD s. Just frommnmy own experience is |'malways a
l[ittle cautious because if |I'"'musing a tracer, | have
really no guarantee that tracer, which is probably
sonmething nitrate that | add to the experinent, that
it's going to behave in any way |i ke the bound speci es
t hat m ght be wapped up in God knows what organi cs or
other matrices and it may or nay not behave the sane
as the tracer. So it's always tough to take that |ab
experience, although we need to keep trying. | nean,
your point is well-taken, but it's the existing and

real system that | think is the best teacher,
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sometimes. Thank you. | just wanted to get your
reactions. Yeah.

MR BENSON: Could | react to that?

CHAI RVAN RYAN: Pl ease.

MR. BENSON:. Yeah, | want to nmake a couple
of assunptions. You said this is conmercial and you
had to dispose of this waste and you have so nuch,
half a mllion dollars a year. So | kind of put that
into my thinking here and I'Il make an assunption t hat
t he owner is interested and concerned about both | ong-
termenvironnental and financial risks, |ong-term not
short-termbut |ong-termso the thinking way down t he
road perhaps, of howthis nmght effect him And I'l
assume it's an engi neered disposal facility, it's not
a dunp. So it's a containnment facility. |It's been
desi gned and we have an estinmate of howit's supposed
to performand | |ook at the biggest potential cost
fromfailure at that facility probably would be
groundwat er cont am nati on because it's the hardest to
fix. You know, | think Robert denonstrated that
nicely.

So if 1"'mgoing to put some nonitoring
systemin | want to know what cones in through the
cover and what cones out of the liner. If | know

those are working pretty good, and | think there's
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Jody's issue as well, but if I know those two
functions, those two barriers are working well, I'm
pretty confident about howit's going to work. |I'm

| ess worried about groundwater if | knowwhat's comi ng
out of the bottom liner is in conpliance and
consi stent with what nmy nodel has predicted. So that
you can do for a half a mllion bucks a year.

CHAI RVAN RYAN:  You' ve got the job.

MR. BENSON: | have a contract here.

(Laught er)

VI CE CHAI RVAN CROFF: Based on what |'ve
heard and things that |1've read previously, it seemns
t hat the objective function for cover designis trying
to design it to last for as |ong as possi bl e,
hopefully until the hazard is gone if it's decaying
away but as |long as possible. Has any consideration
been given to designing the cover to facilitate
mai nt enance and to facilitate nmonitoring with the
expectation it may not last for the life of the hazard
especially for very long hazards and in trying to
facilitate, mamintaining it at a lower cost an d
designing it to be nonitored and i f any of that's been
t hought of, what woul d that kind of a cover | ook Iike?

MR BENSON: [I'Il start a little bit and

maybe Jody wants to chine in because this is sonething
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we' ve been tal ki ng about in the |ast six nonths or so.
| think if you -- this issue of what do you do if it
fails is a big one, you know, what do |I do? That's
one of the reasons people don't like to nonitor them
by the way because they may find out if it fails I'm
going to have to fix it. Well, the reality is we
ought to know if it fails and then we ought to have
sonme strategy if it does fail to repair it. And at

| east | think in some environnments if you come up with
a systemthat's consistent with the environnent, you
can rehabilitate it so that it mmcs the natura
envi ronment .

And so if you come up with a

rehabilitation strategy that's consistent with its

environnment, it's likely to be fairly |low cost and
have | ong term success. | think you can do that in
some parts of the country. |In other parts of the US

you probably can't do that because they're too wet.
Anot her project | worked on dealt with this specific
issue. In Northern Wsconsin there's a mne tailings
facility again and what to do with the cover over
time. Well, there was actually a financial instrunent
set in place at the beginning that had periodic
sanpling of the cover, inspection and repair of the

cover i f needed, that provided inperpetuity, financial
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assurance to do that. So that's another -- you know,
so there's a couple of different approaches that you
could take. One would be where you've got nore
difficult hydrol ogi cal conditions, you just go in and
repair it every so often

I n anot her environnment, you could go in
and reconstruct the cover in a way that's nore
sustaining and | think you can do that in nore arid
regions nore readily. That's ny thoughts on that, Al.

VI CE CHAI RVAN CROFF: Ckay, anybody el se?

MR, WAUGH. Craig opened it up for ne to
respond. | guess | should. Jody Waugh, S.M Stoller
| didn't put alot of focus onthat in ny presentation
but what we were seeing at the Lakeview site is the
way it was designed it really isn't sustainable.
Mot her Nature is changing it and we're trying to
understand how Mdther Nature is changing it and
essentially help her out. And Craig and | and Bil
Al bright are currently working on a project on how we
can renovat e sone of these ol der existing covers that
really aren't behaving, aren't working the way we
t hought they would, so that they do a better job of
m m cki ng what Mot her Nature woul d do ot herw se.

You know, we'll tweak it a little bit so

that we find what are the nost beneficial |ong-term
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natural processes to mmc and then try to do those.
And basically, it's have good storage for water
storage and get an idea of what vegetation Mother
Nat ure would put there eventually and try to start
with that.

MEMBER CLARKE: If | could just add to
that; | worked with Jody a few years ago on an
eval uation and a road nap as it was called in those
days and | still renenber very well, Jody, your
comment, "Don't fight Mdther Nature. And you know,
Mot her Nature will win, let's try to work with Mt her
Nature and not fight it". And nany of the barrier
designs that we rely on in sone settings are fighting
Mot her Nat ure.

MR VWAUGH. 1'd make one last brief
corment to that, this is Jody Waugh, S.M Stoller.
Some of our sites are on the Navajo nation and it was
interesting in working with the Navajo EPA, Navajo
Nati on Environmental Protection Agency. They have a
| ogo and below -- the I ogo has the earth and has a
wonman hol ding the earth and the words belowit, "Help
Mot her Earth Heal". That's the approach.

VI CE CHAI RVAN CROFF: d endon, do you --

MR GEE: dendon CGee, PNNL. | renenber

inm early days in North Dakota t hat North Dakota was
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concerned about in lignite mning, the reclamation
process in lignite m ning and basically al ong t he sane
lines that Craig had nentioned that there were

severance taxes that basically stockpiled and were
used for the reclanmation purposes and nai nt enance of
those sites. After the m ning operation and the

reclamation there was still noney allocated. And so
there are mechanisns in place in these areas for

continued nonitoring if people have foresight. North

Dakot a di d.

VI CE CHAI RVAN CROFF: Okay, thanks.

MEMBER CLARKE: Ckay, thanks, Allen.
Bill?

MEMBER HI NZE: Getting at the confidence
in the nodels, 1'd |like to go back to those very

i nt eresting nodel i ng exerci ses you carried out, Craig.
In ny world, those woul d be an i nversi on techni que and
i nversi on techni ques are noted for their anbiguity and
t he non-uni queness of the results. |'mwondering if
that pertains also to the nodeling that you did using
those four nodels and changing the boundary
conditions, et cetera and if it does, how do you
mnimze the anbiguity and eval uate the anbiguity and
that's really part of the nonitoring schene.

MR. BENSON. Craig Benson, W sconsin.
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That's a tough question. Just to start off, our
simul ations were all forward simul ati ons. They weren't
inversions. So we weren't doing that process, but |
agree with you, that's a conplicated ill-posed problem
because you' ve got several conpeting paraneters all of
whi ch coul d be optim zed to get the right answer, you
m ght say. Although | think you can constrain these
probl ems wit h our understandi ng of physical processes
so that you can constrain those different conmponents
i nt o reasonabl e ranges to do i nversi ons which are both
perhaps mathematically sound and also physically
reasonabl e at the sane tinme, good nonitoring data.

MEMBER HI NZE: When | used to have an
editor's hat, | basically refused articles that didn't
conduct sonme type of sensitivity study to really
eval uate where these nodels occur and it seens to ne
that that's a very inportant part of understandi ng
where you have to nonitor, at what depth, what
frequency, what you're interested in nodeling. This
is all part of testing that nodel. Do you have any
conments on that?

MR. BENSON: | believe a sensitivity
analysis is really valuable, | nmean, because it does
give you a sense for what the key paraneters are and

what the possible ranges are of your predictions.
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You've got a central paraneter set that tells you
about where you think things should be but then by
sensitivity analysis you can get a sense for how far
you nmay deviate fromthat. So you know, we al ways do
sensitivity analysis inour work and it's particularly
valuable. And | think you could probably use

nmoni toring data conbined with sensitivity analysis to
get a sense for you know, aml| really -- you know, if

my nonitoring data doesn't agree with ny nmean trend,

but | still may be within conpliance because |I'm
within a range that | define with my sensitivity
anal ysi s.

MEMBER HI NZE: And devel op a range of
confidence in your nodel, if you will.

MR. BENSON: Yeah. Yeah, | think you can
define thresholds for -- threshold conpliance
performance nmonitoring that way, right?

MEMBER HI NZE: Right. Thank you.

MEMBER CLARKE: Thank you, Bill. W
probably have tinme for one nore question from the
staff maybe or anyone fromthe commttee.

MEMBER HHNZE: |'d like to ask a detail ed
guestion of Brian. You were |ooking at both tritium
and gaseous nercury. Wre you |looking at -- you

didn't explain why you were |ooking at gaseous
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nmercury. \WAs this another way of fine tuning, of
devel oping confidence in that nodel or were you
interested in this as a contam nant or where are you
goi ng?

MR. ANDRASKI: Brian Andraski, USGS. Do
you want me to tell you the real story, we can go to
lunch and I'Il tell you? Essentially, we're |ooking
at a nunber of different paraneters but howit started
out, I'll try to give a quick synopsis, was a person
in the biological resources discipline of USGS
contacted ne and was interested in perhaps | ooki ng at

nmercury transport in plants and the person called and

said, "Do you have nercury at your site, |I'm
interested in working in a desert environment". And
| said, well, we | ooked at the waste i nventory. There

was sone indication that mercury woul d be present so
we followed up with the soil gas sanpling. So that's
how we legitimately got started.

But where we took it from there was we
felt -- we were confused by the tritiumresults that
we were getting and we originally classified mercury
as a wel | -behaved contanmi nant only transported in the
gas phase and we thought, okay, we're having trouble
with tritium let's take a look at nercury. W're

going to be able to peg that one right off the bat.
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And so it was -- one thing that did help us is that --
so we want to look at nultiple contam nants, gain
insight into transport fromone or both or nore and
try and feed that information to get a better
under st andi ng.

Utimately, the one thing that we di d show
was that our hypothesis or conceptual nodel where we
feel that vapor phase transport of tritiumis nunber
one, the mercury work that we've done does support
that but -- so as | said, we did get into it in a
round about way but we're using that information to
try and build wunderstanding of other transport
processes.

MEMBER HINZE: So it's really leading to
an enhancenent of the confidence into your nodel ?

MR. ANDRASKI: Yes, and trying to gain --
yes.

MEMBER HI NZE: Sonetinmes it's really very
hel pful to look at a new paranmeter that isn't
necessarily in our nornmal bag of tools.

MR. ANDRASKI: Right, right, yeah, good
poi nt. Thank you.

MEMBER CLARKE: Thanks, Bill. Let's break
for lunch and resune at 1:00.

(Whereupon, at 12:00 p.m a luncheon
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recess was taken.)

CHAI RMAN RYAN. This is a very proud
monment for, | think, the agency and M chelle and
certainly for me. As of August 89th, Mchelle Kelton
has finished 35 years of governnent servi ce.

(Appl ause.)

CHAI RMAN RYAN: Thank you all very much
and as part of the service, we want to present you
with this service award and, of course, the service
pin that goes with it and a letter from Dr. Watkins
recogni zing her outstanding contributions to the
regul atory mssion. | know we all want to add our
congratul ati ons and our thanks, too.

Wthout Mchelle this commttee does not

function.
(Appl ause.)
MEMBER CLARKE: Ckay, sir. Are you ready?
CHAI RVAN RYAN: Dr. Clarke, it's all
yours.

MEMBER CLARKE: Congratul ati ons, M chelle.

| want to give you a little nore detai
about the agenda. Let ne just go through the
present ati ons.

The first presentation will be solely by

Tom Ni chol son. He'll be followed by Tom Fogwel I, and
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when we get to the panel discussion, JimBollinger and
Todd Rasnussen are going to share with us sone
i nformati on about an Ameri can Nucl ear Soci ety standard
t hat they have been working on, and then we'l |l proceed
as the agenda shows.

Tom Tom Ni chol son, O fice of Research,
coupling nmonitoring programnms for nodeling.

MR. NI CHOLSON: Thank you very nuch, Jim

I'd like to just take a nmonent to make
some thank-yous. Usually when we nake these
presentations we zip through the first viewgraph and
nove on, but there are a couple of people | want to
t hank.

First of all, I want to thank the ACNWTf or
allowing the Ofice of Research to work with Jim
Clarke and Latif to organi ze and identify people. Qur
expectations have been net. This is an incredible
neeting, and we' re very appreciative of George | eadi ng
t he panel discussions.

The ot her group | want to thank are ny co-
authors. Yesterday Ruth asked the question howis
this information getting passed on. Howis this
information helping in the |icensing process?

And if you notice the co-authors, Ralph

Cady and Jake Philip fromthe Ofice of Research, Jim
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Shepherd and Jon Peckenpaugh, Jon right now is on
detail in the Ofice of Nuclear Reactor Regul ation,
and Ji mof course you heard from yest erday.

There are ot her people in the roombesides
t hese gentl emen, but we have what's call ed a techni cal
advi sory group, and the technical advisory group i s on
groundwat er and performance nonitoring, and we are
actively collecting and di stributing information. You
heard this nmorning fromVan Price. Van Price working
with our group organized and put on two training
courses | ast year, one |ast Novenber, another one in
May i n whi ch we brought in agreenment state regul ators.
W brought in people fromall four regions, and of
course, the NMSS, NRR and RES staff.

So that's one thing that probably is one
of the benefits of the activity in the last year with
regard to finding tritium and other contam nants at
nucl ear power plant sites. It has brought the regions
and Headquarters, especially Research, cl oser
together, and all four regions are actively involved
in this technical advisory group.

Vell, the outline of my talk is basically
alot of it will be repeated what we heard earlier.
When | tal k about objectives, I'mgoing to tal k about

objectives in both nonitoring and nodeling and how
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they relate to each other, and then we want to talk
about the nonitoring as it affects the nodel
interface. What are sonme of the generic technica

i ssues we've been looking at in the |ast year or so,
and then Jimdark and Latif wanted us to coment on
opportunities to build confidence in nodeling, the
theme of this two-day neeting, and then | have sone
ref erences.

Vell, a lot of these have been repeated
over and over in the |ast couple of days, but as we
said earlier this norning, we see it in the systens
anal ysis approach. W are going to characterize the
system and the system obviously involves both the
engi neered system and the surroundi ng environnent.

The other inportant part of what we call
performance confirmation nonitoring i s understanding
the system and its behavior. It isn't just
conpliance. It's understanding the system and |'|
go into sone detail about that.

And confirmng the site and engineered
behavi or, the argunent is how do we think it's going
to behave and are there changes to that behavior or
the things that we weren't aware of at the begi nning
when we created both the conception nodels and the

initial nonitoring program
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And of course, we've talked about
denonstrating conpliance.

The last itemno one has really tal ked
much about except, well, there's been a few coments,
but our friends from Brookhaven have tal ked about
remedi ation, but the question is how do you decide
whet her and how to renedi ate, and we t hi nk noni toring
and nodel s are extrenely inportant for those sites in
whi ch there is nonconpliance.

Vell, this slide is fromnmy friend Ral ph
Cady, and the question he asked is why nonitor and
nodel . Well, obviously we do it to characterize the
nat ural engi neered system

Now, we have tal ked about in great detai
the |l ast couple of days |lots of good exanples on the
features, events, and processes involved. W want to
collect information and we want to quantify that
information, the Jfeatures, events and processes, and
t hey have to be significant to radi onuclide transport
and the behavi or of the system not just an acadenic
exerci se.

The next one, notice the Sin red. Last
week Jim Shepherd and | were very privileged to be
able to attend an EPRI-NEI neeting on nonitoring at

nucl ear power plant sites, and at that neeting
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everyone was tal king about singular nodels. One of
the strategies that we're devel oping with Van Price is
we want to | ook at alternative conception nodels. W
don't want to ask the question are there features,
events or processes that weren't initially identified
that need to be identified and can you capture those
intwo or three, and this goes to our research at PNNL
on conception nodel par anet er and scenario
uncertainty.

And then finally, Bill H nze brought up
the issue of, well, if you just have a nobdel and you
use that nmodel to go look for -- as a detection
system maybe you can be led astray if you have a
preconcei ved i dea based on a single nodel, and that's
correct. W have to |look at nmany nodels fromthe
standpoint of are there faults, are there fast
pat hways, are there things that we weren't aware or,
and that is going to help guide your data coll ection.

And notice we used the word "sanpling."
Robert Ford was very good this norning and he brought
up the issue of it isn't just the water, but it's al so
the matrix. |It's the soil, the sedinments that we want
to ook at, as well as the water then to stay in the
syst em

And then finally geophysical methods, and
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we'll talk about that in some detail.

Now, this is nmy favorite viewgraph.
Al nost every tine | talk | always have this one, and
the reason | love it is because we have an engi neered
system and the engi neered systemhere is failing.
There's a well failure and there's also a diversion
box in which you have a faulty joint seal

Now, what's interesting about this figure
is that we want to look at alternative conceptua
nodels, and we brought up the issue of natural
precipitation. W've heard about infiltration. W've
heard about infiltration and groundwat er novenent, the
creation of perked (phonetic) water systems. Notice
all of this occurring above the regional water table
and the well itself obviously becones an inadvertent
pat hway.

This is extrenely inportant to us for a
vari ety of reasons. W brought up early this norning,
and Robert Ford brought up the idea of a tiered
nmonitoring program That's what we're thinking about.
W're thinking about how do you Ilook at the
per f ormance of the engi neered systemand what ki nd of
corrective action mght be appropriate if you could
detect these premature | eaks and failure systens.

And then surrounding the engineered
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system you have backfill. And at nucl ear power
plants and other industrial facilities, it's this
backfill in which the contam nants are noving. That's

where you want to do the sensoring and quickly find it
early on.

So we have t he engi neered system W have
the dynam c interface, and then, of course, we have
t he environment .

Wll, to confirm the behaviors wthin
envel opes of expected performance, Van earlier this
nor ni ng brought up this issue of a systens anal ysis
approach. |If you nodel the system and |I'mtalking
about detail ed nodels, not health physics nodels; if
you' re doi ng detail ed nodeling, you should have sone
i dea as to the behavi or of both the engi neered system
the dynam c interface, and the environnental setting,
and we want to ask the question are the changes to
that or the information comng from the nonitoring
programthat tell us we have to revise and refine our
concepti on nodel .

The last itemhere is a site specific
nodel. W don't think that the health physics node
can do it initself. W think that there should be a
detailed site specific nodel that feeds information to

t he heal th physics nodel. RESRAD is a very good code,

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

144

but it is not meant to be a detail ed nodel of the

features, events, and processes for that specific

site, and we'll talk about that in a mnute, but we
probably want to say that it will not be a sinple
abstracted version as used in PA. You will refine

that detailed, site specific nodel in order to do
mul tiple realizations.

We also want to think about these state
variables that nmay not be in the abstracted or PA
nodel, but they are inportant to understand the
per formance, and as Van sai d this norning, these state
vari abl es are performance indicators of the system
and that's what we want to both nonitor and nodel .
That's what they have in common

W' ve tal ked about assuring conpliance.
Notice one of the site specific criteria. The Nuclear
Energy Institute has come out with sonme vol unt eer
industry initiatives in which they're talking about
certain notifications wth regard to tritium
concentrations and volunme releases. So in a voluntary
sense, they're providing some guidelines, and those
could be sone of the bases on which to do the
eval uati on.

A nodel is extrenely useful to denonstrate

an understanding of a system How well you need to
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understand it obviously has to do with the conpliance,
and also early indication of failure nodes and
i nadvertent rel eases.

We heard earlier about the dilemma wth
nmonitoring especially with wells is you have point
| ocations. How do you then project those point val ues
to conpli ance boundari es or other receptor |ocations?

And finally, what kinds of deci sions do we
need to nmake, whether there's a need to and how to
remedi ate nonconpliant excursions. So both the
nmonitoring and the nodeling is inmportant both for
designing the renedi ati on program W' ve heard that
from Tom Bur ke and M ke Haupt man yesterday. They had
so much confidence in their nodels and in their
nmonitoring that they had trigger |evels and they al so
had stopping rules, and that is extrenely inportant.

This is what Van presented this norning.
We think this is where the nodel and the nonitor
interface. It's this site conceptual nodel. How you
devel op that site conception nodel, how you find it
based upon the nonitoring data, and how you decide
what, when, where and howto nonitor, and it's very
related. You can't do one wi thout the other.

The analysis of the nonitoring data,

|l ooking at trend analysis, how you take that
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information and feed it back into the refined by the
site conception nodel, the perfornance assessnment and
further choi ces of performance indicators, nonitoring
devi ces and nonitoring points.

And then finally stopping rules. Stopping
rules are extrenely inportant.

Vel |, what are the generic issues? Wll,
Van brought up earlier this norning DQ0Os, data quality
obj ecti ves.

(Pause in proceedings for conference
operator interruption.)

MR. NI CHOLSON: Based upon the data
gual ity objectives, what are the criteria you' re going
to be using and what kinds of sensor technology are
you proposing to identify, both the performance of the
system and its subsystens with regard to engi neered
system failure nodes, the dynam c zone | nentioned
before, and the environnental setting? Wat are the
stopping values? How do you determ ne those?
Qobviously the data quality objectives can help you in
t hat regard.

Now, there is a disconnect, and 1'Il
acknowl edge that. There's a disconnect between
nmoni tori ng and performnce assessnment. W think that

t hat di sconnect can be overcone, and assessing the
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nmoni tored conditions to confirmthat the perfornmance
is within the envelope of the nodel, you are
predicting the performance of that system its
behavior. The nonitoring tells you whether there's

changes to that behavior or if the behavior is so
different you need to go back and redefine both your
nmoni t ori ng program and your conception nodel .

And the last iteml| can't stress enough:
identifying alternative conceptual flow in transport
nodel s on different scales, and we'll go into that in
sone detail

Now, this is another one of ny favorite
vi ewgr aphs. Yakov Pachepsky, at the Agricul tural
Research Service has developed this for it. Now,
Linda this norning tal ked about water budgets. This
is the sinplest nodel. RESRAD to sone extent is based
upon a water budget nodel. There's other ones
obviously for estimating infiltration and groundwat er
rechar ge.

At many sites as you all know, and we've
heard about them vyou could have a whole range of
conplexities with regard to t he geol ogi c nedi a, and we
al so hear this norning and fromother people that one
of the dilemmas is if you have different geologic

nmedia in which you could have dual porosity, dual
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perneability, discrete fractures without matrix or
discrete fractures wth nmatrix, how do vyou
paraneterize that?

And so here's an exanple of retention
curves that would be developed for each of these
various geologic nedia. It isn't just the geol ogic
nmedia, but it's also the scale involved, and we'll
tal k about that.

Now, at the bottom here we have nodel
abstraction. The sinple nodels, the PA nodels are
always at this end. The very conplex nodels are
obviously at this end, but the question is do you have
the data and information to support such a conpl ex
nodel, and does it nmake a difference. Wy are you
doing it?

And the answer is because those
preferential pathways and fast arrival tinmes may be
important. They may not be, but you have to
understand the system to look at the various
concept ual nodel s.

Vell, this goes back to our interface
between nonitoring and nodel. Wat to nonitor and
nodel as defined by the site specific performance
i ndicators? They can be water content, hydraulic

radi ance, flow velocities, fluxes. W heard that the
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best thing to do was obvi ously neasure fl uxes directly
if you can rather than indirectly and contain the
concentrati ons.

When we nake the statement we're dealing
wi th t he whol e system both the unsaturated as well as
the saturated zone, and these Pls or perfornmance
i ndi cators can be derived fromregul atory conpli ance,
per formance assessnent predictions, and it's the need
to quantify systembehavior. It isn't enough to talk
about it and to create conception nodels. You
actually need to quantify it using nunerical or
anal yti c nodel s.

And t he ot her inportant aspect is both the
nodel s and the nonitoring have to have the ability to
under st and changes affecting radi onuclide transport.
Find those significant changes in system behavi or.

CHAI RMVAN RYAN: Tom |I'mjust going to --

CONFERENCE OPERATOR: Excuse nme. W have
fol ks on the bridge phone line. |If you could put your
phone on nmute, please. Every little noise you nake is
com ng through |Ioud and clear. Hello?

CHAl RMAN RYAN:  Sorry, Tom

MR. NI CHOLSON: That's okay.

Where to nonitor. This has been brought

up before. W obviously think that the facility where
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the structure system conponents of the engineered
system it may be a spent fuel pool. It may be a
condensate tank. It may be a rad waste, and
associated with those structured system conponents,
especially with the spent fuel pool, there may be
telltales around it. There may be concrete curt ai
wal I's, drains, sunps. That is what we nean by
facility, and that is obviously the cl osest then where
t he contam nants nay be emanating from

The second one, as | nentioned before, is

that dynamic interface, the backfill. Now, at somne
facilities it's this backfill that's the rmgjor
conduit. If you put your wells out in the environnment

100 yards away fromthe facility, you' re not going to
see anything, but the contamnant that's actually
nmoving along utility lines, tel ephone lines, and we
can gi ve you exanples, it's that dynam c i nterface and
how it is affected by stormrunoff, infiltration
rainfall events, releases fromtanks.

So that requires a different perspective
than just nonitoring the facility and its performance.
This is inportant because we want to think about
corrective action. This is inportant because this is
the transition zone that takes the contam nants from

the facility to the surroundi ng environnent.
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And then the surrounding environnent,
obvi ously we worry about the nei ghborhood. W worry
about are there nearby wells, punping wells, springs,
di scharge, surface bodies.

David Scott gave a very good talk on
Yankee Rowe and identifying Sherman Spring. The idea
is that you have to | ook at the various pat hways and
receptor locations, and then you may have to trace
back. W would prefer obviously to nonitor with
sensors and other devices <close in, and then
understand the dynamcs, the transients in the zone,
and then using nore conventional views of nonitoring
in the surroundi ng environnent.

And this is what | was just tal ki ng about .
When to nonitor is as inportant as where to nonitor.
These events, how often do the rel ease events occur?

It was interesting this norning. W heard
about low level waste. W heard about liners. W
heard about covers. Well, one thin | think about is
froma plunbing standpoint. You want copper pipes in
your house because they leak; it isn't a catastrophic
| eak as if you have a PCV pipe break. The last thing
you want is a cataclysmc break, and these rel ease
events either can be slow leaks or they can be

catastrophic releases, and the amount of fluid that
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comes out is also going to drive the contam nant. So
it isn't just the release. It's the event and the
dynam cs of that rel ease.

And of course, it may occur in the
unsat urat ed zone novi ng qui ckly to t he saturated zone.
The dynami c process in the interface zone, we talked
about infiltration, percolation, and then in the
envi ronnent al processes, we heard from Steve Yabosak
(phonetic) about the Colunbia River. The groundwat er -
surface water interaction is extrenely inportant,
especially at places |ike nuclear power plants that
are associated with rivers, |akes and the ocean. W
want to understand the environnental setting.

This is an exanple from Phil Meyer and
Mark Ruckhold. This is what Steve tal ked about. The
ideais that if you just had nonthly fluctuations of
river stage with time, you couldn't catch all of the
detail, and is daily enough or do you really want
hourly?

Vell, it goes back to the issue of what
process are you trying to understand, and we've heard
about the geochem stry, and t he geochenm cal processes,
both the water flushing of the river and its
interaction, as well as the chemistry. This is

i nportant at nucl ear power plants as well.
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How to nmonitor, | won't go into nuch
detail, except to say that it obviously relates to how
you properly select the instrunmentation, the sensor
for the paraneter that you're trying to nonitor.
There is a trenendous weal th of information from EPA,
the National G oundwater Association. W haven't
tal ked about them but they put out a nonthly magazi ne
on groundwater nonitoring and renediation, |ots of
information. The Soil Science Society of America, the
Ameri can Soci ety of Testing Materials, and of course,
t he USGS.

So there is a wealth of information out
there on nonitoring in an environmental setting.

Finally, innovation, innovative techniques
such as fiber optics, geophysical nmethods that have
evol ved fromperformance and nodel analysis criteria.
W had a workshop in New Ol eans a year ago, ADU, and
t he whol e prem se was on innovative techni ques, and
DCE at that tinme was doing quite a bit of work on
| ooking at different sensor platforns and nonitoring
cl ose in.

The other item| want to bring up on the
geophysi cal techni ques, the Ofice of Research worKki ng
with Ildaho National Laboratory and the USGS has

organi zed and will put on a neeting at the Geol ogi cal
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Soci ety of America in Philadel phia on Cctober the
23rd, starting at 8:30 on the use of geophysical
techniques for nonitoring. So WIlard Phersteig
(phonetic) and Susan Harper and a variety of
geophysi ci sts want to cone and educate us and teach us
about how geophysics is extrenely valuable in
nmonitoring, not just doing characterization, but
foll owi ng characterization, and as was brought up
earlier, the idea that you're integrating over |arger
vol unmes as opposed to single point measurenents.

And so the interpolation takes on a
different nature rather than interpreting from point
to point. Now you have to interpret the geophysical
signal com ng back, and what does that say about
het erogeneities, groundwater recharge, infiltration,
t hi ngs of that nature?

A week ago we had a wonderful technol ogy
transfer neeting from PNNL. Phil Meyer, Mrk
Rockhold, and Mng Yeng from the Desert Research
Institute came in and told us all about uncertainty.
They have devel oped an uncertai nty nethodol ogy that
| ooks at conceptual nodel paraneter and scenario
uncertainty using a Bayesian updating approach.

And this viewgraph we've borrowed from

Phil and we've nodified it, and we think that's
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anot her way, an opportunity of realizing the interface
bet ween  nonitor and nodeling is looking at
uncertainty, and it was brought up earlier.

| f you want to nmaxim ze your ability to
detect contam nants while mnimzing the nunber of
monitoring wells, then obviously wuncertainty is
inmportant, and it isn't just a sensitivity anal ysis of
paranmeters. It's |ooking at alternative conceptua
nodel s asking the hard questions as is there a fault
or is there sone heterogeneity. |s there a solution
feature in ny linestone or marble that nmay be the
reason for the pathway, why | detect it in certain
pl aces and not ot hers.

Si nce nodel probability is conditioned on
observation, and that's extrenely inportant, sine
nodel probability is conditioned on observations,
these nonitoring strategies should be designed to
obtain observations and inprove estinmtes of nodel
uncertainty.

Consi der conceptual nodel initiallyinthe
noni t ori ng desi gn, and Van has been doing that. So at
the very beginning of your nonitoring strategy, you
have to ask the tough question of what is ny
conceptual nodel's alternatives and how do | build a

nmonitoring programthat isn't just putting in wells,
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but putting in devices and geophysi cal nethods, that
we find that conceptual nodel so that you can have a
bett er under st andi ng.

And then finally, to identify the
important -- notice it isn't just lots of nonitoring
wel l's, but the inportant nonitoring | ocations that is
input to these PA nodels. So the idea is that you
have your site conception nodel. You have your
nmonitoring program that has been neshed and
interrelated to it, and then those detailed site
specific nodels nay give rise to sinplified nodels
that provide input to your dose assessnent nodel s.

And these are inportant for paraneter
estimation and nodel calibration and uncertainty
analysis. W're involved with eight other federa
agencies' interagency agreement on research into
envi ronnent al nodel i ng, and we have a Wor ki ng Group ||
on paraneter estimtion uncertainty.

And Mary Hill fromthe USGS and Eil een
Poeter are tal king about various nodel calibration
that they wuse and paranmeter estimation, John
Dougherty, using nonitoring data.

Now, the question is what information do
you need and how do you process that nonitoring data

to give you ranges of paranmeters based upon your
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conceptual nodel, your nodel calibration. What are
you cal i brating? Wat aspect of your nodel ?

And then what Kkinds of uncertainty
anal ysis are you doing? How well can you quantify
t hose?

And then finally, these are a series of
references that we had lots of, but we picked these
four. The first one, of course, is the work that Van
is doing and his colleagues on developing a
groundwat er nonitoring strategy.

The second one is a very good workshop
t hat DOE, Dupont and EPA put on about was it three or
four years ago, Jake? And in there, there is a |ot of
i nformati on on geophysical techniques, on nonitoring
the unsaturated zone. It is extrenely val uable.

And then our friend Robert Ford and Steve
Acree, they developed a performance nonitoring
strategy for VOCs using nonitor net attenuation, and
then our friend Phil Meyer and the peopl e at PNNL have
conbi ned concept ual nodel uncertainty with paraneter,
and then finally the last item | brought this for
our friends from NEl and EPRI. Last week the topic
came up of defining both background and baseline for
existing facilities and for those you plan to build

new nucl ear power plants at. Do you understand?
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Vell, the answer is, yes, our friends in
t he regions, Ron Mnitz, gave us this Website i n which
if you want to download data on environnental
radi ati on at various |ocations throughout the United
States EPA has and here's a Wbsite for you to go to
and downl oad i nformati on.

And that's all | have to say. Thank you.

MEMBER CLARKE: Tom thank you.

Qur next presentationw |l be given by Tom
Fodwell with the Fluor Hanford team integrating
nodel i ng and nonitoring to provide | ong-term control
of contam nants.

Tom wel cone.

MR FOGWELL: First, I'd like to thank the
organi zers for inviting ne to participate in this
neet i ng.

Secondly, I'd like to thank d endon Gee
and Tom Ni chol son for --

(Pause i n proceedi ngs t o adj ust m crophone

probl em)

MR. FOGWNELL: I'Il repeat the |ast
st at ement .

I'd like to thank Tom N cholson and
A endon CGee for presenting ny talk. [1'Ill reorganize
it abit.

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

159

W have an equi prent failure here.

kay. Is this okay?

PARTI Cl PANT: Better.

MR. FOGWELL: Good. The outline of the
talk goes along these lines. First of all, a very
short introduction to Hanford.

Then | give a paradigmfor how you woul d
conbine nonitoring with nodeling in the format of
remedi ati on, as was suggested by Tom

Then exanples of the integration of
several of these parts together, sonme discussion of
some nmonitoring at Hanford, sonme issues associated
wi th bringing this whol e thing together, and t hen sone
exanpl es fromaround the country of places where
people actually attenpted to do this sort of thing.

So this is the Hanford site, 600 square
mles approximately. |It's larger than a | ot of other
pl aces. The intake for the water to nmy kitchen is
right about there, and so | have a concern over this
stuff.

This is a conceptual nodel that | think
was presented by Mke earlier about the different
sources of contam nation at Harwell. These are the
sorts of things that we need to be worried about and

nodel i ng and neasur enent .
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Conparing Hanford to the rest of the U S

nucl ear weapons conpl ex, 42 percent of the curies are
at Hanford; 60 percent of the high |level waste; 25
percent of the waste storage and release sites; 80
percent of the spent fuels; and 25 percent of the
buried solid waste. So it's a fairly significant
site.

Now, what are we up to in what we're
trying to do there? Wll, we do the three things that
were nmentioned by Tom W do characterization. W do
remedi ati on, and we do nonitoring, and we would |ike
to do all of those to mnimze the cost, of course,
subject to the constraints that are inposed on us by
regul atory requirenents and so forth.

Now, | tried to answer some of the
guestions up front just to be sure | didn't mss them
but 1'd like to highlight some of the ones that |
think are nore pertinent to ny talk.

The first one, | think the answer to that
one is that there's not been an adequate paradi gm
devel oped and accepted by both the regulatory
community and the responsible parties to facilitate
the use of nonitoring data in the nodels used to
eval uat e perfornmance.

Going on to question nunber three, what
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could we possibly do about that? WelIl, one thought
that | had was that if the nonitoring were force to in
some ways be optim zed, you imrediately inpose somne
sort of a nodeling activity on the nonitoring
activity. So you imrediately start to link the two.

Soif you attenpt to optimze it, then you
have the possibility later on of using the nodeling
data to, in fact, reposition sonme of your nonitoring
and you' ve established a feedback | oop.

So to sum up, | think a system control
approach is what's needed, and it puts all of the
different parts in place, | think, fairly nicely with
t he feedback | oop as the nethod for using nonitoring
to approve nodel reliability.

Now, this ideal've had for sonme ti ne, but

also | participatedin-- well, actually before | went
to Harwell -- | nmean to Hanford, two nucl ear pl aces
anyway, | was working at the National Science

Foundation as a programdirector, and there was an | TR
programthere that | participated in, and this is one
of the prograns called DDAS, DDDAS that |ooked at
bri ngi ng data together with the nodeling.

So the old paradigmis a fairly static
paradi gm The new paradigmrelies on a dynanic

f eedback and control | oop to establish contact between
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the data and the nodeling nore rigorously.

So here's a schematic, a general schematic
of a feedback control system and I'll show a nore
detailed one that's pertinent to our situation | ater,
but I think it should be adaptive in that the nodel
needs to adapt to newinformation that you get through
the sensors, in other words, the nonitoring system
and at the sanme tine be stochastic if possible, and
we've nentioned that as well in trying to deal with
uncertainties.

So the systemdown hereis, let's say, the
groundwat er system for instance. The sensors are the
monitoring. Then we use prior know edge together
with nonitoring data to determ ne what the system
nodel shoul d be.

That then gives sone input to what the
control |l er decisions have to be. This would be the
renmedi ati on deci sions, and we cone down here to the
actuators. These are actually what you would do in
the way of renediation.

That affects the system That affects the
sensors, and you're in this loop, and you have an
iterative process naturally this way. W've talked
about an iterative process. This produces one

naturally.
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Now, in greater detail for specifically
remedi ati on we have the foll owi ng conponents, and | et
me just go through these. |1'mgoing to enphasize for
the first few slides this part up here, but let's
start with characterizations.

So you have sone characterization of the
site. Fromthat you build hopefully a probabilistic
transport nodel. |[If you don't have enough
i nformation, perhaps it could be determnistic.

There's a feedback | oop here that's the
calibration part, solving in some ways the inverse
probl em Then you go over here and you produce the
output, which is a probability distribution of the
chemicals in time and space.

Fromthat then you determine the risk to
t he exposed popul ati ons together with uncertainties.
| f you've done this in a probabilistic way you can
then start tal ki ng about uncertainties at that point.

Now t hen you have to make sone deci si ons.
Am | going to do renediation or what am| going to do
next? The first question that you have to answer in
that process is are ny uncertainties | ow enough, and
if the answer is no, then you have to go back. The
only way to renedy that is to go back through anot her

data acqui sition process.
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| f the answer is yes, then for the purpose
of remediation, you have to ask are the risks |ow
enough. If they are, then you just go into
nmonitoring, and you start the feedback | oop over
again. |If the risks aren't and you have to do sone
remedi ati on, then you have sone deci si ons having to do
with inplenentability and so forth for t he
remedi ation, and then you end up in a renediation
phase her e Wi th noni t ori ng, gi ves you
characterization, and goes back to this whole | oop
agai n.

So | think that that nicely ties
everything together. Now, I'll be referring to this
at different parts of the talk where | highlight
certain groups |like, for instance, to begin with
basically is a nodeling part.

So here's Tomis favorite picture. It has
afewnore things toit in our particul ar case though.
W do have sone direct injections as well, sone of
t hem not i nadvertent.

So that's the thing we would like to
nodel . We use the FEPPs process, future events and
processes process as well. This is a short version of
that sort of a process. Wat is your inventory? What

are the pathways? And then who is going to get
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exposed?

Now, we actually do have sonme nodeling
t hat has taken place to showthat during the operation
of the Hanford site there were groundwat er nounds t hat
were built up through the nassive discharges of
liquids that were done there. So let me just go
t hrough this, and you can see how it was built up in
this period right here, and then hopefully in the
future it will start going down, and it will flatten
out .

And then the issue becones at sone point
what's going on in this area. |It's called the gap,
the Gabl e Mountain gap. You'll see it gets very, very
flat in there, and the question is does the water go
this way or does it go this way.

Now, we convene panels, expert panels to
give their advice on what we're doing periodically.
The | ast one we had actually was a panel on deci sion
tools for the Hanford Central Pl ateau, and these were
t he panel s nenbers that we nanaged to convi nce to cone
to Richland to neet with us on this topic.

The three questions that | asked themto
address were how shoul d uncertainties be handled. |
think that's inportant.

The one that's the nost pertinent to our

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

166

di scussi on here is how should the nodels be verified
and calibrated. For instance, what role should
history matching play in the process? That's
essentially what we're tal ki ng about here.

And then lastly, what would be the
techni cal specifications for a code that you m ght
want to use for these purposes.

They had in their out-briefing -- their
report is due in a couple of nonths. so | don't have
that, but they did have an out-briefing, and |I took
this fromthe out-briefing on sone of the data issues.
They had categories of different issues. | thought
this was the nost rel evant.

They suggested to quantify measurenent
errors wherever possible; characterize spatial
variability, of course; up scale and down scal e data
to a common support or nodeling scales. That's an
i mportant issue. Quantify data and nodel input
uncertainties as nuch as possi ble, and then the issue
came up about history matching perhaps in the vadose
zone as opposed to the groundwater, and it's not clear
that that's going to be quite as easy.

So back to this picture. W tal ked about
some of the things that we would like to nodel. Now

l|'d like to tal k about sonme of the decisions that we
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need to make.

The decisions along the river basically
have been made. This is the central plateau where
nost of the decisions still have yet to be nade. This
is a schematic showing the division of the centra
pl ateau into different regions for consideration.

And then the question is we have so much
to do what should be the prioritization of what we
should do first. W only have a |limted budget each
year. Hopefully by the end of a certain nunber of
years we get the whol e thing done, but what should we
tackle first?

This is a strawmman that was based on the
nodeling that looks like this that was put up. So
this attenpts to conpare the individual regions that
| just outlined previously with respect to their
future rel eases, and it shows that typical curve of a
spi ke and then a tail.

Now, we also not only need to use our
nodel i ng to make the deci sion of what to do next, but
we need to make the decision of howto do it, and so
we have the various renediation alternatives that we
have to consider. There's a whole category of renoval
and di sposal actions, and these are either being

consi dered or have been done at our site.
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Then there's a large category of
i mmobi li zation of the contaminants left in place, and
there's a whol e sequence of things that we' ve either
done or would like to do or have plans to do,
including the in situ Redox manipul ation barrier.

So those are sone of the decisions that we
need to nake. Now let's | ook at the nonitoring and
data gathering activities, what we're doingto filling
t hose gaps.

My basic thesis is that once we have this
paradi gm the actual parts for this, tofit intothis
di agram actually exist. W can actually do this at
this tinme.

As we nentioned before, particularly in
t he context of a feedback control | oop, it's probably
really inmportant to know what's happening fast. One
of the worst things you can have in a control system
i s del ay because you're al ways tending to do t he wong
thing, like you' re turning your shower hotter when you
shoul d be turning it colder, and so forth.

So with the delay, you get into nore
trouble in a control system So in order to mnimze
that, sensing things happening in the vadose zone
nmakes sense. The things that are anenable to that are

the waste sites, tank farmsites, canyon buil di ngs,
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di sposal facilities Iike ERDF and | DF, the LERF

facility, and the low | evel burial ground.

So we're involved with a bunch of
activities having to do with what sorts of information
we can get on our site, and one of themis the field
vi si meter (phonetic) test facility, whichincidentally
d endon, ny program is now funding for this next
year. So it didn't get |ost.

So this is one of the areas where -- and
| think dendon actually had a picture of this. | had
several pictures of this.

This is the prototype barrier that d endon
was tal king about. This is in the construction phase,
and when it's fully constructed, or was constructed,
this is the diagramof how it | ooks schematically.

W' ve done sone nodel i ng. W' ve devel oped
a stop nodel to actually be used for design of
barriers, and | think it represents in some ways the
state of the art for designing barriers with nodels.

Currently we're doing water bal ance
nmonitoring, vegetation and aninal use surveys, and
stability surveys on the Hanford barrier. Wat we
learn there will be used to design other Kkinds of
barriers, these evapotransport barriers that d endon

was tal ki ng about .
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Now, this is a sequence of qui ck snapshots
going through a year showing how a hypothetical
barri er would performunder certain kinds of |oading
conditions that are typical for our weat her conditions
at the Hanford site.

This is also a good exanple of the
f eedback between nonitoring and nodeling because the
original nonitoring allowed us to put in reasonably
correct paraneters for the design of the barriers. On
t he ot her hand, what we've | earned fromthe nodeling
has now shown us pl aces where we need to gather nore
data, better nonitoring, and has al so showed us that
we perhaps could inprove on the original designs of
t hese kinds of barriers, particularly with respect to
the slide slope stability.

So let me just pace through this rea
fast. You can see the effect of the seasons, and then
pl aces where that would be applied would be, for
instance, the ERDF, the environnental restoration
di sposal facility.

Now, the types of vadose zone nonitoring
fall into several different categories, and | think
d endon went through several of these. Misture
change. A new one that's being tested out at PNNL is

flux measurenents using self-potential. | don't know
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that it has been shown to be totally successful, but
we are | ooking at nore geophysical nethods.

Then t here are t he usual noi sture sanpling
nmet hods that d endon al so tal ked about. But | think
the trends in the developing technologies for
nmonitoring in the vadose zone entail nore vol une
integration, better sensitivity. This is the
direction that things are going, and |less intrusive.
And | think that these are all very good devel opnents.

Now, we not only have radi onuclides at the
Hanford site. W also have a huge carbon
tetrachl oride problem | think that M ke nmentioned
that, as a matter of fact. And these are sone of the
data that were gathered fairly recently just in a
short burst of activity doing sonme pushes at 20
| ocati ons and neasuring these quantities here.

This is the results of +the sorgas
(phonetic) neasurenents. So we routinely do sorgas
neasurenents as a matter of fact on the site for
vari ous purposes.

W also get into nore sophisticated
geophysical nmethods involving resistivity, self-
potential, induced polarization, and so forth. This
is an exanple for the application of resistivity

tomography. This is at the BC Cribs. It has al so
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been used at the tank farns, as well. These are the
lines, the shooting lines that they used.

The purple areas here in the results show
the areas of higher conductivity which indicates
hi gher noi sture and -- well, higher conductivity which
we think is indicative of higher noisture, higher
nitrate content, and higher Technetium 99 content.
And we don't have any other data like this at this
particular site.

At a previous workshop, | nentioned this
wor kshop that we had on nodeling. Qur previous
wor kshop was actually |ooking at geophysi cal
techniques to define the spatial distribution of
subsurface properties or contam nants, and this is a
list of some of the things that we went through to
evaluate. This is an extension of that |ist.

So we're proceeding with the devel opnent
of these geophysical nethods. O course, we have
traditional groundwat er  nonitoring, which M ke
nment i oned, and this shows the non-radioactive
conmponent s and pl unmes or depictions of the plunes for
t hose conponents at the Hanford site, and that cones
out of the report that, although not the latest, the
report that M ke was nentioning.

And this is the depiction of the plunes
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for the radioactive constituents.

So we have an extensive groundwater
nmonitoring programthat we try to stay ahead of.

W' re al so devel opi hg some instrumentation
for in situ neasurenent to help with our processes of
trying to determ ne where the Technetium99 is. So
we're in the process of funding devel opnent of the
Tech 99 in situ sensor at PNNL

W' ve al ready depl oyed a renpte chrom um
sensor in the 100-D area. W have sone advanced cone
penetroneter systens. this one actually uses short
drilling bursts to augnment the pushes.

There's also hydraulic ram approach as
well that's used fairly extensively in the tank farm
sites.

So places for future nonitoring are
certainly going to be beneath the TSDs during
operation. The liquid retention pools; tapsan
(phonetic) barriers were already nentioned. W need
to look at protection and nonitoring for rapidly
decaying constituents in particular. W need
i nstrunmentation developed certainly for continued
characterization, and of course, we will continue our
groundwat er nonitoring program

So that's the different parts that go
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together to fill in this diagram There's one part
that's sonewhat | eft out here though, and that is how
do you deal with all of the data and how do you bring
t he data toget her.

Vel l, we've been working on what's call ed
data access network that we try to use to bring
everything in together, and it was originally built on
frames, as a matter of fact, which Jody nentioned.

This is a schematic of the details of that
particul ar system

Now, we've identified sone technology
needs that we would like to have filled as we proceed
into the future, and we've identified themin all of
these areas. 1'd like to dwell on characterization
i ssues and nonitoring issues.

Under characterization, we'd |like to know
nore about Technetium99. |It's difficult to analyze
in radiation sanples. There are sone issues perhaps
with its transport properties. Certainly uranium has
transport property i ssues, you nm ght say, and chem cal
speciation there is a big issue.

Carbon tetrachl oride, we're not quite sure
about the inventory, where it is, what phase it's in.
Has it noved or does it nobve with the water or not

with the water? Does it degrade naturally? Does it
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degrade in our systen? Wat are its transport
properties?

W'd |like to have better access to
| ocations in the groundwater because our costs are
expensive for drilling wells. So we'd like to figure
out a way to decrease the costs.

W're in the process of wusing nore
noni ntrusi ve hydrogeol ogi cal characterization of
| ar ger areas based on geophysics, and of course, there
are scaling issues, and there are data integration
consi stency presentation issues.

In nmonitoring, we would like to deploy
optim zation strategies for nonitoring. There's the
whol e field of unsaturated zone nonitoring, which may
peopl e have addressed here today that needs to have
greater enphasis given to.

And then there's nonitoring for long term
stewardship, and this has particularly the good
opportunity to feed back to the nodeling. And of
course, we're always | ooking to reduce the nonitoring
cost s.

Now, there are sone exanples that | have
here of places around the U S. where peopl e have t aken
nore or less sonme parts of this point of view and

devel oped prograns that have a bit of this sort of
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flavor of the feedback between the nonitoring and t he
nodel i ng.

One i s Hydrol mage out of Lawr ence- Ber kel ey
Nat i onal Laboratory. Susan Hubbard, as a matter of
fact, is leading that project, and it integrates
conti nuous geophysical data with |limted bore hole
data to estimate hydrogeol ogical paraneters of
interest in the subsurface. The software package can
be used to significantly enhance site conceptual
nodels and inprove design and operations of
remedi ati on systens.

This is a schematic of how the different
parts of that, of Hydrolmage fit together, and 1"l
skiptothe last |little bar here and showthe results
of a Bayesian integration that their systemperfornmed.

As a result of the NSF initiative, there
was sort of an instrunentation of the oil field
proj ect devel oped. The idea here is to link the nodel
with the data in the context in this case of the oi
field, but of course, there are alot of simlarities
to our situation

This is a little bit nore detail ed, not
t hat nuch nore, but you can see that the nonitoring is
linked to the conmputational algorithms that are

eventual |y used to depict what's going on.
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This is a nore detail ed schemati c of what
they have in nmnd where the sinulation nodels use
information that cones fromthe data, but there's a
f eedback. There's a feedback through several
di fferent nodes here, where they go back and forth.

They claimto have had sonme success with
under ground pol Il ution problens and with instrunented
landfills. So those are certainly pertinent to our
situation.

The two nore exanples are coll aboration
bet ween I NNL and PNNL where the end goal is to be able
to click on a location or well and bring up
geophysical information, as well as grain size
distributions and estimate hydraulic properties. So
combi ni ng t he geophysi cs Wi th t he act ua
hydr ogeol ogi cal properties is the idea with that
proj ect .

And SAIC has an automated know edge
managemnment systemthat they nmarketed for years to the
pet rol eum busi ness where they try to integrate the
production systemin a rational way.

So back to this picture again, those were
variations on essentially the same thene where we try
to link everything together. There are severa

t hi ngs, sone specific, sone not quite so specific,
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that we would like to see in the way of future
devel opnents for Hanford, but certainly in my opinion
we would like to integrate nodeling and nonitoring
better to provide |ong-termcontrol of contam nants,
and if we succeed, there are nmany places where we
could apply that.

Thanks.

MEMBER CLARKE: Tom Thank you.

Ceorge, shall | introduce thenf

W have a presentation fromTodd Rasnussen
and Jim Bollinger, the ANS standard, as | nentioned
earlier. |I'mnot sure who's going to give it.

Thank you.

MR. BOLLINGER: Jim thank you very rmuch,
and 1'd like to thank the ACNWfor this opportunity to
speak.

What | want to do is give you sort of a
t hunbnai | sketch regardi ng an Areri can Nucl ear Soci ety
and al so an ANSI standard on radionucliide transport
and groundwater for nuclear power sites that we're
currently working on developing. 1'll start with a
littl e background information.

Back in the 1970s, the American Nucl ear
Society was very active in terns of devel oping

standards to hel p guide the nucl ear power industry.
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These standards were devel oped as a voluntary effort,
generally in a working group of experts that were
sel ected by the society.

The working group would basically put
together a detailed draft that would then undergo
very, very detailed vetting by the ANS. In fact, the
vetting process generally takes about 18 nonths.
There are several layers within the ANS that you go
t hr ough.

After the standard goes through that
vetting process, thenit's passed onto ANSI for their
comment and review so that it eventually becones an
ANS- ANSI st andar d.

Many of these standards that were
developed in the '70s were standards applicable to
siting nucl ear power facilities and al so
infrastructure. Unfortunately, those standards are
now dated. So many of them are being w thdrawn, and
we' re concerned at the American Nucl ear Society, given
the potential for a resurgence in nuclear power in
this country, that we're not well prepared to deal
with some of these siting issues.

So there's a big effort underway ri ght now
to basically rewite these standards. O course, one

of the nost inportant of these is the standard that
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|"ve al ready nentioned on radionucliide transport at
groundwat er at nucl ear power facilities.

Sli de.

The original standard was devel oped back
in the late 1970s. It was applicable both to
operating nuclear power plants and to the siting of
new nucl ear power plants. This standard was accepted
in 1980. It was reaffirmed in 1989, and then it was
wi t hdrawn in 2000.

O course, a lot has happened in
groundwat er hydr ogeol ogy over the | ast 35 years, which
was, by the way, an outstanding effort. Reading
through this, | was surprised at the insights. This
was just a burgeoning science when it was originally
devel oped.

| was asked by the ANS a couple of years
ago to put together a working group to essentially
rewite this standard, and having had no idea what |
was about to step into, ny first official action was
to get Tom Ni chol son and Todd Rasmussen in the sane
boat with me because it is a big job as a voluntary
effort.

And they have been very, very hel pful
working with me to basically put together a working

group of experts fromnmany of the national
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| aboratories, from the nuclear power industry, from
academ a, and also from regulatory bodies like the
Nucl ear Regul atory Conmi ssi on.

Todd and | now serve as co-chairs. |I'm
essentially the representative of the ANS to that
wor ki ng group, and Todd is responsible for the
techni cal content of the standard itself.

Qur goal is to put together a very robust
standard essentially so that we do not cone full
circle back in three or four decades to have the sane
difficulties that we're discussing right now W'd
like this to be a very credible effort. That's why we
have nmany fol ks i nvolved in the standards process who
wor k out si de of the nucl ear power industry.

Let nme give you ny own personal viewpoint
to sort of conclude. | think there are two issues
that over the last few decades have been very
corrosive to the nuclear industry in this country.
One, of course, is an obvious issue in operational and
nucl ear safety. It's ny personal opinion that many of
t hose i ssues have been addressed by the industry.

The other issue that | believe has been
gquite corrosive is issues in the geosciences and
environmental sciences, and | do not believe at this

point -- in fact, Ruth, we've had many di scussions in
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the Environmental Science Division within ANS about
this very issue.

| do | ose sone sl eep over the fact that
think we're going to have difficulty siting new
nucl ear power plants because we essentially haven't
shar pened our pencils and done our homework when it
cones to issues in the environnental sciences and the
geosci ences, and thisis why | think these efforts are
so inmportant essentially to get guidance out on the
table that can be used by the industry in terns of
radi onucliide transport in groundwater.

So with that, Todd, I'Il turn it over to
you to discuss the standard in a little nore detail.

MR. RASMUSSEN: When Jim had asked ne to
do this | thought it was nore for the design for new
facilities, but over the last year or 18 nonths a
nunber of facilities have discovered that there has
been ongoi ng | eakage or rel eases fromthem

So part of this is keeping an eye on the
task of what can we learn from existing failures
within containment within the facilities. These are
just some of the facilities that have had problens,
and putting together a prelimnary outline for a
docurent, we're trying to build upon what Tom Fogwel |,

Tom Ni chol son, a nunber of you have pointed out, this
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interplay between the idea of site investigations,
characterization, slowed transport nodeling plus
noni t ori ng.

How do we nmel d those three into a coherent
framewor k where you have feedback and iteration on
site?

| think one of the inportant features is
.7, this corrective action. | mean, having an
antici patory response framework, expecting that there
may be the likelihood of failure at sone point, so
pl anni ng ahead, how do you proceed in the event of a
detection? Know ng that ahead of tine, what are your
triggers? What are you stopping points?

| nean, if we can outline those before the
crisis occurs, we woul d be better prepared to respond
in those eventualities. So designing those for both
the site characterization issues, trying to feed back
inour datain terns of inproving our understandi ng of
the system these are all features that we have been
tal ki ng about the | ast three days.

Qur challenge is to take all of this paper
t hat has been generated and try and take those ideas
and put theminto our docunent.

One of the key features of this, that it's

a long term nulti-year process. The need for
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i ncorporating expense of peer review, | nean, that's
hopefully nobst of vyou, and so we're actively
soliciting input and feedback from technical and
regulated comunities to try and put together a
farsi ghted docunent, and so any contact suggesti ons,
references, thoughts, E-mails, anything would be
greatly appreci at ed.

MEMBER CLARKE: Ckay. Thank you, Todd and

And this brings us to the panel
di scussion. OCh, we're going to have a break. |'m
sorry. You know, missing a break or lunch is even
wor se than not giving the conmttee enough tine.

(Laughter.)

MEMBER CLARKE: Let's do that. Let's take
a break. Let's be back in 15 m nutes.

(Wher eupon, the foregoing matter went off

the record at 2:08 p.m and went back on

the record at 2:27 p.m)

CHAI RVAN RYAN: On the record. Jim it's
all yours.

MEMBER CLARKE: Gkay. Thanks, M ke.
Again, let nme thank the speakers for very interesting
presentations. This brings us to our panel and

Pr of essor Hornberger, thank you very nmuch for doing
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this.

DR. HORNBERGER: Thank you, Jim George
Hor nberger again. Again, a rem nder we have a nmaxi num
of half an hour here and so | was trying to think of
somet hi ng useful for summ ng up here and so |'ve been
trying to i magi ne nyself as sonmebody from NVSS who is
responsible for actually inplenmenting regulations.
kay, and certainly listening to Tomfromthe Ofice
of Research, I'm totally conpelled that we need to
have scenario, alternative scenarios and alternative
conceptual nodels and that we have to integrate
nmonitoring and nodeling and listening to Tomfrom
Hanf or d, I'"'m totally convinced. |  rmean, it's
conpel ling that we should use space age techni ques
like adaptative control systens. After all
supposedly a conmon filter got us to the nopon and
back.

But | have this niggling problemand this
is what | would like you to deal with and that is |
have a sense that | have a whol e host of |icensees who
really should run RESRAD with generic paraneters and
present a case that that's all that's needed and |'ve
acknowl edged | have naybe a relatively small nunber
sites when it's clear that there has to be a ot of

monitoring and a lot of thought into |ong-term
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performance, confirmation and all that. And then
per haps | have sonme undet erm ned nunber of sites where
| really don't know where they are and what |1'd |ike
some comment on i s sone guidance that we m ght offer
to our colleagues at NMSS on how to deci de which of
t hese categories any given licenseeis in. |Is that a
fair kind of question to ask? Let's start on that
side of the table. kay?

MR. FOGWELL: One of the Toms will talk.
Vel |, actually the CERCLA process or the EPA process
sort of addresses that in their procedures. The idea
there is that you start with a sinple nodel and taki ng
t he worst case scenario, the worst set of paraneters,
the worst rel eases, these sorts of things, use it as
a screening tool and decide whether you actually do
have a problem |[|If you can show with that sort of
wor st case scenario that you do not have a problem
t hen maybe that's sufficient provided you can convi nce
yourself that in fact you have portrayed the worst
case scenario. That would be the caveat for that.

MR. NICHOLSON: | agree. | think one of
the dil enmas and Ji m Shepherd tal ked about this with
regards to decomm ssioning is you have to go through
a screening process. You have to ask yourself the

guestion what is the nature of the contamnant. |If
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it's awell-defined entity and you can quickly find it
and exhune it and take it off site, that's fine.
However, if it's gotten into the subsurface, then the
guestion is what is the residual contam nation and
there are approaches that NMSS is pursuing in that
regard. It isn't the -- There's the D& Code and of
course, there's RESRAD and then there's al so MARSOOM
(PH and MARLAP and there are ways of identifying the
nature of the contam nant, doing the screening and
t hen assessi ng whet her you can leave it onsite and if
t he resi dual contam nationis a no-never-m nd, neani ng
it's going to have virtually no effect on receptors
that are going to be right there onsite, resident
farmers.

Then the ot her issue that NMBS i s | ooki ng
at is end-use and so the argunent is howis this site
going to evolve and that's where sone conplications
could conme in. So ny argurment woul d be yes, user
screeni ng process especially t he est abl i shed
procedures you have today but the value of site
conceptual nodels and nonitoring is to test those so-
cal | ed conservative assunptions that may not actually
hold for the screening that you' ve done.

CGeorge Powers is working wth the

University of Tennessee and they're coming up with
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radi ol ogi cal surveillance where they' re going to ask
t he questions, "I can identify things on the surface,

but what happens when t hey get bel owthe surface? How
do | find those residual contam nation | evels and t hen
how do they interact with the ground wat er envi ronment

both in the saturated and unsaturated zones?"

So ny -- | guess |'ve been biased ever
since | joined the NRC 30 years ago is that when
people tell me "Don't worry, Tom "A conservative
boundi ng anal ysis says it's a no-never-m nd" you find
out later that the assunptions that went into that
conservative bounding analysis really were not valid
or were not fully disclosed. So | think those
assunptions do have to be faced very strongly and you
have to ask the question of "what's the history of the
site, what's the environnment today and what is the
future possibilities for that site" and then you woul d
nove in the direction of doing nore conplex nodeling
once you have tested those assunptions and found out
that they nay not be as certain as you thought.

DR.  HORNBERGER: Coul d you envi sion
provi di ng gui dance, witten guidance, to regul ators,
you know, your coll eagues, to | et themdeterm ne when
there were threshol ds that woul d i npl enent addi ti onal

actions?
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MR. NI CHOLSON: Ckay. The technical

advi sory group that | mentioned earlier, we're doing
that. | mean Ji m Shepherd i s devel opi ng both

rul emaki ng and gui dance and we're working with Van
Price and his people. | mean this is an on-going
effort. It isn't something that we're just going to
wake up tonorrow and do.

So there's been very good cooperation
between NMSS staff and research staff. Now NRR is
getting i nvol ved and we' ve i ncorporated theminto our
t echni cal advisory group on groundwater and
performance nmonitoring and | nust give credit to NRR
and the people there. The whole concept of system
anal ysis and performance indicators really cane from
t he Reactor people and especially now that they talk
about doing a risk assessnent. The one concern
have is it isn't just risk assessnment with regard to
health effects, but | think environmental risk is
somet hi ng you should al so be aware of.

MR. DAROS: That's a good segue. This is
Eric Darois and I'lIl share with you before | give you
an answer of the fact that | was intimtely involved
with a neeting | ast week with EPRI and NEI where the
topic was this very thing, groundwater, and we spent

quite a bit of time not only groundwater, but
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groundwater as it relates to existing plants and the
new construction and where we can feed feedbacks and
| essons | ear ned.

But we spent quite a bit of tinewiththis
i ssue, somewhat unresolved, and that is what is a
probl em and we keep hearing about it over and over
again in the |ast couple of days. You know we all
seemto have our own intuitive determ nation of what

a problemis.

First of all, these nuclear plants aren't
hundreds of acres sites, | nean, hundreds of square
mle sites, | should say. They're typically in the

order of one to 500 acres, sonmething like that. And
to my know edge so far after going to a nunber of
these sites, the scope of the problemis relatively
mnor. Mbst of what we're dealing with is tritium
normal ly belowthe MCL. Certainly as it's | eaving the
site boundaries it's fairly | ow

But it doesn't mnimze or elimnate the
need to understand the system But on the other hand,
| don't think it's worth spending mllions on
understanding the system So there's a bal ance
sonewher e.

One, the plants weren't designed to | eak.

That wasn't part of their design spec. It's not
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expected to. So we're seeing sonmething we didn't
expect to see that needs to be identified and defi ned
as well as its inpact as it may or may not be | eaving
the site boundary.

One of the overriding principles in NElI's
initiatives and EPRI's initiatives is to not only
protect the public health and safety, but also to
m ni m ze decomn ssi oning costs. | nean the | onger you
| et a problemgo for the bigger the costs are going to
be in clean up later.

So |l don't knowif that aspect of it needs
a detailed nodel. W certainly need sone degree of
understanding. So | think it's a conplicated issue to
solve holistically for all sites and the degree of
nodeling that goes on is going to vary. 1In ny
experience, it varies fromnothing to probably half or
one-tenth of what sone of the nore elaborate
approaches we've seen today. So | don't know if that
hel ps, but that's ny perspecti ve.

DR. HORNBERGER: And do you think that the
nmechani sms for naking those decisions as to where a
site falls on the spectrumare in place?

MR DAROS: Oh no, not at all. The
industry is attenpting to come up with their own

systemto figure that out, but it's in absence of any
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regul atory gui dance certainly.

MR. BOLLINGER: M nane is JimBollinger
fromthe Savannah Ri ver National Laboratory. You know
when you' re | ooki ng at the conpl exity of the nodeling,
| think you have to sort of consider the risk
i nvol ved, what type of contanmi nant are you talking
about and what's its location to the nearest receptor
and what's the likely transport tine. That's one
factor.

This i s somet hi ng that we di scussed by t he
way a nunber of weeks ago in one of our comittee
neetings. It's amazing how the discussions we've had
have sort of been a mrror inmage of nmany of the
di scussions we've had here over the |ast couple of
days, but | think risks are very inportant and what's
the conplexity of the system It may be that you have
a very well wunderstood system and you only need a
si npl e nodel .

I'm a firm believer. Mst of ny
experience is in engi neering nodel i ng, not
envi ronnment al nodeling, but we rarely in engineering
nodel i ng put together a conpl ex nodel where we
couldn't go get an analytical solution and validate
the nodel. And | get alittle disturbed sonetines

with very, very sophisticated nodels that you start
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with a very sophisticated 3-D nodel w thout ever
putting pencil to paper and | ooki ng at sone anal yti cal
solutions to nake sure that at |east your estinmates
are within the ball park

| prefer starting with very sinple nodels
and then as the systemdictates addi ng conplexity to
essentially take care of the physics. You know you
put together a sinple nodel and then you run that
agai nst the data and if you don't have good agreenent
then obviously you're not matching all the physics
t hrough t he phenonena. Then you need to start adding
| ayers of conplexity, but I think you | et the system
dictate that.

MR. RASMUSSEN: Todd Rasmussen, University
of Georgia. You know when we start a new project
hydrol ogic study we normally say we over-sanple in
space and tinme, the idea of getting nore data than you
think you need at nore frequent intervals. But this
is normal |y a reconnai ssance grade survey. It's not
a high quality data inventory. It's nore to get an
under standing, a big picture, of the system It would
be like a spotter scope on a high powered tel escope.
You need a wide field of viewwith a |ow resolution
i mge.

As you begin to understand the system
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t hen you can back off in space and tine. You focus in
on those critical issues that are unique to your site
or the high risk probabilities and so then you devel op
a better understanding of the systemthrough those
highly focused investigations or nonitoring. The
nodel i ng comes back in as the test of your nodels,
some type of real tinme forecasting prediction. |
prefer to use the word "forecasting." | think
predi ctions are sort of crystal ball.

At this point, | think our |evel of
technol ogy is best a short-termability to understand
the future, so sone way of feeding the data back in
into your forecasting nodel. The problembeing is
that if you're highly focused on a systemyou may not
have the ability to forecast accurately and you may
need to inprove the conprehensiveness of your
nmonitoring in order to inprove your real tinme
forecasting.

MR DAROS:. May I? 1'd like to respond
to sonething Jim said just to put a different
perspective on it. You talk about risk and | agree
risk is sonething that should drive us. But, and this
is ny thoughts and not those of EPRI or NEI by the
way, | need to put that qualifier in there, it seens

so often that risk really becones a blend of real
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heal t h i npact and outrage and public outrage basically
or outrage frompoliticians or whatever the case nay
be. That will often drive us. You know, those two
added together will drive what we perceive as ri sk and
how we would respond. So it nmay not be real health
ri sks that we respond to, but we perceive themas real
ri sk. Thanks.

DR HORNBERGER: Yes, | think that is a
real good point by the way. | would remark that as we
di scuss this the technical people, the scientists,
tend to think of risk as one-dinensional dose
calculation and we know from experience that in
comunicating with the public that is not a good
approach. It's nultidi nensional.

Let ne go right to the bottomline. Qur
Tom from Hanford di d address sonme of the questions,
but let me read the | ast question. To sum up, do you
have specific recommendati ons or suggesti ons on a path
forward? So | think that we've heard that we don't
yet have all the answers. W have sone work being
done. 1Is all of the right work being done? |Is
everybody confident that we have a path forward or do
we have sonme new suggestions that people would like to
make? Anyone? Tom

MR N CHOLSON: One of the ideas that
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we' re thinking about is how do we coupl e groundwat er
monitoring, | should say, subsurface nonitoring
strategies wth wuncertainty assessment and Ruth
brought wup the issue earlier about sensitivity
analysis. It's been said many tinmes nodel s are just
a nere abstraction of reality today. W don't know
how t he system may change in the future. W think we
have sone i deas.

The question is how do you incorporate
that uncertainty into both your nonitoring and
nodel i ng programand the nonitoring dilemma is that it
isn't just putting in wells. 1It's understanding the
behavi or of systens especially how engi neered systens
interact with the natural environment.

W need to think about, we tal ked about
the work that PNNL i s doing for us on conceptual nodel
paranmeter and scenario uncertainty. The |ast one,
scenari o uncertainty, is the one that puzzles people
the nost because to sone people it's highly
subj ecti ve.

At the same time though, the scenario
uncertainty makes you stop and ask questions |ike
"What ki nds of future |land use may occur with regard
toirrigation?" |If you apply water to that site, how

is that going to change the behavior? W've heard
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about the Hanford site. The water table is dropping
there. Now if you thought about scenarios, then how
could that |and use be changed especially in the
vicinity of the 300 area as that may be used for ot her
t hi ngs such as gol f course, condoni niunms or whatever.

Then you have to t hi nk about scenari os and
t hose uncertainties and the question is "Wat kinds of
i nformation do you need to think in those ternms" and
closure is a very inportant part of deconm ssioning.
And | think -- Todd's right. Predictions is a poor
word, but forecasting both the environmental setting
t he engi neered system how it changes.

The ot her issue | want to bring up and t he
reason | like uncertainty is, and I'll nmention himby
nanme because he was at the neeting last week up in
Provi dence and I' mvery inpressed, Matt Barvi nak from
GZA has sai d on nunmerous occasi ons that any i ndustri al
site, whether it be a nucl ear power plant or any site,
it changes with tine. W've heard it here earlier
this norning and so the argunent is that you need to
rethink the nodel for that site and Latif raised the
i ssue yesterday of is there a shelf life to a nodel
| s a nodel good for 20 years, 30 years, 40 years, 50
years? Well, obviously, it depends. It depends upon

how much changes were to that system that you're
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trying to represent, both the engineered system the
dynam c interface and the environnmental setting.

And so to answer your question, | think
uncertainty and addressing uncertainty issues and
trying to quantify that mght be a way of bringing
together the nonitoring and the nodeling issues and
the value of that information. W've heard it today
earlier the data is worth a fortune but it's only as
good as the data quality that goes into that. Wy did
you collect it? Wat was its purpose? Wat was the
nmeasurenent error? All the things that you ask about.
We have an awful lot, | think, to |l earn from EPA

DR. HORNBERGER: | would like to suggest
fromthat comment that the people fromHanford | woul d
| ove to see sone market text rendering of condos on
t he 300 area.

(Laughter.)

Anyone el se?

MR. SHEPHERD: Yes. Can | make a comment
on this?

DR HORNBERGER: Pl ease.

MR. SHEPHERD: Thank you. Ji m Shepherd
fromNWMSS. Regarding your open comment and al so your
openi ng comment yesterday, no, Mark and | are not

about to get divorced. W're sinply experiencing one
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of those interesting nonents in a narriage.

(Laughter.)

MR. SHEPHERD: | think Mark's point was
that while we here are nostly tal king about conpl ex
nodel i ng of what's going on in the subsurface and how
the source termis in fact distributed, to convert the
source termto a dose the nodel that is used is very
sinplistic and it doesn't handle source term
distribution. So when we say can we do a sinple
nodel, well alnost by definition to go from
concentration to dose, yes we are.

In terns of doing a conservative anal ysi s
and what that might be, a real life case, university
di sposal site. The npbst conmon isotope, carbon-14.
Default value for kd and RESRAD i s zero. So over sone
licensed |ife if we have a kd of zero, the carbon-14
wi || have gone away. If, on the other hand, we assune
to pick an arbitrary value of kd of 100, it would al
still be there. So when we rel ease that site which of
those is a conservative analysis. That's the
difficulty we address.

Now certainly for sonme cases if | have
building or a room a laboratory, that deals wth
seal ed sources, the physical extent of source termis

very clear, we can use the sinple nodel. There just
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has to be the cautions as Tom and ot hers have poi nted
out, the limtations of what is sinple and certainly
the definition of what is conservative. Thank you.

DR. HORNBERGER: Any of our speakers from
earlier sessions, do they have anyone who wi sh t o make
any conmments on that wap-up question? | guess
everybody has expl ored everything.

MR BOLLINGER: | have one other.

DR, HORNBERGER:  Sure.

MR. BOLLINGER: Jim Bollinger, Savannah
River. One of the things that we discussed in our
wor ki ng group is the fact that if you're going to put
a nodel together this really should be a highly
iterative process. | knowin a |lot of the other
engi neering nodeling it is that we go off to node
somet hi ng, some process that we think is relatively
wel | understood and sinple and of course, the
experimentalists love to gointo the | ab and shane al
of our nodelers and conme back wth data that
contradicts the nodel and then you realize that gee,
| haven't capture all of the underlying physics. So
| need to go another iteration. They need to go back
to the |l aboratory and get sone additional data, etc.
and that certainly seens to be -- | nean the nodeling

that |'ve seen done at Savannah River, and there's
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some extraordinarily good exanples, that's exactly
what happened that an engineer working together
closely with a hydrogeol ogist and geologist and
geochem st because it is a teameffort, they took the
best data from the conceptual nodel, put together a
transport nodel and then iterate it. You know you

t ake your groundwater nodel. You run sensitivity
studies to figure out what the first and second order
of paraneters are, what are the paraneters that really
i npact transport and then you go back and ask the
geochem st and the hydrogeol ogi st how well do you
really know these, how well do you really know the

| eakants in this aquitard or this vertical hydraulic
conductivity because these nodeling results are highly
sensitive to those values. And if the uncertainty on
t hose neasurenents is very large then that suggests
that they need to go back out into the field and take
addi ti onal neasurenents.

So | think if you're going to do this
conpl ex nodeling correctly, it has to be iterative
over tinme. Oherw se, you're not going to end up with
predictions or forecasts that in the end are really
worth very nuch

DR. HORNBERCER: Yes, | think that --

Thank you, Jim Now | think that's a nessage, one of
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t he | essons, that we' ve heard repeatedly over the past
two days and | think that it's a good |esson for
everybody to keep in mind. You sinply have to do it
that way. That's the only way to acconplish the
things that we want to acconplish

| think we're at a point where | will turn
it back to you, Jim

MEMBER CLARKE: Ceorge, thank you. |
think nmost of you if not all of you were here
yest erday when George gave us the song that captured
the first session, "Love and Marriage, they go
together like a horse and carriage" and | have to
admt that ever since he said that 1've felt conpelled
to come up with a song nyself.

(Laughter.)

MEMBER CLARKE: No, drummers don't sing.
But I'm sorry to report that all | can think of is
"Nobody Loves You Wen You' re Down and CQut."

(Laughter.)

MEMBER CLARKE: | just want to nmake a
comment and then we'll go to the Commttee and | think
we'll mx it up and start with you, Mke. But the

coorment |1'd like to make is | was glad to hear Jody
nmention "consequences"” and | was glad to hear Jim

mention "risk" and as you know, the NRC takes very
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seriously risk-informed performance-based decision
making and | think that's a piece of this too. Al of
these sites are not equal. Al these issues are not
equal .

Risk and consequences especially on
engi neered systens, | think, really need to factor in
and the nonitoring needs to be risk-infornmed if there
is the possibility for serious consequences and naybe
you need to ranp up the nonitoring. But just kind of
nmy thoughts. So, Dr. Ryan.

CHAIRMAN RYAN. Jim you live in
Nashville. |'msurprised you didn't renmenber the old
country song by Tex Ritter "Sit By The Wndow And W
WIIl Help You Qut."

MEMBER CLARKE: | can respond.

CHAI RVAN RYAN. Ceorge told ne to say
t hat .

MEMBER CLARKE: Just let ne bring us back
to reality, but as a sidebar here, | think you know
that going on 20 years ago, Ann and | bought Tex
Ritter's house.

CHAI RVAN RYAN: Anyway, this has been a
fascinating couple of days and I"'mtrying to pull out

some thenmes. One thene that |I'mtaking away i s "one

size does not fit all"™ on how nonitoring and nodel i ng
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work together. | mean | think about sonme of the
experimental facilities we saw relatively smal
surface activities particularly in the ecol ogy area.
| renenber those slides. There were relatively snall
di sposal areas and testing areas and so forth as
opposed to say the Hanford disposal cell that's the
size of Rhode Island. You knowit's a very big cel
and will be in operation for alot of years. A nunber
of tanks in Idaho and the type of tanks versus the
tanks at Hanford, there's a huge range froma snal
power plant to a relatively large facility with
perhaps three units on it, shared facilities and
piping and all that in between as opposed to one
contained unit and the broad spectrum of NMSS issues
and |icensees both at the NRC | evel and at the state
| evel .

So | think that my thought is that however
gui dance gets devel oped on this topic of how do you
use nodeling and nonitoring with synergy, we have to
remenber that it probably needs to be binned in a way
where you can address types of sites, not necessarily
smal |, mediumand | arge but naybe it's arid and hum d
as one kind of cut. Mybe it's snmall, medi um and
| arge within an environnmental setting. Environnental

setting is a great way to think about it because what
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you do in nonitoring and nodeling is probably very
different in both of those. So | think we have to
think of what's the taxonony of sites and facilities
that we have to develop to have this nmake some sense
and break it down into chewable bites. So that's
one.

The other is | think what we talked a
little bit about yesterday and | think Eric spoke to
it well on what is the conpliance goal and how does
the conpliance goal relate to the technical business
of calculating a dose or evaluating against sone
concentration reference or responding to what are the
very appropriate questions, issues and pressures that
come fromthe public and politics and ot her needs for
envi ronnment al protection or other issues that nay not
be so anal ytic and crisp in our m nds perhaps or other
science nmnds from that standpoint. So we have to
t hi nk about that.

And the third major thene | think we've
heard an awful | ot about experience in again various
sites, various settings, various | evels over the | ast
two days and | just challenge the NRC to think about
how do we capture it (1) again across the spectrum of
t axononmi es of sites and | ocations and then how do we,

what | think is a very inportant forward | ooking
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activity which we haven't talked very nuch at all
about is how do we get this experience into the guides
that Jimis working on which is the how do-you- prevent
| egacy sites. W never really nade the distinction.

W're talking about sites where we
intentionally put stuff and cover it up in the ground
so it stays there for along time in a way we |like as
opposed to sites where we dig stuff up and take it
somewhere el se because we don't want it in that part
of the ground. So there's two different issues there
and again that's part of ny taxonony question.

But I think we really need to think about
how do we get this into the prevention of | egacy sites
and then as a forner licensee if | do all those things
to prevent |egacy sites, what's nmy reward? Wat's ny
benefit? Do | have a lower institutional control
cost ? Do | have a reduced insurance rate? All those
kind of things. That has to be factored into the
gui dance. Wen | get a thunbs-up that |'m doing
things that are appropriate, what does that nean for
nme? Have | spent ny noney well and is there a | ong-
terminvestnent? Sure, there's a |long-term benefit
that | don't have to spend a | ot of nobney down the
line if everything works according to the way it

should but that should also be recognized by those
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powers, authorities and interests that hel p me manage
my risks as a business entity.

Sowith that, | think that's a good pl ace
for me to stop

MEMBER CLARKE: Thank you, Mke. Allen.

VI CE CHAI RVAN CROFF: | don't have any
guestions for this group, but | just want to
underscore what both you and George have said on the
ri sk-inform ng performance-based thing. You took the
wor ds out of ny nout h.

MEMBER CLARKE: Thank you. Ruth.

MEMBER VEINER: | don't think cosmically
t he way ot her nmenbers of this Conmittee do. | tend to
focus in on things. Listening to Tom Fogwell, |'m

rem nded that | first visited Hanford with nmy students

in 1976. In 1986, | was on a commttee to renedi ate
or assess the risks of the buried tanks. In 1996 or
1997, | forget the year, | was on a conmttee to

review the Colunbia River Conprehensive |npact
Assessnent. There has been nonitoring, subsurface
nmonitoring, at Hanford for 60 years and even if you
say, okay, the data weren't so good and if you go
bef ore 1957 before sodi umi odi de, you really can t hrow
that away, it's still a lot of nmonitoring. It's all

been done by the same agency, Pacific Northwest
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Laboratories before it became PNNL

And | happen to know t his about Hanford.
| don't know it about the other sites. So ny question
to the panel is what about all this nonitoring that
has gone before. |It's facile to say "Ch, the data are
no good. It's done with old instrunments” and so on.
But that's an argunent that then goes every tine there
is atechnical inprovenent in either data gathering or
nmonitoring. You can say what went before was no good
and we have to start over again.

What use is being made of the data that
have been coll ected for the past sixty years and even
beyond that ? Those data nmust show sonet hi ng about the
novenent of radioactive contamnants and ot her
contam nants of fsite, sonethi ng about i npacts on hunman
health. | know that they' ve done studies on the
impacts on the flora and the fauna of the Hanford
site. That's published work.

So |l would like to ask particularly, Tom
with respect to Hanford, but | don't want to settle in
on him but the other nenbers. Wat about these old
data especially with respect to the DCE defense
facility sites? W didn't just start nonitoring |ast
year.

MR. FOGANELL: | think it falls to ne to at
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| east begin the discussion. This is Tom Fogwell for
Hanford. | would first start by saying that we could
still use your expertise there I'msure. W'Il|l soon
invite you out again so you won't feel that you've
been left behind in all of this.

It is sonething of a frustration to ne
sonetines that we don't seem to use a lot of the
historical data as much as we should. W do have an
identifieddifficulty in actually keeping track of all
the data that we have had in the past because it was
stored under different conditions. Now we have
conputers. Before it was stored in files. | mean it
takes some contractor to have a bundle of noney in
order to translate a | ot of these things into another
medium Al so we have several different databases at
t he nonent.

W're attenpting to address that problem
with that data access network that | was descri bing.
It still remains a frustration to ne and | think we
can al ways do better in that regard. So | hope that we
will in the future in fact do better in bringing al
that data to bear.

|"m al so rem nded though that sonetines
peopl e view data as being reality, but in fact, there

are often tines sone difficulty with the data as wel .
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As a matter of fact, sometinmes the nodeling can show
the difficulty in the data because as | was tal king
with Steve Yabusaki earlier, he's run across
si tuations where t hey were neasuring water | evel s t hat
were below the Colunbia River in the nearby aquifer
which didn't seem very likely and so when they
actually did nodeling of the sites in the different
pl aces they discovered that the data didn't really
nmake sense in this context and then they went back and
redid the data gathering. But in fact, we don't use
as nmuch hi storical data as we probably should and it's
because of the difficulty of access to that data
basi cal |l y.

MEMBER VEI NER: But what about Savannah
River? | nean the sane situation nust exist there.
| just don't happen to know about it.

MR. RASMUSSEN. If | could say, Van Price
-- O do you want to?

MR. BOLLINGER: No, go right ahead.

MR. RASMUSSEN. Ckay. There are a nunber
of peopl e at Savannah. Brian Looney and Van Price who
wer e here, have been historical nenory and 1'd like to
go back to that noon trip with the cormon filtering,
t he question of a dusting your trajectory as you nove

through tine and the idea being is that having this
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hi storical |egacy of data has been real valuable in
ternms of guiding our trajectory into the future and
have to credit the National Labs in terms of having
this wealth of information as opposed to other sites
that may not have that background trajectory.

Goi ng where you' ve been over tinme is very
hel pful in predicting your future path. | mean the
i dea of keeping the goal of the future of where we're
going with some ability to update that is key. So |
think we build that in as best we can given our
resources. The problem has been that we get a
t el ephone book full of data every quarter, thousands
of wells for hundreds of annolites and the manpower
required to assimlate, it'slike drinking fromafire
hose. You just sinply can't.

Now with conputer technol ogy, we need a
new paradi gm as Tom has said to devel op those tools
that allow us to assimlate the data and fit it with
our nmodels. The question is is that a bottomup where
we do it on our own fromthe grassroots. | nean we do
that at the university for free for the site. Wll,
we get sone noney occasionally, but the idea is that
it would be niceif it were a top-down directive where
this was designed into the institutional structure.

MEMBER VEINER: | would also like you to
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comment on the rest of ny question and again referring
particularly to Hanford. W really -- Good data or
bad data, we really do have a very good idea of how
t hose radi onuclide plumes nove, how fast they nove,
where they're going and so on even if it is within
uncertainty bounds and | think it would be valuable to
| ook at that historical record especially for these
sites where there is a historical record and say what
has the inpact been. Wat has the inpact been on
offsite health, on onsite health and i f you have to do
it, onthe environnent and | woul d chal | enge you to do
t hat .

Now | know that at Wstern WAshington
University where | was for many years is a federa
repository. W have all of that data and | have had
students conbi ng t hrough that for nothing as you say.
That's the way we do things with undergrads. But |
think that's the challenge that | would |like to pose
to you is looking at all of the collective nonitoring
t hat has been done, what inpact has it had and |'|
stop there.

MEMBER CLARKE: Ckay, Ruth. Thank you.

MR. FOGWELL: Let ne just respond.

MEMBER CLARKE: Ckay, pl ease.

MR. FOGWELL: This is Tom Fogwel | agai n.
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In contrast to the type of sites that Eric was
nment i oni ng bef ore where they sel domget to hundreds of
square mles, we in fact do have 600 square mles of
potentially contam nated site and although it seens
like we have a | ot of data, the density of that data
is not that great as it turns out. For instance, the
BC cribs and trenches area, a potential heavy hitter
with respect to pollution and therefore risk, it's
pretty much unknown whether that naterial in the
vadose zone has reached the groundwater or not and
that's where | showed you that high resolution
resistivity work where we're trying to come to grips
with some of those things.

Getting new data is expensive. So
certainly our preference is to use old, the previous
exi sting data. W certainly have a preference in that
direction because drilling a new well is just not
cheap out there. But the density of the actual
information is not as great as what you might think in
spite of the, in absolute terns, great quantity that
does exi st.

MEMBER CLARKE: Thanks.

MEMBER VEI NER:  Thank you.

MEMBER CLARKE: M. Hinze.

MEMBER HI NZE: Again, | gather that we're
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sonmepl ace between the Roundtable and the Panel
Di scussi on.

MEMBER CLARKE: You noticed that.

MEMBER HI NZE: George tal ked about the
val | ey of death between research and application. [|'m
concerned about the valley of death that may occur
bet ween ideas, initiatives and i nnovati ons that we've
heard here and guidance from the NRC. And that's
something that | think this Conmittee needs to | ook
into to address.

The gui dance that the NRC needs to give |
think it should, first of all, encourage new
t echni ques, new i deas, new approaches and provide t he
opportunity for this to be acceptable tothem 1In the
same vein, | think that one of the things that |'ve
heard over and over again here and | think M ke
nmentioned this is the need for flexibility and non-
prescriptiveness. | think that's one of the things
we' ve heard. GCeoprobes are really great. As sonmeone
said this norning, geoprobes are really great but only
under very specific conditions. So | think we nust
worry about this valley of death if you will between
t he new approaches, the nodeling and the nonitoring,
and seeing that go into guidance.

A second topic that we've heard over and
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over again the | ast two days are the words "iterative,
f eedback | oops, staged studies.” These are great
things and we need them But it really concerns ne
how we qualify that in the guidance fromthe NRC. How
do we nmake that acceptable and how do we give
gui del i nes?

For exanple, |I'mnot taking off on you,
Tom but Tom showed us a flowhart several tines in
his presentation, nmany, many tines.

(Laughter and j oking.)

MEMBER CLARKE: Tom can we see that one
nore time?

MR. FOGWAELL: It was an iterative process.

MEMBER HI NZE: And basically it was one of
those quadrilaterals that said are the uncertainties
| ow enough. The question | have is how do you
determ ne that. How do you settle on that and you
don't want to be prescribe in guidance regarding that
because you're dead in the wat er because of this range
of sites that the NRC has to deal with. But you can't
just leave that block there and say, "Are the
uncertainties | ow enough that we can nove on with the
nmonitoring?" And then if we ask that question, the
guestion is you have the feedback | ook going there,

Tom and presumably you go back and coll ect nore data
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and you do a better job.

My experience in this racket, this
profession, is that we don't always decrease the
uncertainties. W can feed nore bucks into that, but
we also have to be concerned about whether we can
| ower those uncertainties and we nay just have to live
with themand we need gui dance on that. | guess I'l
| eave it at that.

CHAI RMAN RYAN: Bill, just a clarifying
guestion to get sone nore of Bill's wi sdomout on the
table, it strikes me as you say that that | think the
path forward is what we talked a little bit about
yesterday which is what is the significance of the
uncertainty to the risk you're trying to manage.

MEMBER HI NZE: Ri ght.

CHAI RVAN RYAN: | nean | think that's the
string you have to pull a little bit and if it's
significant totherisk, if that's going to nean bel ow
alimt or above a limt, that's a big deal. But if
it's --

MEMBER HI NZE: The ul ti mate use.

CHAI RVAN RYAN:  Yes.

MEMBER HI NZE:  You know that kind of thing
whi ch came out. | thought that discussion right here

at the end was extrenely useful.
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CHAI RVAN RYAN: | think maybe not so much
or maybe a little bit in this neeting, but in past
neeti ngs, you know David Esh who does a lot of this
performance assessnent stuff has tal ked about that
very thing. You know you focus on the things that are
important to risk and if it's not so inportant, it's
not inportant that | need to knowit with the
preci sion of sonething that is inportant torisk. |Is
that a fair summary, David, of things you've said?
|"mjust trying to pull out a practitioner who does a
ot of this for a living.

MR. ESH. Yes, | think you hit -- This is
David Esh. | think you hit the nail on the head. The
problemwith all this is the conti nuum of sites and
conditions that we deal with. | mean Mark Thaggard
tried to get across that many of our sites are very
sinple sites and we' re tal ki ng about Bayesi an updati ng
and i terative approaches and sone of these sites m ght
not have a si ngl e measurenent of practically anything.
They don't know what a distribution coefficient is and
so you're dealing with that situation. Then you're
deal i ng Wi th one of our nost conpl i cat ed
decomri ssioning sites like Wst Valley with sone of
the nost conplicated problens and then we have our

i ncidental waste work that we do and maybe | ow 1| eve
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waste activities dependi ng on where that goes.

So when we' re t al ki ng about nonitoring and
how you integrate it wth nodeling and support
nodel i ng, we have to really recogni ze this continuum
we're dealing with (1) and then (2) we really do try
to use a risk-infornmed approach and what ever we do we
want it biased toward the risk-informed approach.
W' re really enphasi zi ng those things that matter and
in the guidance that we cone up with or the processes
that we use. So | think it's a real chall enge.

It's easy to get locked in and focus on
your problemthat you deal with at a certain site, but
from ny perspective down in the trenches, | see al
the different types of problens and so when | was
wor ki ng on the guidance for concentration averagi ng
for incidental waste, it seened like it was a really
sinple problem but when you got into it and you
started adding in the differences and depth of
mat eri al and scenarios, types of material, you ended
up with all these pernutations of things that you had
to consider in the guidance.

The same thing applies here in this
integration and nonitoring and nodeling. There's a
| ar ge nunber of pernutations that you need t o consi der

and you have to be real careful you don't box sonebody
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in, a guy like the first one that | nmentioned that
doesn't have any information on his site whatsoever
and has a very sinple problemand you're asking himto
do sonething that's expensive that he shouldn't be
doing. But then the other continuum there are sites
that have chal |l engi ng probl emrs and maybe have sone
resources. Those are the ones that should be applying
this state-of-the-art to solve these types of
pr obl ens.

MEMBER HI NZE:  You know |'ve done a count
of the use of the word "risk-inforned" at our neetings
and |'ve conme up with an average of 212 per day and
think in the last two days we've averaged three.

CHAI RVAN RYAN: \What's the uncertainty on
t hat nunmber, Bill?

MEMBER HI NZE: And so your point is well

t aken.

CHAI RVAN RYAN: Thank you, Davi d.

MEMBER HI NZE: Do we have tine for another
slather? | really appreciated sonmething that Tom
Fogwel |l presented and that was the trends in
technol ogi cal developrment. | think that's very

i mportant to us here and he had three things. He had
ki nd of maxi m zi ng the val ue of maxi m zing t he vol une,

enhancing the sensitivity and m nim zing the intrusive
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nat ure.

| " ve had a reasonabl e amount of experi ence
intrue physics through the not years, but decades and
those three things are not nmutually connected. There
are things which are the antithesis. If you want to
i ncrease the volunme, you're going to do sonething to
the sensitivity.

What | woul d suggest in terns of trends
that we really need in technol ogi cal devel opment are
those that enhance resolution and that may be with
your sensitivity perhaps. It nay be the sane thing,
but resolution is terribly inmportant. And surface
vi ew physi cal nethods are really great. They have a
| ot of application, but they are notoriously anbi guous
and that certainly goes for ERT. W get these -- Just
because they're colored diagrans doesn't make them
right and they are beautiful diagrans but the
resolution, the sensitivity, of those should be of
hi gh concern to us.

And the reason | say that is because |
don't want, | prefer, not to see these things be
oversol d because that will really cone back to catch
you in the wong place. So the way that things can be
enhanced is | think what you were driving at, Tom is

this kind of connectivity between bore hol e and
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geophysi cs.

By doing hole to haul or hole to surface
you can really enhance the sensitivity, t he
resolution. You can have a fairly large volunme and
you minimze the sensitivity. But you have a hole.
But there's a lot nore that we can do with a hole. |
guess | wanted to say that because | don't think we
shoul d oversell what we're trying to do.

MR. FOGWELL: Should | respond?

MEMBER CLARKE: Sure.

MR. FOGWELL: Okay. This is Tom Fogwel |
fromHanford. First of all, | agree pretty nmuch 100
percent with what Professor Hi nze has said. | didn't
have a chance in ny short talk to actually go into
sone of the details.

MEMBER HI NZE: That was a short tal k?

MR FOGWNELL: Sone of the details that he
managed to get into just now But | certainly agree
that there is a tradeoff between |arger volunes and
resolution and that's certainly nmanifested in these
surface geophysical techniques. The deep you go the
| ess you know basically for those. So they all have
to be approached with a certai n about of reservations
and sensitivity to the fact that you need to worry a

| ot about what your signals nean.
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And that raises the other issue too about
the reliability of data in general. People call data
reality and this is one exanple of "data" that has
gone through so nmany assunptions in the inversion
process which in fact nobst instrunentation does for
that matter that there's a question about what the
reality m ght be.

MEMBER HI NZE: CGood show.

MEMBER CLARKE: Ckay. Thank you, Tom
think I would Iike to take one nore question fromthe
Commttee. Ruth, did you have one? Then I'Il open it
up and see where we are.

MEMBER VEI NER: | just wanted to get back
to sonmet hing that Professor Hornberger said which was
if asite can just apply RESRAD and that everything is
okay. | can think of no nore conservative scenario
than the backyard farmer scenario nor a nore
unrealistic one. So it seens to me just getting back
to that if you apply RESRAD and have some kind of
limts, you know what the maxi mum and m ni num i nput
concentrations are, if that's all you need to do
that's all that should be required. That was ny
poi nt .

MEMBER CLARKE: Thanks. Go ahead, FEric.

MR DAROS: Let ne just followup to
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that. | think that's fine for sone of the sites and
" mrepresenting the nuclear plant side of this. The
only time that you get folks that can spell RESRAD is
when you get into deconm ssioning.

(Laughter.)

MR. DARAO S: For the operating plants,
there are really two problens. One is know edge of
t hi s whol e area, but the second is that of a standard.
| nean we have, and | think we've discussed this
before, the 20.2002 exenption request in the standard
that's typically applied. There would be occupati onal
exposure standards, certainly not resident farmer. So
there's a little disconnect. You know you can get a
22.2002 approved today and 30 years fromnowit may be
probl emati c because the standard is different. So
"1l just share that with you

MEMBER VEI NER:  Thank you for that.

MEMBER CLARKE: Thank you. Any ot her
guestions? Staff?

MR. FLACK: Yes. Jim |I'd like to just
follow up on a few points that were nade on this
perspective nostly fromthe reactor side of things.

CHAI RMAN RYAN: Can you identify yoursel f?

MR. FLACK: I'msorry. John Flack from

ACNW staff. | guess getting back to the Conm ssion
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SRM about whet her conpl i ance nmonitoring hel ps provide
confidence inthe PA, it seens like it doesn't provide
a whole lot of confidence because it's the data
itself. | nmean what are you collecting and how are
you going to use that and it's going to require nore
t han just conpliance nonitoring to provide confidence
in the PA

And so taking off on what M ke said
earlier about what about new sites, if you were to
t hi nk about a site now bei ng created how woul d you go
about monitoring that site after all we' ve | earned
here today and that gets back to gui dance. Well, what
gui dance woul d you use to put nonitoring in place so
you understand the best way to nonitor that site even
if the site may be found to be unacceptable for sone
reason because it nmay turn out that things could get
alot worse if things got out of hand at other sites.
And you may not even want to build it at that site.

So it cones back to, | think, |ooking
forward as to what you expect from hereon out with
respect to building newsites, if you could do it al
over again, what would you do and then go back to the
sites you have and | ook at themfromthat perspective
and then of course there are all different kinds of

sites there, sone worse than others and so on, would

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

225

probably be the way to go.

But we certainly need sone guidance in
this area and that goes back to basically the question
again of the way we're collecting data today and for
conpl i ance can you use that to build confidence in the
PA and it's alnost |ike going back to reactors again
and saying the reactors cane a |long way. They now
have PRAs at all the plants but earlier on, they
didn't and certainly we weren't nonitoring rel eases to
determ ne how well the plant was functioning inside.
| nmean we needed to know nore about what was going
inside and that created the PRA and now we do col | ect
the data and the information that we need to provide
confidence that that plant is operating well.

Vell, it's not unlike this. | think you
have to get nore inside and get the right kind of data
to understand if that sight is perform ng the way you
expect and | don't think you're getting it now from
this conpliance nonitoring. It's going to require
nore than that and | think that that was pretty much
t he nessage | got fromthe workshop.

MEMBER CLARKE: Thanks John.

DR HAMDAN: Jim can | --

MEMBER CLARKE: Just a second. | want to

make a comrent, Latif, and then I'I|l get to you. John
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brings up sone things that | should nention. There
are other initiatives that are going forward and as
you know, Eric and others, the Lessons Learned
Initiative fromdecomi ssioni ng, what are we | earni ng
now that we're at the end of the process that we w sh
we knew when we were at the beginning of the process?
How can we wuse this information to design new
facilities? How can we use this information to site
new facilities and the prevention of Legacy Sites
Initiative as well which actually is going to be
rul emaki ng and gui dance, how can we prevent these

t hi ngs from happeni ng?

So there are a nunber of things going on
that all of thiswill feedintoandit's all very good
information for it. Go ahead, Latif.

DR. HAVMDAN. |I'msorry for the
interruption, but just going back to Session 1, if we
were to divorce nonitoring fromnodeling, what elseis
out there that we can use to build confidence in

nodel s for ourselves and to sell nodeling to other

people? | nean is there any technical what el se that
we can do besides nmonitoring that will support
nodel i ng?

MEMBER CLARKE: Anyone? | think he's

| ooki ng at Tom
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MR. NI CHOLSON: Looking at me? Well --

MEMBER CLARKE: We should ask a Tom

MR NICHOLSON: I'Ill comment on both what
John Flack and what Latif has said. They are
proposing to build new reactors at old sites and the
first question you have to ask yourself is what right
now i s bot h basel i ne and background for those existing
sites. Do you know what's in the subsurface? Do you
know what contami nants are there? And do you have a
good under st andi ng because if we build a newsite, the
first question that's going to be asked is what's the
incremental additional risk that that new site is
posing and i f you do a performance assessment you have
to understand the present conditions.

And so it goes back to Ruth's question
about the history. | need to understand how t hat
system has operated over the time period it's been
operating and al though there may not be onsite wells,
there certainly are wellsinthe vicinity of that site
and their radiological environmental nonitoring
progranms both of surface water and springs and somne
sentinel wells we'll call them That's what EPA calls
them So the argunent is, yes, you have to | ook at
that and come up with an understandi ng.

The nodels that | was tal king about are

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

228

nodel s that feed i nto performance assessnent. | think
performance assessnent nodels do profit greatly by
monitoring and to answer Latif's question, | can't

t hi nk of what el se you can do besi des nonitoring. Now
my nonitoring is not solely detection nonitoring.

When | think about nmonitoring, | think about buil ding
an information base, a technical base, to understand
the various conponents of that system and how it

behaves and you do not want to be surprised.

And thereis quite a bit of information if
you go back to the FSARs. There was a | ot of good
geol ogy that was done. A lot of seismic information
was collected. A lot of wells were put in. Also
there's design basis groundwater at sone of those
sites in which they had the ©possibility of
liquefaction. So there is a lot of information to
bring up, what Ruth brought up before, a |l ot of data-
mning that's possible. | don't restrict myself when
I talk about nmonitoring to sinply detection
nmonitoring. |'mtalking about the whol e range of
information at a site that is possible.

And finally, this sunmer | was very
fortunate. | was allowed to go to a lot of sites and
| ook at them because |'m part of this tritiumtask

force. |It's actually called The Lessons Learned Task
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Force for Liquid Radioactive Releases and the thing
you hear every tinme you goto a siteis "This siteis
uni que." \Whatever you learned in your textbooks about
hydr ol ogy/ geol ogy whatever, this site has unique
features and you have to understand the environment al
setting and the informati on that goes in hand with the
surface water, the groundwater, the unsaturated zone,
at nospheri c deposition.

You go visit these sites and you |l earn an

awful lot. So there is an awful ot of information

already there. | think nmonitoring is extrenely
important and | think to mnimze the value of
nmonitoring is to say in effect "I'm somewhat

confortable in nmy lack of understanding in a systen
and I'mnot that confortable.

MEMBER CLARKE: Thanks. Go ahead, George.

DR HORNBERGER: So I'd like to take a
contrarian view. | think that there are things that
can be done to inprove our confidence in nodels that
does not rely site nonitoring and I'll just give you
an exanple, one of the things we were tal king about
last night having to do with surface conpl exation
nodel i ng for absorption of things like uraniumin the
uraniummll tailing sites.

| think one can make a pretty good
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argurment that we have a reasonabl e understandi ng of

how these surface conplexation nodels work but we

don't necessarily have a full dat abase on
m ner al ogi cal controls. So one could argue, | could
argue, | would argue, that if one did fundanental

research, | aboratory research, not onsite research, to
develop a database so that we had a better
under st andi ng of what various oxyhydroxi de coatings
and various m neral ogi es, what the database was for
such nodeling, we actually ~could inprove our
confidence in nodeling and not go to the site
nmonitoring at all.

MR. ESH. This is Dave Esh. | agree with
Dr. Hornberger conpletely. | think sonmetines we get
conf used when we' re tal ki ng about nonitoring and nodel
support. Mnitoring has a certain role and it's nmaybe
not the conpletely correct role at this point intine,
but it's only a subset of nopdel support we view it.
Model support is a much bigger thing that takes into
account |aboratory experinments and field tests and
nat ural anal ogues and even quality assurance of the
cal cul ations that have been done. There are multiple
-- Well, we like to talk about multiple lines of
evi dence that devel op confidence in the analysis. So

| would agree whol eheartedly that there are other
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things that you can do besides just observing the

systemt o devel op confi dence that you're naki ng a good

deci si on.

MEMBER CLARKE: Thanks. W have had a
long and informative -- 1'm sorry. Do you have a
guestion?

MR. SHEPHERD: This is Jim Shepherd. Just
to give you one exanple on that, at Sequoia Fuels
whi ch we' ve nenti oned a nunber of tinmes, Gary Starwalt
and | did a sinple nodel of the data, just an
extrapol ation and plotting. The |icensee had an MI3
nodel devel oped of that sane i nformati on and t hey were
different. | don't think anything such as what you
nmenti oned would actually resolve those differences.
It was only a matter of going back and | ooking at the
data and eval uating the nodel. So regardl ess how rmuch
confidence we had inherently in a nodel, we need that
site specific i nformation to det ernm ne t he
applicability of that nodel to the condition at the
site.

MEMBER CLARKE: |s that a hand goi ng up?

MR DARO S: Just a short hand. |n order
to not rely solely on a nodel, you need to nake sone
pretty significant assunpti ons on what the source term

is, whether it's active or passive, but you need
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nmeasurements of the source in the subsurface
environment. So in effect that's a nmeasurenent. So
| nmean you have to ground it sonewhere | suppose
That's my only comrent.

MEMBER CLARKE: Thanks, Eric. | was about
to say | think we've had a great two days and we've
had a I ot of information and of course, our job is to
distill all this and turn this into a letter if we
choose to do that and | certainly recomend that we do
that. |If there are other questions, | certainly would
entertain them but I'mtenpted to turn this back to
you, M. Chairnan.

And before | do that though, | would be
remss if | didn't give a thanks to all of you, the
partici pants, the organi zing teamand Dr. Hornberger.
It's been great seeing you and | know these two days
you didn't have. So thanks very much

CHAI RMVAN  RYAN:  Thanks Ji m and
congratul ati ons to you and everybody you' ve nenti oned
for a fabulous two days. | nean it's been a rich
experience, | think, not only for the Conmtteeinits
wor k, but al so for Research and its work and everybody
in the audience. W got a packed house for a couple
of days and that's always nice to see that there's a

| ot of value added for a | ot of folks.
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MEMBER CLARKE: And if | could add one

corment. Many of you, | think, nost of you, in fact,
| only know of one person who couldn't, stayed for
both days and | think that had an enornous synergy

wi th the discussion. Each of you heard each other and
it was very productive and again two days are hard to
find for all of you and | really thank you for that.

CHAI RVAN RYAN: | think we've covered and
we'll take one nore round of any nenber conments we'd
like to get in a mnute, but I think we've all had a
chance to of fer summati on and summary ki nds of views.
| certainly have and | don't know that | need or have
anything particular to add to that. But let's go
ahead and start. Jim did you have anything in
particular you wanted to say?

MEMBER CLARKE: No. | think there is a
lot. W' ve heard several thenes. | would be tenpted
to organize the letter around the session and the
t hemes and that's going to take sonme t hought as to how
we do this, but | think we have plenty of things to
| ook at .

CHAI RVAN RYAN: Ckay. Ruth, any final
t hought s?

MEMBER VEI NER:  Fi ne.

CHAI RMVAN RYAN. | did learn that just
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because it's in color doesn't neanit's right. | |ove
it. 1'll use it as a screen saver. But in all,
t hank everybody who has been here even with head col ds
and all of the rest. |It's been areally rich
conversation for two days and, George, agai n thank you
for comng across the country to be with us and we
real |y appreciate your participation and your thought -
provoki ng | eadership here at the table. So with that,
| think we are concluded on the record and we will be
concl uded for today.

(Whereupon, at 3:34 p.m, the above-

entitled matter was concl uded.)
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